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Effect of Quadrat and Core Sizes on Determining the
Spatial Pattern of Criconemella sphaerocephalus

T. A. WHEELER,! C. M. KENERLEY,' M. J. JEGER,? AND J. L. STARR!

Abstract: An unmanaged pasture was sampled on four occasions (A, B, C, D) with five different
quadrat sizes for Criconemella sphaerocephalus by removing a constant soil core volume of 75 cm® (A)
and 300 cm?® (C) from increasing quadrat areas of 0.5-8 m?, and removing soil core volumes of
increasing size—75-1,200 cm® (B) and 300-4,800 cm® (D)—proportionally with an increase in
quadrat area (0.5-8 m?). Frequency counts of C. sphaerocephalus were fitted to six probability dis-
tributions. The index of aggregation (b) for Taylor’s power law and Morisita’s index of dispersion
were also calculated where appropriate, Twelve of nineteen of the sampling combinations were best
described by negative binomial distribution (P = 0.05). Criconemella sphaerocephalus appeared more
highly aggregated when sampled with constant soil core volumes (A and C) than from increasing
soil core volumes (B and D) based on Taylor’s index of aggregation (b). Morisita’s index of dispersion
indicated aggregation at the smallest quadrat area (0.5 m?) for all sampling occasions (A, B, C, D).
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Estimation of nematode field popula-
tions is based on soil samples collected from
quadrats (specified sampling units distrib-
uted in random [9] or, more frequently,
regular patterns [1]) throughout the field.
Density of the nematode species per unit
volume of soil is then determined. The
ability to estimate a population accurately,
based on a relatively small number of sam-
ples, is dependent on the sampling proce-
dure and the horizontal distribution of the
organism (8,13,16-18).

The most frequently reported horizon-
tal spatial distribution for nematodes is the
negative binomial distribution (8,12,17).
The parameter k of the negative binomial
distribution has been interpreted as a mea-
sure of dispersion (2,6). Previous studies
have found k to be dependent on the mean
population density (24) and quadrat size
(8,18). Noe and Barker (17) used the pa-
rameter k to evaluate the overestimation
of yield loss caused by Meloidogyne incognita
(Kofoid & White) Chitwood when yield
predictions were based on mean density
alone.

Another measure of dispersion devel-
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oped empirically has been presented by
Taylor (21). Taylor (21,22,24) demon-
strated with many species of various types
of organisms that density and variance were
interdependent measures, §? = amP. The
index b, when Taylor’s power law is ex-
pressed in logarithms (log $* =loga + b
log m), is dependent on both species be-
havior and environment. These character-
istics may be species specific and of possible
value in describing spatial dispersion of
populations (23). McSorley et al. (12) ap-
plied Taylor’s power law to the distribu-
tion of 16 nematode genera from three
fields. They found estimates of the index
b were relatively consistent for each genus
when plot size was varied. Boag and Top-
ham (3), when sampling for Longidorus elon-
gatus (de Man) Thorne & Swanger, found
the index b to vary according to the dis-
tance between sampling points.

Morisita proposed that the diversity of
the density of an organism per quadrat be
used as a measure of dispersion (14). Mo-
risita’s index of dispersion can be used to
measure distribution within a cluster of or-
ganisms (intraclump), distribution of the
clusters with respect to other clusters (in-
terclump), and mean clump size (14). The
index has been used to measure dispersion
within the context of soil-borne pathogens
by taking soil core subsamples of constant
volume and then increasing quadrat size
(1,19).
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TaeLe 1. Sample combinations of quadrat area,
replication number, and core volume per sampling
occasion used to determine populations of Cricone-
mella sphaerocephalus in a pasture.

Q::g;at Repli Core volume (cm®%)/sampling occasiont
(m?) cations A B C D
0.5 80 75 75 300 300
1.0 40 75 150 300 600
2.0 20 75 300 360 1,200
4.0 10 75 600 300 2,400
8.0 5 75 1,200 300 4,800

T Samples were taken over a 5-day period with all the sam-
ples per sampling occasion collected the same day.

The objectives of this study were to eval-
uate three indices of dispersion for use in
describing the aggregation of nematode
populations. Of specific interest was the
effect of using a constant soil sample vol-
ume with increasing quadrat area versus
an increasing soil sample volume with in-
creasing quadrat area on Morisita’s index
of dispersion. We chose as our model sys-
tem a plant-parasitic nematode with a wide
host range in an unmanaged pasture.

