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I ntroduct i on

n a pnevious.anticle in Safring QQ) 1973, 20^21), one of ust. J.t-t ., presented data on the wing-lengths of the Cape Bulbul. Thedata were shown in the gnaph to hJve tio "humps" i."', to-'b. bimodar.
.lf.win9-length was used as'an indication of sex, the "hun"es ofbeing conrect were calculated, lt has since been suggested thatthis technique woul{.be.useful for ningers but as prelJnted, themethod would be difficult for most to understand.

A. step by step procedure has thenefone been given below whicheven the most non-mathematicar ringer wi il be abrJ to foilow. Theonly requinement is that the ring.r'. data when protted oui shourdappeaF approximately bimodal. lt does not matter, of counse, wnatparameter is be.ing considered. lt could be weighi, bi I l_lengtn, orany other standard measurement.

l{et hod

The method used is that of Griffiths (tS68) - Multimodat fne_quencv distributions,in Eird Populations - Bind Study 15 (l):lo-ll,
The procedure is as fol lows;-

STEP 1

Dnaw up Table 1 and then figure l.
N0IE^_1.1: A "ing-length of 87mm means a wing-length of betxeen::,:,.
and 87 ,49nn.
L.2. Put the number of birds with a given wing-length in the dppr!1-priate cel l.
1.3. Add,up the number in each cel I to obtain the total (in tnrscase 122).
1.4. Divide each cel I entry by thebtal and multiply by 100 to ob_ain pencentage frequency F.
1.5. Check thot the fnequencies come to IOO%.

1.6. Starting at the.top,add up-the,frequencies to obtain the percent-
age cumulative fraction (C.F,% Down), wonking down the page,
l-7. P lot the cumulative f naction-(c.r./" Down) against the. wing-lengthon probabi I ity paper ( avai lable from any lange-stationer). To
p I ot the gnaph pnoceed as fo | | ows: -
1. -Lay the pnobabil ity papen down with the I ineer axis honizonral
and the probabi I ity axis verticle.
2. Mark the I inear x - axis (honizontal) off in appropniate units forwing-length. The vertical axis is already marked'off in cumulative
percentage probabi I ity,
3.

(n
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Pl:I l!: C.F.7 (Down) against^the upper I imit of the cell boundany
": !!,yo% at a wrng-tength of b9mm must be plotted at x = E9,5mmot 89mm) and y = 22,96%. (Revense this convention when olottino
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C,F.% (up) i,". plot 23,78% at p/nn at x:96,5% and y: 23,78%).
1,8. Note !he.point of inflection on the graph. The % that this
occurs "t (P%) js the proportion of females, (tn tt'is case P=50).
The C,F,fr (down) is a composite cunve (i,e. it is made up of 2
.u"ves) above 93mm ma I es predom i nate, be I ow 93mm fema I es pnedom i nate,
The graph seems to be approximately straight at each end with a
"twiddle" or "change over point" or "point of inflection" at about
93mm. (The point of inflection is rathen l ike a mild "S" bend ).
1,9,.Starting at the top of Table 1, calculate the (C,F.%(down) x
100 / P) entries until the point P is neached at about 93mm,

1.10, Stanting at.the bottom calculate the C,F,%(up) and the odja-
cent column (C,F.(rp) x 100) / (100-P), unti I the point P is reached,
1.11, Plot both columns 5 and 7 fnom table 1 on to the enooh.

ilEe-Z
It will be seen that columns 5 and / plot almost stnaight I ines

on the gnaph. Pnoject both these I ines unti I they cnoss the 98% and
2% levels. The points at which the male and female I ines cross
these levels yield the 96% conf idence I imits. This means that 96%
of all the males will lie within the limits of 92 - 101mm and 96%
of al I females wi I I I ie in the nange 87 - 95mm.

The wing-lengths at which the I ines cnoss the 50.' level ane the
mean vrlues, Table 2 shows how to calculate the standand deviation.

All the required panameters can be calculated from steps 1 and 2.
It is now necessary to determine the significance of the nesults.

