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ARTHROPOD MANAGEMENT

Remote Sensing, Line-intercept Sampling for Tarnished Plant Bugs
(Heteroptera: Miridae) in Mid-south Cotton

Jeffrey L. Willers*, Michael R. Seal, and Randall G. Luttrell

INTERPRETIVE SUMMARY high integrity of sample data necessary for making
appropriate management decisions for this pest.
Sampling for tarnished plant budg.ygus
lineolaris) at low population levels is important for ABSTRACT
developing better management tactics against this
major cotton pest. The results of this study  An accurate estimate of tarnished plant bug
demonstrate a sampling technique that is efficientLyguslineolaris [P. de B.]) densities is necessary to
and easy to use and measures low population leve@chieve optimal pest control in cotton Gossypium
of plant bug nymphs and teneral adults. The metho&"rsuwm L.) produptlon. Thisresearch was conductt_ad
is based on the use of the drop cloth, a readil}}o create_asampllng protocol for_use in c_ommerual
available and familiar scouting tool. cotton _flelds that would provide estlma_lt_es of
e . population abundance even at sparse densities. The
The sensitivity of the drop cloth can be improved

- ) ) ) ” g:otocol uses a modified line-intercept sample design,
by arranging a series of samples in a straight line afyyitispectral remote sensing imagery, and a drop

least eight rows long. Total numbers of plant bugscloth. Samples were collected from a belt transect line
shaken onto the cloth along the line can be convertegositioned at right angles to the row direction.
to numbers per hectare (or acre) using a simpldnformation was collected from drop cloth samples
formula applicable to any row spacing of solid or arranged as a series of at least eight adjacent units
skip row cotton, except ultra-narrow row. This @long the transectline. High-resolution multispectral

exception is stated because the method had not be%ﬁfrpme fensingl'imagc;:rytas§istecil in the dttatline?j[ic;g of
tested for very narrow row spacings when this WaglI erent sampiing strata in a farge cotton Tield.
arious sample sites within these strata were selected

written. ) nd the plant bug density was estimated for each site.
It was also demonstrated_that spatial patter_ns Ot?'he novel sampling methodology detected a spatial
sample data can be detected if remotely sensed imagfstribution in tarnished plant bug abundance that
maps are available. Using these image mapsSgorresponded to different phenological states (strata)
differences in crop growth patterns throughout theof the crop as measured by remote sensing. Examples
field can be quickly identified. By sampling different based on information collected from a large
areas of the field portrayed on the image map, weMississippi Delta cotton field during 1997 illustrate

were able to demonstrate that plant bug densitiegnajor concepts and overall application of the
differ by crop growth stage. integrated sampling scheme. The integrated sampling

Used together, the potential exists for reducingmethodology can detect extremely sparse densities of

. .. ~tarnished plant bug nymphs and teneral adults.
the time and effort necessary to detect and monito emote sensing is an efficient technique that

plant bug abundance in cotton, but still maintain theygjineates sampling strata in large fields of cotton
without excessive labor costs. The technique is best
employed between the time of square initiation and

