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A Comparison of Sampling Methods for some
Arthropod Populations in Cotton!

INTRODUCTION
SAl\IPLING ANIMAL POPULATIONS in vari
ous ecosystems can be expensive and
time-consuming, and in many studies
the sampling method used may not ac
curately estimate densities and natural
variability of the populations. The sam
pling methods used for insects in cotton
have been particularly vulnerable to this
criticism. For these reasons, this study
was undertaken to:

a) develop the whole-plant-bag sam
pling method (WPBS) to estimate ar-

thropod populations in cotton as pre
cisely as possible, and

b) compare WPBS with the more
commonly used relative sampling meth
ods-D-vac and swecpnet.

The WPBS method was then used to
examine the dispersion of various spe
cies within the cotton field and among
plants and to develop santpling decision
rules. Summaries of the extensive data
are available upon request."

REVIEW OF THE LITERATURE
Population sampling may be either

extensive or intensive (Morris, 1960;
Strickland, 1961). Extensive sampling
usually is used to survey large areas.
It may be concerned with such problems
as the relative abundance and distribu
tion of insects among fields, their rela
tionship to crop damage, or with the
efficacy of some area-wide control meas
ure. Intensive studies, on the other
hand, stress continued sampling of a
population through time., These data
may be used to develop life tables, to
estimate changes in population. growth
parameters, or to determine how the or
ganisms' are distributed within the field
(e.g., Harcourt, 1969; Morris, 1957;
Southwood, 1966; Varley and Gradwell,
1971). Relative sampling devices, such
as the insect sweepnet or D-vae, (Die-

trick, Schlinger, and van den Bosch
1959) may be adequate for extensive
surveys, but may be grossly inadequate
for intensive sampling programs. The
use of relative sampling methods to es
timate arthropod populations in cotton
appears to be just such a case (e.g.,
Sevacherian and Stern, 1972). Perhaps
no sampling method will be suitable for
all insects, because only a portion of the
habitat, or only a few of the life stages,
may be sampled with the technique
(Southwood, 1966) . The statistical
principles for analyzing the sample
data are well known (Cochran, 1963;
Mendenhall, Lyman, and Schaeffer,
1971; Yamane, 1967), but the technical
problem of obtaining an absolute sample
of all the organisms in a particular area
remains unresolved. Morris (1955) gave

1 This manuscript was accepted for publication April 10, 1978.
:I The International Center of Biological Control, University of California, Berkeley; 1050 San

Pablo Avenue, Albany, California 94706.
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six criteria to be met if a sampling
method is to be a satisfactory technique
for assessing absolute populations:

1. All units must have an equal
chance of selection.

2. The sample unit must be stable
i.e., continuously available to the
insects.

3. Thc proportion of the insect popu
lation using the sampling unit must
remain constant.

4. The sample unit should be reason
ably small, so that enough units
can be examined to provide an ade
quate estimate of the sample vari
ance.

5. The sample unit should provide
good estimates of absolute popula
tions.

6. The sample must be easy to take.

Comparisons of the efficiency of vari
ous sampling methods in cotton have
been attempted (Davis et al., 1966;
Race, 1960; Sheppard and Sterling,
1972; Pieters and Sterling, 1973), but
these comparisons were only partially
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successful because they lacked a suitable
approximation of an absolute sample to
use as a standard, Leigh, Gonzalez, and
van den Bosch (1971) suggested an
absolute sampling method for cotton
which was used by Gonzalez et ale 1977,
but proved too cumbersome for practical
field use. Smith, Stadelbacher, and
Gautt (1976) compared four sampling
methods to detect population trends of
beneficial arthropods in Mississippi cot
ton. D-vac, sweepnet, and whole- plant
inspection were compared to an "abso
lute" one employing a 3x3x3-foot
(.9x.9x.9In) Lexan cage. All methods
indicated similar seasonal trends jn
density, when using combined data for
all predator species on each sample
date. The methods. were not compared
for precision in estimating population
densities nor analyzed as to differences:
in population trends by species or de
velopmental stage (mature versus im
mature). Thus, their results were not
adequate for determining the "best"
method for estimating population den
sities of beneficial arthropods.

MATERIALS AND METHODS
This study was done in the summers

of 1973 and 1974, in two fields of at
least 20 acres each year (Palla and
Bartel fields in 1973; Cave and Bartel
fields in 1974). The fields were located
in the Rosedale area of the southern
San Joaquin Valley, near Bakersfield.
The experimental area was restricted
to the central part of each field. The
rows (columns in Fig. 1) in the cotton
field always ran east-west, and an al
falfa field was always situated on the
west side of the field. The alfalfa was
intended to act as a source of arthro
pods, which could be carried into the
cotton on the prevailing NW winds,
especially when the alfalfa was
cropped. Insecticide treatments were
applied only to the 1974 Cave fields, but
insecticide drift from adjacent treated

areas may have occurred in the other
fields.

The cotton crop was planted during
the first half of April. To examine the
effect of plant development on the sam
pling methods, plant size and develop
mental state were recorded through the
season. The number of mainstem nodes,
squares, small and large bolls, and open
bolls were counted on five I-meter rows
of cotton. In addition, in 1974 the leaf
areas of two adjacent plants in each
of the meter-row samples were meas
ured with an LI-3000 Portable Leaf
Area Meter (Lambda Instruments, Lin
coln, Nebraska). Daily maximum and
minimum temperatures were obtained
from the U.S.D.A. Cotton.Research Sta
tion, Shafter, California, The amount
of physiological time, in degree-days ac-
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cumulating above cotton's develop
mental threshold of 11.9°C, was com
puted using Frazer and Gilbert's
(1976) algorithm of Morris and Ben-
nett's (1967) method. All phenologies
were plotted on this physiological time
scale to standardize comparisons.

