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Table 1. Rate of toxic action of DDVP in larvae of the gypsy moth
Larva Dose Weight | Rate ok Larva Dose Weight Rate %
No. x1 Zs y “ No. z1 Zo v z
1 1.4 0.775 2.398 0.2163 35 1.1 0.896 1.959 -0.2686
2 1.4 0.634 2.301 0.4316 36 1.1 0.769 1.553 -0.0746
3 1.4 0.671 2.046 0.3751 37 1.1 0.710 1.824 0.0155
4 1.4 0.430 3.000 0.7432 38 1.1 0.705 1.959 0.0232
5 1.4 0.757 2.155 0.2438 39 1.1 0.529 2.301 0.2920
6 1.4 0.655 2.523 0.3996 40 1.1 0.366 2.699 0.5410
7 1.4 0.757 2.301 0.2438 41 1.0 0.837 1.638 -0.2784
8 1.4 0.786 2.155 0.1995 42 1.0 0.705 1.721 -0.0768
9 1.4 0.752 2.000 0.2514 43 1.0 0.531 2.155 0.1890
10 1.4 0.553 2.155 0.5553 44 1.0 0.736 1.721 -0.1242
11 1.3 0.616 2.699 0.3591 45 1.0 0.705 1.678 -0.0768
12 1.3 0.375 2.699 0.7272 46 1.0 0.710 1.569 -0.0845
13 1.3 0.547 2.398 0.4645 47 1.0 0.795 1.569 -0.2143
14 1.3 0.734 2.046 0.1789 48 1.0 0.173 2.523 0.7358
15 1.3 0.463 2.398 0.5928 49 1.0 0.921 1.538 -0.4067
16 1.3 0.714 2.222 0.2094 50 1.0 0.902 1.222 -0.3777
17 1.3 0.601 2.097 0.3820 51 0.9 0.630 2.222 -0.0623
18t 1.3 0.943 2.699 52 0.9 0.774 1.409 -0.2822
19 1.3 0.543 2.097 0.4706 53 0.9 0.896 1.268 -0.4686
20 1.3 0.696 2.000 0.2369 54 0.9 0.541 2.398 0.0737
21 1.2 0.767 1.678 0.0285 55 0.9 0.839 1.187 -0.3815
22 1.2 0.442 2.398 0.5249 56 0.9 0.470 2.523 0.1821
23 1.2 0.875 1.921 -0.1365 57 0.9 0.954 0.886 -0.5571
24 1.2 0.620 1.796 0.2530 58 0.9 0.764 1.409 -0.2669
25 1.2 0.758 1.569 0.0422 59 0.9 0.747 1.036 -0.2410
26 1.2 0.534 2.398 0.3844 60 0.9 0.797 1.509 -0.3173
27 1.2 0.622 2.398 0.2500 61 0.8 0.704 1.495 -0.2753
28 1.2 0.765 1.921 0.0315 62 0.8 0.896 1.208 -0.5686
29 1.2 0.787 2.222 -0.0021 63 0.8 0.800 1.319 -0.4219
30 1.2 0.778 2.398 0.0117 64 0.8 0.798 1.027 -0.4189
31 1.1 0.667 2.000 0.0812 65 0.8 0.569 1.721 -0.0691
32 1.1 0.711 1.959 0.0140 66 0.8 0.791 1.032 -0.4082
33 1.1 0.588 2.523 0.2019 67 0.8 0.921 0.842 -0.6067
34 1.1 0.630 2.000 0.1377 68 0.8 0.844 1.886 -0.4891
HEER2EZ 20b 0T, AEBOEEDENZEEILT x1 = 1.105970
BIzHDKRE 3ORTF size factor %, EiROEIFHH> Xg = 0.691463
BHEL, ChEANTERBIDIITNE ) RETH 5= 1.923537
B EERmBIIRN. TUT, BEICERFILIZERE 3(x,?) = 84.53
257308 EHTEEIX, TOHETYRUEHICE 2(z1xs) = 50.6636
THITTHA. S(x,?) = 33.551698
BTHBY, BEHREOER»LEL1RD THIZMH Z(x1y) = 146.8142
U1z No.18 1% outlier & UTHMATNEC Ebho (xoy) = 85.530232
12T, THhRENZE Y O67TEEEICDNTE 5 h iz 3(y2) = 264.002319
@, %2 &y OMETME, BIOEOTHRMEENE ~ OTELTHA.
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BIEAFRERMERE $115

Table 2. Analysis of variance of toxic action of DDVP in Table 1.