. . . canopy closure.
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subdivided, especially where field conditions vary is to provide guidance to the sampler on how to
(e.g., stage of plant growth or levels of fertility or balance these tradeoffs and still obtain a dependable
moisture). When the field is divided (or stratified) estimate (Thompson, 1992).
into similar or homogenous blocks, each block can ~ Combining the drop cloth with a line-transect
be sampled as if it were a unique field. sampling design and remote sensing images of a
Each smaller sub-unit of a field is called a cotton field results in an efficient sampling technique
management unit and represents a specified area &6r both the nymph and teneral adult life stages of
land for which decisions are made and actions takemarnished plant bugs once squaring has begun and
(Williams et al., 1995). The key concept that definesuntil just prior to canopy closure. Once the canopy
a management unit is that actions taken on this unihas closed, though, one should use other sampling
are carried out uniformly (See Williams et al., 1995, plans along with recently acquired imagery (if
for further discussion). From the perspective of available).
sampling, it is important that data are collected and The visually based, non-adjacent quadrat
kept distinct according to each management unitsampling method first mentioned for use with
where soil type and fertility, water management, Heliothines (Willers et al., 1990a,b), expanded for
emergence date or other traits of the crop differ. use with other pests in Williams et al. (1991, 1995),
The identification of temporal and spatial and more recently described in Willers (1998) is one
patterns in pest distribution and abundance ispossibility for sampling after canopy closure.
difficult if stratification while sampling is not Several excellent references describe the
employed. Whenever spatial and temporal patterns ittraditional line-intercept sampling technique (Kaiser,
pest dynamics can be identified, the task of choosind. 983; Lucas and Seber, 1977; McDonald, 1980,
appropriate pest management strategies and tactick991; and Thompson, 1992). Line-intercept
becomes easier. sampling applications in forestry and wildlife biology
Defining uniform, or consistent, management have existed for decades. For row crop applications,
units is not an easy task when large acreages arfeowever, the approach has been rarely employed.
involved. Traditionally, discrete management units The line-intercept design initially was modified by
have been defined by roads, fence rows andWillersetal. (1992)to help growers make replanting
waterways, with the consequence that thesedecisions. Extensions of the method to estimate the
traditional units are often quite variable. number of plants per acre, or stand, were described
The problem has been that the cost of labor idater in Williams et al. (1995), Willers (1998) and
too greatto establish management units by using onwillers et al. (1999).
the-ground survey methods, especially when In general, the traditional line-intercept design
hundreds to thousands of acres are involvedhastremendous utility when itis customized for row
Recently, spectral reflectance information collectedcrop sampling problems. These advantages result
by remote sensing methods was used to defindrom the presence of parallel and systematically
homogenous management units to sample miridspaced rows (Willers, unpublished). At present, the
populations in cotin. Results from these efforts applicability of the line-intercept design for narrow
strongly suggest that management units can be besbw (row spacings <0.762 m [30 in]) planting
defined by remote sensing. These management unifgatterns has not been explored, but research for use
may be irregular in size and shape and, at timesin narrow row spacings is planned. For the work
spatially discontinuous. Once these units have beeneported herein, the described sampling methodology
delineated on a remotely sensed image map, thouglapplies only in fields where the row spacing is wide
itis a natural step to use these maps to select sampémough (i.e.;0.762 m[30 in]) for a drop cloth to be
sites for insect pests. easily used.
Once asample site has been identified, however, This article emphasizes adapting line-intercept
a field scout still must examine the crop at that site.concepts for use with both a drop cloth and remote
During sampling, there is a conflict between the sensing imagery for the purpose of estimating
amount of time spent and the acquisition of anlineolaris abundance and dispersion in commercial
accurate sample. A goal of a sample design, or plargotton fields. Only key points and a brief statistical
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description of the integrated method will be consuming. In addition, the awkwardness of using
mentioned. Further details or narrative, especiallymost vacuum type devices was avoided.
those of a statistical nature, can be found elsewhere The data acquired with this sampling approach
(see reference list). can be analyzed by several equations that are the
We will present an illustrative data set classicalline-intercept estimators (McDonald, 1980,
comprised of two dates and collected from a largel991; Willers et al., 1992). However, several
commercial cotton field in July 1997 to demonstrate conceptual changes to the classical line-intercept
the main features and concepts of the samplinghotation were necessary for use in row crops
technique. Note that the number of sites selected anfWillers, unpublished), yielding a simple expression
arrangement of sites within a strata during 1997 bea(Eg. [1]), which readily estimated the numb\é\b of
no relationship to a recommendation for use byplant bugs per 0.405 ha (1 acre).
commercial field scouts. The questions of sample  Here, the total number of bugs (either the
size and optimal site selection are important, butnumber of adults or nymphs or the combined count
require additional research with the use ofimagery inof adults and nymphs) observed from the transect