STEP 3

Draw up Table 3,
N0TE:3.1. The upper I imits of the wing-length interval is entered
unden L i,e, fon a wing-length of 85, necond L as 85,5.
3,2. The "standandised nonmal deviates" z1 and z2 are calculated,
wing M1, 51 and MZ, SZ from Table 2.
3,3. To determine the pnobabi I ities P1 and P2, draw up a gnaph of
P. (" - *) vs. Z fnom Table 5. (This will 6e a stnaight line on
pi.obobil ity paper), Look up the = value and scale of the pnobab-

PxPl+(100-P)P2
200

Where P. i s the propont ion (,/,') of the shonter w inged group ( i .e.
fema I es) .
3.$. Column 7 is column 6 multipl ied by the total number of binds in
the sample. Pt: P" \=l <Z) is the probability that a female will
have a wing len$th less th€n on equal to some pneassigned value,
Similarly for P2 and the males, Column 6 is the mean value of the
two cumulative frrobabi I ities P1 and P2.

i I ity paper,
l,{, Column 6 in Table 3 is

SIEP 4
Draw p Table 4.
NOTE:<.1. The expected number of birds with e wing-length of 87
fon ex mple, is computed by subtracting the two adjacent elements

1l



of column 7 in Table 3 i.e, l,O4 =
pains al I the way down column 7 in
fnequenc i es.

0,24. Subtnact adjacent
3 to annive at the expected

4.2. fo calculate the chi - squane it is necessany that the expected
values in adjacent cells be coalesced so that they exceed three i,e.
the finst foun cel ls ane coalesced.

Expected:0,06 + 0,18 + 1,04 + 3,24
Obsenved: 1 + 1 + 1 + 1

dnd chi squaned: (Obs - Erp) 2 / Exp.:0,06.

4,3. Calculate each chi-squaned €nd f;nd the total,
4,4. Determine how many chi-squaned values wene used to annive at
this total. In our case 12,

4,.5. The number of parametens estimated is 5 (i,e. M, M2, S1, 52 and
P).
+.0. fn" "number of degrees of freedom" is^6: 12 - 5 - l. We must
sacrifice o degree of freedom because chiz has been estimated).The
chi-squared test companes the observed and expected valves of an
actual and theoretical distribution. lf the chi-souaned value is
highen than a tabulated confidence I imit then the theonetical dist-
ribution ( i,e. explanation) is rejected.
{./, Compare the chi-square value of 3,48 against the values in Table
6, to detenmine the significance, In this case 3,48 is much highen
than 2,20 (chi-squaned for 6 degnees of fneedom and at the 90-l
levef is:2,2O). Thus we should not accept the theoretical dis-
tnibution, (Chi-squaned at 6 degnees of freedom cornesponds t.. e
pnobabilitv of 74%), The conclusion is that in this case there ls
no statistical ly siqnificant diffenence between the wing-lengths .-'
male Cape Bulbuls and femele Cape Bulbuls.

Discussion:
It should be pointed out that the whole procedune described e[:rre

stants from the point at which the ringer plots out his wing-lengrr
data and finds the suggestion of bimodal ity, In the example 9r\en
above, it has always been assumed that the two humps are due to
males being langen than fernales. In the oniginal anticle this
assumption was based on information derived fnom publ ished maten;al
on museum skins where sex was dinectly detenmined. lf this knox-
ledge had not been avai lable, the bimodal ity could have been pno-
duced by, fon example, two populations of binds being pnesent on
juveni les in the population or some other factons, Therefone one
has to have some sort of back-up information to support the pnoposal
that the langen gnoup is male and smal ler gnoup is female. lt would
also be more I ikely fon sex to divide the gnoup in 50i1 of one and 50%
of the other, thon say age whene the propontion of young binds

wouid change according to the time of the season.

Although in the example given of 122 Cape Bulbul data, the pro-
cedune described pnoduces a negative concl usion, centain concl usions
can be drawn. lt seems I ikely that the bimodal ity would be proved
(statistical ly) if the fol lowing conditions are appl ied:-

1, The use of a much largen sample (at a guess about 500 binds).
2, Birds with obviously worn feathers should be excluded fnom

the analysis,

l2
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Table
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TA BLE 1

Winq-Lenqths of the Cape Bulbul

Totelr 12 199,M%

Note: P is proportion at point of inflection P: % Females
100-P:lMales

TABLE 2

Calculations of Means and Standand Deviations

IJ

Wing
Length
mm lNo

Fract i on
F%

Cumu I at i ve
Fract i on

c,F,%(Down)

C.F.%(Down)x100 lumulative
Fnact i on
c,F.%(up)

100-C.F.(Up)x100
100 -P

85

86

87

88

89

90

91
or.

