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Abstract. The efficiency of Monte-Carlo procedures to test some hypotheses about the spatial patterns of larvae and damages of
Lobesia botrana was studied. Two hypotheses were tested to detect spatial heterogeneity and spatial dependence. The most practical
implication is to provide an efficient sampling scheme. The study of the relationship between spatial patterns and grape availability
was required to explain scales of spatial heterogeneity and population dynamics studies were needed to relate it to oviposition behav-
ior. It was tested through a third hypothesis. We adapted Monte-Carlo simulation procedures for the analysis of exhaustive count
data obtained from regular grids delimited within each of two vineyards. Statistical analyses were based on count permutations and
on count redistributions according to the hypotheses which were tested. Indices of aggregation and autocorrelation statistics were
used. The hypotheses that we tested at different scales were random distribution of the infestations (Hx), independence of vine stock
(or groups of k vine stocks) infestation (H;) and independence between vine stock infestation and grape availability (Hg). Monte-
Carlo tests revealed the same spatial patterns for larvae and damages. We detected different spatial patterns. The implications for
sampling were that sample unit could be an individual stock and that sampling along a row could not be used to estimate population
density in the vineyard. Results showed that infestation of a given stock depended on grape availability on this stock and on neigh-

boring vine stocks.

INTRODUCTION

Lobesia botrana (Denis and Schiffermiiller) is consid-
ered a major pest of vineyards in European countries
(Roehrich & Schmid, 1979; Rochrich & Boller, 1991).
According to the climate, the European Vine Moth
(EVM) has two generations (Austria, Germany, Switzer-
land) or three generations (South of France, Mediterra-
nean countries). The EVM damages vary from year to
year and from vineyard to vineyard, depending on vine
phenology and moth phenology. The first generation lar-
vae feed on grape flowers making silked flower clusters.
The second generation larvae feed on young green berries
while the third generation larvae damage maturing
berries. The injury threshold for the first generation varies
from 15 to 100 larvae per 100 grape flowers depending
on vine ability to compensate for flower suppression
which can be high and is related to vine variety (Roehrich
& Schmid, 1979). The damages caused by larvae of sec-
ond and third generation are indirect because they in-
crease vine attack by Botrytis cinerea. In European coun-
tries, the action threshold varies from 2 to 20 larvae per
100 grapes, according to rainfall.

Pheromone trapping provides information on moth phe-
nology but is not a reliable indicator of EVM density in
vineyards (Rochrich & Boller, 1991). In these conditions,
Integrated Pest Management programs require performing
tools for sampling moth density in vineyards. Estimating
larval population density in a vineyard requires to have
defined how much precision is needed and a sampling
technique which minimizes sampling time and gives the

pertinent information. Some hypotheses are required be-
fore defining the sample unit and the procedure by which
the sample may be selected. Independence between sam-
ple units must be verified to define the sample unit, the
sample must be representative of the population to be
sampled, and redundant information should be avoided to
minimize sampling time. Information about the spatial
distribution of the pest is needed to answer these ques-
tions. On the other hand, the description of the spatial pat-
tern of the pest and especially the scales at which spatial
heterogeneity occurs is required to improve control by
mating disruption (Schmitz, 1992). The efficiency of this
method seems to be influenced by the local spatial distri-
bution of the moth (Schmitz, 1992). Environmental fac-
tors which might influence the spatial distribution of the
pest need to be pointed out. Taking them into account
could improve pest control and studies on the oviposition
behavior in the populations.

Very little is known about the spatial distribution of L.
botrana. Geier et al. (1953) found that the distribution of
larvae of both L. botrana and Eupoecilia ambiguella
(Hbn.) was not random: variability was greater inside
groups of four neighboring stocks (two adjacent stocks on
a planting row on two neighboring planting rows) than
between groups of the same size. These results concerned
two moth species, E. ambiguella being highly dominant.
On the other hand, no indication was given on population
distribution at other scales.