WPBS, D-vac and sweep samples,
and visual counts were taken weekly in
each field, from early July to Sep
tember.

Sampling and processing
techniques

D-vac samples. A standard back
pack D-vac (Dietrick, Schlinger, and
van den Bosch, 1959; Dietrick, 1961)
was used, but with an intake cone di
ameter of 23 em. One person carried
and operated the D-vac, while a second
person changed, sealed, labelled, and
carried the collecting bags. The sam
ples were taken in the morning after
dew on the plants had evaporated, but
never later than 10 a.m., since Gonzalez
et al., (1971) showed that late morn
ing samples lose reliability. Each sam
ple unit consisted of 50 random suctions
along a single row within the sub-plot
being sampled. The number of term
inals covered by a single suck varied
with planting density, but corrections
made to allow for this variation are
noted in the results section.

Each sample was stored in an ice-box
until returned to the laboratory for
processing, where arthropods were sep
arated from plant debris using Berlese
funnels (Dietrick, 1961). Each sample
was left in a funnel for 24 hours, dur
ing which time light and heat drove the
arthropods into jars containing 70 per
cent alcohol.

Sweepnet samples. The standard
University of California sweepnet was
used. It is 40.6 cm in diameter, with a
66 em handle and a 63.5 cm deep coni
cal bag of heavy cotton cloth.

'I'ho sample unit within a. sub-plot
was 50 strokes across the tops of a
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single row of plants, taken as early as
practicable in the morning. As with
the D-vac samples, the number of plants
covered by each stroke varied with
planting density. As soon as it was
taken, each sample was placed in a
labelled half-pint (ca. 0.5 liter) glass
jar containing 70 percent alcohol.

WPBS. The WPBS technique devel
oped here required that the plant be en
closed in a bag rapidly enough to trap
on the plant most all individuals of the
species under study. The bags were cy
lindrical, open at both ends, and made
of plastic or organdy. Each had a draw
string to close the end at the base of the
plant; the top end was folded over and
closed with a rubber band.

The bags were placed over the plants
and collapsed around the base 10-14
days before the samples were taken.
Two methods were used to do this. The
first involved slipping the bag over the
outstretched arms of one worker to
form a tube, which wa.s then slid over
the plant. This procedure was tedious
and time-consuming, and sometimes
damaged the plant, so in 1974 a 36x152
em cylinder of 4.76 mm (~6") rolled
aluminum, hinged lengthwise, was used
to enclose the plant, and the bag was
slid over the cylinder. Using this
method, three persons could set 216
bags in about 2% hours (with very
little plant damage), whereas the same
crew required 3 to 4 hours. without the
cylinder.

Once the bag was collapsed around
the base of the plant, the draw-string
was pulled until a 3-inch space was. left
between the bag and the stem. Then the
string was. left lying across. the row, so
that the bag could be easily found when
the time came to collect the sample.
Placing the bags over the plants in this
way disturbed the insects; the delay of
several days between setting the bags
and collecting the samples allowed the
effects of this disturbance to disappear.

On the sampling day (early in the
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morning, so that the insects would be
cool and relatively inactive) the draw
string was pulled tightly around the
mainstem and the top of the bag was
then pulled rapidly up, folded over,
and sealed with a rubber band to en
close the plant. The bagged plants were
then cut near ground level with prun
ing- scissors, and the bags inspected for
holes. When three adjacent plants in
a row were sam pled (see section 3) a
crew of three persons was used to pull
the three bags simultaneously. In this
way, sampling one plant did not result
in the loss of insects from adjacent
plants. About 1112 hours were required
for three persons to collect 216 samples.

In 1973, the plants were processed
immediately in the field. Each plant
was removed from its bag and held over
an inverted Berlese funnel top, which
covered a five-gallon can. Then the
whole plant was carefully aspirated
with a modified industrial vacuum
cleaner. A small nylon organdy bag
oyer the 6.6 em (3") intake hose col
lected the insects. After vacuuming the
entire plant, the bottom of the can was
also vacuumed. The plant was then dis
carded, and its tag placed in a vial of
70 percent alcohol, together with the
contents of the nylon bag. A gas-driven
110 volt generator powered the vacuum
machine.

In 1974, the plants were taken to the
laboratory, and two persons processed
the samples. One removed the plant
from the bag and shook it vig-orously
into a 121-liter (32 gal.) can; the other
vacuumed the plant and the bottom of
the can, as before. This procedure
proved more efficient (fewer insects
escaped) and required about half the
man-hours.

Sorting and counting samples
The alcohol-preserved samples were

stored, and counted as time permitted.
The following species were classified
simply as juvenile or adult: Chrysopa
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cornea Stephens, Orius tristicolor
(White), Nabis americoferus Carayon,
Lygus hesperus Knight, Collops vit
tatus (Say), N otoxus calcaraius Horn.
Geocoris pallene Stal and G. punctipes
(Say) were classified as to sex and in-
star. Spiders were counted, but differ
en t species and stages were not differ
entiated. Eggs of Geocoris spp. and
Chrysopa spp, also were counted.

Location and arrangement of
samples within the field

Each experimental field was divided
into 36 plots, in a 6 x 6-foot grid pat
tern. Each plot comprised 12 rows of
cotton which ran for one-sixth the
length of the field (about 33.5 m). The
numbering system for the plots is shown
in Fig. 1A; each plot is characterized as
belonging to a particular row (A to F) ,
column (1 to 6) and "ring" (0 ® .).
The twenty plots on the edge of the
field belong to the outermost or 0
"ring," the next twelve outermost plots
to the ® ring, and the four central
plots to the • ring. This classification
by column, row, and ring was used to
test for systematic within-field differ
ences in insect densities.

