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Abstract

In sexually dimorphic species, morphometric characteristics have
separate distributions for males and females, and these often overlap.
Whilst discriminant analysis can be used to determine the sex of
individuals, it is only able to correctly sex a certain proportion of birds.
Two overlapping normal distributions are used to show that there is a
difference between the real mean characteristic for a sex, and the
apparent mean derived by sexing the birds using discriminant analysis.

When discriminant functions are able to correctly determine the sex of
birds with greater than 80% success, the difference between the true and
apparent mean is likely to be undetectable when fewer than 600 birds
are sampled.

Therefore, under most normal sampling regimes a discriminant function
with greater than 80% success may be used to derive statistically robust
estimates of male and female characteristics.

Combining all data for both sexes is considered as a procedure for
avoiding the necessity of sex determination. However, uncertainty in
sex ratios can lead to considerable Type I and Type II errors. Lack of
knowledge about the sex ratio between years makes combining the data
a very doubtful procedure and use of a discriminant function to
determine sex is recommended as being most practically robust.

Résumé

Chez les espéces a dimorphisme sexuel, les caractéristiques
morphométriques ont pour les méles et les femelles des distributions
distinctes qui se chevauchent souvent. Alors que l'analyse discriminante
peut servir 4 déterminer le sexe des individus, elle n'y parvient que pour
un certain pourcentage d'oiseaux. Deux distributions de Gauf} se
chevauchant mettent en évidence la différence entre la moyenne réelle
d'une caractéristique d'un sexe et la moyenne apparente dérivée de la
détermination du sexe des oiseaux par 1'analyse discriminante.

Lorsque les fonctions discriminantes parviennent a déterminer
correctement le sexe de plus de 80% des oiseaux, la différence entre la
moyenne réelle et la moyenne apparente risque d'étre impossible a
déceler si I'échantillon porte sur moins de 600 oiseaux.

Par conséquent, sous la plupart des régimes d'échantillonnage normaux
une fonction discriminante ayant un taux de succes de plus de 80% peut
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étre utilisée pour obtenir des estimations statistiquement robustes des
caractéristiques se rapportant aux males et aux femelles.

Il n'est plus nécessaire de déterminer les sexes si l'on utilise la
procédure qui consiste & combiner les données des deux sexes.
Toutefois, les incertitudes liées au sex ratio peuvent conduire a des
erreurs considérables de Type I ou II. Le manque d'informations sur le
sex ratio des différentes années rend douteuse la procédure qui combine
les données, et il est recommandé d'utiliser 1a fonction discriminante qui
est la procédure la plus robuste a l'usage.

PezwoMe

¥V BUZOB, UMEIUX IOJIOBOU AUMOp(PH3M, MOpdoMeTpUUecKue
napamMeTphbl CaMILOB U CaMOK UMeEIT pa3JiMuHble
pacrnpeaeJsieHUusl, KOTopble UacTO B KaKOM-TO MEpE COBIAAAIOT,
XoTsA AUCKPUMMHAHTHBIM aHAaJIM3 MOXHO UCNOJIb3OBaTb A
onpeAesieHUd NOJIOBOM NPUHAANEXHOCTH OTAEJbHBIX NTHL, OH
JaeT BO3MOXHOCTb [PaBUJbHO ONPEAEJIUTb IOJIOBYIO
NMPUHAAJEXKHOCTb JUib Kakou-nu6o YacTH MTHLI,
Hcrnosb3ywTcss ABa UYaCTUUHO COBMNAZalMUMX HOPMaJibHBIX
pacnpegeseHUss C TeM, UTO6bl MOKa3aTb CymeCTBOBaHUE
pasHULBl MeXAYy UCTHUHHOHM cpeZHeil BeJUUHHOM NapaMeTpa
Kakoro-Ju6o noJia U Ha6JoaeMoii cpeAHei, NoJydeHHOR nNpy
onpejeqeHUH MNOJOBOU NMPUHAANEXHOCTU NTUL, C NMOMOWbIO
AUCKPUMMHAHTHOI'O aHaJIN3a,

