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A graphical method is presented for determining the parameters (proportion, mean,
standard deviation) in samples of measurements deriving from two normal populations,
using the normal probability paper. The method has been used to determine the quanti-
tative ratio of males to females for Calidris alpina, caught at the mouth of the Vistula
River during the autumn migration in the years 1964 —1972, using bill-length measure-
ments. By analysing the measurements, separately for individuals caught during the first
and those caught during the second parts of the season, it has been found that the females
Were more numerous at the beginning of the migratory season than during the later period,
whereas a converse situation has been found for the males.

R. Zajge, Institute of Pomology, 96—100 Skierniewice, Poland

Huddepernumanns ocenrero nepenera uepnozobuxa Calidris a. alpina B 3aBHCHMOCTH OT HONa, ONpee-
JIfieMas IpH NOMOIIK CETKH BEPOATHOCTH Ul HOPMAJIBLHOIO PAaCHpeNe/CHHs.

Ipencrasmmi MeTox rpadi9eckoro onpenesen s NapamMeTpos (THCICHHOCTb, CPEHHE, CTARAADTHEIE
OTKJIOHCHHS) ABYX T'DYII, H3MEPEHAs KOTOPHIX GBUIH CMEIIAHSI, IPH HCIOb30BAHME CETKH BEPOATHOCTH
A1 HOpMasTbHOTO pacmpenesenns (normal probability paper). DToT MeTOX NPHMEHA/IA [yIs ONPENC/ICHASA
KO.IMYECTBEHHOTO COOTHOUIEHAS CAMIIOB H CAMOK Y€PHO300MKa, OTJIOBJICHHBIX B NEPHOJ OCEHHEro mepe-
JleTa B ycTee Bucast B 1964 —1972 r.r., HCHONIB3ys NPOMEPH! JUTHHBL KJIIOBA. AHANH3HPYS OTJCIBHO MpPO-
MEDBI JUIS NTHL, OTJIOBJICHHBIX B NEPBOH MOJOBHHE MHTDALHOHHOTO NMEPHOJA M BO BTOPOH, KOHCTATH-
POBa/H, YTO caMkH GbuTH GOJIee MHOTOYHC/IEHHb! B HAYaje MHUTPAIHOHHOTO MEPHONA YeM BO BTODOI
CrO MoJIOBHHE, a caMupl — HAOBOPOT.

The paper is based on the Dunlin bill-length measurements, collected at
the mouth of the Vistula River during the early antumn migration period bet-
ween 1964 and 1972 (except 1968), by the staff of the Ornithological Station in
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Gdansk and the Operation Baltic team. Adult birds constituted the vast majo-
rity of individuals caught and they only are considered in this paper. y

We do not know of an effective method for determining with certainty the
sex of a living Dunlin by morphological features. To some extent, the size of the
bill may be useful in this matter. According to SoIKKELI (1966) there exists
a distinet, positive difference between the bill-length of females and that of
males in O. alpina schinzii pairs breeding in Southern Finland. However,
the range of the difference is from 0.5 to 8 mm. This is also true for other sub-
species of Dunlin from breeding areas of North America and East Asia, as has
been shown by MACLEAN and HoLMES (1971).

In a typical sample of birds, containing both sexes, e.g. caught during mi-
gration, the bill-length always creates a bimodal distribution, the first peak
of which is attributed to males and the second — to females. Some attempts
have been undertaken to differentiate between the sexes in such samples
using bill-length (GrirrrTHs 1970, OAG Miinster 1976) by means of probability
paper. GRIFFITHS emphasizes the importance of the sample size for producing
acceptable results when a graphical method is to be used.

The size of seasonal samples of birds caught at the mouth of the Vistula
between the middle of July and the end of August (sometimes until mid-Sep-
tember as in 1971 and 1972) varied from 425 to 1 441 individuals (Table 1).
Such numerous data were useful in an attempt to investigate the proportion
of sexes in smaller, sequential subgroups of birds. All seasonal samples were,
therefore, arbitrarily subdivided into at least two approximately equal subsam-
ples, the first containing birds caught earlier, the second — those caught later.

If we first examine the frequency curves of the bill-length in the two sequen-
tial subsamples we see in the Figs. 1 and 2 as well as in 3 and 4 (bottom) a remar-
kable difference between the number of males in each. The first group of migrants
always contained fewer individuals with shorter bills (i.e. males) than the latter
group. The converse is true for females (i.e. individuals with longer bills) which
are more numerous in the first half than in the second. Because of the regular
repetition of this observations for all seasons regarded, we can assume a diffe-
rence in the migration rate of the sexes, at least in the migration period investi-
gated here.