additional years and locations. was divided by the total number meters (or feet) per
row sampled (i.e., the drop cloth lengththe side
MATERIALS AND METHODS that lies parallel to the rows) multiplied by number
of rows ) sampled along a line. The quotient was
General Sampling Procedure multiplied by the number of linear meters per 0.405

ha (or linear row feet per actg]] applicable to the
Samples were collected from a transect line ofmanagement unit that was sampled. These steps are
specified length and width positioned at right anglessummarized in Eq. [1] as follows:
to the row direction. Sample information was
collected from constant-size quadrats (small, n
rectangular units that corresponded to the size of a Y = [Xy, / (mxD]*R [1]
standard drop cloth) for each row of cotton along the =1
length of the transect. A single drop cloth repeatedly
was placed in different furrows to comprise a seriesThe number of linear meters per 0.405 ha (or linear
of adjacent quadrats along the transect line. feet per acre) was determined by the row spacing and
At each furrow position, one row of plants was skip width (if any). The classical line-intercept
shaken with a stout wooden dowel and the number oéstimator (McDonald, 1980, 1991; Willers et al.,
plant bugs dislodged onto the cloth was recorded1992) is algebraically equivalent to Eq. [1].
Thus, a sampling design of improved sensitivity that

easily detects low numbers of plant bug nymphs and Acquisition of the Images
teneral adults was created by a series of samples
arranged along a straight line. The study site was an 81 ha (200 acre) cotton

Atypical transect line length corresponded to thefield near the Mississippi River on the northern edge
number of rows planted by one pass of the planteof Bolivar County, MS. In 1997, the NASA
(Willers, unpublished; Willers et al., 1992). For Commercial Remote Sensing Program (CRSP)
convenience and theoretical reasons (McDonaldacquired imagery throughout the growing season. A
1991; Willers et al., 1992; Willers, unpublished) the three-band digital camera system mounted in the
transect length never exceeded four planter passeselly of a fixed wing aircraft operated at an average

The use of a drop cloth (a readily available andspeed 204 km H (110 knots) obtained the
familiar scouting tool) afforded several advantages.multispectral imagery at an altitude of 1824 m (6000
The series of drop cloth samples defined a beltft) above ground level, which rendered a’spatial
transect (i.e., a transect line that also has width) seesolution per pixel.
that a large number of plants could be examined The spectral resolution of the sensor was: Band
easily and rapidly for the presence of plant bugs.1 (green band40 + 5 nm center wavelength), Band
Performing a visual examination for a similar 2 (red band, 695 + 5 nm center wavelength), and
number of plants one at a time would be too time-
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Band 3 (near-infrared (nir) band, 840 +5 nm cente
wavelength).

The multispectral imagery was processed with
Imagine software (ERDAS, Atlanta, GA) using the
following steps: (i) band-to-band
registration—alignment of all bands, (i) layer
stack—stack all three bands together to form ong
composite image, (iii) subset—subset all edges td
eliminate any edge effects, and (iv) calculate the
NDVI (Normalized Difference Vegetation Index) to
provide the green, yellow, and red zones of Fig. 1.

The NDVI (Rouse et al., 1974) is an equation
equal to (nir- red)/(nir + red). The result of this
expression was a range grouped into a 16-catego
plant vigor legend. The categories with the most
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plant vigor were assigned the greenest range whil&ig. 1. Multispectral image of a 81 ha (200 acre) cotton
categories with the least plant vigor were assigned  field during July 1997. The cotton growing in the
the red range within the legend. The categories green zones was more rank, taller, and more heavily

assigned to yellow were of intermediate plant vigor

fruited than that in the yellow or red zones. The cotton
was shorter and more open in its canopy and less

and are between the green and red levels. For heavily fruited in the red zones. The yellow zones were

scouting purposes, however, a color printout of the
classified, multiband composite was apportioned
subjectively into four strata by color: (1) dark green,
(2) green, (3) yellow, and (4) red.

intermediate between these two extremes.

