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OVERVIEW

_- l I \ . ,  "und Armsrrong ( t9a3)  6. . . r .0 .0 u
:,.11,oo.,r", assigning.sex to hirds of a specics in
I:::l jh.: sexes differ in size.. with' overtapocrween the sexes.  but  not  in  p lumage.  Roger ia1!  Rogers (19q5)  expressed scnous concernswrrn lnerr  approcch but  recognizcd that  noconvenrcnt .mcthod wa\  avai lab le to  those who
ll91o 'o.€9 dala sers on such birds hut who can do
+l  e wr lh them w- i thour  becoming \ ta l isr ic ians.
Inr \  f 'aper  de\cr ibes a su i te  of  user  f r iendlv.gTpuje l  programs.  co l lecr ive lv  ca l led SHEBA,which help to  f i l l  th is  saD.

, - !anY people.  ^pur , iu t " r ty  b i rd banders,  wi l lnave samples (ot ten large)  of  measurements ofn l rcs tor -species which cannot  be sexed onprumage.  lhe sexes d i f fer  in  s ize,  as is  of ten thecase, the measurements can be used to give anindication of the sex of individual bird"s. The
histogram of a measurement for such a ,p""i", *iti
usually ^be_double-hu mped (Rogers and Rogers
l9q5) SHEBA providei the rne"an., to. Aeueiof_
Ing a sextng cntenon or rule from such data.

This  i s  a  d i fRcu l l  s ta t i s t i ca l  p rob lem and rh ispaper  docs  nor  dea l  w i th  rhe  s rar is t i ca l  de ta i l .
I9g:1t ." '  1f  r to36, and Rogcrs and Rosers(  rev) ,  descnbe thc  re levant  cons idera t ions .  ihe
s la r rs t tca t  de ta i l  u  i l l  be  dea l t  w i th  in  papers  on  the
I:: -dllficutr probte m of scxing UirO, i.,rtngr;i.
: l i l  9".  measurement (Rogers.  unpubt. l .  The
programs are presented in an interaCtive iormat
:::q-"lt l lC-lh" 

user to ser rhe programs going and
respono lo  ques t ions  on  the  compuler  sc reen.

- 
The programs were designed for rhe prohlem of

scxrng  b t rd \  and th is  paper  conf ines  d iscuss ion  to
l1:: 

,op'. I hcy. coutd be used for thc analysis of
o ther  da la  se ts .  how-ever  gcnera ted .  sub jec t  to  the
assumpttons used. Before using them fbr sexins.
tne anatyst must determine if an observed siie
dimorphism (i.e. a double-humped histoeram) is
due to sex or some other reason. This info-rmalion
will be available from the literarure ror manv
species; for others, examination of museum skin'.s
or. cloacae of birds in breeding condil ion wil l
nelD.
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THE SHEBA PROCRAMS

, . . . t t l l  
" i  . y " , , , ' "  r w !  p f , , r r b m \  r u r  \ r p l r . i u n s  r h e  . c j \ e . ,

\ ( . \ rnE (r i lcr i i , .  Jnd l rv. .  ut r l i t !  prugrdm\
ry"  " ! . . ' . r r  o l  each progran are provided.  One v-ers ion
P r r r r l \ l n (  , r u r l u r .  r h (  o r h c r  \ c n ( l \  r h e  o u r l u r  r u  a  ( ! , m p u r c r
n r ( .  I  h (  t r r l . r  v ( f . i u n  i s  p r , , r r r J e L J  i n  c J . c  \ o m r  c o m h i n i r r i o n s
oI  conpurer i lnd pr inter  do not  l ike the pr inter  vers ion.

.  
Jul l  , ,p(r : r l i i rF rn\r rucrron.  r r .  pro\ idcLj  $ i rh rhc prugrrm<

I n ( . p r ! , 6 j a m L .  d D d  r h e  o t . r . , t r n g  r n . l r u c t i , , n . .  g u r J c  r h i  u . e r
o n  I 0 (  l c w  ( h r r r ( c \  t h , , l  r h (  p r o t r a m \  r c q L r ( \ r .

Jtparuring 1? SeIPt

Thc two progrrrns are HUMPS and HUMPS_UV. Bolh
est imate for  each sex:

.  thc number of  b i rds:

.  thc rvcrage value of  lhe mcasurcment;  and

.  rhe standard deviat ion of  lhe mcasuremcnr.

In addi t ion.  HUMPS-UV esr imares how wel l  thcse
parameters have bcen est imated.  11 also produccs bet tcr
pi r rameter esl imates.  Thc outputs enable a more robust  sexing
cnlef lon to bc developed than do those of  HUMPS.
Acr i ' rL l ingl \  HUMPS UV s the prelcrred program hul  i l
d , ' ( \  n c ( d  g o u d . r a r ( i n g  v J l u e .  l o  $ u r k  t s ( c  h e l o $ J  J n J  t h e \ c
can bc providcd by HUMPS.

HUMPS UV rcquires starr ing est imates of  the numbcr of
b i rds in lhe smal ler  sex and their  average measurement,  e.g.
wrng lcngth. head bill (toral head) lengrh. The starring csrimates
arc then succcssivelv improved aulomat ical ly  unt i l  no f i t r ther
rmprovcment ls  possib le.  The program may not  work i f  the
star t lng csl lmates arc nol  reasonably c losc to the f inal  ones.

HUMPS works by evaluat ing a number of  possib i l i r ies
del ined by a fangc of  starr ing est imates providcd by the user.
The rcsul ls  are summarised on scrcen giv ing thc analyst  the
opportuni ty t { )  re6nc thc ranges.  This revis ion of  the rangcs
can bc conlinued as many times as ncedecl to reach an answer
of  the requircd lccuracy.  Thc f inal  est imates produced by
HUMPS have always (so tar) worked as starting estimates for
HUMPS UV.

HUMPS roplaccs an ear l jer  vers ion of  $e program which
has been around fo i  somc t ime.

Thc programs, CRIT and CRIT UV, cst imate the sexing
cr i ler ion.  Not a l l  b i rds wi l l  be assigned a sex,  the number that
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TABLE 1
Hislogram of Eastern Yellow Robin head-bill lengths.
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wii l  depending on how conf idsnt  the uscr wnnrs to bc of  nor
. , .srpnrng lhc wrong \er  r \ .c  R, ,gcrs i ,n, l  Roger\  t . ru.)  Thc
!exrnt  cnren n is  nrc l rn(cd a$
.  thc required minimum probabi l i ry  of  correct  scxingl
.  tbc uppcr l imi l  of  s izc for  b i rds of  thc smal ler  scx;
.  thc k)wcr l imi l  of  s ize for  b i rds of  the largcr scx.

.  
The l imi ts arc expresscd in rcrms of  rhe prccis ion wirh which

th€ measuremenl  concerDed caD be measured (e.g.  I  mm Ior
wrng lcngth,0. l  mm for  headbi l l  lcDgth).  Birds fa l l ing

f . : l ) f " l . l l .  
l rnr i r \  ( r  eJn rh< gr(y /onc,r  Rogcr.  rn. t  Rog"r .

lqq:  )  wr l l  l1c uI l .ex\a l .  Th( p ' , 'grJm\ i r l \o g ive rhr  Per.crrr igc.
of  b i rds which wi l l  be scxed correct ly ,  wturogry,  or  unsexccl .