A wide variety of statistical methods have been used to
characterize spatial distributions. Some of them ignore the
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spatial position of the sample units and are based on the
estimates of distribution parameters as, for example the
parameter of aggregation of Taylor’s power law (1961),
Lloyd’s mean crowding (1967), or the parameter & of the
negative binomial distribution (Johnson & Kotz, 1969).
These parameters are of practical importance for the de-
velopment of sampling methods but are difficult to inter-
pret from an ecological point of view because the spatial
integrity of the observations is not maintained. On the
other hand, with such methods, it is assumed but gener-
ally not verified, that the sample units are independently
infested. The purpose of this study was to show how
Monte Carlo test procedures (Barnard, 1963) could be
valid and useful to answer to our questions about spatial
patterns. The procedures that we performed were based
on indices of aggregation and spatial autocorrelation sta-
tistics, calculated from exhaustive counts of damages and
larvae of the first and second generations of L. hotrana in
vineyards.

MATERIAL AND METHODS

Monte-Carlo tests

Besag & Diggle (1977) adapted the original Monte Carlo tests
(Barnard, 1963) to spatial data analyses. These tests are based
on the simulation of the tested hypothesis, for example that ad-
jacent units are infested independently of each other. We can
choose a statistics u to test the hypothesis H,. The observed data
set gives a calculated value u,,, of u. The hypothesis H, is simu-
lated s—1 times, and for each simulated run, the statistics u is
calculated. Thus, we obtain s—1 values of u: u,.....,u, ;. If these
values and u,; are ordered such as u(1),...,u(s), we have under
the hypothesis Hy:

P(uobs = u(l)) = % (i=1,..5)

Therefore, the rank of w.s (#(u0s)) may be used to construct
an exact test of the hypothesis Hy. It is based on the property:

P(r(uobs) Sk): %

Type I error is o and the number of simulations needed to
have a good power of the test is such as sa = 5 (Hope, 1968).
Thus, if o = 0.05, the number of simulations must be >100. If
s = 200, the rank of u,; which leads to rejecting of the hypothe-
sis Hy is <6 or >195 for a two-tailed test.

This kind of procedure leads to valid tests because it is not
necessary to know the exact distribution function of the statis-
tics which is often constrained to conditions such as mean >5 or
to approximations which are not always valid. On the other
hand, the variety of hypotheses that can be tested can be large as
the only condition is that we can simulate them.

with k£ = sa

Sampling data

Data were collected in 1996 in two naturally infested and un-
treated vineyards in Preignac (France) and in Wachenheim
(Germany). In Preignac, the observations were carried out on
the first generation of the moth (G1P) during the first week of
June (3rd to 6th June), and on the second generation (G2P) dur-
ing the last week of July (23rd to 30th July), while they con-
cerned the first generation in Wachenheim (G1W) from 24th to
26th June. In Preignac, the vineyard was 15 years old and con-
sisted of 6,300 vine stocks of the Sauvignon variety planted per
hectare. Its area was 2.5 ha, and the intervals were 1.60 m be-
tween vine stock rows and 1 m between vine stocks on a row. In
Wachenheim, the vineyard was 15 years old planted with 3,790
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vine stocks per hectare of the Riesling variety. The area was 5
hectares and the intervals were 2.2 m between rows and 1.2 m
between stocks on a row.

The observations were carried out exhaustively on subplots of
4 adjacent rows of 84 adjacent vine stocks for G1P (336 vine
stocks), 3 other adjacent rows of 84 adjacent vine stocks for
G2P (252 vine stocks), and 4 adjacent rows of 80 adjacent vine
stocks for G1W (320 vine stocks). The vineyards consisted of
about 90 vine stocks per row, and the subplots were located at
the centre of the vineyards to avoid edge effects.

The observations were carried out after egg hatching and be-
fore the leaving of the oldest larvae for pupation in the foliage
or the trunks. For the first moth generation (G1P and G1W), the
number of damages was the number of larval nests. For the sec-
ond generation of the moth (G2P) the number of damages was
the number of foci with foraged berries, a foci being an isolated
or a group of foraged berries. The number of damages per grape,
for all the grapes of each vine stock in the subplot, was deter-
mined directly in the vineyard. Larval nests or foci with foraged
berries were brought back to the laboratory and were dissected
to determine the number of larvae. In all locations, we calcu-
lated the number of larvae per stock, the number of damages
(larval nests or foci with foraged berries) per stock and the num-
ber of grapes per stock.