Row Term

DF

SS MS F

Combined effect of b;" s
Test of by

Residual error

12.086018 | 6.043009 | 96.29
3.624867 | 3.624867 | 57.76
4.979013 | 4.979013 | 79.34
4.016583 | 0.062759

1
2
3 Test of by
4
5

Total

16.102601 |
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Fig. 1. Dosage-response curve for the toxic
action of DDVP in gypsy moth larvae
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Summary

In many effectiveness evaluation tests of insecticides or acaricides for their target
pests, the same dose is usually given to each pest individual, as if its action were
independent of body size. Alternatively, in various pharmacometric experiments of
drugs or poisons in vivo, doses proportioned directly to the body weight of animals
are given to each individual. Instead of an arbitrary correction such as the latter, a
size factor for equalizing individual differences in body weight can be determined
experimentally for each drug or poison by multiple regression. This approach was
taken by Bliss for analysing a controlled experimental data on the rate of toxic action
of sodium arsenate in silkworm larvae.

When the response y is a measurement, an empirical size factor w"" can be estimated
from the multiple regression of y upon the dose per animal (z; = log dy) and its body
weight (z; = log w) by transforming the basic regression equation

Y = a/+byx;+boxs
or

by
by

Y = a’+b, (log dy+ log w)
to
Y = a’+b; log (dyw™),
where h* = by/b;, and b, is almost always negative.

In the present experiment, each 4th instar gypsy moth larva was weighed in mg in
advance of the application of chemical. Five 11 of DDVP dissolved in acetone at a
prescribed concentration was topically applied by Arnold hand microapplicator to the
dorsal side of larva. The time of its surrender was measured in minutes, as judged by
the turning over on its back from the intoxication of chemical. For the 68 larvae in
Table 1, z; = log 1 g is the log dose of DDVP per larva, z, = log (grams<10) is the
body weight, and y = log (1,000/minutes survived) is the log rate of toxic action. A
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larva with a prolonged non-reacted period No. 18 has been omitted as an outlier in
the calculation.
The multiple regression equation

Y =1.86179+1.23916x; —1.89270x;
was given for the remaining 67 larvae. From the ratio of the two partial regression
coefficients, the size factor w"* for equalizing the effective dose of DDVP in the gypsy
moth larvae differing in body weight has been estimated within 95% confidence limits
of —2.3051 and —1.0325, with its most probable value at —1.5274. It could be conclud-
ed that k times larger larvae required relatively k1527 times more DDVP than that
indicated by the ratio of their body weight to kill them in the same time as the smaller
larvae. Here, h*= —1 means that the dose should be proportioned directly to the body
weight and A* = 0 means that doses are independent of body weight. For graphic
test of linearity, the log doses adjusted for differences in body weight have been
computed as 2* = x;—1,5274 x; for each larva and listed in Table 1, then log rate y for
each larva has been so plotted against ¢* in Fig. 1. It has been fitted with the line

Y = 1.8616+1.2392 2*, .
the slope differing from the original b; by rounding error. As shown in Table 2, the
scatter about the predicted line gave no indication of curvature. Since the coefficient
of determination R? = 0. 756, three—quarters of the total variation in y could be attributed
to dose and weight. The latter variable related little more to the response than the
former. The slope coefficient C = 1.074215, (1 << C<2), indicates that the result of the
present experiment is sufficiently useable for bioassay purpose. The larva No. 18 which
responsed very slowly to DDVP has been omitted in computing the multiple regression
equation. The test for this suspected outlier showed that No. 18 does not belong in the
equation.