CRIT UV is the prcferred program as uscs rhe
infonnat ion f rom HUMPS-UV oo rh i  accuracy wirh which
thc parameters are est imared and the correlat ion betwcen
them. In part icular .  i (  : rccommodates the ef fcct  of  sample s izc
on the scxing cr i tcr ion_

CRIT gives an approximatc cr i ter i ( )n whicb may be al l  that
is  possib le i f  thc user is  using summary darn,  as f rom a hand-
book for  example.  This vers ion rcpiaces an ear l ier  vcrs ion of
lhc pr( , ts fam whrch ha\  bcen aruund f , , r  sumc nmc.

These are programs which rhe analyst nighr nnd useful in
prcpar ing data for  input  to HUMPS and HUMpS UV.

HIST-BV compiles a bivariate histogram of any two
measuremcnts f rom a data f i le .  e.g.  wing length against  head
bi l l  lenglh.  ID th is case,  the program gives thc number of
observations which fall in every combinalion of wing length
and head-bill lcngth interval. The outpur allows for qujck
visual examination of the data for outlying or possibly wrongly
neasurcd data points.  I f  any such points are idcnr i f icd,  the
analyst  may choose to cxclude them from the analysis.  Thc
program also compiles univariate histograms which can be
uled as input  to HUMPS and HUMPS UV.

MINMAX f inds the minimum and maximum of  cach var i -
able of the data f i lc  used as input  to HIST BV. These faci l i tate
specification of the histograms-

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

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

Mid point ofHistogram tnterval (mm)

34.0 34.5 35.0 35.5 36.0 36.5 31 .0 37.5 38.0 38.5 39.0 39.5 40.0 40.5 41.0

Observed
frequency 121'.7l 0

No!e: Lowcr limit of the first hisogram interval is 33.75 mm. lnterval size is 0.5 mm.
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lherc measuremenls:  these i r rc  the onl \  Jatxrcqul rcd t ' r  r rsc the programs.  Frarn inai ion ofmuseum skins (Rogeis ei a/. 19SO) snoweJ-thot
T1,9r  , r r : ,  usuul ly  l r rgcr  rhan femules lor  th is:ps(rc5.  lnc nt \ togram is  not  per lect ly  rcgularD:rnq 

9 lseq on.a fa i r ly  \ma srmple bur  s i rous(rc i tny rne douf , le  humped shapc character is t ic  o lt l i t r  l r ' )m,r  wcl l  \enar f , led s ix  s ize d imorphi i
T^" : : r  l : t !  rhe peaks of  rhe humps ur  appror i_
Tl l . l l  

. l : .  mm and J8 mm. Thc pe"k,  are
:.li i l.]:l l ' l) closc ro suggesr \omc r,verian in \izcncMeen the sexcs

Sexing Programs

, . ,Operat ion.  The h i r rogram is  inpul  ro e i lherHUMPS , ' r  HUMPS UV. This  crn be done inr ) nc  o l . l \ ^ ( )  wa ) \ .  e i t h r . r  hy  p rov id i ng  i n l ( ) rma t i ( ) n
t l ) rough lhc .  ke l  hoard  

"a i  
requc i rcd  by  rhe

l roBr rm\  ( ' r  by  p repr r ing  an  input  f i l c  o f  rhe  dar r
Ius lng  lny  tcx l  ed i to r  o r  word  proccss ing
progr rm) .  F i le  enr r l  i s  hcr rc r  rnd ,  u f , i rn r i . iu l
c ls te r  to r  thc  l r \e r .  The user  i s  asked lo  make a
cnorce concerning the variabil ity in size of the two

. eithcr that thc absolute variation in size about
the average is the same for both sexes; or

. that the relative variation in size about the
averagc is thc same tbr each sex (implying a
larger absolute variation for ttre targei si:x)l

. The second choicc seems more plausible than
the first and examination of many data seti
sugges l5  lh i l l  i l  i s  more  gencr r l l l  app l i cab lc .  Wi th
smal le r  h t rd \  and/ r ) r  mea\urements ,  the  f i rs t
cho ice  mav g i re  a  bc t te r  answer  because the
cr l te rence be lween the  cho ices  is  ,ma l l  and mav
nor  he  dr lec lab lc .  par r i cu la r l l  w i rh  smal lsample i
Ar \o .  mcasurer  var ia t ion  is  morc  l i ke ly  to  mask
any underlying pattern in small measurements. It
Iolld,bq 

good practice ro run lhc Ilograms ustng
bolh choices to see which is most afpro-priare for i
particular data set.

Both^programs produce printed output and an
output file. The output files of both can-be used as
input to both CRIT and CRIT-UV; the latter wil l
only work with the fi le from HUMpS UV. The
user has the op_tion for kcyboard input. Again,
the programs offer choices. The crucial ones ire,
. how sure the user wants to be that the wrong

sex  is  nor  ass igned ( the  min imum prohab i l i r y
or  cor rec t  sex lng) :  and

a h()w .prec i5c ly  lhe measurement  crn t rerccord(ct  tn  lhc held.  I t  would l re  s i l ly  tcr  rcnor t
a sexrng cr i ter ion to threc dcc imal  p iace,  tbr  amea\uremenl  tha l  can only  be rec( ; rded lo  thcnearest  mr l t rmetre ( ( .9 , .  wing IenglhJ.

. CRIT_UV also needs information to calculaterne accuracy of thc final estimates. The usercan use the default values provided or choose hiiown.

9rJ,p_u, : . ' .9n ly  rhe i ,u lpurs of  HUMpS UV an<j
\  K r  I  UV  a rc  desc r i hed .  The .c  g i r e  l he . comp lc l c
results. HUMpS and CRIT only providc pait of
t hem.

I  i g u r e  I  s h o u s  r h e  { , u r p u r .  o t  H U M p S - U V
usrng the \e  d t t ! .  Mos l  o l  thc  en t r i c \  in  rhe  rab lc
are ,sc l [ -cxp lanurory .  Thc  tab le  g iu" ,  r t .  oh . . r r . j
i j l l  l i q : . r . !  ra tucs  in  euch h iJ logram in re fva t ;
c rear ty  thc  h l  i s  qu i le  good.  The arca  , r l  0 re r_
r rp .nc tween lhc  sexes .  the  grev  zone u l  Rogers
and^_Rogers  ( lqe .s ) .  j i e \  t . r i r .en  . rS . : j  mm ?n j
.1 l1 . rJ  mm.  I  hc  d i l fe rence hc twcen thc  me uns  is
largc relative to the standard deviations, so agood. sexing criterion can be cxpected. The
standard errors are a mcasure of l iow well the
paramcters have been estimated; they are used in
CRIT_UV in calculating the sexing i. it.r inn.- 

- '-

Tlre programs require a measure that tells the
analyst how good the answers are. Four are
provrded:  sec  Append jx  B  l ( ) r  dera i j s .  The t ina l
l ] l :  C ly . .  the  ra lue  o t  ch i -squr red .  g roup ing
nrs togram In te rva ls  so  tha t  a l l  expec ted  r i lucs  a rF
qlcaler.than or cqurl to 5. This value is comparahle
\  r lh  chr -squr red  ca lcu la red  hy  HUMpS.