Data analysis

For data analysis we considered that each subplot in the vine-
yard was a regular grid consisting of 4 (G1P, G1W) or 3 (G2P)
rows and 84 (G1P, G2P) or 80 (G1W) vine stocks.

To study the scales of pattern, we tested the hypotheses de-
scribed later, at different sizes of unit by associating adjacent
vine stocks into successively larger units of size £k = » X ¢ vine
stocks, » adjacent vine stocks on the same row and ¢ adjacent
vine stocks on different rows. When » = ¢ = 1, the unit is the
vine stock. This method was first described by Greig-Smith
(1952) for the study of plant community structures.

The number of simulations calculated according to Hope’s
(1968) recommendations, was 200, and o = 0.05. Simulations
were conducted using programs (Badenhausser, 1993) devel-
oped with Splus language (Venables & Ripley, 1994). We tested
three hypotheses for a given scale k. Hypotheses Hrand H; were
tested in order to define a sample unit and the procedure by
which sample could be collected to estimate population density
at a given scale. Spatial variability and the scales at which it oc-
curred were also described by testing these hypotheses. The in-
dependence between stock infestation and grape availability was
tested through hypothesis H at different scales.

Hy: hypotl;lesis of random distributi;)n of the total number of

larvae, NZZI z;, or damages, DZZI Vi, observed on the n
i= i=

units. The hypothesis was simulated by redistribution of N in-
sects or D damages independently of each other in the # units.
To illustrate the simulation, let us take the following observed
count data set (S1):

o= o W
S = O

A possible simulated run under Hz at scale 1 x 1 could be:

l\)»—‘oog»—‘»—too
el ==t =

RO O

R
0
0
2
1
Two statistics were chosen. The index of dispersion (Pielou,

1969) tests Hr against regularity or against aggregation. Regu-
larity can be defined as a spatial pattern in which the possibility



of any individuals occurring at distances of less than d apart is
null, i.e. for which the individuals in the population are equidis-
tant from each other (Upton & Fingleton, 1988). It could be pro-
duced by a territorial behaviour, which when observed, concerns
generally a small area. Random distributions are not frequent in
insect populations. Aggregation is more frequent due to environ-
mental heterogeneity or to insect behavior. I is calculated as

Y )
ID — i=1 — : -

where x;is the count (larvae or damages) on unit i.

The local variance provides information about the difference
between two adjacent units. It was calculated when units were
neighbors on the same row (V) and when units were neighbors
on different rows (V,). If counts are randomly distributed, the
differences between two adjacent units are small (but not too
small), while aggregation is detected when the differences be-
tween two adjacent units are high,

n—1 (JC'—)C' )2
Xl
V:E‘l XX

Aggregation does not mean that counts in the units are corre-
lated or independent of each other, but that some units have no
individuals and some have a lot.

H;: Hypothesis that all count permutations (insects or dam-
ages) have the same probability of occurring, i.e. vine stocks or
group of vine stocks are infested independently of each other.
The hypothesis was simulated by random permutation of the »
units. The counts or damages per unit were maintained but their
spatial integrity was not. To illustrate the simulation, we can
take data set S1. A simulated run under H; at scale 1 x 1 could
be:

1110
2001
0300
1022

If the pattern scale is k= 2 x 2 a possible simulated run under
H; from data set S1 could be:

25
34

Moran’s indices (Cliff & Ord, 1973) characterize the autocor-

relation between neighboring units

ni(xi—)_c)(xj—)_c)wij

Iy= %
(B S
# =1

where w = (wj) is the weighting matrix which gives the possi-
bility to have different weights according, for example, to the
proximity of the neighbors. In our case, w;= 1 if / and j are de-
fined as neighbors and w; = 0 if not. We calculated three
indices: I, when units i, j were neighbors on the same row with
j =1+ 1, I, when units i, j were neighbors on different rows
with j = i + 1, and I, when we considered the two nearest
neighbors on the same row and the two on different rows.