D-vac and sweep samples. In both
1973 and 1974, D-vac and sweep sam
ples were taken each week from the six
plots next to the adjoining alfafa field.
One sample was taken from each plot,
except in the 1973 Bartel field, where
two were taken. In 1974, five additional
samples were taken each week in each
field, sub-plots chosen with a random
number table.

The row of plants sampled within
each plot was also chosen at random
with the constraint that the selected
row could not be one of the middle two
rows in the plot. The two rows were
used for the WPBS.

WPBS. Six plants were sampled each
week from the two middle rows of cot
ton in each plot. Except in the 1974
Bartel field, the sampled plants were
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Fig. 1. Plot design: (A) Distribution and classification of sub-plots within the field.
(B) Distributions of whole-plant samples within a sub-plot.
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arranged as shown in Fig. lA. Three
adjacent plants in each of the two rows
were selected so that the three sampled
plants: in one row were directly oppo
site those in the other. On one sampling
date in 1973, eight plants rather than
six were taken from each plot.

Three different sampling arrange
ments were used simultaneously in the
1974 Bartel field:

1) three adjacent plants in each of
two adjacent rows, as described
above (Fig. 1 Ba) ;

2) three adjacent plants from each of
two randomly-chosen positions in
the same row (Fig. 1Bb);

3) six widuly separated plants from
the same row (Fig. 1Bc)-this ar
rangement was the fastest and easi
est to set up and collect.

In the last two samples: of 1973, some
plots were not sampled because the
plants had been severely defoliated by
mite infestations and poor irrigation
practices. A total of at least 216 plants
(36 plots x 6 plants per plot) were
sampled in each field each week.

Analysis of within-field
distributions

Besides looking for systematic varia
tions in insect numbers within the field
(using the ring-column-row classifica
tion described previously), the degree
of aggregation exhibited by each species
was studied. The technique used was
I wao's (1968) regression method. This
involves plotting "mean crowding"
(Lloyd, 1967) against mean density per
quadrat or sample, and estimating the
slope ((3) and the intercept (a) of the
regression line fitted to this data. (The
relationship between the two is alm<?st
always linear.) "Mean crowding" (til)
estimates the mean number of other in
dividuals per quadrat individual, and
may be defined as:

m=m+(]"2/m - 1
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where m and (]"2 are the population mean
and variance. The sample estimate of m
may be obtained by using the sample
estimates of mean and variance (x and
S2) in place of m and (]"2. When the in
tercept a = 0, the slope may be estimated
from a single point as Lloyd's (1967)
"patchiness" index, ~/x. The regression
method has the advantages that it is
designed for use where data from a
range of population densities is avail
able; and that it provides some infor
mation about the form of any aggrega
tion which occurs. The value of (a + 1)
estimates the "index of basic conta
gion"; i.e., a =°when the basic compo
nent of the distribution is a single indi
vidual, a > °when the population is
made of cohesive groups (e.g., egg
masses or colonies). The regression co
efficient ,{3 then estimates the degree to
which these basic units are aggregated:
{3 equals unity if they are randomly
distributed, and is larger or smaller
than unity when the units are overdis
persed or underdispersed, respectively.
Iwao and Kuno (1971) describe how
these methods are related to other com
monly used techniques for describing
dispersion.

This method, like other similar tech
niques must be applied with caution.
Two problems may occur. The first is
that we cannot accurately estimate the
parameters of a regression line when
the range of x values is small relative
to the variance in y about the regres
sion line. In practice, to obtain useful
estimates of a and f3 wo will usually
need a several-fold difference between
the smallest and largest values of x.
The second concerns the problems of
estimation at low population densities.
Recall that the formula for crowding is

x=x+s2/X- 1

Thus when x is small, small changes
(or small errors of estimation) in the
value of s2fi. will have a proportionately
large effect on the value of X, but when



HILGARDIA • Vol. 46, No.8· November 1978

X is large, small errors in s2fXwill have
little effect. At very low population den
sities, therefore, the estimates are very
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sensitive to the accuracy of the estimate
of population variance, and as such,
are liable to error.

RESULTS
Crop growth and phenology

Both the cotton plants and the ar
thropod populations that live on them
change through the season. As the
plants grow, they provide more places
for the arthropods to disperse. The com
bined result of plant growth and ani
mal dispersion greatly affects the effi
ciency' of most sampling methods. Char
acteristically, the plants grow rapidly
until the canopy closes or carbohydrate
stress induced by high boll demands
occurs (c.f. Gutierrez et al., 1975). This
occurs during mid-summer and coin
cides with the peak of squaring. Late
in the season, plants may collapse from
the weight of maturing fruit, or be
blown down by wind.

This phenology is likely to influence
sampling efficiency in the following
ways:

1. When the plants are small and the
canopy quite open, all methods are
expected to be relatively efficient.

2. As the canopy begins to close, the
D-vac and sweep methods tend to
sample only the upper part of the
plant, and so become less efficient.

3. When the plants begin to collapse,
none of the methods is likely to
provide adequate estimates of pop
ulation size.

The effects of these factors are ap
parent in the graphical comparisons of
the data reported below, These difficul
ties greatly hinder efforts to develop
conversion factors for equating samples
taken using D-vac and sweepnet to
\VPBS estimates. These are discussed

later in the section on location and
arrangement of samples within the field
on page 272.

