VI Conference of the Biometric Society (Spanish region)
Cordoba 21-24 September, 1997

Spatial distributions of counts at the edges of sample areas
Joe N. Perry & Zdzislaw Klukowski

Department of Entomology & Nematology, Rothamsted Experimental Station, Harpenden,
Herts. AL5 2JQ, UK. Email: joe.perry@bbsrc.ac.uk Fax: +44 1582 760981 Phone: +44
1582 763133
ABSTRACT
The assessment of spatial pattern, whether for mapped data or data in
the form of counts, is more complex when many of the sampled
individuals occur towards one or more edges of the sampled area. This
paper presents new methodology to study such patterns for counts,
especially useful for insect pests, weeds and diseases.
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1  Introduction

SADIE is a set of techniques for analyzing spatial data (Perry, 1997a). The resolution
of spatial data is greatest in maps, where the location of each individual is known
precisely in two-dimensional space, and the sample area, usually a rectangle, is
defined. It is less when the data are in the form of counts of individuals within
spatially-defined areas or sample units. SADIE is based on comparisons of the
observed patterns with two extreme, baseline alternatives: crowding, where all
individuals in the sample are observed as close as the spatial resolution allows, and
regularity, where the individuals are observed spread as evenly as resolution allows.
For mapped data, the techniques require that the sample area be a rectangle; for count
data there are no restrictions on where the sample units may be located in two
dimensions and irregular spacing of units, not on a grid, are perfectly acceptable.

For data in the form of maps, the proportion of points towards the outside of
the sampled area may be relatively large, and these may cause problems with nearest-
neighbour techniques due to edge-effects (Ripley, 1988). Additional information from
the area outside that sampled is not usually available. The algorithm underlying the
SADIE technique applied to maps (Perry, 1995a) automatically adjusts for this kind of
edge effect. For counts (Perry 1995b), similarly, because the SADIE calculations for
the observed data use information restricted to the numeric list of the sampled counts



and the coordinates of the sample units, or randomizations of these values, such edge
effects cannot occur, by definition.

However, as Perry (1997a) mentioned, the two measures of distance to
regularity, D, and distance to crowding, C, behave differently when the data consist, as
is common, of one or two clusters of individuals closely located in a relatively small
part of the sampled area, with the rest of the sampled area empty. Then, C is
unaffected by the precise location of the cluster(s) in the otherwise empty area, while
D is affected by how closely the cluster(s) is located to the centre or to the edge of the
sampled area. The value of D is greater the further the cluster(s) is displaced from the
centre, and so is the resulting index of aggregation, 1,, indicating a greater degree of
clustering. Note that precisely the same concerns apply to mapped data as to counts.
Perry (1995a) discussed, for mapped data, whether the latter dependence should be
regarded as artefactual, and concluded that this was not necessarily the case, but
depended on the species sampled, its mobility, the degree to which it exploited nearby
resources, and whether the sample area was defined by the natural habitat, as in an
island surrounded by sea, or whether it was defined arbitrarily, as in a 1m? quadrat
thrown randomly within a homogeneous arable field.

Of course, any difference in the interpretation of the measures occurs because
they are measuring different aspects of spatial pattern. Hence, crowding is by
definition a measure referring to a specific focal point (for mapped data) or sample
unit (for counts); its characterization of the spatial pattern of an isolated cluster(s) is
local in nature, and relates to the congregation of a population within an area defined
by the smallest boundary that encloses the individuals sampled. By contrast,
regularity is a measure that refers by definition to the entire area sampled; its
characterization of pattern is global and relates to the dispersal of the population to all
parts of the sampled area. The distinction may be seen readily for counts, by noting
that the addition to the data of a further sample unit with a count of zero leaves C
unaffected, but must alter D, and that the degree of alteration in D depends on the
location of the extra unit.

To explore this effect for counts a simple means is required of quantifying the
degree to which a set of observed counts occupies the edge or the centre of the area
defined by the sample units. Perry (1996) noted that the distance o, between the
centroid of the counts (X, y.) and the centroid of the sample units (x,, y,) could
provide the description required.

2  Methods & Results

Perry (1996, 1997a) showed how the use of constrained randomizations could be used
to study the effect. In these, a rearrangement by permutation of the observed counts
amongst the sample units is restricted to have a value of & within a specified small
value of the observed data. The resulting index of aggregation, K,, is also based on



moves to regularity, but differs from I, in that it relates to the aggregation of the
observed data compared with all those permutations that have the same value of d.
The biological interpretation of this index is perhaps best described as relating more to
spatial pattern within the area defined by the cluster(s) itself, instead of the entire
sampled area, and therefore at a smaller scale than that of the observed data.
Aggregation is therefore measured at two scales by the two indices. If the cluster
occurs towards the edge of the sampled area, with the other sample units being empty
of individuals, then this contrast in the overall spatial pattern would usually be
strongly indicated by I,. Within the cluster, the density might fall away from the
centre towards its outer region (as for Heterodera avenae studied by Perry, 1997b),
yielding a relatively large value for K,  Alternatively, if the density varied
asystematically within the cluster (as for Globodera rostochiensis, Perry, 1997b), a
relatively small, non-significant value for K, would result. Consider as an example
the counts of the seed weevil, Ceutorynchus assimilis, in 36 traps (Fig. 1), (Klukowski
etal., in prep). There is clearly at least one cluster located towards the top edge of the
roughly rectangular sampled area, indicated by the relatively large value of =69.6,
about a quarter of the length defined by the boundary of the sampled area. As
expected, 1,=1.49 (P=0.015), indicating strong aggregation. At the smaller scale,
within the cluster itself, the spatial pattern appears much weaker, and although there
appear to be two clusters, defined by the non-zero counts {8,1,4,1,2,3,1} and
{1,6,1,3}, they are perhaps not separated by sufficiently large a gap to be truly distinct.
This is confirmed by the value of K,=1.04, which is greater than unity and thus
indicates aggregation, but does not quite attain statistical significance (P=0.09). The
use of K, is intended only for data that have a relatively large value of o.