Hg: Hypothesis that a vine stock (or group of vine stocks) is
infested independently of the number of grapes of the stock (or
of the group of stocks) and of its neighbors. The hypothesis was
simulated by random permutation of the number of larvae in the
n units. The numbers of larvae and of grapes per unit were
maintained, but their relative spatial position was not main-
tained. We calculated the correlation »(x;, y;) between the num-
ber of larvae per unit x; and the number of grapes of the same
units y;, and the covariance cov(x;, yi1 + yi+1) between the num-
ber of larvae per unit x; and the number of grapes of the nearest
neighboring units on the row y.; and ;1.

TaBre 1. Statistical description of larvae and damage counts
per vine stock in three vineyards. Ip, index of dispersion, SD,
standard deviation.

G1P G2P G1W
Larvae Damage Larvae Damage Larvae Damage

Mean 1.67 288 1.04 148 342  5.68

SD 198 342 139 1.99  3.01 478

In 235 407 186 2,69 265 4.02
Number of
stocks with:

0 122 104 127 110 48 33

1 79 52 55 55 43 27

2 50 36 32 30 55 46

3 33 38 18 21 53 24

>3 52 106 20 36 121 190

% infested, 64 69 49 56 85 90
damaged

Hy, H; were tested for each of the vineyards at different scales
k=rxc,withr=1,2,4,5(GIW) or 6 (GIP, G2P), 10 (G1W)
or 12 (G1P, G2P), 20 (G1W) or 21 (G1P, G2P), 40 (G1W) or 42
(G1P, G2P), and ¢ = 1, 2, 3 (G2P) or 4 (G1P, G1W). When ¢ =
3 or 4, Vr and I, were not calculated.

Hg was tested for each of the vineyards at different scales: k =
rxc,withr=1,2,4,5(GIW) or 6 (G1P, G2P), 10 (G1W) or
12 (G1P, G2P), and ¢ = 1.

RESULTS

Spatial pattern of larvae and damages in vineyard
G1P

The mean number of larvae per vine stock was 1.67
with 64% of infested stocks (Table 1), while the mean
number of damages per vine stock was 2.88 which corre-
sponded with 69% of damaged stocks. This could be ex-
plained by the fact that one larva can make more than one
damage or by insect mortality. The first result given by
Monte-Carlo tests was (Table 2) that the distribution of
larvae was very close to the distribution of damages, as in
most of the cases the tests were significant for both
counts at the same scales. The spatial distributions of lar-

TaBLE 2. Spatial analysis of the pattern of larvae and damages
of EVM in vineyard G1P (first moth generation in Preignac).
Monte-Carlo tests of the hypotheses Hg, H;, Hg: scales k=r x ¢
at which ranks of the indices are significant (>195). NS = non
significant for all k (Ip, index of dispersion, V., local variance
between stocks on the row, V,, local variance between rows, I,
Moran’s index between stocks on the row, I, Moran’s index
between rows, [y, Morans’s index between rows and stocks,
r(x; y;) correlation between counts and number of grapes,
cov (x;, yi1 T yi1) covariance between counts and number of
grapes on neighbors).

Hypothesis Index Larvae Damages

Hz Ip all k all k

Ve, Vs all k allk

Hi T 1x1 4x1 6x1 1x1

L NS NS

T 1x1 NS
Hes r(xi, vi) all k -
cov(Xy, yi1 + Yir1) 1x1 -
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TaBLE 3. Spatial analysis of the pattern of larvae and dam-
ages of EVM in vineyard G2P (second moth generation in
Preignac). Monte-Carlo tests of the hypotheses Hr, H;, Ho:
scales k = » x ¢ at which ranks of the indices are significant
(>195). NS = non significant for all k (Ip, index of dispersion,
V., local variance between stocks on the row, V,, local variance
between rows, s, Moran’s index between stocks on the row,
I, Moran’s index between rows, Iz, Morans’s index between
rows and stocks, #(x;, y;) correlation between counts and num-
ber of grapes, cov(x;, yi1 T yi+1) covariance between counts and
number of grapes on neighbors).