For particularly numerous samples, such as were collected in 1967 and 1971,
a similar relation was obtained even if the entire data were divided into 3 or 4
sequential subsamples of approximately the same size. The number of males
is constantly increasing from earlier subgroups to the later ones as we see at the
top of Figs. 3 and 4.

It would be worth while to confirm this impression of different migration
rates of the sexes in Dunlin, trying to assess the proportion of males and females
in sequential subgroups of birds arranged chronologically from the time of their
capture. For this purpose, normal probability paper have been applied. The
theory and many instances of application of this graphical estimation method,
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Fig. 1. Frequency curves of the bill-length of Dunlins caught at the mouth of the Vistula
during the early antumn migration period in 1964, 1965 and 1966.

Each seasonal sample of adult birds has been divided inte 2 sequential halves {(indicated as 1 and 2) according
to time of sampling.
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Fig. 2. Frequency eurves of the bill-length of Dunlins caught in 1969, 1970 and 1972.
For further explanations see Fig. 1.
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Fig. 3. Frequency curves of the bill-length of Dunlins caught in 1967.

At the top: 4 sequential subsamples of birds arranged chronologically from the tlmo ot theh- capture (indicated
. as 1, 2, 3, and 4). At the bottom: 2 subsamples as in Figs. 1 and

particularly for bimodal or even multimodal distributions, are described by
HARDING (1949), OASSIE (1954) and GRIFFITHS (1968, 1970).

We plot on probability paper the cumulated frequencies (as percentages
or fractions) for a set of values of the random variable being realized as empirical
sample values. When the population that the sample is coming from, is normal,
the line bounding the points should be approximately a straight line. In the
case of bimodality, as in this instance, we can assume that the empirical distri-
bution is a mixture derived in certain proportions from two different normal
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Fig. 4. Frequency curves of the bill-length of Dunlins caught in 1971.

At the top: 3 sequential subsamples (indicated as 1, 2 and 3) as in Fig. 3 (top). At the bottom: 2 sequential sub-
samples — as in Figs. 1 and 2.

populations. The PCF (percentage cumulative frequeney) points are now lying
along a curve of sigmoid shape (Figs. 5 and 6).

The most important parameter to estimate now is the proportion of the
component populations in the sample. We determine this by means of the ordi-
nate of the inflexion point, that is, the point at which the curve passes from con-
versity to coneavity. In order to assess further parameters of the component
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Fig. 5. Percentage cumulative frequency distribution of the bill-length of 520 adult Dunlins

(sigmoid curve) caught in 1965.
The straight lines indicate the theoretical distribution functions of the two component subpopulations of males
and fernales, respectively.

Populations — the means and standard deviations — we have to estimate the
Population lines. The ordinates of the sigmoid curve should then be multiplied
by the reciprocal of the proportions and new points plotted on the paper. Only
4 set of the first few points near the beginning and the end of the curve should
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Fig. 6. Percentage cumulative frequency distribution of the bill-length of 721 adult
Dunlins constituting the second (later) subgroup of migrants in 1967. For further explana-
tions see Fig. 5.
be fitted by eye to a straight line. A point lying on the population line at an
ordinate equal to 509% has an abscissa equal to the mean of the theoretical
population. Two other points of the population line having ordinates equal
to about 16 and 84 % have abscissa located at an interval of 2 standard devia-
tions. One-half of that distance is an estimate of the true standard deviation.
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Table 1. Parameter estimates of the component subpopulations of males and females obta-
ined by means of normal probability paper and the appropriate probability according to
SMIRNOV-KOLMOGOROV test. fi; (8 = 1,2) — estimate of the mean bill-length of males and
females, respectively; d; (i = 1,2) — estimate of the standard deviation of the bill-length
in male and female subpopulations, respectively; K; (i = 1, 2) — proportion estimates

of males and females.

x No. ialasube b Rambis Estimated parameters Pr_o.ba.-
ear : > ,\ . . bility
sample of birds iy {is o1 Gs By K, %