The above approach analyzes the data as it is observed. It is almost certainly
correct for these data because the sampled area shown represented the totality of the
locally-available habitat. Consider now, however, if this had not been the case, and
instead imagine those counts sampled from only a small part of a larger homogeneous
habitat from which the sample could equally well have been taken. Then, especially if
the sampled insect was considered to be relatively rare, the presence of the cluster at
the edge might be deemed a purely fortuitous consequence of the random placement
of the collection of sample units. It might be argued that if the sample units had all
had the same distances apart relative to one another, but been displaced slightly
further by about 60 units in the y-direction, that the sampled cluster would have
occurred close towards the centre of the sampled area, and, by assumption, again
surrounded by zero counts. Then, the value of &
would have been much smaller, and it might be asked by how much the aggregation
measured by I, would have been reduced, or even whether the observed spatial pattern
would still be apparent. It must be emphasized that these are hypothetical questions,
relating to data that was not observed. Also, that although the scenario is easy to
specify in these vague, general terms, it is not so easy to define, objectively and



mathematically, precisely what hypothetical data should be considered. However, two
techniques are offered for such studies.

In the first, termed a 'translation’ technique, the locations of the units with zero
counts are each displaced by an amount A, in the x-direction and A, in the y-direction
so as to make the value of & for the hypothetical data exactly equal to zero. Suppose
that the x and y components of o for the observed data, calculated by subtraction of the
centroid of the sample units from the centroid of the counts, are denoted as d,and d,
respectively (so that & = X. - X,, & =Y - Yp, and & + §,° = &"), and that there were n
counts of which m were zero. It is easy to see that A,=nd,/m and A,=nd,/m. For the
above example, 8,=5.87 and &,=69.38, n=36 and m=24, so A,=8.80 and A,=104.07.
Hence, the value of zero that was originally counted at the unit with position (10,30)
would be translated in the hypothetical data to position (18.80,134.07), the other zero
counts would be moved similarly, the non-zero counts would remain in their original
positions and the whole set would appear as in Fig. 2. This technique preserves the
spatial relationship of the non-zero counts to each other, and preserves that of the
zeroes to each other, but alters that of the zero counts to that of the non-zero counts. It
attempts to reflect what might have been observed had the same number of sample
units been used to observe the only individuals in the entire large area that could have
been sampled, and if the centroid of the observed counts coincided exactly with that of
the sample units, so that there was no tendency whatsoever for the counts to be located
towards an edge of the sampled area. In these hypothetical data (Fig. 2), the cluster, if
it exists, appears much more diffuse among the other sample units with zero counts,
and it is not difficult to imagine, given the non-zero counts observed, that they have
been distributed almost randomly amongst the sample units. This impression is
supported by the value of I, of 0.91 that is not significantly different from unity
(P=0.695). One obvious feature of this technique is that the location of the sample
units as a whole in the hypothetical data do not resemble that of the observed data; this
may be undesirable.

As an alternative, the second 'permutation’ technique relies purely on swopping
the locations of counts within pairs comprising a non-zero and a zero count, in an
attempt to preserve, as far as possible, the spatial relationship of the non-zero counts to
one another, whilst minimising the value of & for the hypothetical data. This preserves
exactly the location of the sample units, but permutes the counts observed. When the
data are on a grid this may be a trivial exercise, so long as the proportion m/n is large.
If, as here, the units are irregularly spaced, it may not be possible to preserve the
spatial relationship of the non-zero counts to one another, and some compromise
approximation is the best that can be achieved. For many sets of data, the technique
therefore suffers from the need to make subjective decisions. The permutation shown
(Fig. 3) is not ideal, although it is one of the best that could be achieved. The new
value of 3=7.95 for the hypothetical data is some way from zero, and the relationship
of the non-zero counts to one another has some minor unavoidable imperfections.



However, since the data are only hypothetical, perhaps this degree of accuracy is
acceptable; certainly they represent realistically what might have been observed had
the sample units been placed in different locations, on the assumption that the sampled
individuals were rare elsewhere. As for the hypothetical data from the translation
technique given above, Fig. 3 shows a diffuse cluster with non-zero counts that might
easily have been the outcome of a random distribution. The value of 1,=0.90 (P=0.70)
supports this impression, and is very close to the value for the translation technique.

3  Discussion

The distinction between the approach using the index K, and the two techniques that
generate hypothetical data cannot be overstressed; the first studies a particular form of
edge-effect by using the observed data, the others study a different form of edge effect,
based on assumptions that may or may not hold, using hypothetically-generated data.
Both approaches may give insight into the particular spatial processes they are
designed to study, but the questions asked are different. Indeed, it is interesting to
note that the occurrence of the observed non-zero counts in the data of Klukowski et
al. at the two edges of the field (Fig. 1) was not an artefact. The spatial pattern was
almost certainly caused by invasion of the pest weevil into the rape crop early in the
season, and further samples at weekly intervals showed this invasion continuing
further into the field on two fronts emanating from the original two edges.
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