Hypo- Index Larvae Damages
thesis
Hp Ip 1x1 2x1 4x1 1x1 1X2 2X2 4x1 4%X2
6x1 12x1 21x1  6x1 12x1 21x1 42x1
Vi 1x1 1x22x14x1  1x1 1x2 2x1 4x1 4%x2
4%2 6x1 12x1 21x1  6x1 6x2 12x1 21x1
v, 1x1 2x1 4x1 6X1 1x1 2x1 4x1 6x1
12x1 12x1 21%1
H; Lo NS 1x1 2x1
Ly NS NS
L NS 2x1
Hg (X, yi) all & -
cov(x,, Yia +y1+1) 2x1 -

vae and damages (Table 2) were not random: ranks of the
statistics Ip, ¥, and ¥, were significant whatever the scale.
The counts (larvae or damages) were aggregated (ranks
>195). Aggregation does not mean that vine stocks were
correlated or infested independently of each other, but
that some units were not infested while some were highly
infested. As Hy was rejected for all values of £, it was not
possible to draw conclusions, on the basis of these results,
about the heterogeneity between rows. Differences of
density in both larvae and damage counts occurred be-
tween rows. The fourth row was significantly less in-
fested (x = 1.15 larvae per stock) and less damaged (x =
2.25 damages per stock) than the others.

Results of the tests of H; answered the question of the
spatial dependence of the infestations. Adjacent vine
stocks on a row were not infested independently of each
other (larvae and damages): the rank of /iy, was significant
(>195) for k=1 x 1. It was also significant for the num-
ber of larvae per unit of size k=4 x 1 and k=6 x 1, but
not for the damage counts. The rank of /3, was never sig-
nificant for larvae or damage counts. This result showed
that adjacent vine stocks or groups of vine stocks on dif-
ferent rows were infested independently of cach other.
For larvae counts, the results were close to damage
counts.

Whatever the scale, the number of larvae per stock (or
group of stocks) depended on grape availability of the
stocks (or of the group of stocks) (Table 2), as the ob-
served correlation between infestation and grape avail-
ability was greater than all correlations calculated under
the hypothesis of independence. When considering grape
availability on the nearest neighbors, it was interesting to
see that stock infestation depended on the number of
grapes of the neighboring stocks at the scale of the indi-
vidual stock k=1 x 1 (Table 2).
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Spatial pattern of larvae and damages in vineyard
G2P

The infestation per vine stock for the second generation
of the moth was less than for the first generation, as there
was only 1.04 larvae per stock (49% of infested stocks)
and 1.48 damages per vine stock (Table 1), and 56% of
the vine stocks were damaged. Monte-Carlo tests (Table
3) showed that the infestations (larvae or damages) were
generally not randomly distributed (hypothesis Hr re-
jected for several k) and aggregation was demonstrated
for several scales (ranks of the criteria >195). The same
results were observed when considering the damages. At
large scales, for k =r x ¢, with » > 21 and ¢ > 1, the spa-
tial pattern for larvae was not significantly different from
a random distribution, and it meant that there was no sig-
nificant variation of density among stock infestations and
damages between the 3 rows. For the larvae counts, units
were infested independently of each other whatever the
size of the unit (rank of the criteria never significant for
H)). Results concerning the independence between dam-
age counts were different from those obtained for larvae
counts: damage counts on adjacent vine stocks on the
same row were correlated (rank of 7, was >195 when &k =
Ixlandk=2x1).

As for the first moth generation, stock infestation de-
pended on grape availability on the stock (Hg with 7(x;, ;)
rejected for all k) (Table 3). The influence of grape avail-
ability on the neighbors was also shown at small scales (k
=2 x1) (Table 3).

Spatial pattern of larvae and damages in vineyard
G1W

This vineyard was highly infested with 3.42 larvae and
5.68 damages per vine stock (Table 1). 15% of the vine
stocks were not infested and there was a great heteroge-
neity between the infestation of individual vine stocks [/p
= 2.65 for the number of larvae per stock (Table 1)].
Some of them were not infested while some others con-
tained 19 larvae. The results of Monte-Carlo procedures
(Table 4) showed that for all scales, the infestations (dam-

TaBLE 4. Spatial analysis of the pattern of larvae and damages
of EVM in vineyard G1W (first moth generation in Wachen-
heim). Monte-Carlo tests of the hypotheses Hg, H;, Hs: Scales k
= r % ¢ at which ranks of the indices are significant (>195). NS
= non significant for all & (I, index of dispersion, V,, local vari-
ance between stocks on the row, V,, local variance between
rows, I, Moran’s index between stocks on the row, I, Mo-
ran’s index between rows, Iy, Morans’s index between rows
and stocks, #(x;, ;) correlation between counts and number of
grapes, cov(x, y.1 + Y1) covariance between counts and num-
ber of grapes on neighbors).