93

94

95

96

97

98

99

100

10 I

I

I
1

1

10

10

13

r4

9

7

13

r:
t2

7

6

,
2

0,82
0,82
o,82
0,82
Rrn
8,20

10, 66

11,48

7 ,38
5,7 4

10,66
10,66
g,g4

5,74
4,92
1,64
1.64

n Rt

L,64
2,46
3,28

17,48
19, 6g

30' 34

41,82
49 ,20
54,94
65,60
76,26
86,10
91,84
96,76
98,40

100,04

t ,64
3,28
AO'

6,56
22,96
39, 36

60,68
93,64

45, 10

34,44
23,78
13 ,94
8,20
3,28
!,64

g, g0

3r, 12

52,44

93,60
93,44
96,7 2

[4a les Fema I es

mean mm Ivl 1:yo, Jmm M2:91,Omm

Uppe r
96% Conf idence I imits

Lowe r

92,o

10 1,0

87

95

96% Range 9m 8m

S1:1,94" S2:l,72mn
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Calculation of Expected Numbers of lvlales and Females

(P : mean cumulative pnobabi I ity
^- (tZZ: total numben of binds

TA BLE 5

The Cumu I at i ve Norme I Pnobab i I ity Funct i on

Z P"(z:Z)
J

-2

0

+2

+3

0,00 1

0,023
0,159
0,500
0,841
4,977
o ,999

Wing
Length
( uppe l
bound )

MALES
z1:L-!11 qP-fl(21=z)--_5-i

-l

zr:L-\tr-l
q^l"/ |

i4ALES
Tfll(22=z) PxPl+( 100-P)xP2 Px122')?

200
_Y

86, 5

Ro(
90, 5

91,5
92'5
93,5

94,5

96 ,5
o7(
oR(
99 ,5

100, 5

I\JI,)

-5 ,57
-5, 05

_1 q.A

_A r\')

-3,5 1

-2 00
a t1

- !,96
-1,44
-0,93

-o ,4r
0,10
o ,62
1,13
1, O5

2, 16

2,68

0

0

0

0

0

0,001
0,007
0,025
0,075
r,176

0.34t
0,540
0,732
0,866
0,95 t
o, 985

0,996

-t 6)

-? n2

-L,45
-0,87
-o ,o
0,29
n R7

t,45

) 6a

3, 20
r 7Q

4,36
4,94

6, 10

0,00 1

0, 004

0,021
4,o74
0, Lg2

0,386
o,6L4
o, 808

0,926
o,979

0,996
a ,999
1, 000

1, 000

1, 000

1,000
1, 000

0,00 1

0, 002

0,011
0,037
0, 096

0,193
0,311
0 ,476
o'5oo
o,577

0,668
o,769
0, 865

o, 933
0,975
0 ,992
0. 998

0,06
O,24
1)R
4,5 r

17,71
23,6r
37, gg

50,81
61,06
7a,46

81, 56
o? qR

u), ol
13,t3
21,01
21,49
2r,7 6



Expected
Nurnber (e

0bserved
Number(o) CHI Squane : (o-.)2/"

d5

86

87

88

89

90

91
o,
YJ

94

95

96

97

98

99

I10
101

0, 06

0, 18

1, 04

J, aJ

1to

11'90
14,27
12,93
1o,25

9 ,40
11, 10

r'rJL

It,77
8,17
7 10

0, 08

o ,67

I
I
I
I

10

10

IJ

t+

9

7

13

13

1,

7

6

2

2

0,06

1, 09

0, 30

0, 11

0, 09

0, 15

0,61
0,33
0, 04

0,00
O, 17

U,)J
0,53
0,5 3

Tota | = 3,48

. TABLE 4

Comparison of Actual and Expected Numbers

TABLE 6 % Po i nts of CH | -Souared

Uegrees ol
freedom

Percentaqe Po i nts
997. YVTo

I
2
tJ

4

6

7

8

9

10

15

0

n

0, 11

0, 30

0,55
nR7
1 aA

1, O5

too

2,56
5, 13

{''\

0, 10

0,35
o'77
1, 15

1 ,64

3, 33

3,94
7 ,26

0, o2

o,27
0,58
1, 06

|,61
,, .,4

r Ql

3,48
4, 17

A91

8,54
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