,  The non-s ta t i s t i c ian  can ga in  a  sens ih le  rder  o f
fu*  q :od  thc  e5 t rmarcs  are  hy  s imp l ;  compar ing
expected  wt th  observed va lues .

Figure 2 shows the output of CRIT_UV. The
top part. gf_!!9 rable repeats the inpur data
estimared in HUMPS IlV.

I l  . lhe  measurcment  p t ramete15 to f  w ing .  say)
arc  known prec ise ly .  ihe  probab i l i l y  rha i  ea ih
sex  wr t t  ha \e  a  pan icu la r  u ing  lengrh  is  eas i l l
ca lcu la ted .  l t  i s  a lso  easy .  us ing  these f robab i l i t ies .
lo  es t imarc  rhe  probab i l i r y  th r r  a  h i r t l  w i th  rh is
$ i n g  l e n g l h  i s  a  m a l c  o r  a  f e m r l e .  W i l h  a  l i  l e  b i t
more work, it is possible to find the values of
w ing  beyond wh ich  the  pr r rbab i l i r ies  a rc  g rea le r
than thellequired minimum probabil ity of iorrect
sexing. This is done in the program iRIT.
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HUIlPS.,UV

S P E C I E S :
I. lEASURE:
AGE 6ROUP:

Da te : 0 4 - a 7 - 1 9 1 4

Eastern yel lo* Robin
f iead-Bil I  Length
Adu l t

EQUAL  COEFFIC iENTS OF  VARIAT ION

ESTI I lATES

NU|'IBER OF BIROS
IJE AN
s " 0 -

ASY}lPTOTIC STANOARD ERRORS

SI1ALLER LARGER
SEX SEX

41  7A
35 .415  J8  "  148

0 . 8 0 2  0 , 8 6 3

A .S"E . ,  S I ' IALLER NUHBER . r . 2060
A - S . E - ,  S H A L L E R  I ' I E A N  0 " 0 3 6 8
CORRELATION BETI,IEEN ES T I I IATES 0.9218

OBSERVEO ANO EXPICTED VALUES

I nterval
Hid-Point

nex t  I  ' va I

34 .  000
34 " 500
35  "  000
3 5 .  5 0 0
J6 .000
36 .  500
37  "  000
37  _  s00
3 8 " 0 0 0
J 8 .  5 0 0
39 - 000
39  "  500
40  "  000
40  -  500
41  "  000

drserved
Frequency

0
I
1

1 0
9

l0
7
7

I 7
t 2
T 7
1 2
4
0
1
I

0

A l l  Sma I l e r

Estineted Frequency

0 " 8
2 - 2
5 . 3
8 . 8

t o  " 2
8 " 6
7 . 0
8 . 7

1 3 . 2
L 6 , 7
t 5 . 6
1 0 " 5

1 " 8
0 " 5
0 . 1
0 . 0

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

1 0 " 0
7  " a
4 " 1

0 - 4
0 . 1
0 , 0
0 - 0
0 . 0
0 " 0
0 . 0
0 - o
0 " 0

La lige r

0 " 0
0 " 0
0 " 0
0 . 0
o ^ 2
0 . 8
2 . 9
7 , 1

1 2  " a
1 6 . 6
1 5 " 6
1 0 , 5
5 , 1

0 . 5
0 . 1
0 " 0

I1AXII4UI,I  LG_LIKELIHMD
APPROX] I{ATE CHI-SqUAREO
CHI-SAUARE0 (Observ,.d>0 )
CHI-SQUARED ( in expect€d=s)

Fie. 1. HUMPS UV output.

-244 "46!6
13.995 DTGREES OF FREEDOI'1 14
15.742 OEGREES OF FREEDOT1 14
J "888  OEGREES OF  FREEDOI1  1O
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C R I  ]  U V

S P E C  l E 5  E d s t e r  n  y e l l o w  R o b i n
| IEASURE he.rd Bi I t  Lenqth
AGF AC]u I  t

I  N P U ]  O A T A
S h A  L L E R  L A R G E R

N U H E E R
I IEAN rs  -  , r i  au  -  ,0 ", j  o  0 . 8 0 2  0 " 8 6 1

l . :  l .  : r A t  r L p  \ r  8 E R  L 2 0 b . r
F . ) - r -  s ! 4 1  L t R  H E A \  o . o 1 6 8
A .  C O R R E L A T  I O N  A . 9 2 1 . A

I1ONTE CARLO EST I I lATES

COUN T HFAN

S  A L I  t \  l t x  N U t t B t R  l O 0 0  . 0 . 9 5 1 0
SJIA L LER SEX I IEAN ; ; ;' ioi i . ' i i i '  i j i ,ni '* " .,  i :33 ' i . i i l i
5 I l A L L E R  s E I  H E A N  A  <  Fo"iol i ' i i". , j '* i i , . , loi '  i333 3:l i i
CONSEQUENI IAL  EST I I JA IES

29

S I ' J A L L E R  S E X  S .  D .
LARGIR SEX I1EAN
L A R G E R  S E X  S .  D  "
UFPER LI I I IT FOR ShALLER SEX
LOWER LI I ' I IT FOR LARGER SEXg  R I G H T

S E X  l  N G  C R I T E R I A

SEX PROPORTIONS NO] USED IN

H I N I I 1 U I I  C O N F I O E N C E  L E V E L  O F

1000  0  ̂  8024
1000 38 - 1467
1 0 0 0  0 . 8 6 4 3
1000  3s  "  9859
1000  3 l  - 4A I2
1000  11  -0462

s .0 .  i t IN  f lAX

r  -  1 4 6 3  3 7 " 0 0 0  4 4 " 0 0 0
0 _ 0 3 7 2  3 5 . 2 7 7  3 5 . 5 1 9
0 ,07B9  0 -920  r  - 44 I
0  . a o 2 4  0 . 0 2 8  0  .  0 1 5
0  "  0 1 J 9  0 " 8 1 5  0 " 9 5 8

0  "  0 1 5 2  0 . 7 6 1  0 . 8 5 3
0 .0235  38  "  065  38  "  217
0  -  0 1 3 8  o - 8 2 2  0 " 9 1 7
0  -  0401  J5  _  836  36 .104
a . 0 4 2 3  3 7  . 2 9 5  3 7  ̂ 6 4 L
I -7273  ( , 9  "49 I  A3 .3 \ ( ,

0ate:  04-07. .1 99!

