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ABSTRACT

In the Desert Locust, the hind-femur length (F) and elytron-length (E) are two important
discriminatory characters for differentiating the phases gregaria and solitaria. But due to
frailty of attachment, F' is often found missing from the body.

An illustration of the use of the statistical method of regression in predicting a missing
value of a morphometrical character from another known related character is provided here,
. using K and F as concomitant and dependent variables.

The prediction value of F has been calcula*ed separately for various types of individuals
as regards phase, sex and number of eye-stripes (6 or 7), since the morphometric characters are
known to vary with these groups.

The formulae for prediction of F for 6-eye-striped individuals of the following categories
are given : Phase gregaria males, phase gregaria females, phase solitaria males and ‘ transitional
phase ’ males. The symbol Fp below is used for denoting the predicted value of F.

(i) Fp = 0-7259+04374 E

(ii) Fp = —1-960640-4778 E
(iii) Fp = 1-8143+0-4615 E
(iv) Fp = —0-4852-1 0-4814

For lack of adequate data regarding phase solitaria females (6-eye-striped), phase solitaria
(7-eye-striped) males and females and ‘ transitional phase’ females, prediction equations for these
groups could not be found.

I. INTRODUCTION

In the Desert Locust, Schistocerca gregaria (Forskal) [Orthoptera,
Acrididae], the characters elytron-length (E) and hind-femur length (F) and
the ratio E/F are now well known as important characters for distinguishing
between the two phases, the gregaria and the solitaria, and have been widely
used for that purpose (vide Y. R. Rao 1942; Roonwal 1949, 1961; Roonwal
and Nag 1951; Misra, Nair and Roonwal 1951, 1952; Dirsh 1953; Stower,
Davies and Jones 1960). The hind-femur is also often used in conjunction
with other characters such as the width of head (C), etc. But due to fragility
of attachment, with the body, the hind-femur easily breaks off and is fre-
quently missing in the collections (mostly dry) obtained for study.
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If two characters are correlated, observations on one of them throw
some light on the characteristics of the other. The estimates of statistical
constants, etc., will be more complete by taking all the data into account.
It is, therefore, of interest to derive a formula for predicting the length of
hind-femur (F) from the available value of another morphometrical character,
viz. the length of the elytron (&), which has been found to be highly correlated
with F, and so will be used as a concomitant variate for this purpose.

II. MaTERIAL AND METHODS

The data used for calculation are taken from the following sources:
(i) A collection made from a swarm in Calcutta in January, 1961.
(ii) The Rajasthan collection of 1955.
(ili) Phase gregaria collection from swarms from north-western India and
West Pakistan in the years 1889-90 (same material as mentioned
by Roonwal 1949, p. 150).

In choosing the sample for the construction of the, prediction formulae,
the E values have been taken from all over its range.

The joint distribution of length of hind-femur and length of elytron of
different measurements suggests that there is some relationship between the
two characters. The simplest mathematical law relating the values of E
and F from the statistical point of view is that of the straight line. So we
assume that this relatiouship is linear and fits a line

F,,:ot-l—ﬁE

to the different points where the symbol F, denotes the predicted value of F.
We also assumne that the universe distribution is homoscedastic, i.e. the
distribution of ¥ and £ values has the property that the standard deviation of
F values for a given Z is the same for all £ values.

The statistical problem involved is that of estimating the constants «
and B from data provided by a series of double observations (¥, E). The
first step in the analysis is to compute the various sums of squares and cross-
products that will be used in subsequent calculations. The constants will be
estimated by the method of least squares.

Since the morphometric characters concerned vary from one sex, phase
and eye-stripe (vide Roonwal 1936 et seq.) groups to another, separate predic-
tion equations have been found for such groups. For lack of adequate data
on characters £ and F for specimens belonging to phase solitaria and * transi-
tional phase’ females, these two groups are not included in this study. The
data available for phase solitaria males are also very meagre.

