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Synoptic monitoring for migrant insect pests in Great Britain and Western
Europe. V. Analytical tables for the spatial and temporal population
parameters of aphids and moths

I. P. WOIWOD and L. R. TAYLOR

Abstract

Functional regression intercepts, coefficients, and sample statistics in
logarithms are tabulated for 97 aphid and 263 moth species from the power-law
relationship between mean and variance of synoptic aerial survey samples in
Great Britain between 1964 and 1982. The species-specific regression
coefficients can be used to obtain population thresholds for damage, treatment
and conservation.

Introduction

The Rothamsted Insect Survey was devised to produce current crop protection
warnings by anticipating levels of crop infestation by aphids and infection by viruses,
before damaging populations are reached. It was also intended to develop a longer-term
forecasting technique for population distribution and density based on a system of
comparative dynamics of insect populations (Taylor, 1973)*. It was therefore designed
to find, and then measure, those species-specific population parameters that could be
used to develop such a system of comparative spatial dynamics to be based on
quantitative sample data collected systematically through the season. The agricultural
objective was to make the handling of pest data for analysis, and its subsequent use for
crop protection, a reliable practical procedure, repeatable each season for the same
insect species even when found on different crops, and so capable of progressive
improvement with successive use (Taylor, 1977a)°".

The standard practice for all crop protection programmes depends upon establishing
relationships between sample mean and variance, in order to define limits that may be
used subsequently as thresholds for risk, and so to predict treatment dates from known
population growth and migration parameters and environmental cues. The prediction
procedure is well established for treatment thresholds and applies equally well to crop
infestation thresholds.

A recent review of the literature relating to the procedure for analysing pest
populations sampled in the field, and the subsequent synthesis for projection of
treatment thresholds (Taylor, 1984)® demonstrated that established procedures for
analysis of field pest data using the Negative Binomial, Iwao’s Mean Crowding
Equation and Morisita’s I5 are often inaccurate and the subsequent prediction of
treatment thresholds are not then valid. These methods rely upon extrapolation from
sample data that are not necessarily valid on subsequent occasions because the
equations are not species-specific but only occasion-specific. The only equation that has
been found to be species-specific and hence valid for different years and crops, and that
can be constant[g improved with each additional year’s sampling data, is the power law
regression log S“=log a+b log m. The regression coefficient b is a species-specific; only
the intercept a varies with crops and sites, making data accumulation and improvement
easy and testable.

The main reason for tabulating these results is, therefore, to make available the
migration statistics so far obtained, so that they can be used in population modelling and
pest forecasting at Rothamsted and elsewhere. At the same time, their validity and
species specificity, a very important property, may be projected for future verification.
It is claimed that these relationships between sample mean and variance, once
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established, remain constant (Taylor, 1961%; Taylor & Taylor, 1977'2; Taylor, Taylor,
Woiwod & Perry, 1983'%). Future samples should therefore conform to present
predictions, and thereby validate the claim and the use of the parameters in crop
protection analysis, modelling and forecasting.

The data

The data used for analysis are collected systematically at Rothamsted Insect Survey
sampling stations listed in Table 1 for 12-2 m suction traps, and in Table 2 for 1-2 m light
traps, in Taylor et al. (1981)'.

The aphid samples for use in the spatial analysis are from a minimum of 10 sites per
year and a maximum of 24 betwen 1969-82. The corresponding moth samples are from a
minimum of 32 sites per year and a maximum of 126, between 1967-82.

For the temporal analysis sites are included if they have a minimum run of six years,
not necessarily continuous, between 1968-82 for the aphids and 196482 for the moths.
This gives a maximum of 20 sites per species for the aphids and 98 for the moths. Points
were excluded from the regressions if the variance was less than or equal to the mean
and the mean was less than 0-8. This was done to minimize the effect of small integer
sample artifacts discussed in Taylor and Woiwod (1982)"°.

The species analysed here are the ones listed in Appendix A, aphids, and Appendix
B, moths, in Taz]or, Woiwod and Perry (1980)'7 and the Appendix in Taylor and
Woiwod (1980)"*. The 97 aphid species listed in Table 1 are numbered and named
according to Table 3, and the 263 moth species listed here in Table 2 are named
according to Table 4, in Taylor et al. (1981)°.

Table 1 gives the functional spatial (s) and temporal (f) regression coefficients,
G.M.a and G.M.b, the number of samples, N, and N,, the minimum, mean and
maximum log,, mean and log,, variance, 7, and relevant references to other tabulated,
mapped, or analysed Survey data for each species. All species have previously been
tabulated or analysed in Taylor, Woiwod and Perry (1980)"7, Taylor and Woiwod
(1980)'* and Taylor and Woiwod (1982)".

Monthly totals of weekly Aphid Bulletin species have been published since 1970 and
yearly totals for 31 species of migrant or potential pest species of moths have been
published since 1969 (e.g. Taylor et al., 1984)'°. First flight dates for 30 aphid species,
mean annual density for 30 aphid and 20 moth species, the 10-year mean seasonal cycle
of migration for 30 aphid and 20 moth species and the 10-year daily mean for total
aphids and total moths are given in Taylor er al. (1981)°.

Annual totals for 236 aphid species at 18 sampling stations, for the years 1975-80, are
tabulated and the annual mean distributions for the seasonal cycles for the same years
are mapped and described for 27 species in Taylor er al. (1982)%,

Host plants in Britain and their distributions are given for 30 aphid species in
Tatchell, Parker and Woiwod (1983)2.

All species listed here are identified using a visual key for rapid identification of alate
aphids (Taylor et al., 1981)"".

Dependent spatial regression coefficients (log,g a;; b) for an earlier sample period
are given with SE’s for the same 97 aphid and 263 moth species, with the range of sample
means, in Taylor, Woiwod and Perry (1980)".

Similarly the dependent temporal regressions for the same species and the
effectiveness of the log transformation are in Taylor and Woiwod (1980)*¢.

Earlier functional spatial and temporal regression coefficients are presented as
scatter diagrams in Taylor and Woiwod (1982)'*. That paper was the first part of a
comparative analysis of functional parameters. The data presented here will be used in
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subsequent analysis. Parameters from those remaining species for which the data are
adequate will be presented in Part VI of this series.
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