Ecan  AvckpuMHHaHTHass  ¢QyHKUUA  JlaeT  BO3MOXHOCTb
ONpPEAEJIATh MOJIOBYI NPUHALJIEXHOCTbh MTHUL, CO CTENEHbIo
TOYHOCTU 6oJiee 807, TO UMeeTCs] HU3Kasd BEPOSITHOCTb TOrO,
UTO MNMpU Bbi6OpKe MeHblle 600 NTUL pasHULla MEXAY HUCTUHHOM
H HabJ o JlaeMol cpeAiHell OCTaHEeTCs HE3aMeUeHHOMH,

osToMy, 06bIUHO NP HOPMAJIbHBIX peXHMax c6opa npob Aas
NOJIYUEHUsI CTATUCTUUECKU YCTOMUMBBIX OLEHOK XapaKTepM-
CTUK MYXCKOIO M XEHCKOr'o MOJIOBR MOXHO UCHOJIb30BATDH
AUCKPUMMHAHTHYI (PYHKIHIO, YPOBEHb TOUHOCTH KOTOPOM
cBhime 807,

PaccMaTpHBaeTCsl BO3MOXHOCTb O6beAUHEHUs1 BCE€X JaHHBIX
no o6oeMy noJay Aanas  u3bexaHus  Heo6XOAUMOCTU
onpeeseHust MOJIOBOH NMPUHAAJEXHOCTHU. OaHaxko
HeonpeAeJeHHOCTU B UUCJIEHHOM COOTHOWEHUM MOJIOB MOT'yT
MPHUBECTH K cyilllecTBEHHBIM omKbkaM Tuna I u Tuna 1. IIpo6ep
B 3HAHUAX O YUUCJEHHOM COOTHOWEHUU MOJIOB B Pa3Hble FOJAbl
AenawTt obfbeJMHeHUE  J]aHHBIX BecbMa  COMHUTEJILHO
Nnpoueaypoil. PeKOMeHAYyeTC sl UCNOJb30BATD AUCKPUMHHAHT-
Hy10 QYHKLUIO AJs1 ONpeAesI€HHUs NMOJIOBON NPUHAANEXHOCTH,
TaK KaK OHa AaeT HauboJiee yCTONUNBbIE pe3yJibTaThl.

Resumen

En especies que presentan dimorfismo sexual, las caracteristicas
morfométricas tienen distintas distribuciones para machos y hembras, y
éstas a menudo se superponen. Aunque los andlisis discriminantes



pueden ser utilizados para determinar el sexo de algunos individuos,
s6lo pueden acertar en el sexado de una proporcién de las aves. Se
utilizan dos distribuciones normales superpuestas para demostrar que
existe una diferencia entre la media real de una caracteristica para un
sexo dado, y la media aparente deducida al sexar las aves mediante un
andlisis discriminante.

Cuando las funciones discriminantes pueden determinar correctamente
el sexo de las aves con un éxito superior al 80%, la diferencia entre la
media aparente y la real es casi imperceptible cuando se muestrean
menos de 600 aves.

Por lo tanto, en casi todos los regimenes normales de muestreo se puede
utilizar una funcién discriminante que tenga un éxito superior al 80%,
para deducir valores de ciertas caracteristicas masculinas y femeninas
que sean vdlidos estadisticamente.

Se considera que se podria evitar esta determinacién combinando la
totalidad de la informacién de ambos sexos aunque la incertidumbre en
cuanto a las proporciones de sexos puede producir errores significativos
del Tipo 1y II. La falta de informaci6n sobre la proporcién de los sexos
en distintos afios hace que la combinacién de los datos sea un
procedimiento bastante dudoso, por lo que se recomienda - como un
criterio mds valedero - €l uso de una funcién discriminante en la
determinacién del sexo.