Efficiency of relative methods
compared to WPBS method

Graphical comparisons of the results
of the sampling methods are made for
each predator (or pest) group for both
their juvenile and adult stages. The ef
fects of species-specific biologies and the
cotton's growth stage are discussed
where appropriate to help explain dif
ferences among sampling methods. All
compar-isons are made on a 50-plant
basis, Phenological data are presented
in the text only for the 1974 Bartel
field, since the results from other fields
were similar. (Data' from other fields
and years are presented in tables 2 to 7,
and figures 3 to 23, and are discussed
in the text only if required to illustrate
a particular point.) The only departure
from this format is that for comparison
of visual Geocoris spp. egg counts with
'VPBS egg counts.) Table 1 presents a
qualitative summary of the adequacy
of the three sampling methods for esti
mating the densities of various imma
ture and adult arthropods found in
cotton.

Geocoris spp. Egg counts. Figure 2
compares WPBS and visual counts in
the 1974 Bartel field. Geocoris females
prefer to lay eggs in the upper half of
the plant, and they are easily found.
Both methods should provide similar
estimates of population size, since both
sample the entire plant. But systematic

I The term "sampling efficiency" is used here to connote deviation in "catchability" of the
various arthropods from some optimal situation (i.e., in practice, from the WPBS or Habsolute"
estimates) .

'Data, too extensive to report here, are available from the Divisions of Biological Control,
University of California, Berkeley and Riverside.
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TABLE 1

QUALITATIVE EVALUATION OF THE THREE SAMPLING METHODS

Qualitative evaluation of sampling methods*

I WPBSt D-vae Sweepnet

Species I Immatures 1 Adults Immatures I Adults Immatures I Adults

Geocoris spp. A A B B C C
Orius spp. A A B C 0 C
Nabis spp. A A B C C C
Ohrysopa spp. B A B C 0 C
LygU8 spp. A A B C B C
Spiders A A C C a 0

* A = Good; B = Poor; C = Very Poor.
t Whole-bag plant samples.

discrepancies occurred throughout the
season, probably because a small con
stant fraction, not removed from the
plant using WPBS, was included in the
visual counts when plants were small.
As plants became bushier and more dif
ficult to search, visual counts missed an
increasingly larger proportion of the
population. Consequently, WPBS gave
the most reliable estimates of egg popu
lations later in the season. D-vac and
sweepnet samples were worthless
throughout. Comparison of WPBS
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Fig. 2. Comparison of egg density estimates
obtained using visual counts and whole plant
bag samples (WPBS).

averages to visual count averages
yielded the following regression param
cters: a =3.27, b =.1754, r 2 =.0268. The
predictive value of the regression was
extremely poor.

Lmmaiures and adults. Geocoris pal
lens and to a lesser extent G. pumctipes
are found in cotton and are thought to
be important natural enemies of several
pests. (c.f. van den Bosch and Hagen,
1966). Figure 3a,h shows that D-vac
and sweepnet samples grossly underes
timated population densities of imma
turcs and adults, compared to WPBS.
The discrepancy became greater as the
season progressed and the plants got
larger. Although D-vac samples mim
icked phenologies better than sweep
net samples, neither worked well. Poor
performance of these relative methods
indicated that much of the Geocoris
population was elsewhere than the top
of the plant, and consequently their
catchability by these methods was low.

Orius iristicolor. Figure 4a,b depicts
the population trends for Orius for the
three sampling methods. Both relative
methods poorly estimated the densities
of immatures, This was probably be
cause the nymphs tended to inhabit the
inside of fruiting bracts and other inac
cessible parts in the middle of the plant,
where they were not likely to be dis
lodged by sweeping or simple suction.

The D-vac gave better estimates of
adult densities than did the sweepnet,
but it was still unreliable. WPBS may



HILGARDIA • Vol. 46, No.8· November 1978 265

150 A

en
+-g 100
a..
o
LO 50
<,
IX

Immatures ","e'" ~
/ \

/ \
/ \" \/ . /.

" // "./
/ " ~. .,,/

/
/

._-e/
"""

9

2412 D°

150

(/)
~

c
100 0

a..
o

50 ~
IX

100 100

en
+-c
o
a..
o
LO
<,
IX

50

B

27
J

Adults

e--""

3 9
J

15 23 30 6
A

13 20 26 2 9
S

en
+-
c:
o
a..

50 0
LO
<,

IX

Fig. 3. Comparison of population density estimates of Geocoris spp. obtained using sweepnet
( ), D-vae ( ), and whole plant bag samples (WPBS) (- - - -), using
data from the Bartel 1974 Field.

also underestimate adult densities
slightly, since this stage is an active
flyer, and a few invariably escaped
when samples were being processed in
the laboratory.

Nabis americojerus. Figure 5a,b
shows the population trends of N obis
spp. immatures and adults respectively
for the three sampling methods. Sweep
ing barely detected either immatures
or adults, while D-vac counts tended to

mimic theWPBS phenologies of imma
tures at the beginning of the season,
although greatly underestimating their
numbers. The poor performance of the
relative methods is not surprising since
this species prefers to live in the lower
strata of the plant.

Chrusopa cornea. Both relative meth
ods were grossly inadequate for Chrys
opa immatures: barely detecting their
presence even when they occurred at
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Fig. 4. Comparison of population density estimates of Orius tristicolor obtained using sweep-
net ( ), D-Vac ( ), and whole plant bag samples (WPBS) (- - - -),
using data from the Bartel 1974 field.

high densities during the latter part of
the season (Fig. 6a). This is in sharp
contrast to the WPBS method which
appeared to provide good estimates.

Lacewing adults are usually active
at night when temperatures are low,
and are not usually immobilized by
early morning summer temperatures.
For this reason, WPBS counts did not
give absolute estimates of adult densi
ties, as many escaped when the samples

were collected in the field or processed
in the laboratory. Thus, there was a less
reliable, and no "absolute" standard to
which the D-vac and sweepnet tech
niques could be compared.