1 215 31.3 34.7 2.09 1.96 0.48 0.562 0.44
1964 2 210 31.8 354 1.56 1.71 0.68 0.32 0.64
total 425 31.7 35.1 1.94 K77 0.58 0.42 0.61

sample
1 260 31.9 35.0 2.13 1.756 0.59 0.41 0.99
1965 2 260 31.6 35.2 1.78 1.88 0.69 0.31 0.58
total 520 31.6 35.4 1.68 1.56 0.64 0.36 0.93

sample
1 344 31.8 35.3 1.81 1.81 0.41 0.59 0.45
1966 2 335 31.9 353 1.97 1.97 0.74 0.26 0.18
total 679 31.9 35.1 1.87 1.98 0.57 0.43 0.27

sample
1 720 31.9 35.6 1.60 1.52 0.38 0.62 0.41
1967 2 721 31.9 35.8 1.63 164 0.78 0.22 0.82
total 1441 31.9 35.6 1.64 1.55 0.58 0.42 0.56

sample
1 397 324 36.0 2.23 1.72 0.52 0.48 0.78
1969 2 395 32.6 35.6 1.78 1.96 0.64 0.36 0.85
total 792 32.6 35.8 2.09 1.77 0.58 0.42 0.44

i sample
1 278 31.2 34.7 1.83 1.36 0.50  0.50 0.81
1970 2 279 31.1 349 169 159 0.80 0.20 0.68
total 557 31.0 34.6 1.74 1.49 0.65 0.35 0.23

sample
1 543 31.8 35.7 1.76 2.14 0.39 0.61 0.85
1971 2 534 31.2 34.5 1.52 2.30 0.63 0.37 0.71
total 1077 31.5 35.3 1.52 2.16 0.51 0.49 0.43

sample
1 368 31.4 34.7 1.82 1.59 0.32 0.68 0.85
1972 2 368 31.1 33.6 1.45 3.13 0.58 0.42 0.58
total 736 31.3 34.4 1.59 2.15 0.45 0.55 0.34

sample

The graphical procedures have at first been applied to whole seasonal sam-
Ples (Fig. 5). All parameters estimated in that way are in Table 1. The proportion
of males (K,) was always higher than 56 %, for years in which birds were caught
only during first six weeks of their autumn migration (the middle of July to the
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Table 2. The SMIRNOV-KoLMOGOROV test verifying the parameter hypothesis about two normal component subpopulations. Parameter estimates
have been obtained from the whole 1965 sample graphically, by means of probability paper (Fig. 5). # — empirical values of the random

variable (bill-length); 2; (i =

1, 2) — standardized normal variable, 'z; = (z—p;)/0:); P(2;) — values of the theoretical distribution function;

K; (i =1,2) — proportion estimates; G, (#;) — values of the empirical distribution function or PCF (if in per cents), Gy, (#z) = k/(n+1) for all
measurements of the bill-length arranged in a series: @; < 3 < ... < @y ; |Dy| — the difference between both theoretical and empirical distribution
values; n — number of observations. Probability: p{|Dy | yn > 0.0237} = 0.93

Zz

| 265

27.5 28.5

29.5

30.5

31.5

32.5

33.5 34.5 35.6 36.56. 375 385 -39.6 40.5 41.5

2 —3.0357 —2.4405 —1.8452 —1.2500 —0.6548 —0.0595 0.5357 1.1310 1.7262 2.3214 2.9167 3.5119 4.1071 4.7024

£ —4.3974 —3.7564 —3.1154 —2.4744 —1.8333 —1.1923 —0.5513 0.0897 0.7308 1.3718 2.0128 2.6538 3.2949 3.9359
D(z,) 00120 .00733 .03251 .10565 .25630 .47628 .70391 .87097 .95784 .98987 .99823 .99978 .99998 1.0000 1.0000 1.0000
D(z,) 00001 .00009 .00092 .00667 .03338 .11657  .29072 .53574 .76755 .91494 .97740 .99602 .99951 .99996
K,D(2;) 00077 .00469 .02080 .06762 .16403 .30482 .45051 .55742 .61302 .63355 .63887 .63986 .63999 .64000 .64000 .64000
K, D(z,) 00000 .00003 .00033 .00240 .01202 .04197 .10466 .19287 .27632 .32938 .35186 .35857 .35982 .35999
ZK;D(z;) 02080 .06765 .16436 .30722 .46253 .59939 .71768 .82642 .91519 .96924 .99185 .99857 .99982 .99999
Gnlar) 00384 .02495 .06910 .18810 .32438 .46257 .59693 .69866 .80998 .91363 .96545 .99232 .99808 1.0000 1.0000

|DF| 00145 .02374 .01716 .00004 .00246 .01902 .01644 .00156 .00379 .00047 .00049 .00018 .00001
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end of August, 1964 —1970). Prolonging the capture to mid-September has
produced more equalized proportion of sexes such as 519%, in 1971 and 459, in
1972. The estimated mean of male subpopulations did vary from 31.0 to 32.5 mm
with an interval from the estimated females mean of 3.1 to 3.8 mm.

All parameter hypotheses were analytically verified by means of the SMIRNOV-
KorLmocorov test, the appropriate probabilities being put at the end of Table 1.
The agreement of both empirical and theoretical distributions is quite good.
The contents of Table 2 present in particular the procedure used in an applica-
tion of the SMIrNOV-KoLMOGOROV test.