1.  INTRODUCTION

In sexually dimorphic species, morphometric characteristics (such as the CEMP
characteristic A1, “weight on arrival”) have separate distributions for males and females, and
these often overlap. Whilst discriminant analysis can be used to determine the sex of
individuals, it is only able to correctly sex a certain proportion of birds. The WG-CEMP has
recognised this problem, in 1991 noting that analyses by Scolaro et al. (1990) and Kerry et al.
(1992) had determined discriminant functions for Adélie penguins that correctly identified the
sex of 87 to 89% of birds. Concern was expressed that it may be necessary to know the sex of
birds with absolute accuracy, and that discriminant analysis may not be sufficient for this
purpose (SC-CAMLR, 1991 - paragraphs 4.8 to 4.12). A suggestion was made that one way to
avoid the problem of sex determination would be to combine males and females for the
calculation of an index.

This paper evaluates the suggestion that male and females should be combined when
monitoring certain CEMP parameters, such as penguin weight at arrival, if sex is not easily
determined. I approach this problem from two directions:

(1) A characteristic such as bill depth has equal variance in males and females but the
means are sufficiently close that there is some overlap between the distributions. If
a discriminant function is used to identify males and females with a certain error, is
this likely to give us a false estimate of the characteristic?

(i) We are required to monitor a characteristic so that we can detect changes in it.
With distributions as (i), if we combine the data from males and females will we
still be able to detect changes in the characteristic with the same sensitivity as if we
considered males and females separately?
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2. METHODS

For the purposes of this analysis, I consider distributions of the morphometric
characteristics bill length, depth and body weight to behave similarly. Thus we may separate
sexes on bill characteristicistics in order to monitor body weight. From now on, then, I make
reference only to an undescribed “characteristic”’. This work is mostly theoretical but in the
cases where real data are used illustratively these were supplied by Dr Knowles Kerry
(Australian Antarctic Division) to whom I am grateful. These data were collected between
22 and 31 December 1990 at Bechervaise Island, Mawson Base (67°36°W 62°49°E) by Judith
Clarke and Grant Else, and comprise measurements of bill, head, flipper and toe dimensions and
body weight of 34 females and 37 males. Birds were sexed by cloacal examination. The
measurements and full methodology are described in Kerry et al., 1992.

In identifying a discriminant function for these data, Kerry et al. (1992) established that
the following criteria for discriminant analysis were met (Klecka, 1980):

(i) no characteristics were linear combinations of each other;

(ii) correlation coefficients between characteristics used for the final discriminant
function were less than 0.60; and

(iii) the variance - covariance matrices were not significantly different: Box’s M

statistic (Pearson and Hartley, 1976) = 55.49: %2u4s) = 43.14, F(45,5460) =
0.9586, P > 0.5;

and discriminant functions are derived using bill length and depth (correct predlctlon of sex of
87% of birds) and an additional factor, flipper width (89%).

3. IMPLICATIONS OF SEXING PENGUINS USING DISCRIMINANT ANALYSIS

Let us assume that we measure a characteristic, x, (such as bill length) which varies with
the discriminant function and is normally distributed in both males and females (Mfemates<Mmales)
with equal variance, and that there is some overlap between the male and female distributions of
the characteristic (Figure 1). We can consider this to be a representation of a single factor
discriminant function with a mean discriminant score equal to v on Figure 1. We are interested
in the mean and variance in males and females, where sex is determined using discriminant
analysis with a proportion of correct identification of sex (= p). It is therefore important to us to
know whether, with the sampling size chosen, the discriminant function will give us mean values
for the characteristic that are significantly different from the true means of that characteristic in
the population.