Spiders. Several species of spiders
(e.g., lyeosids and web-spinners) are
commonly found in cotton, and are
thought to b~ important predators of
several important pests. Because sev
eral species are involved, results re-
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ported here are only suggestive. Figure
7 depicts the population trends for
spiders using the three sampling meth
ods. The relative methods almost com
pletely failed to detect spiders, probably
because these organisms tend to be near
the bottom of the plant. Only the
WPBS method appeared to catch spi
ders. Some of these species, however,
may be overestimated because they may
utilize the collapsed bag at the base of
the plant.

Notoxus calcaratus. This small ant
like beetle is often very abundant in
California cotton fields. Its feeding hab
its are not well understood, but the
adult will eat plant exudates. Figure 8

shows adult population trends using the
three sampling methods, and again
these results show that WPBS counts
provided the best estimates for adult
densities, while the other methods, espe
cialy sweepnet counts, almost c.om
pletely failed to detect their presence.

Lygus hesperus. This species is one
of the key economic pests in California
cotton, and considerable sampling using
D-vac and sweeping is conducted annu
ally to determine when it has reached
the economic threshold (Sevacherian
and Stern, 1972). Figure 9a,b depicts
population trends for Lygus bug imma
tures and adults, respectively, using the
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three sampling methods. Both relative
methods, while mimicking the changes
in population density of immatures and
adults obtained using the WPBS
method, were consistently low. The
sweepnet generally provided poor pop
ulation estimates, especially for imma
tures, while the Dvvae gave good esti
mates of adult, but not of nymphal,
densities. Our results indicated that the
sweepnet, the most common method for
determining the population size of this
pest, is the least satisfactory. However,
because the same population trends
were suggested by all three methods,
D-vac counts, and to a lesser extent
sweep counts, may be used to estimate
the "absolute" (WPBS) numbers of in
dividuals present.

Estimating a conversion factor to
transform sweepnet and D-vac
counts to WPBS counts

Two aspects must be considered when
estimating the appropriate general fac
tor for converting estimates of relative
population size to estimates of absolute
population size: (a) a correction for
the number of plants sampled by each
method, and (b) estimating the conver
sion factor from the corrected counts.
These are described below.

(a) Each stroke of the sweepnet or
placement of the' suction cone may sam
ple more than one plant (n ~ 1); the
number (n ) is greatly influenced by
plant density.

The relative samples consisted of 50
sweeps or suctions; hence to convert
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them to a 50-plant basis, the sample
estimates must be multiplied by a cor
rection factor (Ci,k) where
Ci,k = 1/ [( diameter in meters of net or

cone) (plants/meter row)]

where i is the i th field and k is the k t h

method. The diameter of the sweepnet
is 0.41 ill, while that of the suction cone
is 0.23 m. 'I'able 2 gives the Ci,k for each

test field. The correction assumes the
density is at least 3/meter and are
evenly distributed in the path of the
device.

(b) If the relative methods sample
some proportion b* of the total (WPBS)
population, the appropriate relationship
should then be the slope regression of
the corrected (R,) per plant counts on
WPBS counts taken the same day, i.e.:
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R, =a + b*WPBS
Separate regressions were calculated for
adults and immatures.

Only the relative counts for Lygus
showed any degree of correspondence
to those obtained via the WPBS
method. For other species, regression
analysis of WPBS, counts on relative
counts: in individual fields were difficult
to interpret. The results were quite var
iable, the sample sizes small, and gen
erally had low predictive value. The re-

gression parameters for all fields pooled
are shown in Table 3; the r" values show
that only the regression for Lygus gave
any consistent useful degree of predie
tion. The explained variance for Lygus
samples was greater for the D-vac than
for the more commonly-used sweepnet
method.

Figure 10 shows a plot of the L,ygus
data for the 1974 Bartel field for both
relative methods. The regressions were
forced through the origin, since a was

TABLE 2

CORRECTION FACTORS (Ci,k)* FOR CONVERTING D-VAC AND SWEEPNET
SAMPLE COUNTS TO 50-PLANT COUNTS FOR ALL FIELDS, WHERE i IS

THE SUBSCRIPT FOR FIELD AND k FOR SAMPLING METHOD

Field name and
index value 0)

Plant density/
meter row

Correction factors
D-vac

kr
Sweepnet

k2

Palla 1973 (i=l)
Bartel 1974 0=2)
Cave 1974 0=3)
Bartel 1974 (i=4)

6.60
12.19

6.80
10.00

.6721

.3645

.6433

.4400

.3744

.2058

.3627

.2467

* Note that the resultant values must be divided by 50 to convert the respective counts to a per-plant basis.
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not significantly different from zero.
This makes biological sense since a zero
"absolute" count (WPBS) should pro
duce a zero relative count. Hence, the
appropriate factor is the slope b. (The
value of r 2 then no longer measures the
fraction of the sample variance ac
counted for by the regression line.) The
conversion model is thus:

-1 -1

WPBS i = Ci,kbkRi,k

which is an estimate of the true but
unknown value WPBS.

The D-vac underestimated immature
and adult Lygus populations by factors
of 4.06 and 1.16, respectively, while the
sweep net underestimated them by fac
tors of 12.77 and 3.65, respectively.
(These estimates are made with 1974
Bartel data only, since the other fields
lacked Lygus populations.) The D-vac
was approximately three times as effi
cient as the sweepnet, and is clearly a
better relative sampling method than
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the sweepnet, because it is less: suscep
tible to the idiosyncrasies of the sam
pler (the arc of swing, the vigor with
which it is taken, the walking speed and
the like).

