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Abstract 

The relation between the population density of the cereal aphid, Si tobion avenae, and the pro- 
portion of wheat tillers infested is examined. Three of the six models considered require the 
assumption that the aphids' spatial-configuration can be described by a single statistical 
distribution; as this is not true for S. avenae these models are unsuitable. When the other three 
models were applied to field sample data, only that of Nachman (1981) yielded a regression 
equation that remained constant throughout the development of the aphid population. 

Add i t i ona l  keywords: S i tobion avenae, wheat. 

Introduction 

The high environmental costs of  agricultural insecticides mean that strict decision 
rules are required, to avoid unnecessary applications. It is important, therefore, for 
farmers and biologists to be able to monitor the changing population densities of  
harmful species. The most direct method, counting the pest individuals on a number 
of  host plants, may become prohibitively time-consuming if the pest is abundant. A 
number of  authors have therefore suggested that 'incidence' (the proportion of  plants 
infested) be measured instead (Pielou, 1960; Rabbinge et al., 1980; Rabbinge and 
Mantel, 1981, 1982; Reitzel, 1982). It has already been shown that, provided density 
and incidence are related, the use of incidence counts need not result in any significant 
loss of precision in estamation of  populations (Ward et al., 1985a, 1985b). For this 
method to be used, however, any incidence-density relation must be reliable at all 
stages in the development of the population. If, for example, predator activity alters 
the distribution of  the pests (Roitberg and Myers, 1978) the use of  incidence counts 
may be unreliable. 

The literature contains a number of  suggested forms of  the relation between density 
and incidence. This article reports on the use of  field data to test whether any of  these 
relations can be used to estimate the population density of  the aphid S i t o b i o n  a v e n a e  

(F.) from incidence counts, irrespective of  the stage of  development of the population. 
The data used were collected in Sussex during May and June, 1980, a year in which 
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predator activity increased sharply during the summer and eventually resulted in the 
collapse of the aphid population (Chambers et al., 1986). 

Sampling methods 

S. avenae were sampled on early-sown winter wheat in May and June 1980, at ten sites 
in five fields on North Farm, Washington, Sussex. Aphids were counted on 100-400 
tillers at the edge, and 100-400 tillers in the middle of each field. Each sampler counted 
the aphids on tillers in a small area, then moved some distance before sampling more 
tillers. The data could thus be treated in blocks of 25 or, by combining the results from 
adjacent groups, 50 tillers. 

The models 

I. Poisson. If organisms are distributed randomly among sampling units according to 
the Poisson distribution, the relation between mean density,/~, and the proportion of 
sampling units unoccupied, P0, is 

P0 = e-~ (1) 

However, most organinisms are strongly aggregated (Taylor et al., 1980), and it has 
been shown that populations of S. avenae can only rarely be described by the Poisson 
distribution (Rabbinge and Mantel, 1981). 

11. Negat ive  B inomia l  This distribution gives 

P0 = (1 + /#k) -k (2) 

where k is a constant. Although S. avenae populations are often distributed according 
to the negative binomial model, this is not always the case (Rabbinge and Mantel, 
1981); and the value of k is strongly affected by the mean density (Rabbinge et al., 
1984). This has also been shown for a wide range of other species (Taylor et al., 1979; 
Nachman, 1981). 

111. N e y m a n  A.  This, the Poisson-Poisson distribution, yields 

Po = exp [-~//~2)(1 - e-~2)] (3) 

where/~2 is the mean number of individuals per cluster. This model is unsuitable 
because ~2 is normally unknown, and is unlikely to be constant in all conditions 
(Pielou, 1960). 

In addition to the weaknesses specific to each of these models, the assumption that 
a population's spatial dispersion can always be described by a single statistical 
distribution is often untrue (e.g. Rabbinge and Mantel, 1981). This means that less 
demanding models must be sought. 

IV. The probi t  m o d e l  Here, the relation between density and incidence is 
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Probit  (1 - P0) = Al + B1 log/z (4) 

where A 1 and B 1 are constants, to be estimated by regression. This model has been 
applied to populations of  cereal aphids by a number  of  authors (Rabbinge et al., 1980; 
Rabbinge and Mantel, 1981, 1982; Reitzel, 1982). 

V. Latteur's model. Latteur (1976) proposed that mean density can be expressed as a 
power function of the ratio of  infested to uninfested sample units: 

/~ = A2 (1 - P0)B2 (5) 

P0 
where A 2 and B 2 are constants. 