Hypothesis Index Larvae Damages

Hy Ip all k allk

Vs, Vs all k allk

H; I all k allk

Ly all k allk

s all k allk
Hg r(x, vi) 1x12x1 5x1 _
cov(Xy, Yii + Yir1) NS -




ages or larvae) were not randomly distributed (Hz was al-
ways rejected against aggregation). Neighboring stocks or
groups of adjacent stocks on the row, or on different
rows, were correlated at all scales (H; was rejected for all
k). In the same row, the infestation of a stock was corre-
lated with the infestation of its neighbor with a global
trend to decrease from the first to the last stock of the
row. Between rows, the infestations of neighboring stocks
were also correlated as the within-row decrease was ob-
served in the same way in all rows. Such results revealed
a gradient of infestations. There was no significant differ-
ence in the density of the infestations or damages between
the four rows.

The hypothesis of independence between stock infesta-
tion and the number of grapes on the stock was rejected at
some scales (Table 4), while there was no influence of the
number of grapes of the neighboring stocks on stock in-
festation [rank of cov(x;, yi1 + y:+1) never significant] (Ta-
ble 4).

DISCUSSION AND CONCLUSION
Spatial patterns of L. botrana larvae and damages

Statistical analyses of the spatial data of L. botrana re-
vealed different spatial patterns. In all cases, there was a
high variability at the elementary scale (one vine stock)
which demonstrated aggregation.

In Wachenheim, spatial patterns could not be inter-
preted from a biological or from a sampling point of view
because the gradient phenomenon was predominant. A
gradual infestation could be explained by environmental
conditions, such as wind direction or strength during
flight for selecting oviposition site, but this hypothesis
can’t be confirmed.

For the first moth generation in Preignac, spatial pattern
was highly aggregative as Geier et al. (1953) also found
for L. botrana and E. ambiguella and variations in density
infestations, which could reach 40% from a row to the
other, were observed. On the same row, the infestations
of adjacent vine stocks were correlated. Correlations were
also observed on the row at the scale of 12 adjacent
stocks. The different rows were independently infested.
Aggregation could be explained by moth oviposition be-
havior and especially site seeking. Besides, female mobil-
ity for oviposition is quite limited (30 m) after mating
(Schmitz, 1992) and seems to be more frequent among
stocks within the same row than between rows. This
could explain why infestations were correlated at some
scales within a row. Larval mobility could also explain
spatial pattern, but the exploration distances are certainly
restricted to an individual stock even if moving could be
observed during a long period (till 24 h) for neonate lar-
vae of the first moth generation before penetration in the
bud (Marchal, 1912).

In the same vineyard, the spatial pattern of the second
moth generation was less structured than that of the first
generation, and can be assimilated at some scales to ran-
dom distribution. This could be attributed to the small
means (near 1 per stock) for which it is difficult to distin-
guish randomness and aggregation (Upton & Fingleton,

1988). Aggregation was essentially observed at the scale
of the stock and there was no variation in the density of
infestations and damages between rows. This scale of pat-
tern can be related to moth behavior rather than to vine
stock heterogeneity because the subplot was different
from that of the first generation. The infestations of
neighboring stocks were independent.

Using the interpretable results (Preignac), we can con-
clude that the first scale for spatial heterogeneity is the
vine stock, because aggregation was always detected at
that scale. Positive correlation occurred for vine stock in-
festations on the same row but never between different
rows. A spatial pattern was observed at the scale of 12 ad-
jacent stocks on the same row. We can not compare our
results with those obtained by Geier et al. (1953) because
their spatial data was not collected on a plot exhaustively
sampled, the size of their plot was greater (100 stocks x
80 planting rows) and two species were sampled, E. am-
biguella being largely predominant.