While the conversion for Lygus was
not perfect, it is valuable, since this spe
cies is one of the key pests in California
cotton (Falcon et al., 1971). Accurate
assessment of Lygus densities using
some easily done relative method is de
sirable, if sound pest control recom
mendations are to be made. It is most
unfortunate that the D-vac and sweep
net results for the other species: sampled
were so inconsistent (Table 3), as the
'VPBS method may be too cumbersome
to use in practical pest management.

Factors influencing results
ofWPBS

Selection of plants for sampling. The
three alternative methods used to select
plants were:

TABLE 3
POOLED REGRESSIONS OF WPBS, D-VAC', AND SWEEPNET COUNTS,

USING DATA FROM ALL TEST FIELDS

Species Stage N a. SE a. 13 SE tJ R2

D-vae

Geocoris A 35 .135 .037 .113 .048 .16
I 35 .073 .029 .126 .027 .40

A Orvu« A 35 .027 .036 .437 .073 .52
0
~

I 35 .006 .007 .082 .017 .43

8 Nabis A 35 .019 .004 .146 .042 .27
~ I 35 .011 .005 .201 .036 .49
~

~
Chrysopa A 35 .018 .005 .328 .200 .08

Z I 35 -.004 .002 .105 .010 .76
H Spiders All 35 .008 .005 .040 .012 .27
H
~ Lygus A 35 .015 .006 .603 .076 .65

~ I 35 .008 .005 .248 .016 .88
~
W. Sweepnet
~ Geocoris A 33 .058 .013 .015 .017 .03>H I 33 .033 .009 .016 .008 .13
8 Onus A 33 .006 .011 .117 .023 .46<
H I 33 .001 .002 .013 .003 .32
~ Nabis A 33 .005 .001 .033 .014 .16
~

I 33 -.00002 .001 .024 .004 .55

Chrysopa A 33 .005 .001 -.006 .043 .001
I 33 .000 .001 .018 .003 .53

Spiders All 33 .002 .001 .010 .002 .43
Lygus A 33 .009 .003 .195 .033 .53

I 33 .005 .003 .077 .009 .71



272 Byerly et al.: Sampling Arthropods in Cotton

1) three adjacent plants in each of
two adjacent rows (Fig. 1Ba) ;

2) two groups of three adjacent
plants in the same row (Fig. 1Bb) ;
and

3) six widely separated plants in the
same row (Fig. 1Bc).

WHOLE PLANT BAG SAMPLE

Fig. 10. Plot of corresponding counts of
Lygus hesperus immatures and adults using
(A) D-vac and (B) sweepnet samples on
WPBS for Bartel 1974. Regressions have been
forced through the origin because a is not sig
nificantly different from zero for any of the
least squares regressions. Numbers above the
adult symbols represent number of weeks from
the beginning of sampling.

The Geocoris data for Bartel 1974
were used as an example only to show
how the method of selecting plants in
fluenced the population estimates. No
inferences about Geocoris biology can
be drawn from these analyses, hence
similar analyses are not made for other
species. The implicit assumption is that
similar effects would occur when sam
pling for other species.

A comparison of the results of these
three methods is shown in Table 4. Al
though the third method gave slightly
higher population estimates than the
other two, only in the case of immature
Geocoris was the difference significant.
This is probably due to an uncon
sciously biased choice of larger plants
by the sampler. Although the position
of the sample in the row was chosen at
random, there were always several
plants in approximately that position
which might be sampled. Taking three
adjacent plants reduces the number of
decisions made by the sampler from six
to two, and so reduces the opportunity
for a biased choice. However, since
widely separated plants are more
quickly sampled, a scheme which retains
this desirable characteristic, but reduces
the chance of bias, may be advanta
geous. The simplest way to achieve this
may be to sample not the plant initially
chosen, but a. plant separated from it
by some interval-e.g., the fifth plant
to the left of tha.t originally chosen.

Number of plants sampled. Doubling
and halving the number of plants sam
pled has no effect on the estimated
values for population density, but did,
as expected, affect their precision
(T'able 5). The data indicate that to
reduce the standard error of the esti
mate of total Geocorisdensity to 10 per
cent of the mean, would in this set of
samples require sampling about 200
plants. To reduce the standard error
to 20 percent of the mean would require
about 50 plants. The problem of decid-
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ing how many plants to sample in the
general case is discussed in a later
section.

Distribution of predators within
the field

Systematic variation in density. Only
spiders show any evidence of syste
matic variation in density within the
field. Spiders in the 1974 Bartel field
were significantly more dense in the
most easterly rows of the field. Because
several spider species are -included in
the samples, it is not known whether
this variation is general or due to only
a part of the spider fauna. With this
single exception, there were no signifi
cant differences in population density
among columns, rows, or rings for any
of the species in any of the fields which
were sampled. This was true regardless
of the sampling technique used.

Aggregation patterns of active
stages. Figures 11 to 16 show crowd
ing (x) plotted against mean density
(x) for each of the species studied,
using data from the \VPBS. The inter
cepts (a) of these regression lines
were, in general, not significantly dif
ferent from zero, indicating that none
of these species occurs in cohesive groups
Or colonies. In the figures, the regres
sion of x on x was therefore forced
through the origin, so as to facilitate
inter-specific comparisons. The distri
butions of all species show a significant
degree of aggregation (x 2 tests show
that in all cases, significantly more
points fall above, rather than below, the
line predicted by a Poisson distribu
tion). Geocoris adults were classified as
to sex and instars, but the distributions
of males, females and immatures were
not different, nor was that of adults
(Fig. 11) . In Na.bis (Fig. 13), Chrysopa
(Fig. 14), and particularly Orius (Fig.
12) species there was a tendency (statis
tically nonsignificant) for immatures to
be more aggregated than adults.
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In general, for all species, the values
of the regression coefficients f3 (forced
through the origin) range between 1.5
and 2.0 only Orius nymphs, as noted
previously had consistently higher
values. The variance about the unforced
regression lines differed greatly from
species to species and from field to field.
For example, 1"2 values for different
species in the Bartel 1973 field range
between .07 (Orius) and .94 (Chrys
opa) .