VL Nachman'smodel .  The decline in the number  of  empty sample units withincreas- 
ing density is likely to be proportional  to the number  of  empty sample units available 
for colonization, and to some increasing function of/z. Assuming that this is a power 
function, Nachman (1981) derived the relation: 

P0 = exp [ -  A 3/z B3] (6) 

where the constants (A 3 and B3) are to be estimated by regression. This model was us- 
ed successfully to describe data on the mites Tetranychus urticae and Phytoseiulusper- 
similis on cucumber (Nachman, 1981). 

A n a l y s i s  

In the sampling of  insect pests it is desirable to minimize the ratio of  the errors to the 
mean. This is equivalent to minimizing the error in estimates of  log/x. Equations 4, 
5 and 6 can be rearranged so that log/~ is linearly dependent on a t ransformation of  

P0" 
From equation 4, 

log/x = a I + b 1 Probit  (1 - P0) (7) 

where a 1 = - A 1 / B  1 and b 1 = 1/B v 
From equation 5, 

1 - Po 
log/x = a 2 + b 2 1 0 g [ ~ ]  (8) 

where a 2 -- log A 2 and b 2 = B 2. 
From equation 6, 

log # = a 3 + b 3 log ( - I n  P0) (9) 

where a 3 = - ( l o g  A3)/B 3 and b 3 = 1/B 3. 
The parameters of  these relations can be estimated for S. avenae by regression 

analysis of  field results, using the sample mean, m, as an estimate of/z, and the propor- 
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Fig. 1. Changes in the density of Sitobion avenae, m, 
on early-sown winter wheat in five fields on North 
Farm, Littlehampton, during 1980; $: sample dates 
used in analysis. 

t ion of wheat tillers uninfested as a measure of  P0" 
To test whether any of these relations can be used, with constant  parameters 

th roughout  the season, an  analysis of  covariance was performed,  using the grouped 
data  f rom each of  the sampl ing  sites. Each point  thus represents the data on  100 to 
400 tillers on  a part icular  sample date. The analysis tested whether the data  for all eight 
sample dates c o u l d  be fitted by a single regression equat ion,  or whether a separate 
equa t ion  was required for each week. Where one equa t ion  was found  to be sufficient,  

Table 1. Analysis of covariance. Grouped data, equation 7. For explanation see text. 

X 2 d.f. F p 

Homogeneity of variance 
(Bartlett's test) 7.76 7 - NS 

Different means - 7,68 11.45 * * * 
Individual lines rather than 

individual means - 8,60 124.31 * * * 

One line rather than one mean 
(i.e., regression) - 1,74 1403.43 * * * 

Individual lines rather than 
one line - 14,60 3.93 * * * 

Lines with common slope rather 
than individual means 

Lines with common slope rather 
than one line (i.e., 
different intercepts 

Individual lines rather than 
lines with common slope 
(i.e., different slopes) 

1,67 589.60 * * * 

7,67 0.66 NS 

7,60 6.80 * * * 

NS: p>0.05; * * *: p<0.001. 
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a further analysis of  covariance was performed using the groups of  25 or, if this was 
impossible (owing to heterogeneity of  variance), 50 tillers. For this second analysis, 
four sample dates were selected, to represent four very different stages in the popula- 
tion's development: 6 May (early in the exponential growth phase), 9 June (peak densi- 
ty, before the arrival of aphid-specific predators), 16 June (peak density of  aphids and 
predators) and 25 June (during the period of  rapid decline of the aphid population) 
(Fig. 1). 

Results 

Analysis of  the grouped data. The results of  the analyses of covariance are presented 
in Tables 1, 2 and 3. The regressions based on equations 7 and 8 varied between sample 
dates: the slopes of  the lines, b 1 and b 2, changed significantly during the period of  
observation. The data used here, therefore, could not be described by a single equation 
based on either of these two models. 

The analysis based on equation 9, however, revealed no significant variation in 
either slope or intercept. The grouped data could, therefore, be adequately described 
by a single equation: 

log m = 0.33 + 1.13 log [ln(n/fo)] (10) 

Table 2. Analysis of covariance. Grouped data, equation 8. For further details see text. 