MATERIALS AND METHODS

A pasture (3,200 m?) planted to Ber-
muda grass (Cynodon sp.) was divided into
a grid of 80 plots (8 x 5 m each). The
pasture was sampled four times over a pe-
riod of 5 days, with each sampling occasion
labeled consecutively A, B, C, and D. On
each sampling occasion, a total of 155 in-
dividual subsample cores were removed ac-
cording to a binary series of quadrats (0.5—
8.0 m?). Each subsample core was assigned
a plot number between 1 and 80 which was
chosen at random and with repetition. A
quadrat was arbitrarily placed within an
assigned plot, then a single core site was
arbitrarily selected within the quadrat. The
number of replications for each quadrat
size decreased as the quadrat size in-
creased. The smallest quadrat size (0.5 m?)
was replicated 80 times, and the largest
quadrat size (8.0 m? was replicated five
times (Table 1).

The soil sample volume was varied on
each sampling occasion. Soil volumes were

either kept constant (75 and 300 cm?®) dur-
ing a sampling occasion or increased (75—
1,200 cm?® and 300-4,800 cm?®) in response
to increasing quadrat area (Table 1). For
the purpose of this study, a sampling group
is defined as all the replications with the
same quadrat area and soil volume com-
bination taken on the same sampling oc-
casion. There were five sampling groups
per sampling occasion for a total of 20
groups. Groups are referred to by the sam-
pling occasion letter (A, B, C, D) and the
quadrat area (0.5, 1, 2, 4, or 8 m?).

For the smallest sampling volume (75
cm?), samples were retrieved using a soil
probe (2.5 cm d) to a depth of 15 cm. All
other sample volumes were excavated with
a trowel using a wire frame of the correct
dimensions to a depth of 15 cm. All sam-
ples were processed by elutriation and cen-
trifugation (5). Nematode counts were not
adjusted for elutriation efficiency. Crico-
nemella sphaerocephalus Taylor, 1936 (20)
was the dominant plant-parasitic nematode
species present, and only its distribution
was evaluated.

The Poisson, negative binomial, Ney-
man type A, logarithmic with zeros, Pois-
son with zeros, and Thomas Double Pois-
son probability distributions were fitted by
a FORTRAN program to frequency tables
generated from the data (7). Estimates of
k for the negative binomial were generated
from the FORTRAN program by the
method of maximum likelihood. When
more than 30% of the samples had 0 counts,
k was estimated from the proportion of
zeros (6). Determination of goodness-of-fit
was by using the chi-square statistic at P =
0.05, The parameter k (when appropriate)
was regressed against density (adjusted to
counts/4,800 c¢cm?®) and the coefhcient of
determination (r?) was examined for the
degree of correlation. The frequency of
zero counts was compared among sampling
occasions for constant to increasing soil
volumes (A to B and C to D) with the Z-test
@ =0.10).

The index of aggregation (b) for Tay-
lor’s power law was calculated for each
sampling occasion by regressing each
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Fic. 1. Frequency distribution for counts of Criconemella sphaerocephalus when sampling with a binary series
of quadrats and a constant sample volume (sampling occasions A and C) or an increasing sample volume with
increasing quadrat size (sampling occasions B and D). Soil volume sampled for A was 75 cm?®, B was 75-1,200
cm?, C was 300 cm?, and D was 300-4,800 cm?.

group’s variance against its mean (log §2 =  or index value, and m is the sample mean.
log a + b log m). In this relationship $? is The index values were used only for in-
the sample variance, log a is the Y inter- tersampling occasion comparisons. It was
cept, b is the rate determining parameter not valid to compare sampling occasion b
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TabLe 2. Frequency distribution describing the population density of Criconemella sphaerocephalus in a

pasture as affected by quadrat area and soil volume.