Consider the case of females in Figure 1, with true mean p and standard deviation o.
Only those females with x<v will be identified as females by the discriminant function, and
therefore the success of the discriminant function (p) is equal to the proportion of area under the
normal curve for females with x<v, where v can be expressed in units of standard deviation. The
apparent population of females is that part of both female and male distributions to the left of v.
The mean and standard deviation of the apparent populations p,,c; can be found by integrating
both distributions over x =-« to v, finding the weighted mean of x, and can be expressed in
terms of the true mean and standard deviation:

W =pn—co forfemales, n3 =N +co for males (1)
o)1= do

where ¢, d are constants, Table 1 shows the ¢ and d calculated for different p.
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Although the variance of the apparent population is obviously lower than that of the true
population, we can make an approximate calculation of the sample size required to detect the
difference between the true and apparent means. The equation given in Sokal and Rohlf (1981)
for finding the sample size needed to detect a given true difference between means! requires

c . . . . . . .
(g), where o is the estimated true standard deviation and 3§ is the difference in the mean that

must be detected. Here, & = —|; = co [equation 1] and therefore

@)

(SN

S.
3

and is independent of o or p.

The sample size required in order to be 80% certain of detecting the difference at the 5%
level of significance is shown in Table 1. At sample sizes of less than 300 for each sex, using a
discriminant function that successfully determines the sex of more than 80% of birds is unlikely
to yield an apparent mean for one sex which is significantly different from the true mean for that
sex. Thus if we are restricted to small sample sizes discriminant functions with success rates of
80% and over are probably acceptable for all practical purposes. This means that the insistence
on completely accurate sexing is not necessary.

True and apparent means of selected Adélie penguin characteristics are shown in Table
2. Bill length and depth behave approximately in conformity with the theoretical values given in
Table 1. For example, apparent mean bill length for females is 0.378 mm smaller than the mean
of females sexed by cloacal examination. Body weight does not behave in a similar way,
presumably because it is not directly related to the discriminant function whereas bill length and
depth are. We are therefore even less likely to be able to detect a difference between mean
weight of the true and apparent populations if we use a discriminant function based on bill
dimensions for sex determination.

4, EFFECT OF COMBINING MALES AND FEMALES

I now turn to the case where we want to be able to detect a change in a parameter. Isit
better to ignore the sex of birds when trying to detect this change, or to sex birds with an
understood error due to the success rate p. Consider first the special case of Figure 1, where the
number of males and females in the sample are the same and ¢ and ¢’ are equal. In this case the
point v corresponds to the mean of the combined sample, p3, and p and w’ and o and ¢’ are the
means and standard deviations of the females and males respectively.

We can calculate py and o3 in terms of units of o:

Wy =v=U+acC 3)
Oy =bo

using the same methodology as described in the foregoing section, integrating instead from -
to +oo, Values of a and b are given in Table 3.

Turning once more to the Adélie penguin data (Table 2), p; is taken to be the midpoint v
between male and female distributions (very close to the calculated combined means), the mean
of the standard deviations of males and females is taken as an estimate of o, and p is known.

1 n22(c/ 5)2 {topv + tz(l_p)[v]}z : see Sokal and Rohif (1981) for explanation
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We can now estimate a and b:

bill length a=0913 b=1.206
bill depth a =0.756 b=0931
weight a=0.949 b=1.118

Referring to Table 3 these estimates of @ and b correspond to p of about 80%. This p
derived for a single characteristic is lower than the success of the discriminant function for two
characteristics described by Kerry et al. (1991) of 87%, as would be expected.

Now, the sample size required to detect a change k in the means p and pj can be
calculated using the equation of Sokal and Rohlf (1981), which as previously stated requires

(%) Firstly, for the mean of females, i, set 4 = % then
S

_O_
A=S=1 “)

=

. 09 . .
For the combined mean U, 52— is required:
2

92.-% since we are looking for a combined change k in males and females
8y ki
= _bo substituting equation (3)
k(L + ac)
__h substituting equation (4) 5
1+ kak sed
We can now calculate the effective sample sizes, required to detect a change k in the means p and
yp for different coefficients of variation of the female population, (r), since ¢ =rp and %

simplifies to .

Table 3 shows values of a and b for different Ap = py— in units of standard deviation,
and the corresponding percentage success of a discriminant function acting through v. Sample

size required to detect a change  is also given, for k= 0.1 and coefficient of variation r = 0.05,
0.1,0.2,04.