RIGHT D. K.  ITRONG

7 7  " 0 6  ? 2  . 3 8  0 . 5 6
7 6 -  I A  2 3 . 3 2  0 - 5 0
7 7  _ 9 4  2 1 . 4 4  0  - 6 2

7 4 ^ 5 ) -  2 5 " 0 4  0 " 4 _ 4
/ 3 " 5 5  2 6 " 0 6  0 - 3 9
7 5 - 4 7  2 4 " A 3  0 " 5 0

7 5 -  0 1  2 4 . 5 2  0 . 4 7
1 2 " 7 4  2 6 . 7 9  0 " 4 7
1 7 . 2 A  2 2 . 2 5  O - 4 7

7 3 - 1 9  2 6 . 4 1  0 . J 9
I 2 , 7  4  2 t J  . 9 4  0 . 3 2
7 3 . 6 5  2 5  8 9  0 . 4 7

C A  L C U L A T  I  N G  C R I  T E R I O N

C o R R E C T  S E X I N G  9 5 - 0 0  t

AOJUST}1ENIS

SanpI inq

l ledsLrrement

Eo th

U L  S M A L L E R  L L  L A R G E R  S E X

J 5  -  9 8 5 8 6  J 7 " 4 8 1 1 6  B O T H
SIlA L LER

LARGE R

3 s  -  9 1 9 8 3  J 7 . 5 s O 7 7  B O T H
Si,IA L LE R

LARGER

J5 ̂  90000 37 -  50000 BoTH
SIlA L LER

LARGER

3 5  "  9 0 0 0 0  3 7 . 6 0 0 0 0  B o T H
SIlA L LI  R

LARGER

FiErrc 2. CRIT IIV output.



If. howevcr, the measuremenr parameters arenor  known prec ise l ) .  e r r leu la t ing  lhc  p rob lb i l i r v
rn i r l  i r  .h r rd  u  i th  r  g ivcn  w ing  lcng th  i ,  i  ma le  i s  io r tncu t t  rn r ly t i (a l  l i r \ k .  l l  i s  r l ck led  jn  CRIT-UV
n)  i l  Montc  (  f , r lo  ca lcu la t ion .  the  resu l ts  o f  $h ich
are grven in the midclle part of the output (Fig. 2).

Using the HUMPS UV ourpurs, a larse
number of random samples ut itr. 'prio*"t". i
e \ t rmr tes  are  mrdc .  Thc  s imp le  CRIT method is
i lpp l rcd  lo  e rch  samplc  i lnd  a  numbcr  o l  e \ t imt tcs
o t  the  c r i t c r ion  l im i t (  obra incd .  Knowing the
variabil it l '  of the critcrion l imits, the #xine
critcrion can bc set to ensure that sex is no?
as \ igned.  a l  less  lhan the  rcqr r i red  cont idencc
re \c t .  l l l t s  eur rcc  on  lo  the  cxpCc led  c r i tCr iun
l im i ts  i s  the  sampl ing  ad jus tme; t .  F ina l l y ,  the
measurcment adjustment is made. This rounds
thc. ulper l imit of sizc for the smaller sex down,
and the lower l imit of size for the larger sex up, to
the ncarest unit of measurement preaision. Alain,
this is neccssary to ensure that no birds arc sExed
at less than the required confidence level.

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

How many samples should be taken in the
Montc Carlo calculation cannot be generalized.
The number wil l depend on sample size and the
separation between the sexes. A good way to
procecd is  ro  lak (  i l  smal l  sample  f i rs t .  sa)  100.
rnd  \ee  how we l l  the  inpu l  dara  are  reproduccd.
Ccrtainly, a fit to at least three signific;nt f igures
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  es t imates .

The sexing criteria part of the output (Fig. 2)
shows how wcll the sexing criteda perform. The
top of this part of the table reports that sex
pron() r r ions ( those of  the sample)  were not  used
in erlcularing rhe crireria. This is appropriate if the
criteria are to be used for sexing birds ftom outside
thc sample when the expected sex ratio is 50 per
cent. If the sex ratio is known to be different frbm
50 per cent, as might be the case if the criterion
werc 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.
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Figure 3. MINti\, lAX output.

Sexing critcria are givcn if no adjustmcnts are
made and if the sampling and measurement
adJus lments  a re  r lp l ied  separa le ly  and loge lhcr .
(Jvera l l  some 4  le r  cen l  feue i  t , i rd , ,  i , i l l  b .
cor rcc l l y  se \ i l i l e  i f  ho th  rd jus tmen ls  J re  n lade
Inan r l  nc r ther  i s .  Th is  rcsu l r  c tnnot  be
generalized as less well behaved data can lead to
far. bigger reductions in the percentage of birds
which can be sexed with conlidencc. \ote that,
fo r  these dcr r .  thc  s rmpl ing  ad ius lment  has  no
ef lec t  on  lhe  upper  l im i r  o is ize  fo r  rhe  smal le r
scx. This wil l not always bc the case.

Utility Programs

. . D a t r r  o n  a d u l r  \ \ h i t e - p l u m e d  H , ' n e y c a l c r
Lichetu,\tomu5 pcnicil latu.s. caught in Vic:t,rrir,
are used to i l lustrate these programs.

F i g u r c  3  g i v L . \  l h e  o u l p u r  o f  M I N M A X .  l r
\ imp ly  g i \cs  lhe  min imum and rnax imum , r I  each
variable on the input f i le.

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

COMMENTS

A dangcr with producing easily used programs is
that people will use them indiscriminately. If
rubbishy data is put in, perhaps containing
obviously  suspect  dala points  or  poor ly  choscn
hisrogram intervals .  lhe 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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r.rumber r f  h isLogr.rm t f tervats f tead Bi t l  12
Figve 1. HIST BV output.

between rhe ssx_e-\. the hi\togram might even be
srnglc  humped.  I f  i r  does not  lo l low tFe c lear  bel l
shaped curve of the normal distribution (it rnighi,
f91 example, have a flat top or a bulge to 

"one

srde), separation of the sexes mighi stil l be
possible. Ro^gers and Rogers (199"51 g;u. un
lus l rat ron ot  th ls_

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

.  Use oI  the SHEBA programs does not  prove
that  I  specres ls  sex \ ize d imorphic :  i t  does show

that the sample can be considered as containins
two.groups of birds of different size. lndependeni
evidence is needed to attribute that size diiference
to  sex .  Notc  tha l  a  sample  may ( .on tJ tn  more  lh i ln
two humps:  rh is  mighr  a r isc  i f .  fo r  cxample .  i t
con ta ins  d j l fe ren t  subspec ies  or  ager .  In  rh is  care ,
somc Dr rd \  may have to  be  remo\ed f ro rn  1 lq  6s11
before using SHEBA.

First t ime users of SHEBA might f ind it helpful
to practice with the data usecl here (whicir is
prov ided-  w i rh  the  programJl .  f i r s l  ro  repea l
thc  resu l l \  p resen led  and.  second ly .  to  ga in
experience with all the programs and cho'ices
available. Users who have diff iculty with the
programs or the documentation should contact
me directly.
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APPENDIX A
HISTOGRAM DEFINITION

D4ining u tli.\togant

A  h i \ l u S r r m  r \  r l c n n c J  h )  l h e  l L , r \ e r  l r m i r  u t  r h c . m i r l l c s r
( h r \ r )  i n r r n : , 1  l , , r  h r n r  :  t L j  l h (  s i z r  u t  r l r e  r n t r r \ J l .  l h e i r
selcct ion should be considered togethcr.