Table 1A. Original sample data obtained 17 July 1997 and

Data Collection and Analysis
of Variance and Correlation

reported by eight adjacent quadrats (units) along the
transect line. Frequencies of adult and nymphal stages
of the tarnished plant bug (TPB) are combined into a

single total per quadrat. The last column provides the

The spatial resolution of a color printout was

more than adequate to select sample sites in each__2dult life stage.

percent of the total (line-intercept only) that was the

strata by navigation on the ground without the Sample

assistance of using global positioning systems (GP S}

waypoints.

The image shown in Fig. 1 depicts the field used
during the study and reflects the status of the crop
during July 1997. A different portion of the field in
each stratum was sampled on each date. Each color
(or sample strata) was sampled at two locations 0Ofip
two dates: 17 and 22 July 1997 (Tables 1A, 1B).

At a location, three nonoverlapping eight-row-
long transect lines were placed arbitrarily in a
triangular pattern in the center of a large, contiguous'®ow
area as indicated by the classified image and were
about 46 m (150 ft) apart from one another. Along
each line the plants on each individual row of cotton
were shaken with a heavy wooden dowel onto theRed
drop cloth and the number of mirids (adults or
nymphs) found for each of the eight rows was

TPB/ Density/  Adult
strata quadrat 25sweeps 0.405ha TPB
no. %
Green 22202023 7085 15
02010000 1635 3.3
01000000 545 100
00000010 545 100
00000010 545 100
00000200 1090 0.0
Green 10002210 3270 3.3
00011000 1090 50
11010201 3270 1.7
01000001 1090 0.0
00000100 545 0.0
00000000 0
00000000 0
00000000 0
00000000 0
00001001 1090 50
00000000 0
00000000 0
00000000 0
00000100 545 100
00000000 0
00000000 0
00000000 0
00000000 0

recorded.
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Table 1B. Original sample data obtained 22 July 1997 and  treatment effects. The SAS system (SAS Institute,
reported by eight adjacent quadrats (units) along the 1990 was used to complete the necessary analyses.
transect line. Frequencies of adult and nymphal stages The d it timat Tables 1A. 1B
of the tarnished plant bug (TPB) are combined into a e density estimates (Ta es_ ! ) amqng
single total per quadrat. The last column provides the  the strata were nonnormal. To facilitate a statistical
percent of the total (line-intercept only) that was the  analysis, the entire set of observations by date was
adult life stage. first ranked in ascending order (using the TIES =

Sample strata TPB/ TPB/  Density/ Adult TPB LOW option in Proc Rank). Performing an ANOVA

quadrat 25 sweeps0.405 ha . .
on the rank values, instead of the original data

e % values, is known as a rank-transformation procedure

Green 00100000 545 100 '

02111001 3270 80 (Conover and Iman, 1981).

01010100 1 1635 67 The Proc Mixed (Littell et al1996) procedure

01100100 1635 100 .

11000100 1635 100 completed the ANOVA that compared density
o sk 83388832 0 1222 igg estimates (obtained by Eq. [1]) across strata

feen (dark) - 00900091 103 100 (management units) on each sample date. The least

10100000 0 1090 50 significant difference (PDIFF) option was selected to

10011011 2725 100 . -

10000000 4o 100 perform pairwise comparisons among the treatments.

00110010 1 1635 100 The procedure, Proc Corr, computed the correlation
Yellow oo e o coefficients between the sweep net data and data

00000000 0 0 from the closest transect line (SAS Institute, 1990).