If a sample size n is required for a single sex, then 2n would be required to achieve
adequate sampling of both males and females. Therefore only those cases where the combined
sample size is greater than twice the single sex sample size imply that a greater sampling effort
would be required should the data be combined for males and females.

It is clear that when there is a large overlap between male and female distributions (Ap
and p are low) and the coefficient of variation is high then the sample size required to reliably
detect a 10% change in the mean is greater if single sexes are considered than if the sexes are
combined. In terms of the sample number required, there is an advantage in combining the
sexes unless p and p’ are widely separated or r is very small.
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5. THE EFFECT OF SEX RATIO ON COMBINED MALE AND FEMALE SAMPLING

The conclusion of the previous paragraph is dependent on the assumptions of equal
variance and equal numbers of males and females in the sample. The first condition was met in
our sample (variance covariance matrices were similar; see Methods) as was the second (the
number of females was 34, males was 37). However, it is obvious that if the numbers of males
‘and females in a sample vary, then it is likely that false changes in the characteristic may be
identified, or that real changes may be masked. For instance, if all females are sampled one year,
and all males the next, then the characteristic will appear to have increased in size.

Consider the situation of pooled sexes as described in the previous section. If the sex
ratio changes then a in equation (3) will change. Figure 2 shows the effect of a changing sex
ratio on g, where

_a* (6)
a

and a* is the value of a for the a certain sex ratio, a; is the value of a for equal numbers of
males and females (sex ratio = 0.5 = number of males/total numbers). If we expect to get
variation in the means of the combined male and female population purely as a result of variation
in the sex ratio, then what is the magnitude of this error?

Let y = proportional difference in the mean p; that is due to sex ratio variation. If we
sample at the extreme of the sex ratio variation, with p* and a*, then

Po —p*

’Y:
H2

_rapy(l-q)

substituting equations 3 and 6 @)
1+ray

where r = coefficient of variation for females y will have its own distribution dependent on the
distribution of sex ratios. However, if we assume that within a time period we know the
maximum and minimum sex ratio, we can make a ‘worst case’ estimate of the amount of
difference between two means that could be due to sex ratio ‘sampling’ alone.

For example, take the case of body weight in Table 2. Taking the expected combined
mean to be halfway between the male and female mean weights, and the estimated o to be the
mean of the sample standard deviations, we get

combined population mean = 4.386
combined population SD = 0.385

a, from equation 3 = 0.949

coefficient of variation r = 0.344/4.021 = 0.09

Now let us suppose that we sample over a time when we can expect sex ratio to vary
from 0.3 to 0.5 (ratio of males/total). Then g from Figure 2 is 0.74 and thus y= 0.021 from
equation 6. Therefore, if we observe a change in the mean of 10%, 2.1% of this may be due to
changes in sex ratio, and only 7.7% can be said not to be attributable to possible changes in sex
ratio.
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An additional example: if the sex ratio is expected to vary from 0.1 to 0.9 then g =0.33
and 2y = 0.105 (we require 2y because Figure 2 only deals with sex ratios from 0.1 to 0.5). In
this latter case, the usual criterion for changes in an index within CEMP (10% change) could not
be used to indicate that there was a change in the combined mean of the characteristic, as it may
have been due to a change in sex ratio (Type I error). Conversely, it is possible that a change in
characteristic has been masked by an opposite change in sex ratio (e.g., males and females got
smaller, but the proportion of males in the second sample was greater); thus a change of 10%
could in fact be a masked change of up to 20%, a very serious situation (Type II error).

6. DISCUSSION

It is apparent that it would be dangerous to establish a monitoring program using data
from two sexes combined without knowing the sex ratios at the time of sampling. This could be
done for a small sample by cloacal examination, or for example by discriminant analysis.
However, Brennan et al. (1991) have shown that estimating sex ratios by discriminant analysis
requires considerable sample sizes. They estimated that for dunlins (Calidris alpina), using a
discriminant analysis with p = 89% on a population of size 2 000, 300 birds would have to be
sampled to be 95% confident of obtaining a proportion of females within 0.05 of the real ratio.