The lorer  l i rn i t  of  lhe l i rsr  intcrval  should obviously bc less
than the smal lcsr  obscrv l t ion.  I t  should be spcci l ied to onc
more dccimal  p lace than the precis ion 1o which the mcasure_
mcnt is  rccordcd and.  idcal l ! .  p icked so rhat  observal ions fa l l
rn the mid point  of  drc intervals.

Fbr example.  i f  rhe smal lest  hcad-bi l l  length is  37.4 mm, ser
the lower l imi l  of  the f l rs t  interval  to 37.35 mm i f  an intcrval
s ize of  0.1 mm is to be uscd:  set  lhc lower l imi t  to 37.25 mm
if  rn intcrval  s izc of  0.5 mm is to be uscd.

The smit l ler  thc inrerval  s ize,  thc number o l  intervals wi l l
be larScr rnd the nunlber of  observal ions in the intervals wi l l
bc smrl lcr .  I t  is  not  a good idea to have too many inrewals
wi th smal l  (e.g.  less than l0)  numbers of  observarrons.

Morc intcrvals may be supported by large samples and,  to
some exrcnt .  the rrnge (d i f fcrcnce betwecn the largest  and
thc smallest obscrvations) of the sample. Mcasurement prccision
also comes into i t .  I t  is  a l l  very wcl l  measur ing hcad bi l l
leDgths to 0.1 mm but,  i f  a b i rd were to bc measureo severat
t rmes,  would lhe sanre measuremenr a lways be recordcd by
di f fcrcnt  measurers or ,  for  that  matter ,  by the samc measurer?
I l  might  bc bct ter  in such a case to use intcrvals of  0.5 mm
which wi l l  largely overcome the problcm

Ult imately,  rhc analyst  wi l l  havc to f take a not  very hard
subjcct ive choice.  Docs the resul t ing histogram look sensib le?
l f  there are too few intervals,  much of  the data wi l t  be
conccnrrated in a smal l  number of  them and the histogram
wi l l  not  show how most of  the observat ions vary.  I f  there arc
too many,  the histogram wi l l  look l ike a saw tooth and may
nol  show any pat tern in thc data.  General ly ,  and th is is  a
guide and not a tule. between I0 and 25 inrervals will be
found most useful .

On a pract ical  point .  i t  is  a good idea to usc the smal lest
interval  s ize thc data wi l l  support .  Should examinat ion show
that  lhc in lervals are too smal l ,  i t  is  a s imple matter  to ' lump'
adjacent intewals to give a histogram with larger interval
s izes.  Tbis savcs going through the data for  a second t ime.

Examples of Histogram Definition

The table below shows some fairly typical histogram
definilions which can be used over measurements of different
s izcs and precis ion.  Wings are measured to the nearest  I  mm,

u0
.12.1

t9i

6 2 i

12: .5

I
0 5
5

l l

l 5

APPENDIX B
MORE INFORMATION ON THE PROGRAMS

HUMPS

Apart  f rom inputs and ourputs.  th is is  the same as rhe
program made avai lablc in l9 l i8 and used, a l  least .  by Rogcrs
et  a l .  . (1990),  Barrcr  ( t9 i l5.  1986, I9u9.  1990).  Frv (1990);nd
tbr  which a prohrype was used by Rogers e/ . r / .  (1986).

Given the Dumber of  b i rc ls in one scx,  the nunlber in the
othcr is  readi ly  calculated.  Givcn also an est imalc of  thc mean
of one sex,  the mean of  the othcr is  readi ly  calcula led.  Givcn
thc above,  i t  is  possib le to calcula lc the standard dcviat iq l  for
each sex i f  a s impl i fy ing assumpt ion is  madc conccrning how
the standard dcviat ions of  the sexes di f ler  ( th is assumpt ion is
discusscd in the body of  the paper) .

The user spcci f ies a rangc of  cst imarcs of  rhe number in,
and mean of ,  one sex.  Each ranSc is spl i r  in to four cqual
parts,  g iv ing f ive est imates to be cvaluated for  each par lmeter_
l'{UMPS works by calculating thc remaining parameters for
each combinat ion of  est imares and thc numberof  obscrvat ions
cxpccled in each histogram interval. Thcsc are compared with
actual observations using chi squared. Thc program produces
(on screen) a map of  chi  squared ovcr thc ranges and asks rbc
user if hc (or she) wants to try different ranges. This process
allows the ranges to bc successively redefincd as th€ user
homcs in on the values which give the minimum chi-squarcd.

HUMPS UV

This program has the same theoretical basis as HUMPS but
differs from it in two important respects. First, it scarches for
the paramcter estimates which maximizc thc 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 largc samplcs (Macdonald and Pitcher
1979), rnaximum likclihood methods also estimatc thcir
accuracy (asymptotic standard errors) and the relationship
bctween them (asymptotic correlation). Thesc paramelers are
used in calculating sexing criteria by CRIT UV.

Sccondly, HUMPS UV is an optimizing routine; given a
siarting point (initial estimates of the parameters), it uses a
systematic grid search to find the paramcter values which give
thc maximum of the likelihood function. The grid scarch
works by holding one of the initial parameter estimales steady
and varying the olher in discrete step sizes until no improve-
ment in maximum likelihood is possible. This revised estimate
is then held steady whilst the same process is repeated for the

I lead-B i l l  36 .1)
Weighr 325
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olhrr  cs l intatc.  ' Ih: r t  

is  thcn held r rcaci_,-  and rhc proccssrep! . r lcd, lor  
. thc i i r \ t  c \ l inalc.  This ro ing ard f r ; - ing isront tnucd u l i l  no l i lnhcr inprovement ln ntaxlmun l lkc l ihoo( i

....f lunlT .L\' hls alwrr_v,s worketl lrhcn rrUMpS valucs arcu\cd as thc in i t ia l  c ,sr in la lcs.  I l  could.  howcver.  ta i l  to I inc l thcocst , rns$cr i f  thc dnla arc htrd ly bchavcd (1.( } r  "*un,pt" .  "  , , , *tooth his loglr I ) l  * i lh  kr ts ofpos.r ih lc locat  pcaks and l roulhs) .I , r . r \  ' '  ' ' , \ '  i  . l ( . r  r . r r h  , p r r m i . , r r , :  p r , , f r . I r r \  r i r  u \ r : ,  j r u r n ^ c r  , , 1
l l l ] l . l . l l i  * ' .  . , r  , r r r r r . , t  . , r r rn . r ic ,  r , .  , .n \u,u rh j , r  . ,  , . , .n toprrnrunl  ' | i  nor  t (n jn( l

, , , l l l : " .1 ' ; ' r ,  "  r .  tu , r ( \  rh f ( (  , r r r \  , , r  in t ,ur  , r . , , . ,  , i , . , rr r r  v l - - \ . 1 ' r ( \  n .  r  t t r q  r s . , , l r l ,  \ r / ( ,  u \ c , t  I , , ,  i f l .  g , , . t  * . , , , . ;n i r \ (  1 . .  t \  . t \ .  i t r (  J  I  t r .  t , r , . g , , r . ,  1 . , n , . , k . , ,  t " , , r  i i , n , . , , ,  ; ; ;r r  \ t t r , .  \ t L  t \ \ r / ( \ . j r L  . n ( . '  . . i , r i l r i  t t 1 .  t t , , , " . . , , , ,  f  , . . p . , . r . iup_ t )v stanrrS ( t I  r r i rh targe neps lo ind an appnrr imarc
L.'L,l j l l l l l l  :,",r ,!"" l."""i"s rhc pfo!fam asarn wirh thc
:y i i : , In: , , "  

ofr in lunl  cst imurcs rs in i r iar  valuc.s anct  using!na| lcr  \ t l r t )  \ rzr \ .  th is is  pa11icular l l  occessary wi th Ia|g isaf i rptcs and nrany hisrogranr inrcrvals i