In some cases, where the species (or
stage) concerned was at low density in
a particular field throughout the season,
the estimates of the regression param
eters suffer from poor estimates of this
population variance; such cases often
have low 1"2 values. Nonetheless, the
overall conclusion is clear viz., the ag
gregation patterns of different species
were similar. Moreover, the degree of
aggregation was similar in different
fields. This means that the same general
sampling rules could be used for all the
species studied here. None had a distri
bution so aggregated or so uniform as
to require treatment as a special case.

Regressions of xon x for sweep and
D-vac data were found to show less ag
gregation than the WPBS results. In
general the distributions did not deviate
significantly from randomness. This re
sult is to be expected, because single
Dvvac, or sweep sample, actually in
cludes samples from at least 50 plants,
thus the distributions resemble distri
butions of means, and their variances
were consequently relatively low.

Aggregation patterns of Geocoris
eggs. Geocoris egg densities were esti
mated both by WPBS and by visual
counts e'VPVS ) . Figure 17 shows
crowding ex) plotted against mean den
sity (x) for both methods. The regres
sions had significantly different inter
cepts (P < .05). That for the visual
counts was not different from zero,
while that for WPBS was significantly
greater than zero. 'I'his suggests that
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Comparison of sampling methods
The objective stated in the introduc

tion-to develop an absolute sampling
method for cotton arthropods-was
achieved for some stages and species
using WPBS. This technique was most
satisfactory for easily dislodged arthro
pods, specifically, for adult and imm~

ture Geocoris spp., Orius spp., Nobi«
spp., Lygu.s spp., larval C'hrysopa and
perhaps certain spiders. The method
would work well for the larvae of
loopers, beet armyworm, and other foli
age feeding lepidoptera, and for boll
weevil adults but these tests remain
to be made. It would not work well for
organisms such as mites, larval boll
weevil, pink bollworm, or eggs of Orius,
N obis, and Lygus, that adhere strongly
to the plant, or are embedded in plant
parts. Nor would it work well for lace
wing adults, because these insects can
fly at low temperatures and so fre
quentlyescape.

It is apparent that sweepnet and
D-vac methods underestimated the
numbers of both adult and immature
insects present in the field. Occasion
ally, quite high densities of immatures
remained completely undetected by
these methods. This study, like that of
Race (1960) found that D-vac samples
generally gave higher estimates than
did sweepnet samples. But a more seri
ous deficiency of these techniques is
that they generally do not even give the
same general trends in population num
bers as were given by the WPBS, a
method that approximated an absolute
sample. In several cases, the regression
coefficient for the D-vac and sweepnet
samples versus the WPBS was actually
negative, though the evidence was not
significant. Presumably, these discrep
ancies arose because-

1) The D-vac and sweepnet methods
sampled only the terminals, so

large proportions of the insects on
the plants were uncatchable, and

2) these relative methods sampled a
smaller fraction of a large plant
than they did of a small one, and
thus sampled different fractions of
the population at different times
on different plants.

The only exception to the generally poor
performance of the D-vac and sweep
net methods when compared to the
WPBS was Lygus spp., an insect that
lives on the uper strata of the plant.
Although these methods underestimate
population numbers (immatures more
seriously than adults) they gave the
same population trends as did the
WPBS for this species.

Counts of Geocoris spp. eggs were
made in two ways-WPBS and whole
plant visual counts. These eggs should
be ideal for visual methods, since they
are immobile, rather large, and hence
easily observed. Nonetheless, in this
study visual counts seriously underesti
mated egg numbers late in the season,
when the plants were large and more
difficult to search. This suggests: that
the results of this technique, which has
also been used as an "absolute" sample
in cotton by a number of workers
Kuehl and Fye (1970, 1972), Fye
(1972), Pieters and Sterling (1974),
Allen (1972), Hill et al. (1975), should
be viewed with extreme caution when
applied to older plants. It should be
noted that WPBS, in fact, requires less
time and effort than visual counts, es
pecially on older plants.

There seems no good reason why
WPBS could not be used routinely by
researchers on cotton, though, as noted
earlier, it may prove too cumbersome
for the practical problem of determin
ing treatment, unless relatively high
precision is required. With very slight
modifications, the techniq~e could also
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be used on other field and vegetable
crops, depending on the growth form
of the plant, the planting pattern and
stand density of the crop, and the be
havior of the organism to be sampled.

Species distributions and sampling
rules for WPBS

Species distributions. Only spiders
showed any systematic variation in den
sity within the cotton field. A similar
homogeneity was reported by Kuehl
and Fye (1970, 1972) and Fye (1972)
for lepidopteran larvae in cotton. The
spiders appeared to be the densest
around the area where irrigation water
drained off the field. Since they spend
a good deal of time on the ground and
in the trash, it is possible that either
they float with the trash to the edge of
the field, or that the accumulation of
trash in this area. makes for a more
favorable spider habitat.