X 2 d.f. F p 

Homogeneity of variance 
(Bartlett's test) 9.84 7 - NS 

Different means - 7,68 11.45 * * * 
Individual lines rather than 

individual means - 8,60 146.12 * * * 

One line rather one mean 
(i.e., regression) - 1,74 2146.30 * * * 

Individual lines rather than 
on line - 14,60 2.09 * 

Lines with common slope rather 
than individual means 

Lines with common slope rather 
than one line (i.e., 
different intercepts 

Individual lines rather than 
lines with common slope 
(i.e., different slopes) 

1,67 948.67 * * * 

7,67 0.96 NS 

7,60 3.01 * * 

NS: p>0.05; *: p<0.05; **: p<0.01; ***: p<0.001. 
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Table 3. Analysis of covariance. Grouped data, equation 9. For explanation see text. 

x 2 d.f. F 

Homogeneity of variance 
(Bartlett's test) 13,12 7 - NS 

Different means - 7,68 11.45 * * * 
Individual lines rather than 

individual means - 8,60 124.31 * * * 

One line rather than 
one mean - 1,74 2545.90 * * * 

Individual lines rather than 
one line - 14,60 1.41 NS 

Lines with common slope rather 
than individual means 

Lines with common slope rather 
than one line (i.e., 
different intercepts) 

Individual lines rather than 
lines with common slope 
(i.e., different slopes) 

1,67 1210.44 �9 * �9 

7,67 1.66 NS 

7,60 1.14 NS 

NS: p>0.05; * * * : p<0.001. 

(r 2 = 0.97, 74 d.f., p < 0.001) (Fig. 2) where n is the number  o f  tillers examined and 
f0 is the number  o f  uninfested tillers. 

Analysis of  ungrouped data. The results f rom blocks o f  25 tillers could not  be sub- 
jected to analysis o f  covariance, since the variance about  the lines (of  the fo rm o f  equa- 
t ion 9) was heterogeneous (Bartlett 's X 2 = 10.22, 3 d.f., p < 0.05). Table 4 shows the 
results o f  analysis o f  covariance using the data  for blocks o f  50 tillers. There is again 
no significant difference between the lines for the different sample dates; the single 
regression is: 

log m = 0.35 + 1.20 log [In(n/f0) ] 

r 2 = 0.95, 114 d.f., p < 0.001). 

(11) 

Discussion and conclusions 

The time and effort  required to moni tor  changes in aphid populat ions  may  be con- 
siderably reduced by use o f  incidence counts to estimate mean  density. In  this article, 
six forms suggested for the incidence-density relation have been considered. O f  the six, 
three require the assumpt ion  that  the populat ion 's  spatial dispersion can always be 
described by a single statistical distribution. This assumpt ion cannot  be made  for S. 
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Fig. 2. The  relat ion between the  logar i thm of  
the  mean  sample density (log m) and  
N a c h m a n ' s  t r ans fo rma t ion  of  the  p ropor t ion  
of  wheat  tillers infested by Sitobion avenae (n 
= n u m b e r  of  tillers examined;  f0 = n u m b e r  of  
tillers wi thou t  aphids).  Each  of  the  76 points  
represents the sample da ta  f rom one site (n = 
100-400) on  one day; data  f rom all eight sample 
dates. Four  points  are omit ted,  since they repre- 
sent samples in which no  aphids  were found,  i.e. 
log m = log [in(n/f0)] = - = 

Table  4. Analysis  of  covariance.  Da ta  f rom blocks of  50 tillers. Equa t ion  9. 

Homogene i ty  of  var iance 
(Bar t le t t ' s  test) 

Di f ferent  means  
Indiv idual  lines ra ther  t han  

individual  means  

One  line ra ther  t han  one mean  
Individual  lines ra ther  t han  

one line 

Lines with c o m m o n  slope ra ther  
t han  individual  means  

Lines with c o m m o n  slope ra ther  
t han  one line (i.e., 
d i f ferent  intercepts  

Individual  lines ra ther  t h a n  
lines with  c o m m o n  slope 
(i.e., d i f ferent  slopes) 

X 2 d.f .  F p 

5.66 3 - NS 

- 7,112 44.07 * * * 

- 4.108 250.20 * * * 

- 1,114 2370.52 * * * 

- 6,108 0.49 NS 

- 1,111 1024.81 * * * 

- 7,111 0.88 NS 

3,108 0.12 NS 

NS: p>0.05;  * * * : p<0.001. 
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avenae (Rabbinge and Mantel, 1981), so these three models are unsuitable. 
The other three models, however, make no such assumption. The analysis presented 

above shows that, for data on S. avenae on winter wheat in Sussex in 1980, only one 
model yielded a regression equation that remained constant throughout the summer: 
the parameters of  the models of  Rabbinge et a1.(1980) and Latteur (1976) varied 
significantly between sample dates; only model VI (Nachman, 1981) gave a single 
equation for all sample dates. 