. ,  
, n  

l l l  1 .  , , (  r . , . . t . , r . ,  r , ,  ( \ r , m . , r , n r  r h r  . r . , n , r : , , , , .  , , r \ , . rr r  q  r \ l  | . , t 1 \ . r  , t  l l r .  . , ,  1 . t . , r . , , n  t . c r u . .  r r  r h r n r .  I  h r ,  i . . t , , | l qbv c\aminin.q holv lhc t ikc l ihood f rncl ion.h"ng. ,  i "  ; i  , ; r i , , i
:: l , l f:- l" ir":, rhc. nlarir]runi a sinele nurnber .i"nn". .r., ir i:
: i : : l  lr. i ,, ' : ,." oi rhc nnrl csrinates rh" ",".rr,,".I,.. i ;v,,
rc( lurred v i l luc or  usc th i r  progfrr In defaul t .

Ihc sr i r l rdrrd er . ror \  calculated arc arymptolrc srandurd. , l | .  r .  ! . 1 . . h  $ r  r r , , r i  . t , \ c t \  , t . n r . , \  l J . (  I n c , j r . ,  \ , t L r ( . .  l \ ,
l l j , . , :  

'  . " '  t ,  , '  r t r .  t i r r t i t r , , r i  . U r i : , . c  i .  , 1 r . , , , r r . r r , . , r  r r r c  : , r t . r

- ,  
r , ' , . .  . r . . , .  r l . r i , , n  I  r . r r r . ,  i n r  r h , t . l . r r , , . , r L r  ( n , j r \  r r r r , . r r \, | i  

, \ c , i , | r , t  
i t ! . r \ ' ,  ! r \ . . 1  r l l ,  l i k ,  I  h , " . 1  r r r r r . r i , , n  w r r h  r . l s n . r rt " t n ' , 1 ' - . t  r n r ( l , r \ l  i r j .  ! \ r ' . I i r r . . ( l  r r t r (  H L ' \ . . ,  I n . r r n r t .  \ j n c cr . s n U r . r  i \  , t r t r ( . u  r , ,  f r r r , j  . l r , . r  . i . r  r l \ . 1 ( , l l !  r h . \  i r r (  e , r i I r . r t ( , ,I  \  i : r r . , u r . r l l ' r L  t l r !  h r \ r  J !  \  r  v c \  t . )  I  r r _  . t r f , ( r ,  r \ ! .  i n L l

: l ) ' l ] 1 .  l , l  
" , 1  . '  ' , 1  .  J  ,  I  I  r  i  ,  \  ,  .  ,  I  .  |  |  o r r  r , ,  r h <  . . . s i . r n  r , ,  i i v ,  r h , .r ( r l r r ' ( . r  \ L '  n ' j  . l . r i \ . r r  \ ( . .  A  U \ c t L l  I  r . \ i u L ' r , , r J  t L \ r  , ' r l

non- l rncrr  cs l rnr l r ( ) l t  ncthods is  Sadlcr  (1975).

,..;l l l-1,])l n*. ],""' ,rr rrrc.Hr_,N{ps -uV oulful (Fig. l) sivcrn loI ' ln l t ron on h( ' \ !  lood rhc Un:r l  csr in l r rcs l rc .  Thcy ar-c;
.  MAXIMTJM LOCi-LrKEr IHOOD. This is  the iu l ]c l ion

nta\rn lzc( i  b\ ' thc progran.  I t  can be convcrred di rect ly  t ( l
. r n  , l , l ' r . . . \ i n t - , 1 , . c \ r | , 1 . , r \  , r l  , . l t i  . q L r .  \ . 1  r \ 4 . . . J , , n . , 1 , 1  : , n r l
l l t ( n c r  l  ,  , , ) .  l l ) \ ' r , r n l  t , j n l \  r . . f J  \ l : t l i . , i r  l , , t  I n ( i r . t .  t U
thc coUc\pon( lcnc!  l )c t \ re{rn ohservcd and cxpectcd valuesl

.  APPROXIMATh f  HI  SQI- IARID. Calculatcd f rotu rhe
m l r r i n r u m  L r r  l i k c l i h o o d :

.  CHI SQLIARED (Ob\cr \cd > 0) .  
. t - l re 

expccred |unDcr
rn crcn hrstogrrm rnterru l  is  calculatcd using thc i in i l l
I iu i |mcler  c\ t rn:r re\  ( 'h i  !u. rcd i , i  c l lcul r t lcd ovcr a1l
nrsro{r i rm rdlervr t \  cor)ra in ing . t l  lcast  one obscrv. t t ion.  Thc
! i i luc should i rppro\ imatc rhc ! ,a lue io the l ine rbovc.
ni ' r l 'cu l i r f l \  1()r  l r r , rc  \xnrpl .s :

.  C HI-SOtiARIID (Min exf  ccrcd = -s) .  t .h is is  tbc morc
u\ui r l  (hr- \qui l |cd | r lcasurr  in !vhich his logranr inrc|vals arc
Iumped so rhar r t t  cel ls  uscd in rhe caicular ion have an
c\ fcctcd \ l luc ( r l  - i  or  grL, i i rcr .  This i \  (hc chi  squarcr l
c u l c L r l l l c d  i n  I  I (  I \ t P S

L U t T

1 f , . . f 1 " " ' , r r "  r . r t , r r r . , r r . . r  s ,  ; 11p . . , , 1 ( r i , , r j  r j \ . 1 !  r hL , , u rnu r \" J  H I  \ 4 P S . , r ' . 1  H t  \ 4 p \  U V .  l ' h r . r r r . r r , , r r  . . ( \ n r L \ . c J : , .
thc upper. l imir of sizc t irr  birr ls of the snal ler scx (LJLS) andthc lower l imil  ot sizc for birds of thc larscr scx 1LLLl subjecrIo 9 sex hcrlg assiSned 1o a Drininrum l lot,"t , i i i ty ui." i l . . i\ L  

, n g . p . , i 6 c J  
h \  r h . . , r . , , ! . r  l r  p r , , . i u . t . , f , .  . 1 , , , , . . , . , r , i .