Sex can also be determined by behavioural means, and Kerry et al. (1991) have shown
that for Adélies, sex ratio of birds on shore is highly sensitive to breeding behaviour and
changes almost daily. Any sampling regime that utilises sex ratio information must be highly
specific in relation to the breeding cycle of these birds, and without sub-sampling for sex it
would appear that combining data from both sexes into one index would be unsuitable for
Adélies.

It is shown in the first part of this paper that using a discriminant function that correctly
identifies the sex of >80% of birds, the estimated mean of a characteristic for males and females
is not likely to be significantly different from the actual mean unless the sample size is very
large. Moreover, the error will be consistent and independent of the sex ratio of the birds so
long as the discriminant function does not change Kerry et al. (1992) note that the discriminant
function may change between populations, but will probably not change significantly between
years within the same population.

The implications of this paper can be summarised as:

If the discriminant function is greater than about 80% successful:

sexes should be separated; and
* sex determination by discriminant analysis will usually give acceptable indices.
If the discriminant function is less than 80% successful:

» sexes should probably not be separated;
* pooling sexes will require a smaller sample size; and
*  sexratio should be known and have low variance.
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Table 1:  Apparent mean and standard deviation of a single sex (e.g., females) sexed by
discriminant analyses of varying success. Values of ¢ and d in equation (1) together
with the sample size required to be 80% certain of detecting the difference between
true and apparent means at 5% significance level (replicates = 2).

% Success of  Apparent Mean Apparent Sample Size
Discriminant in Units of Standard (for single sex)
Function Standard Deviation in
Deviation o Units of ¢
(constant ¢ in (constant d in
H1=p+CO) c1=do)
70.000 0.381 0.675 109
75.000 0.299 0.713 177
80.000 0.224 0.758 314
85.000 0.156 0.808 646
90.000 0.095 0.865 1740
91.000 0.084 0.877 >2000
95.000 0.042 0.928 .
99.000 0.007 0.984

Table 2:  True and apparent mean and standard deviation of male and female Adélie penguins
at Béchervaise Island. True was derived from cloacally sexed birds: 34 females,
37 males. Apparent was derived from birds sexed with the discriminant function
D = 0.601 (bill length) + 1.154 (bill depth), mean discriminant score = 44.96
(Kerry et al., 1992): 32 ‘females’, 39 ‘males’.

True Mean | TrueSD | Apparent Mean | Apparent SD

Females:

Bill length (mm)| 36.953 1.557 36.575 1.227

Bill depth (mm) 18.244 0984 | 18.066 0.830
Weight (g) 4.021 0.344 4.025 0.299
Males:

Bill length (mm)| 40.381 2.197 40.515 1.936
Bill depth (mm) 19.630 0.849 19.705 0.785
Weight (g) 4.751 0.425 4.710 0.483
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Table 3:  The effect of the amount of overlap between two distributions on the mean and standard deviation of the combined populations. a and

b are taken from equation (3). ©/8 and G2/8; are calculated from equations (4) and (5), and the corresponding sample size necessary
to detect a 10% change in the mean with 80% certainty and at a significance level of 1% is shown.

coefficient of variation =
0.40 0.10 0.05
6/3 or 02/82 samplesize O/80r0/d  samplesize O/80rc2/8  sample size
v in units of % success of a,in b,in -
tandard discriminant — —
Sevia ggn function Mo=u+aG  O2=boC
calculation of ©2/02 02/09= 07/07= /0=
0.52 70.00 0.52 1.13 3.73 326 1.07 28 0.55 9
0.67 75.00 0.67 1.21 3.80 338 1.13 31 0.58 10
0.84 80.00 0.84 1.31 391 359 1.21 35 0.63 11
1.04 85.00 1.04 1.44 4.07 388 1.30 41 0.68 13
1.28 90.00 1.28 1.63 4.30 433 1.44 50 0.76 15
1.65 95.00 1.65 1.93 4.64 505 1.65 66 0.89 20
2.33 99.00 2.33 2.53 5.25 645 2.05 100 1.13 31
calculation of G/
o/6=4 3715 o0/5=1 24 0/6=0.5 7
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Figure 1:

g, the ratio of a at the sex ratio seen

to a at the sex ratio 0.5.