The computational procedure adopted for illustrating this statistical
method is shown below in some detail.
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ITI. CALcULATION OF PrEDICTION EQUATIONS
1. Phase gregaria males (6-eye-striped)

The mean values (# = 155) of £ and F are

F =2393 E = 5305

The matrix for the sums of products of # and Z is
89000-82 197207-91
197207-91 437217-09

The estimates of the parameters are

B = @1\—@1 = 04374
S(E*)—NE*
o= F—BE = 0-7259

The formula for the prediction of the length of F is therefore
F,=07259404374 B .. .. .. .. (I)
The estimate of the standard error is given by

) \/S(Fz)—NFZ—B[S(FE)—NFE]
g, = N—2

= (0-5688

Therefore, we can use the above formula to obtain estimates of length of F
from a knowledge of the length of K. Ezample: If E = 52-0, F may be
estimated at
F,= 07259404374 X52-0
= 23-5 mm.
If we assume that the values of F are normally distributed around 23-5 (F,),

with a standard deviation of 0-5688 (8,), we may conclude that, when Z is
52:0 mm, F will lie between 23-521-96 (0-5688) or between 22-4 and 24-6 mm.

Confidence limits for « and 8

The 0-95 confidence limits for the universe value «’ are given by

g
ot1-96 —=
/N
that is, 0:6363 and 0-8155, and the 0-95 confidence limits for the universe
value 8’ are given by
G,

/N

B1-96

that is, 0-4022 and 0-4726.
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2. Phase gregaria females (6-eye-striped)

The mean values (n = 177) of £ and F are

F = 26-3740 E = 59-3023

The matrix for the sums of products is

123537-35 277517-28

277517-28 623895-11
The estimates of the constants are

B=04778 o= —1-9606

The prediction equation is given by

F,= —1960640-4778 E .. .. .. .. (ID)
The estimate of the standard error is

&, = 0-5271
95%, Confidence limits for « and B

These limits for « are given as —1-9606 +0-10696, that is, as ~—2-06756 and
—1-85364.

For 8, these limits are given by 0-47781+0-03702, that is, 0-44078 and
0-51482.

3. Phase solitaria males (6-eye-striped)

The mean values (» = 43)for ¥ and ¥ are
F = 253465  F = 509907
The matrix for the sums of products of ¥ and £ is

27701:79 55722-33

55722-33 112122-06
The least squares estimates of the parameters are

B = 0-4615 o = 1-8143

Hence, the formula for the prediction of F is

F,= 18143404615 I .. .. .. .. (IID)
The estimate of the standard error is given by

&, = 0-2082

95%, Confidence limits for « and B

These limits for « are 1-8143 % f.4 , that is, 1-7502 and 1-8784.

&C
VN
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These limits for # are given similarly as 0-4383 and 0-4847.

4. Transitional phase males (6-eye-striped)

With = = 101, in this phase (intermediate between phase gregaria and
phase solitaria), the mean values are

F = 24-6634 E = 52:2406
The matrix for the sums of products of ¥ and ¥ is
61602-56 13045927
130459-27 276318-01

The least squares estimates of the parameters are
B = 0-4814 o = —0-4852

Hence the equation for predicting the length of F is
F,= —04852+0-4814 T ¢ 44

The estimate of the standard error is
&, = 0-2872

95%, Confidence limits for « and B

For the universal value of «, the limits are —0-5412 and —0-4292.
Similarly for B these limits are 0-4598 and 0-5030.

IV. Discussiox

An illustration of the use of the statistical methods of regression in
predicting a morphometrical character from another known correlated
character is provided here in the case of 6-eye-striped specimens of the Desert
Locust. The four populations, namely, phase gregaria males, phase gregaria
females, phase solitaria males and ‘transitional phase’ males were utilized.
For lack of adequate amount of morphometric data on 7-eye-striped specimens
the equations for these cases could not be found. Since the sample size for
phase solitaria males is rather small, too much reliance should not be attached
to the numerical values for the parameters.

The data from which the various sums and products had been found
were not grouped and so any error due to grouping did not creep in the calcu-
lations.

As stated earlier, the object of illustrating this method is to find values
of broken hind-femora so that estimate of any statistical parameter can be
improved by taking into consideration the prediction values in the calcula-
tion. This object might have been achieved by solving some likelihood
equations, but as this involves excessive calculations it is.not practicable to
use that method.
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It is to be noted that a single value of F is not obtained for any given
value of £. The reason is that the dependent variable F is almost always
affected by variables other than E. The accuracy for prediction is higher
near the mean. Caution is necessary in using the prediction formulae. The
accuracy of the predicted value depends largely on the correct assessment of
phase, sex and number of eye-stripes. Finally, these equations which have
been found from the data at my disposal should not be considered as final.
It is suggested that by taking true representative sample and using more
concomitant variates, the equations might be made almost perfect so that they
can be used with maximum possible advantage.
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