All species showed an aggregated
distribution. It was difficult to compare
the aggregation patterns revealed by
the WPBS, with the results of other
studies of aggregation patterns in cot
ton, because workers have used different
sampling techniques. Kuehl and Fye
(1972), Allen (1972), Pieters and
Sterling (1974), and Hill et a.l. (1975)
used visual counts, Sevacherian and
Stern (1972) used sweepnet counts, and
Pieters and Sterling (1974) used D-vac
counts. These techniques in our works
gave different and often misleading re
sults compared to absolute WPBS
samples. The objectives of the cited
studies were mainly to fit the observa
tions to some statistical distribution
(generally the negative binomial) and
to derive a sequential sampling scheme
to determine when the insect has
reached some pre-determined critical
density, that is, an economic or injury
threshold for the pest. Our study has
shown that the normally-used D-vac
and sweepnet sampling techniques are
wholly unsatisfactory for this purpose,

Byerly et al.: Sampling Arthropods in Cotton

except in the case of Lygus bugs. They
are also of limited value as. a means of
establishing plant-to-plant distribution
patterns, since distributions of sweep
net or D-vac samples behave like dis
tributions of means; they tend to be
normal. Although it is possible to cal
culate what degree of plant-to-plant ag
gregation would result in the observed
values, the procedure is inaccurate and
moreover requires a priori assumptions
about the form of the distribution.

Our results: agree with Kogan et ale
(1974) who noted that in reporting
such sampling studies, researchers gen
erally must specify the type of crop,
the sampling method, and the organism;
otherwise, an adequate basis of com
parison is lacking. In general, the use
of the negative binomial parameters to
characterize the distribution, although
simple and convenient, seems a less
meaningful biological procedure than
Iwao's (1968) regression technique. No
doubt future developments will improve
the analytical process. But no degree
of analytical sophistication will help
much, if, as in the case of many D-vac,
sweep, and visual counts in cotton, the
data themselves are poor representa
tions of the actual densities and distri
butions in the field.

Sampling rules for WPBS. On the
basis of the cost and effort required,
WPBS sampling of individual widely
spaced plants is better than using con
tiguous plants, This, however, tends to
bias counts upwards, perhaps because
the sampler tended to choose larger
plants. Allen and Gonzalez (1972) sug
gested sampling groups of 5 adjacent
plants to overcome this problem, but
such a procedure is not feasible for
WPBS, because of the need to avoid
disturbing the plants to be sampled.

The number of plants to be sampled
depends on (a) the degree of accuracy
required, (b) the density of the organ
ism, and (c) the degree of aggregation
of the organism.
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Sequential sampling schemes involve
sampling until a decision, with defined
precision, can be made concerning the
density of an organism. The decision
formula, as given by Iwao and Kuno
(1968) is:

n = (f/D2
) « a + 1) IX+ ,B - 1)
where

n = sample size required
t = student's t, giving the frequency

with which a sample of size n will
give an estimate of precision D or
better (e.g., if t = 1, frequency
=.67).

D =accuracy required, as a fraction
of the mean.

a,,B =coefficients of the regression of
x (crowding) on x (mean) .

In this study a was not different from

zero, and f3 varied between 1 and 2 de
pending on the field sampled and the
specific organism being studied. Thus
for the species studied the sampling
rules would be similar, dependent only
on the degree of precision required.
Figure 18 shows: the number of samples
required to achieve accuracies (D) of
10, 20, and 30 percent of the mean, for
values of f3 = 1.0, 1.5, and 2.0. For all
the species studied, ,B =1.5 would gen
erally be satisfactory, but if special cau
tion was in order, one might assume
f3 = 2.0. It is apparent that to obtain
an accuracy equal to 20 percent of the
mean, a sample size of 50 would gen
erally be more than adequate; at high
population densities, 20 to 30 would be
sufficient.
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SUMMARY AND CONCLUSIONS
A general review of the literature on

sampling methods reveals that most
methods employed by entomologists
provide inadequate estimates of popu
lation numbers. The present paper de
scribed a "whole plant bag sample"
(WPB.S) as an approach to an "abso-
lute" way to estimate population densi
ties of various arthropods in cotton. The
method may also be adapted for other
types of crops, WPBS sample counts
were compared to counts obtained using
D-vac and sweepnet sampling methods,
and WPBS counts of Geocoris spp. eggs
also were compared with visual samples.

A comparison of the numbers de
tected by the two relative sampling
methods and WPBS showed that the
la tter evalua tes the populations of
adult and immature Geocoris spp.,
Orius spp., N abis spp., Chrysopa larvae
and Notoxus adults, and perhaps spi
ders, with the greatest precision. The
D-vac and sweepnet methods barely
detected populations of immatures, spi
ders, or N otoxus. Because the relative
methods usually did not even detect
general population trends, it was not
possible to develop a reliable factor to
convert relative sample estimates to
estimates of absolute density. The only

exception was Lygus hesperus; the con
version ratios for D-vac and sweepnet
were 1.0 and 4.0 for adults, and 4.0 and
13.0 for immatures. The counts must
also be adjusted for plant density.

WPBS-derived phenology curves
showed that the population densities
of all species may vary considerably
from field to field. There was no evi
dence of systematic variation in insect
population densities within the cotton
field, as indicated by comparisons be
tween rows, columns, and rings of
plants. All species had similarly aggre
gated distributions, as indicated by re
gressing crowding (x) on mean density
(x) (Iwao, 1968). In all cases the y-in-
tercept (a) was equal to zero, indicating
that the "basic unit of contagion" of the
distribution was the individual. The
measures of aggregation were used to
develop decision rules for sampling
these species based on the degree of
precision required.

In general, the WPBS method was
the only reliable technique available for
estimating the actual population densi
ties of active arthropods in cotton; the
two relative methods were both subject
to errors.
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