, \  r J , r (  l r oc r , . I t , , t  t h !  . j  r r ( .  nJn rJ  J l l . r , l  : , \ r  L r l , i r  r  l , r ^ r . r n . l' r . e . l  r ) ,K -9 .  r . ,  / , / / .  (  l , , r " r  I , u t  i  f  L r t \ .  r J , , r , r p , , r r  i r , ,  c  t , c , : i ,r h . r r r r _qd .  Th r .1 \ t r n r  J , , , .  j , t \ r  t . c c i r  . h . r n t r . i  , , i  , , , , .  1 , r , , . ,  i , ,lastcr opcfal ioI bul ans\\,crs : trc utt f fcctcd.
U . i n p  t n r .  c . r i r r r , r e , t , . r ( . , I \  . I r , t  . r . , r L J , r J  L l ,  \ r , 1 i , , n . .  r l r L

l l r : , , 1 . , i ' i r r r \  
' i ' ,  . ,  , , ) . 11 , . \ .  h i , \ L  . ,  , , : , , r , . , . . t . , r  "  , , "  r . n | : . r ,  , . , , , ,F . r c ;  ( i l \ _c , , t ( u i i r l LL l  t r , , r n  n , , r r n . r l  , , r , r r r h r r r i . r .  r h .u r r  , q  . i r  l : r rp r i ' r  n l , r l r l \  . ' j  )  

i h (  
. : l j  l  r l c J  t , , r  . ,  r c rn , l "  " , r t , ' . , ,  t ,  , , , , , 1

l : n : l n  
l |  i . l l : , r . h . , r , l l . , . i i t JU t . , r ,  r r , , r r  r t r . \ . .  f r , , r , . , r , i t r r i , . .  r r  ,

j : i l , , ,T , . l , . . j l , r ) -  I , r , , , r  un r , , , . , q ' '  " r , , r r { r r , , r  " , , "  r . ' . , r, \ i , i i , ( , : r  n r i r t r  t h . ,  . ,  , ( r r . r l ( .  I n i .  ( . ,  t \  f L r . c r : r , j , , , . , t  . \ ( ri , r t  $ r n | :  ] ( n ! t h \  t l - . , t . , n . \ c u r .  t  h ( { .  h e  r c .
I , . , 1 \ c  l l r c , , r c t h . r l  \ . r l u r \  t . . r  I  l  \  I n J  f  f  L , , , .  . , . , , , , , r , . r i i . . , i .  ;nr  rn l '  requrrcd minirnum prohlbi l i rv  of  corrcct  scxi ig ( i t  canrot  he lcss thrn -50,%).  Ti , ;o s i ruat ions apply:  i f  $,c.h lvc no
: : . , - r j l ' l l : l  

. , l r ' *  rh , , r  rh ,  . ( \  r , r r "  r r .  r r , . i  p , ,p , r r  , r i , , r  i ,  n , , :
; : l : " , " '  r r  \ r h , , \ ,  r , . , . , , r r , ,  , c t r , . r , . r \ . , r r t r e r . , . , , , , . , n , " . , r . , n . . ' u .
, , , (  r : n r e r  \  t L r : , r r , r n  r r r l t t l l  J l l p l t  , , ,  r h r  . . ,  r t , l c  t ,  . l .  i t  . t ,(  ( I l J l l . r l ! d  \ r ' \  r . , r i , ,  . t i f t . . r \  . U h . r . r n I i r l t )  i , , , , , .  : , ,  

f . . ,  . , . , , , ,  . ;thrs case a s l ight  modi t ic i r l ion of  thc cr ;er ion rr  i r ia ic : r rcLl .
T h e  . r r r  , l r . r  h j r \  r . .  \ . t r  ( l  I  t r (  r  r r r  I n r  r .  r r r  I , r . ,  , . r t . r t i r  r  , , 1  . , , r r r t r

: 1 . ) l l "  l . l l | I : " , {  o n \ . r r i , , r  q , , , . t , t  . u c L . ( . r  , r .  p c r . r r r r  r , , r\ c \ r n r  I n . I v r ( l u . r t  5 | | . t .  i  r l l \ i r i r . r  | | (  \ ,  |  $ , . r . r  t l . .  . r  I  i  \ u
( . r . r r . c  , , t  . r \ \ . l  I I  f  r t . c .  u  L  | j  .  \  r . ,  .  . ,  I  l ,  l ,  , l  A r  l h r .r e \ ( t . . x t l ' r r ' , l h j r r , , ) 5  l r r  \ r r , l  . , t  t .  r J .  s r  t _ r  ( , ,  i \ r l I  \ . \ , . , ,c , n ( . . -  l I (  

- \ . r t U c  o I l t !  . r l , n l r c .  r t  l l \  l  l l i l .  \  n  n , n l l ' , 1  . , , n l i , l c D . c
r c v ( r ' r r  ) , ,  t , J r  . . n r  \ 1 , r . l L l  ' ( . , t f j r , , t | | : , r (  i r  r t . . .  , n . , t \ . r  u . , \' , n r \  r r \ ' r , \ t ( , '  r ' ,  t h . . . r \  r . , | . .  A t  t h r . . c \ c l  , ,  t . l | J .  s r l  o (
unsexcd bul  Inanv wi l l  bc wronglv scxcd in thc grc1.arc" .

T h .  1 ' r . ' ' 1 1 , ,  1 '  m : . k r .  . , r r r  , r t t t u . t r n r l t  t i ,  t l l (  . l t r , , t ( . t t j , r l
I  I  \ . r r r J  L I  I  t .  r  t \ . , . . , r m . , r . . r  r , . . ,  t r ! . , . ( rJ r L , r \ \ '  i ' l . r r ( u r i r ( !  r r t .  t  r r t c  I r . . , r . L t ( n t r , I t , . ,  . \ .  r ( ( ' , , r r t L J . n

I n  
. l r ( l J  A . ' ( , ' r L l . i r , , l \ .  . h .  

f r , , f r  ,  r  r . , u | | . l .  I  l S . l , r q n  . , I J
L l  I  l . n .  I , i  l l r (  n r ( \ : . t . , r  $ 1 l h  u h t . n  r t t (  r . r ( j r \ u r ( t n r n t
, " 1 , ? f l r . J .  r  L c  r c L , ' r , i . . , t  . . . . r  $ I . r ,  1 . . , , ! t h ,  r , ,  r h r  I l c . r r c . r
r r r l l . n r ( l t (  l t r . r J . l , r l l  l r n ! . 1 t .  1 , ,  t h (  l | c i [ ( . r , , r ) c  t ( r ) l h , . r  . l
I ' l i l l r r r r ( l r c  l h t !  c l | . u t ( .  t \ , r l  n , , l , t i , l \ , r r ( , r . . r r r r r L l  . r  s c r  ! \ r t l r
lcss than thc requi |cd rn in imurn probabi t i r l  o l .c i r r r  ect  scxing.