The spatial pattern of the damages was, in all the cases,
very close to that of the larvae. The damages as they were
defined corresponded to the consumption of grape flow-
ers (first moth generation) or of the berries (second moth
generation) by the larvae. The mobility of the larvae be-
ing surely restricted to the vine stock where they have
been deposited (Marchal, 1912), this result was not sur-
prising.

Spatial relationship between stock infestations and
grape availability

In all cases, the number of larvae per stock was corre-
lated with the number of grapes of the stock, stocks with
a lot of grapes being more infested than stocks with fewer
grapes. Of course when there were no grapes on a stock,
no larva was found on the stock. However, this did not
occur in Wachenheim and was rare in Preignac (7% of
the stocks had no grapes). From a spatial point of view,
our results, when considering the number of grapes of the
nearest neighbors on the row of a stock, suggested that
the micro-environment of an individual stock had an ef-
fect on the moth. With a given number of grapes, a stock
was more infested when it was surrounded by stocks with
a lot of grapes than when it was surrounded by stocks
with fewer grapes. This relationship was suggested for
EVM by Geier et al. (1953) and Fermaud (1990), and was
demonstrated for some other grape moths (Clark & Den-
nehy, 1988), due to the amount of grape volatiles. In our
conditions, it occurred at small scales of 1 or 2 stocks on
each row.

Implications for sampling

Estimating larval population density is a current objec-
tive when sampling populations. Defining a sampling
method for this objective requires accurate identification
of the population to be sampled and a degree of precision
which is to relate to the use of the estimate and to the
ramifications of an incorrect estimate. These are not the
purposes of this study, but consideration must be given to
these points when evaluating and proposing sampling
procedures. Then the sample unit and the procedure by
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which the sample may be selected are needed. The sample
unit must lead to independent observations and to a re-
duced sampling cost. The results obtained in this study
showed that redundant information could be obtained
when sampling adjacent stocks on the same row because
infestations of adjacent stocks were correlated. This was
unlikely because for a same required sample size, sam-
pling adjacent stocks reduced surveyor movement in the
vineyard and then sampling time. On the other hand, we
have shown that spatial heterogeneity was maximum at
the scale of the stock. For these two reasons, an individ-
ual stock seems to be a good sample unit.

On the basis of our study we can not propose a proce-
dure by which the sample may be selected. It consists in
defining the sample size and the plan to choose the units.
The calculation of the sample size is based on specific
studies to determine a model describing variability be-
tween sample counts, for example a variance-mean rela-
tionship. This can be done on the basis of a great number
of surveys in different locations and years. Planning how
to choose the sample requires also specific studies, be-
cause sampling plans must be simulated to calculate their
sampling characteristics and then to test and to compare
their efficiency. However, we have shown that at the
scale of a vineyard, spatial heterogeneity could occur. In-
festations could be different between rows, so that sam-
pling along a row could lead to a non representative
sample of the vineyard population. Therefore, if the popu-
lation to be sampled is the vineyard population, sampling
cannot be limited to units observed along a row.

Contribution of Monte-Carlo tests to detect spatial
patterns

The statistical method that we have used allowed us to
describe different spatial patterns and provided valid re-
sults as it needed no approximation about the distribu-
tional function of the indices. It may be largely adapted to
other situations for ecological studies (Badenhausser,
1994; Vaillant & Hawlitzky, 1990). The conditions which
are needed are to precisely identify the hypothesis tested
(even a complex one), to choose indices and to simulate
the hypothesis. For example, the spatial relationship be-
tween the density of grapes and the infestations, accord-
ing to some models, can be studied by using these
methods. More precisely, we can test if the number of lar-
vae in unit 7 is a defined function, for example a positive
proportionality, of the number of grapes of the same unit,
or of the adjacent units. The simulations may consist in
the redistribution of the larvae in the units according to
this function, and covariance may be used as an index to
test the hypothesis.

REFERENCES

BaDpENHAUSSER 1. 1993: Etude de la répartition du puceron Bra-
chycaudus helichrysi Kalt. a I’échelle de la parcelle et de la

380

plante de tournesol Helianthus annuus L. Apports pour 1’é-
chantillonnage. Thése, Université de Rennes, 109 pp.