Figure 2:
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Explanation of symbols used in the text. The distribution of a parameter of x for
males and females, and the combined distribution is shown. The point v is the
midpoint between the distributions.

Note: This figure shows overlapping normal distributions with the following symbols:

females distribution f mean [ standard deviation (SD) ¢ coef. var. (CV) r
males distribution f° mean [’ standard deviation ¢

point of contact between distributions = midpoint v
a discriminant function is presumed to separate these two distributions at the midpoint v
females identified with discriminant analysis have mean [; SD G,

the combined distribution (equal males and females) has mean iy, SD, G, CV, 5.
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Tableau 1:

Tableau 2:

Tableau 3:

Figure 1:

Figure 2:

Tabauna 1.

Tabauna 2.

Légende des tableaux

Moyenne et écart-type apparents d'un seul sexe (par ex., femelles) qui a été
déterminé avec plus ou moins de succes par des analyses discriminantes. Les
valeurs de ¢ et d de 1'équation 1) considérées conjointement avec la taille de
'échantillon requise pour garantir & 80% que la différence entre les moyennes
réelle et apparente sera décelée a un seuil de signification de 5%
(répliques = 2).

Moyennes réelle et apparente et écart-type des manchots Adélie miles et
femelles de I'lle Béchervaise. La moyenne réelle a été dérivée d'oiseaux dont le
sexe a été déterminé par examen du cloaque : 34 femelles et 37 méles. La
moyenne apparente a été dérivée d'oiseaux dont le sexe a été déterminé par la
fonction discriminante D = 0,601 (longueur du bec) + 1,154 (hauteur du bec),
moyenne discriminante = 44,96 (Kerry et al., 1992): 32 "femelles" et 39
"males".

Effet de 'ampleur du chevauchement de deux distributions sur la moyenne et
I'écart-type des populations combinées. a et b proviennent de 1'équation (3).
o/8 et 62/87 sont calculés a partir des équations (4) et (5) et la taille
correspondante de 1'échantillon nécessaire pour déceler un changement de 10%
dans la moyenne avec 80% de certitude et a un seuil de signification de 1% est
indiquée.

Légende des figures

Explication des symboles utilisés dans le texte. La distribution d'un parametre
de x pour les miles et les femelles et la distribution combinée sont indiquées.
Le point v est le point central entre les distributions.

Effet du sex ratio sur la moyenne d'une population combinée de maéles et de
femelles. Voir explications sur g et a dans le texte.

COUcoK TabJsuly

BuanMoe cpeaHee U cTaHAapTHOE OTKJOHEHHWE NMONyJasiuyvHd OAHOro
nojaa (Hamp, caMKM), TMOJIOBass MNPUHAANEXKHOCTb KOTOpPOIo
ofnpeAesstiach AUCKPHMHMHAHTHBIMU aHAJHW3aMH C [NepeMeHHbIM
ycrnexoM. BesuuuHsl ¢ U d B ypaBHeHHU (1), a TakXe pasMep npob,
HEO6XOoAUMBIH Aast Toro, utob6pl UMeTb 80-NPOLEHTHbI YpPOBEHDb
JOCTOBEPHOCTH  BBISIBJIEHUSI  pa3HHWIbl  MeXAY  HUCTHHHOM U
HabJ/oJlaeMOil cpeAHeN BEeJHWUMUHONI IpU YPOBHE 3HAUMMOCTU 5%
(morTOpEHUA = 2),

