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ABSTRACT

Compared with standard sampling methods, binomial sampling
reduces the time required to assess densities of pest species. Such
samplingispromoted asapractical procedurefor useby non-specialists.
A leaf sampling method was used to estimate the density of greenhouse
thrips on a viburnum hedge at different stages of thrips population
growth. Three methods were used to relate the proportion of leaves
infested to the mean density of thrips. Sample size curves were
calculated and compared at 10% and 25% levels of precision. The
samplesizesrequired for density estimation at both levels of precision
differed between methods. The difficulties in developing binomial
sampling plans are discussed.

INTRODUCTION

Several thrips species have been shown to cause severe cosmetic damage on
ornamental ssuch asrhododendronand viburnum. However, application of insecticides
on ornamental plantsin urban environmentsisincreasingly questioned and needs to
be justified by the pest occurring at damaging levels. Chapman and Worner (1999)
investigated a method for sampling to estimate population density of greenhouse
thrips, Heliothrips haemorrhoidalis, on acommon ornamental plant, Viburnumtinus
L. This study showed enumerative sampling to be time consuming and costly to
implement. Because of this, counting such a small abundant arthropod speciesin a
monitoring program for integrated pest management (IPM) may be poorly adopted by
non-specialists. However, binomial or presence-absencesampling hasbecomepopul ar
in1PM inrecent yearsasit requires only the proportion of sample unitsinfested with
oneor moreindividuals (incidence) to be measured. The mean population density can
then be estimated from a previously determined relationship between pest incidence
and density. The incidence-density relationship can then be used with an action
threshold to make management decisions.

Central to the development of presence-absence sampling programs is the
determination of the population dispersion of the speciesof interest and to account for
thisintheincidence-density relationship. Asnumerousapproachesto thedevel opment
of binomial sampling plans exist, the purpose of this study was to explore the
performance of three approaches that have been used specifically for thrips or other
small arthropods.

METHODS

A V. tinus hedge, approximately 90 m long with an average height of 3.0 m,
located ontheLincoln University campuswasused. Thishedgewasdividedinto eight
5 mlong plots. Thirty sample positions were randomly located aong each plot then
randomly assigned to one of three strata (lower, middleand upper level sof thehedge).
A single leaf of new season’s growth at each position was removed and placed in a
plastic vial. Each leaf was selected by touch to avoid visual bias. The leaves were
examined under amicroscopein thelaboratory and the number of immature and adult
thrips counted on each leaf. The proportion of leaves infested in each plot was also
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recorded. To record changes in incidence with changes in density as the thrip
populationincreased, sampling wascarried out on seven occasi onsbetween 5 October
1998 and 12 February 1999.

Analysis

The data obtained from the eight plots and seven sampling occasions were
combinedto give 56 datapoints. Analysisof thedatausing L oyd’ sindex of patchiness
() (Davis 1994) and k, the parameter of the negative binomial distribution, indicated
that the dispersion of the thrips population was aggregated (Chapman and Worner
1999). One of the most widely used methods to determine the popul ation dispersion
of insectsis Taylor’s power law (TPL). Taylor’ s power law relates & to x by s? = ax”
wherebisanindex of dispersion. Valuesof b >1 indicate aggregated dispersion, b=1
random dispersion and b< 1 regular dispersion. The parameters of TPL are usually
estimated from the regression equation: log & = log a+ b log x. In this study, three
approacheswereusedtorel ate percentageinfestationto thripsdensity (meanthripsper
leaf), 1) the Wilson and Room (1983) equation, based on the negative binomial
distribution but constrained to follow the TPL model, 2) mean densities were
transformed using x 95" (Southwood 1978) to obtain a linear relationship with
percent infestation (Steiner 1990) and 3) thewidely used equation of Kono and Sugino
(1958) (K-S equation) and Gerrard and Chiang (1970) which does not require any
assumption about an underlying theoretical distribution (Mailloux and Bostanian
1989). Tofit thelinear form of the TPL equation, log(x+1) transformation was used
toavoidinfinitevaluesfor zero counts. Tofit thelinear form of the K-Sequation, zero
counts were removed from the data set.