Further research is required to elucidate the mechanisms resulting in the relations bet- 
ween density and incidence, and thus to provide conclusions about the extent to which 
these results can be generalized. 
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Samenvatting 

H e t  gebru ik  van incidentie voor  he t  schatten van graanluispopulaties.  3. Populat ie-  
on tw ikke l ing  en de relatie tussen dichtheid  en bezet t ingspercentage 

Om in de praktijk gebruik te kunnen maken van incidentie (de fractie bezette halmen) 
voor het schatten van graanluispopulaties moet dezelfde relatie tussen dichtheid en in- 
cidentie tijdens het hele groeiseizoen gelden. Uit analyses van veldgegevens voor de 
graanluis Si tobion avenae blijkt dat wel het geval te zijn, zodat bepalingen van inci- 
dentie kunnen worden gebruikt om de populatiedichtheid betrouwbaar te schatten. 

References 

Chambers, R.J., Sunderland, K.D., Stacey, D.L. & Wyatt, I.J., 1986. Control of cereal aphids 
in winter wheat by natural enemies: aphid-specific predators, parasitoids and pathogenic 
fungi. Ann. appl. Biol. (In press). 

Latteur, G., 1976. Les pucerons des c6r6ales: biologie, nuisance, ennemis. M6moire no 3, Centre 
des Recherches Agronomiques de l'Etat, Gembloux. 74 pp. 

Nachman, G., 1981. A mathematical model of the functional relationship between density and 
spatial distribution of a population. J. Anim. Ecol. 50: 453-460. 

Pielou, D.P., 1960. Contagious distribution in the European red mite, Panonychus ulmi (Koch), 
and a method of grading population densities from a count of mite-free leaves. Can. J. Zool. 
38: 645-653. 

Rabbinge, R., Ankersmit, G.W., Carter, N. & Mantel, W.P., 1980. Epedemics and damage effects 
of cereal aphids in the Netherlands. Bull. S.R.O.P. 1980/111/4: 99-106. 

Rabbinge, R., Kroon, A.G. & Driessen, H.P.J.M., 1984. Consequences of clustering in parasite- 
host relations of the cereal aphid Sitobion avenae: a simulation study. Neth. J. Agric. Sci. 
32: 237-239. 

182 Neth. J. PI. Path. 92 (1986) 



Rabbinge, R. & Mantel, W.P., 1981. Monitoring for cereal aphids in winter wheat. Neth. J. P1. 
Path~ 87: 25-29. 

Rabbinge, R. & Mantel, W.P., 1982. Monitoring and warning systems for cereal aphids in winter 
wheat, pp. 51-53. In" Bernard, J. (Ed.), Utilisation du pi6ge ~t succion en vue de prfoir les inva- 
sions aphidiennes. Euraphid, Gembloux. 

Reitzel, J., 1982. Development of simple registration methods for forecasting cereal aphid in- 
festations, especially in spring barley, pp. 54-55. In: Bernard, J. (Ed.) Utilisation du pi6ge ~t 
succion en vue de pr6voir les invasions aphidiennes. Euraphid, Gembloux. 

Roitberg, B.D. & Myers, J.H., 1978. Effects of adult Coccinellidae on the spread of plant virus 
by an aphid. J. appl. Ecol. 15: 775-779. 

Taylor, L.R., Woiwod, I.P. & Perry, J.N., 1979. The negative binomial as an ecological model 
and the density-dependence of k. J. Anita. Ecol. 48: 289-304. 

Taylor, L.R., Woiwod, I.P. & Perry, J.N., 1980. Variance and the large scale spatial stability of  
aphids, moths and birds. J. Anim. Ecol. 49: 831-854. 

Ward, S.A., Rabbinge, R. & Mantel, W.P., 1985a. The use of incidence counts for estimation 
of  aphid populations. 1. Minimum sample size for required accuracy. Neth. J. P1. Path. 91: 
93-99. 

Ward, S.A., Rabbinge, R. & Mantel, W.P., 1985b. The use of incidence counts for estimation 
of  aphid populations. 2. Confidence intervals from fixed sample sizes. Neth. J. P1. Path. 91: 
100-104. 

Neth. J. PI. Path. 92 (1986) 183 