Sampling  Quadrat area Variance k of the nega-
occasion (m?) Mean (10%) tive binomial Distributionst

A 0.5 434 59.2 NAF
1.0 12.3 0.869 0.20 NBi, NTA
2.0 3.8 0.0549 0.28 NB, NTAf, L0, TDP
4.0 1.5 0.0055 NAF
8.0 22.0 1.670 NAF

B 0.5 4.7 0.122 0.16 NBi, NTA
1.0 12.3 0.346 0.47 NBi, NTA
2.0 42.5 3.71 0.54 NBi
4.0 36.0 3.93 0.45 NBf, NTA
8.0 12.0 0.583 NAF

C 0.5 20.4 4.42 0.15 NBf
1.0 11.8 0.549 0.28 NBf
2.0 16.0 0.609 0.18 NBi
4.0 8.0 0.157 0.51 P, NB, PO, NTA%, LO
8.0 31.0 1.39 0.63 NBji, PO

D 0.5 15.8 1.11 0.27 NBi
2.0 24.8 1.80 0.49 NBi, NTA
4.0 89.0 9.32 0.63 NBi, NTA
8.0 248.0 59.7 Pi

 Distributions are represented by the following abbreviations: Poisson = P; negative binomial = NB; Poisson with zeros =
PO; Neyman type A = NTA; logarithmic with zeros = L0; Thomas Double Poisson = TDP. When the data were not adequately
fitted by any of the distributions examined (chi-square test with P = 0.05), the abbreviation NAF was used.

i Distribution representing the best fit by the chi-square test.

values with the value of 1.0 (representing
a random distribution), since quadrat sizes
were nonuniform.

Morisita’s index was calculated for each
group according to the equation

L=qZ XX — 1)/T(T — 1),

where X; is the number of individuals in
the i-th quadrat unit (i = 1, 2, q), q is the

TasLe 3. Index of aggregation for populations of
Criconemella sphaerocephalus in a pasture using Tay-
lor’s power law.

Sam- Stand-

plingt ard
occa- error
sion log a% b§ P <F| 2% (b)
A 1.67 2.55 0.003 0.97 0.277
B 8.28 1.65 0.002 0.97 0.166
C 4.34 1.89 0.110 0.63 0.840
D 18.69 1.44 0.005 0.99 0.099

T Means and variances for the five quadrat areas sampling
occasion were used in the regressions.

} y-intercept of the equation log variance = log a + b log
mean.

§ Index of dispersion.

|l Probability of the F-test, reject for P > 0.05.

# Coefficient of determination.

number of quadrat (sampling) units, and
T =Z X, (14). Mean clump size is estimated
by plotting the smallest quadrat against the
next quadrat size (I,,/1;,) (14). When the
process is repeated for each of the quad-
rats, peaks will occur where quadrat size
and mean clump size are approximately
equal.

REsuLTS

Frequency count histograms are pre-
sented in Figure 1. Population estimates of
the mean and variance for each of the sam-
pling groups ranged from 1.5 to 2.5 x 10°
and 5.5 to 59.7 x 10°, respectively (Table
2). Twelve of the nineteen sampling groups
were best described by the negative bino-
mial distribution. Groups A-2 and C-4 were
best described by the Neyman type A dis-
tribution, although they were also ade-
quately fit by the negative binomial distri-
bution. Group D-8 was best described by
the Poisson distribution, although only five
samples were fitted to the distribution. The
frequency counts of the remaining four
groups (A-0.5, A-4, A-8, B-8) did not cor-
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respond to any of the tested distributions
with P = 0.05. Estimates of the parameter
k for the negative binomial distribution,
where appropriate, ranged from 0.15 to
0.63. No relationship of the k values to
each group’s density estimate was appar-
ent. There was a significant correlation at
P = 0.05 between quadrat size and k values
(r? = 0.533).

The frequency of zeros in sampling oc-
casion A for the quadrat sizes 0.5, 1.0, 2.0,
4.0, and 8.0 m2 were 0.49, 0.60, 0.70, 0.70,
and 0.20, respectively. The frequency of
zeros in sampling occasion B for the quad-
rat sizes 0.5, 1.0, 2.0, 4.0, and 8.0 m? were
0.75, 043, 0.15, 0.40, and 0.60, respec-
tively. There was a significant difference
between frequencies of zero in A and B for
the quadrat sizes 2.0, 4.0, and 8.0 m?
(P = 0.05). The frequency of zeros in sam-
pling occasion C for the quadrat sizes 0.5,
2.0, 4.0, and 8.0 m? were 0.60, 0.45, 0.50,
and 0.20, respectively. The frequency of
zeros in sampling occasion D for the quad-
rat sizes 0.5, 2.0, 4.0, and 8.0 m? were (.49,
0.30, 0.20, and 0.20, respectively. There
was a significant difference between fre-
quencies of zero in C and D for the 4.0-m*
quadrat size (P = 0.05).