' I 'hc 
!R)granl  rv i l l  crash i l  thc scparat ion oi  thc scxcs is

rnsulncreDt to support  l l  cr i tcr ion at  lhc speci f i0d nin imurn
probabi l i ly  of  corfccr  sexi f lg

CRIT UV (sce bcl(^ ! )  usc\  rhc srrndrrr( t  c l lor \  o l  the
cstrnr i l tes a d the corrc l i r l ion bcr$ern rhcnr to csl i Inatc lhe
sarnpl ing cnor o l  lhc cst inr i t rcd conl ldencc l imi ls  lvhich c:r r l
be uscd t l )  del inc a Inorc robusl  cf i lcr ionl  i t  lh i \  i \  donc.  lhe
interval  bctwccn rhc cr i tcr(nr  t inr i ls  wi l t  bc widcr rh:rn lhat
produccd br  th is program. C RIT has becn imcl l rdcd to cDablc
a cr lcr( )n lo bc oblr incd lvhcn or) l \  thc d ist r ibutr( ) ra i
prknclcrs arc avai lablc as is  r t re ra\e $ i rh much pubt ishcr l
d r l a . r . g .  n l a n r  h a n d h o o k s .  T h e  a n a l l s r  w i l t  h t , v c  t o  j u d g c
whclhcr or  not  a cr i rcr ion brsed on such ( j r r r  i \  Drcrni r rgdt .
I r  should be i f  \ lmplcs arc Lrrgc i , , rd scxcs are rvc scpar: i tcdr



K G. Foge,.s: SHEBA:computer program ror sextng bids Corel la 19(1)
i r r  r h r .  L . r . t  . r r I J , r n l  ( . r r . r r . , , t  . . r i r c n ^ n  l i r n i r . , , r c  t i k ! t t  r , ,  t \' n . i l l  I c , , . l i | l !  r , ,  j ,  . r n . i l l  . .  r ) p l r o ! . r J t u \ l m < n r .

( .R1T UV

. , T f ' , _ r c : r l c  
r $ o  L f i t r ( - r c n \ . \  t c t u ( e  l h i \  n r o g r h m  J n d  (  R t  LI  r r { I  r r  I n : , k c \ . r  . . r n r n l i n p . i l i u ,  , \ n r  r o  r h c  t h r , , r e r i c i l c n l ( r i , , n

r n l | r \  p r , ( t u ( c , ,  i I  ( - R l f  u h r \ h  r r f l e ( ' r \  h , , s  r \ e l r  d e f i n e J  : r r er n c  l \ i , r i r m c t c r \  ( . r i n r . , r c , J  ' \ !  H U V p S  U \ .  f h .  \ i , , r  u t  r h i s. r o t u \ r m c l l l  \ t r t t  , l i n c n d  o n  r h (  n u m h c r , , t  h r f J .  i n  c J ( h . c \  i n
lhc sample,  the scparat ion betwcen the scxes,  ano rhe cxtcot
ro which rhe dr ta are consisteDl  wi th normal  d ist r ibut ion

r ! . : , . ' : l J  J ,  , r c n ( e  "  \ r .  b e c i , u . e  r r  i \  j r n l y . ,  i . j r h t e
r \ c r , l , , I r l ) ,  J r l l h u l l  i f  p o , . i h l ( )  l o  c i r l . u l . r t c  r h c  ; J l u s t r n c n l
. r n . r l ) l r . J l l )  h u r  r t  . . : r n  h c  [ o u n o  n r  r  V u n t .  I  . r r l , ,  c . r l c u l : r t i u n .
r n  I . n r \ .  . r  t i  g (  n u r n \ ( r  ^ i  r . r n J o m  . r m p l c .  L , t  r h (  n u m b ( f  o t
l ' | l u \  I n  t h (  . m r l l c r  . < r .  l h < l r  m . . i r n .  r  d  r l t c  i , f r c l : l n u n
D(r twccn thc est imates is  rakcn and the scxing cr i ter ion found
lor  cach s: tmple.  This cnables the st i lndard div iat ions of  ULS
and LLL to be founci  and rhe appropr iate l imi t  consistent  wi th
thc rcL]U.r fcLl  nr i  imurn nr , , l ' i rbr l i t \  ot  corre( ' r  \c \ ing ru hc
l , " r n . l .  T h (  \ J m p l i n g  J t j t u s r r r r e n r  r s  m r d <  I , c t o r r  r h c  n i r . r s u r r _
mcnl  prccis ion adjuslment.

' fh is 
p-rogram caD t i ike a long t ime to run dependiDg on the

speed of  thc compuler  used.  the data,  and the number of
Monte Car lo s i lmplcs to be dra*n.  I f  your computcr  is  vcry
\ r 1 r $  ' \ r  \ u u  u ! n t  . r  v r f \  t : r r e (  n u m h ( r  o t . r n r p l c s .  1 u u  m i g h t
pl : rn lh.  u\ | r  u l  t  Rl  f  (  \  ' r rounJ mcakrmcs or  bcdr i rne\
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RECOVERY ROUND.UP
This sedio is prcparcd with the rc-opetation of the Seoehnt,

Aurtrulian Bird und But Banditg Schentes, Austratian Natute
Consetvatio Agan.y. The rc.oreries arc onl! a selection of the
thousands n\'eiyed ?a<h reat; thq, are not a (omptete list and
sltoultl nor be ualysed in full or purt without prior consent of
lh? handets contemed. Longeyitl and distance recortls refer to
thc ABBBS unless othetyr'ise slut?d. The distance is the shortest
distunk ol kilometres along the diftct tine joining the ptarc of
butiding and reLoretj;the (ompass diredbn refers to the same
dirc<I line. lTh?rc is 'io implicdtion regading the distance flown
ot the nute folbwed bl the bid). Where avaitahte ABBBS age
codes htve bc(n iKluded in the banding datu.

RenterJ'or longevirt items mar- he submiued dircc y b fie
\h?rcupot1 their mcrits hr inclusion wi he.onsitlercd.

Hon. Edi tor .

Thc fo l lowing abbreviat ions appear in lh ls lssue:
AWSG - Ausrralasian Wader Srudy Group.
NSW WSG - New South wales Wadcr Study Group.
VWSG Victor ian Wadcr S(udy croup.

King Penguin Aptenodyrer patagon icus

Y1194-.  Adul t  ( l+)  bandcd on I lc  dc la Possession,  Crozet
Is lands,  Indian Ocean (46"25'S.  51"45'E) in Dec.90.

Recovered.  re lcased al ive wi th band on Heard Is land,
Antarct ica (53'08'5,73"43'E) on 13 Apr.  92.  I  735 km ESE.

*Frcnch Banding Scheme band.

Fiordland Penguin Eudy ptes pachyrhynchus
Jl2 l30*.  Adul t  ( l+)  banded ar Taumaka Is land,  Open Bay

Is lands,  Ncw Zealand (13'52'S.  168'53'E) on 17 Nov.93.
Rccovered dead at Shelly Poinr, Scamandcr, Tas. (.{1'28'S,
148'16'E) on 20 June 9.1.  I  702 km W.

'New Zcaland Bandjng Scheme band.

WanderingAlbatross Diomedea exulans

(a) l4{} 25115. Banded by J. D. cibson at sea off Bcl lambi,
NSW (3,1'2u'S, 151"0{l 'E) on 22 AuE. 64. Recaptured.
released al ivc wilh band, on Adams Island, Auckland
lslands (50'55'S, 166"00'E) on 26 Jan. 94. ovcr 29 ycars 5
Donths after banding. 2 205 knr SSE

(b) 140-25801. Aduh (1+) banded by S. c. Lanc at sea oI
Malabar. NSW (33'58'S, lsr"16'E) on 25 June 66.
Rccaptured, released al ive with band. on Adams Island,
Aucklands I l lands (50"55'S, 166'00'E) on 7 Feb. 9,1, ovcr
27 years 7 months aftcr banding. 2 229 km SSE.