The Ruesink (1980) equation based on Taylor’ s power law was used to calculate
the number of sample unitsrequired to estimate mean density of thripsat 10 and 25%
levels of precision (fraction d of x) for methods 1 (Steiner 1990) and 2 (Wilson and
Room 1983). The general formula (Ruesink 1980) was used to determine the sample
sizerequired to estimate mean density of thrips for the K-S equation. Two methods,
one proposed by Jones (1994) and one by Kuno (1986), to approximate the variance
of amean (Var (m)) for the K-S equation, were compared. Var(m) multiplied by the
sample size, n, was used to approximate & for the Ruesink general equation.

RESULTS
Taylor’ spower law fitted the datawell (P<0001, R? = 0.93). The parameterswere
estimated asa= 0.985 and b= 1.9569. These parameterswere used for both the Steiner
method and the Wilson and Room equation to deriveincidence-density rel ationships.
The K-S equation also fitted the data well (P<0.0001, R% = 0.89). The relationship
between percentageleavesinfested and the mean number of thripsper leaf for al three
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FIGURE 1: Predicted mean densities. Incidence-density curves for thrips on
viburnum leaves using three methods of analysis.
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FIGURE 2: Sample size curves to estimate mean densities of thrips within a
precision level of 25%. The Steiner and Wilson and Room curves
coincide. Curves for the K-S equation were generated using two
different variance estimates.

methods of analysis are shown in Fig. 1. The Steiner method gives higher predicted
mean densities at high levels of infestation (above 60%) compared with the other two
methods. The Wilson and Room and K-S methods predict densities similar to each
other throughout the full range of percentage infestation but lower than the Steiner
method when more than 60% of |eaves are infested.

For the 10% level of precision, sample sizes required for al methods were
extremely large. For this reason, only the results for the 25% level (considered
practical for pest management sampling programs) are shown. Becausethe same TPL
parameter (b) wasused inthe Ruesink (1980) equation, the curvesfor the samplesizes
required to estimate mean thripsdensity for the Steiner method and Wilson and Room
equation, correspond (Fig. 2). Large differences were found between the Steiner/
Wilson and Room sampl e size curveand those (using differing variance estimates) for
theK-Sequation. Samplesizesrequired for theK-Smethodsdiffered greatly and were
considerably larger than the Steiner/Wilson and Room methods.

DISCUSSION

Thedifferencesinthe predicted mean densities (Fig. 1) would not beimportantin
the thrips/viburnum system studied here. While an action threshold has not yet been
established, casual observation (Chapman and Worner 1999) suggeststhat it would be
very low, probably less than three thrips per leaf and therefore located where the
confidenceintervalsfor predictionfor thethreecurvesarelikely to overlap. However,
such differing results may be accentuated in other host/plant systemswhere an action
threshold at a higher densities may result in incorrect decisions.

Suchlargedifferencesin the samplesize curvesfor themethods used in thisstudy
are difficult to explain. The most likely explanations are the underestimation of the
truevarianceinthe Steiner and Wil son and Room methods (al so seeNavaset al . 1994)
and the difference in the components of the two variance approximations used for the
K-S equation. Variance estimates need to take into account both the variance
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associated with estimating a proportion and the variance predicting the mean from a

proportion (Jones 1994).

Of al analyses, the Steiner method was the easiest to implement but the method
has not been well tested and may be questioned on theoretical grounds. The K-S
equationiswidely used but, aswithall methodsinthisstudy, problemsassociated with
variance approximations need to be resolved (Nyrop and Binns 1991).

Clearly, the development of binomial sampling plans is not easy. The usual
guidelineof using what fitsthe databest isno reason for complacency inthisarea. For
those attempting to develop binomial sampling plans, the advice is to proceed with
caution.
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