The index value b of Taylor’s power law,
indicated greater aggregation for A and C
(b = 2.55 and 1.89, respectively) than for
B and D (b = 1.65 and 1.44, respectively)
(Table 3). Data for sampling occasions A,
B, and D gave satisfactory regression equa-
tions with coefficients of determination of
0.97, 0.97, and 0.99, respectively. The
F-test of the analysis of variance was sig-
nificant at P = 0.05.

Morisita’s index of dispersion for deter-
mining mean clump size for each sampling
occasion is presented in Figure 2. Mean
clump size of sampling occasion A (con-
stant soil volume with increasing quadrat
area) showed a peak at or before the small-
est quadrat size. Sampling occasion C (con-
stant soil volume with increasing quadrat
area) showed initial clumping at or below
the smallest quadrat size, but indicated a
random distribution between 2 and 4 m?,
At the largest quadrat size, the value of the
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F16.2. Determining the average clump size of Cri-
conemella sphaerocephalus in a pasture by using Mo-
risita’s index (I;). The ratio of 1;, /1;,, is plotted against
a binary series of quadrats, where x and 2x are con-
secutive quadrat sizes in the series.

index increased again, indicating the pos-
sibility of additional clumps. With B (in-
creasing core volume proportionally with
quadrat area), there was an aggregated pat-
tern at or below the smallest quadrat size
which became random as quadrat size in-
creased and then regular at quadrat sizes
=2 m? (index <1.0). No representation of
D is shown because incorrect soil volumes
were collected for the 1-m? quadrat size.
Therefore, all three sampling occasions (A,
B, and C) had a mean clump size for the
nematode of 0.5 m? or smaller. In addition,
sampling occasion C showed a clump size
at 8 m? or greater. Sampling occasion B
indicated a regular distribution of the
nematode at the 2-m? and larger quadrat
areas.

DiscussionN

The spatial pattern of plant-parasitic
nematodes often appears aggregated based
on estimates of the parameter k of the neg-
ative binomial distribution. The unman-
aged pasture was specifically chosen for this
study to minimize the possible influence of
tillage practices and plant spacing on
nematode aggregation. Qur results, which
show 14 of 19 groups as adequately de-
scribed by the negative binomial distribu-
tion, are consistent with other studies of
plant-parasitic nematodes (1,3,8). A pre-
vious study found that Criconemella spp.
were best described by the Neyman type
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A distribution (10). The Neyman type A
distribution has been used to describe dis-
tributions with both random clusters per
sampling area (intraclump) and random
distribution of clusters (interclump) (4).
The negative binomial distribution has
been used to explain several mechanisms
of aggregation, including heterogeneity
and clustering (4). Spatial heterogeneity
within a field due to environmental, edaph-
ic, or topographic features would affect the
interclump pattern of nematodes, Distri-
bution of Criconemella spp. is affected by
moisture levels (15), habitat (11), and plant
species (10). The field sampled in this study
contained a water-soaked area coincident
with the highest sample counts.

The parameter b of Taylor’s power law
was useful for indicating degree of aggre-
gation. The nematode populations in con-
stant core volumes appeared more highly
aggregated than in cores of increasing vol-
ume. Morisita’s index was used to indicate
aggregation of sampling occasions and also
mean clump sizes. The sampling occasions
all showed clumping at or below the small-
est quadrat area (0.5 m?). The smallest of
the increasing core volumes (75-1,200 cm?®)
was regularly distributed at the higher
quadrat sizes. The larger of the constant
core volumes (300 cm?) showed a second
mean clump size beginning at the 8-m?
quadrat, although the quadrat sizes were
not large enough to characterize the sec-
ond clump size. The quadrat series was not
small enough to characterize precisely the
intraclump mean cluster size of the nema-
tode population.

It is indicated in this study that the use
of constant core volume versus increasing
core volume, with respect to quadrat area,
will affect the magnitude of aggregation
and determination of mean clump size. If
either of these two factors are to be used
to estimate yield loss, then the effect of
sampling methods needs consideration.
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