Now the entire seasonal samples were artificially divided into two sequential
subsamples approximately equal in size, the first containing birds caught
earlier, the second with those caught later. To the PCF values of every subsam-
ple, plotted as points on probability paper, a sigmoid curve has been fitted by
eye and, after localizing the inflection point, estimates of the proportion were
read (Fig. 6).

All estimated proportion parameters, shown in Table 1, do confirm in full
the supposition of different migration rates of the sexes in Dunlin as was illu-
strated in Figs. 1 to 4. In every year investigated, the first subsample contained
fewer males than the next one, and conversely, there were more females in the
earlier subsample than in the later one.

One thing, however, should be emphasized. We can by no means state, that
the earlier subsample contains more females than males. But it is entirely true
that the later subsamples always contain more males than females.

Some remarks concerning the sample size should be made. All seasonal sam-
ples, among which the smallest contained 425 individuals, gave clear pictures
when their PCF values were plotted on probability paper. After the chronologi-
cal arrangement of individuals sampled, the whole sample should not be parti-
tioned into approximately equal subgroups with less than 200 individuals.
This is far more than has been suggested by GrIrFrITHS (1970). In smaller subsam-
ples troubles do arise with accurate fixing of the inflexion point of the sigmoid
eurve. A possible reason for this difficulty may be the heterogeneity of the set
of measurements, being collected by different persons, replacing one another
during every season although the measurement method remained unchanged.
In the presented data only some seasonal samples could be therefore divided
into more than two sequential groups. This has been done for the seasons 1967
(4 subsamples) and 1971 (3 subsamples), the frequency curves being shown in
Figs. 3 and 4.

In conclusion it was ascertained that a more detailed analysis of the presen-
ted data by means of normal probability paper showed a distinet differentiation
in the autumn migration rate of the sexes in Dunlin. The females, even if a mino-
rity in almost all of the seasons observed, were regularly more numerous in the
first half of migrants than in the second half, and oppositely, the males were
more numerous in the later part than in the earlier one.
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STRESZCZENIE

[Zréznicowanie stosunkéw ilo§ciowych bieguséw zmiennych réznej plei w czasie
wedr6wki jesiennej, okre§lone przy pomocy siatki prawdopodobienstwa]

Zanalizowano dlugo§é dzioba bieguséw zmiennych, zatrzymujacych sie
w ujéciu Wislty w czasie wedréwki wezesnojesiennej, celem okreslenia stosunku
liczbowego samedéw do samic w kolejnych okresach sezonu jesiennego. Pod uwage
wzieto ptaki stare, tj. bedace w 2. lub péZniejszym kalendarzowym roku zycia,
chwytane w okresach od polowy lipca do konea sierpnia (niekiedy — do polowy
wrzesnia) lat 1964 —1968 i 1970 —1972.

Krzywe czestosei dlugosei dzioba sa dwuszezytowe, gdyz samee majg Srednio
dzioby znacznie krétsze, niz samice. Dla okreflenia stosunkowego udziatu, tj.
wielkogci frakeji obu grup pleiowych, zastosowano metode graficznej analizy
kumulanty czestosci dlugodci dzioba, naniesiong na siatke prawdopodobienstwa
dla rozkladu normalnego (rys. 5 —6). Rzedna punktu przegiecia krzywej okre-
§la wielkosci obu frakeji. Mnozae rzedne punktéw o kilku najnizszych i najwyz-
szych odecigtych (tj. liczby ptakéw o najkrétszyeh i najdluzszych dziobach)
przez odwrotno§é wielkosei danej frakeji, uzyskuje sie na siatce punkty, wyzna-
czajace dwie proste, z ktérych mozna odezytaé Srednie i odchylenia standartowe
diugogei dzioba samcéw 1 samic¥.

Srednia dlugo$é dzioba samedw, okre§lona oddzielnie dla réznych czesci
okresu chwytania réznych lat, wynosi 31.0 —32.6 mm., samic — 33.6 —36.0 mm
(tab. 1). Stwierdzono ze samice sg liczniejsze w pierwszej czesci okresu chwy-
tania, niz w drugiej, samece za§ — odwrotnie (rys. 1—4, tab. 1).

* Dokladny opis stosowania tej metody podaje ZAJAC w pracy Zastosowanie siatek

prawdopodobieistwa w badaniach biologicznych, wydanej w 1976 r. nakladem Instytutu
Sadownictwa w Skierniewicach (red.).

Redaktor pracy — dr Wojeiech Kania
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