BapeEnHAUSSER 1. 1994: Spatial patterns of alate and apterous
morphs of the Brachycaudus helichrysi (Homoptera: Aphidi-
dae) in sunflower fields. Envir. Entomol. 23: 1381-1390.

Barnarp G.A. 1963: Discussion of the paper by Prof. M.S.
Bartlett. J. Stat. Soc. (Ser. B) 25: 294.

Besac J. & DigGLe P.J. 1977: Simple Monte Carlo tests for spa-
tial pattern. Appl. Stat. 26: 327-333.

Crark L.G. & Denneny T.J. 1988: Oviposition behaviour of
grape berry moth. Entomol. Exp. Appl. 47: 223-230.

Curr A.D. & Orp JK. 1973: Spatial Autocorrelation. Pion,
London, 178 pp.

Fermaup M. 1990: Incidences des attaques larvaires d’Eudémis
(Lobesia botrana) sur le développement de la pourriture (Bot-
rytis cinerea) chez la vigne: véle des facteurs du milieu et mé-
canismes mis en jeu. Thése de doctorat de I'INAPG, INRA,
Paris, 104 pp.

GeEr P., MaTays G., MurBacH R. & WEBER A. 1953: Estima-
tion des populations de vers de la grappe (Clysia ambiguella
Hb. et Polychrosis botrana Schiff., Lép. Tortric.). Annu.
Agric. Suisse 2: 953-958.

GreiG-Smrre P. 1952: The use of random and contiguous quad-
rats in the study of the structure of plant communities. Anz.
Bot. (N.S.) 16: 293-316.

Hore A.C.A. 1968: A simplified Monte Carlo significance test
procedure. J. Stat. Soc. (Ser. B) 30: 582-598.

Jounson N.L. & Kotz S. 1969: Discrete Distributions. John
Wiley & Sons, New York, 328 pp.

Lroyp M. 1967: Mean crowding. J. Anim. Ecol. 36: 1-30.
MarcHaL P. 1912: Mission d’étude de la Cochylis et de
I’Eudémis. Librairie Polytechnique, Béranger, Paris, 326 pp.
PisLou E.C. 1969: An Introduction to Mathematical Ecology.

John Wiley & Sons, New York, 266 pp.

RoenricH R. & BoLrer E. 1991: Tortricids in vineyards. In Van
Der Geest L.P.S. & Evenhuis H.H. (eds): World Crop Pests 5:
Tortricids Pests, Their Biology, Natural Enemies and
Control. Elsevier, Amsterdam, pp. 507-514.

RoenricH R. & Scambp A. 1979: Lutte intégrée en viticulture.
Tordeuses de la grappe: évaluation du risque, détermination
des périodes d’intervention et recherche de méthodes de lutte
biologique. In: Proc. Int. Symp. IOBC/WPRS on Integrated
Plant Protection in Agriculture and Forestry, 8—12 October
1979, Vienna, Austria. IOBC/WPRS, France, pp. 245-254.

Scumrrz V. 1992: Contribution a I’étude du mécanisme de la
confusion sexuelle des mdles chez I'insecte, application a la
mise au point du procédé biotechnique de lutte contre
IEudémis de la vigne Lobesia botrana Den. et Schiff. Thése
de doctorat de ’ENSAR, INRA, Rennes, 113 pp.

Tayror L.R. 1961: Aggregation, variance and the mean. Nature
(London) 4: 732-735.

Urton G.J.C. & FivoLeTON B. 1988: Spatial Data Analysis by
Example. Vol. 1. John Wiley & Sons, New York, 409 pp.

VAILLANT J. & Hawrirzry N. 1990: Statistical analysis of occu-
pancy rates for overdispersed populations by redistribution
procedures: application to the European corn borer egg
masses distribution. Res. Popul. Ecol. 32: 289-301.

VenaBLEs W.N. & RipLey B.D. 1994: Modern Applied Statistics
With Splus. Springer, New York, 462 pp.

Received July 27, 1998; accepted April 8, 1999