HcTtuHHasa u HabawaaeMast cpejHUe BeJUUUHbBI M CTaHAapTHbIE
OTKJIOHEHUsI Js1 CAMLIOB U CaMOK Ha oO-Be DBemepre3s, HCTUHHas
cpeZHsis1 6bljla MOJIyueHa NMYyTeM KJOAaKaJbHOI'O OCMOTpa NTHL: 34
caMKky, 37 camuoB, HabawzaaeMass cpeAHsiss 6blaa MoJyueHa IMyTeM
olnpeAeJieHUsT MNOJOBOU  IIPUHAAJNEXHOCTH ¢  UCMOJb30BaHUEM
AUCKPUMUHaHTHOI ¢yHkuuu D = 0,601 (g1nHa KioBa) + 1,154 (BeicoTa
KJIOBA), CpeJHUI1 TOoKa3aTesb AUCKpUMUHaHTa = 44,96 (Kerry et al.,
1993): 32 “"camkM”, 39 "caM1OB". '
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BuusaHue CTElEeHU YaCTHUHOI'O COBNaA€HUs MEXYy ABYMd
pacnpezjejJeHUssMU Ha cCcpeaHee W CTaHZapTHOE€ OTKJIOHEHHE

ofbeZIUHEHHbIX NMONYJSANUil. @ U b B3SITH U3 ypaBHEeHUS (3). o/d U 02/8)
BblUMCJIEHBI MO ypaBHeHUsiM (4) u (5), a TakXe TIoOKa3aH
COOTBETCTBYWIUII pa3Mep Npo6, HEOGXOAUMBIH AJsT TOro, UTO6BI
BbISIBUTE  10-TIpolieHTHOE UWU3MeHeHHWe cpeAHeil IIpd  ypoOBHe
yAocToRepHOCTH 80% U YPOBHE 3HAUUMOCTU 1%,

CnucoK PUCYHKOB

O6bsicHeHUe YCJOBHbIX O603HaueHUN JaeTcst B TekcTe. Iloka3aHbl
pacnpezelieHHe napaMeTpa X AJis CaMIOB M CaMOK, a TakKXe
obbeauHeHHoe pacnpegeneHue. Touka Vv - cepeirHa MeXAy
pacrpeze/ieHUsIMU.

BJlisiHME UMCJIEHHOI'O COOTHOHIEHHSsI NMOJIOB Ha CpejHHe BeJUUUHHbI
ofbeAUHEHHOI MOMYJSIUUU CaMIlOB U CaMOK. llepeMeHHble g U a
o6bsICHEHDbI B TEKCTE.

Lista de las tablas

Media aparente y desviacién tipica de una poblacién de un solo sexo (p. €;j.
hembras), sexada mediante analisis discriminantes con diferentes niveles de
éxito. Los valores de ¢ y d en la ecuacién (1), junto al tamafio de la muestra
necesario para detectar la diferencia (con un 80% de certeza) entre una media
real y aparente a un nivel de importancia del 5% (ntimero de pasadas = 2).

Media real y aparente, y desviacién tipica del macho y la hembra de los
pingiiinos adelia de la isla Béchervaise. La media real se obtuvo de aves
sexadas mediante examen cloacal: 34 hembras, 37 machos. La media aparente
se derivé de las aves sexadas mediante la funcién discriminante D = 0.601
(largo del pico) + 1.154 (grosor del pico), resultado discriminante medio =
44.96 ( Kerry et al., 1992): 32 ‘hembras’, 39 ‘machos’.

El efecto del grado de superposicién entre dos distribuciones sobre la media y
la desviacion tipica de las poblaciones combinadas. ay b se obtienen de la
ecuacion (3). o/8 y 65/, se deducen de las ecuaciones (4) y (5), y se presenta el

tamafio de la muestra necesario para detectar un cambio del 10% en la media
con un nivel de confianza del 80% y un nivel de importancia del 1%.

Lista de las figuras
Explicacién de los simbolos utilizados en el texto. Se presenta la distribucién
de los pardmetros de x para los machos y las hembras, y la distribucién

combinada; v es el punto medio entre las distribuciones.

Efecto de la proporcién de cada sexo en la media de una poblacién de machos y
hembras. Véase el texto para una explicaciénde g y a.