00000000 0

00010000 545 100

00000000 0 0 RESULTS
Red 00000000 0

00000000 0

00000000 0 0 Imagery and Crop Status

00000000 0

00000000 0 . -

00000000 1 0 The NDVI is one of many indices used to

determine relative plant vigor (Rouse et al., 1974;
Elvidge and Chen, 1995). The most vigorous plants
depicted in the enhanced vegetation stress map (Fig.
1) of the crop are displayed in green while the least
The two sample dates corresponded to the timesigorous plants are displayed in red. The yellow
window when an image was available and thestrata represent plants that are intermediate in vigor
canopy of the crop remained suitable for use with abetween these two extremes.
drop cloth. The canopy closed the week afterthe 22  Field observations suggested several
July sample date. It is difficult to use a drop cloth in relationships between the NDVI and several
closed cotton canopy, so sampling by this methodphenological attributes. In general, plant height was
was discontinued at that time. strongly correlated with these different plant vigor
Additionally, several transect lines were paired classes coded by color; plants in green areas were the
randomly with a standard, 38 cm (15 in.) sweep nettallest and in the red areas plants were the shortest
by using 25 sweeps near the line (the set of sweep@Villers, unpublished). The different plant vigor
began or ended within a few steps of the origin of thezones are irregular in size, shape, and continuity.
line). Correlation coefficients were calculated for Each different color defined a distinct management

both of these sample techniques. unit, or sampling strata.
The counts of the number of plant bug adults
and nymphs at each sampling strata were analyzed One-Way ANOVA

as a completely random design on each sample date.

The strata, coded by color, comprised the treatment On both dates, the yellow and red strata
structure and each sample line in a particular stratunpredominantly had a high frequency of zero or low
was considered as a replicate { 6). For the plant bug density estimates (Tables 1A, 1B). Of the
ANOVA, the sample strata were considered as fixed
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dark green, or green, strata only one transect line ofuly]). Therefore, the dark green and green sample
24 showed a density estimate of zero. data were pooled.

Often with insect data, large occurrences of  Similarly, a multiple comparison of the ANOVA
zeros and small estimates for means involve skewedesults indicated that the plant bug density estimates
distributions that compromise some of the betweenthe yellow and red stratawas nonsignificant
assumptions of classical ANOVA. For this reason,on 17 July P = 0.82) and marginally significant on
the rank transformation procedure (Conover and22 July P = 0.074). These two gups wergooled
Iman, 1981) was used rather than the use of also.
transformation (Mead, 1988) to normalize the The correlation between 25 sweeps with a sweep
density estimates. A one-way ANOVA on the rank net and a nearby eight-row sample (Tables 1A, 1B)
values, rather than the density estimates, indicateevas low and ranged betweef.26 to 0.34. Often,
that the null hypothesis of equality among the fourwhen the sweep net collected no plant bugs, the line-
strata was rejected for 17 Jul £ 0.0009) and 22 intercept/drop cloth technique discovered plant bugs.
July (P = 0.0001). This occurred 76% of the time for 17 paired

The estimates of the numbers of plant bugscomparisons; otherwise, the sweep net detected at
0.405 ha' were slightly higher on 17 July than on 22 least one plant bug 12% of the time when line-
July (Tables 1A, 1B). Nymphs were more common intercept/drop cloth method found zero, and both
on 17 July, whereas on 22 July the population wadound zero bugs 12% of the time. The evidence
predominantly adults, many of which had just molted suggested that the line-intercept/drop cloth technique
to the adult life stage. The presence of teneral adultsnore often detected low populations of teneral plant
was indicated by the extreme pale color. Thebug adults and nymphs than did the sweep net.
detection of this type of transition in the age
structure of the population was an additional benefit Pattern Without and With Remote Sensing
of the sampling technique.

The ANOVA results indicated that density of The advantages of the line-intercept design and
tarnished plant bugs during these two weeks of 199Femote sensing imagery were seen most clearly by
corresponded to different strata delineated on thesupposing that the sample data were unstratified.
image. It is unlikely that this type of spatial The results of the sample data, if a simple random
association between crop vigor and tarnished plansampling design had been employed, were illustrated
bug abundance would have been detected if anothén the frequency distribution of estimated densities
sample design had been used and the image map wasmbined from 17 and 22 July (Fig 2). This
unavailable (Willers, in preparation). histogram of results with an assumed simple random

To guard against observer bias and to confirm
independently these findings, the services of a private
consultant not working in the vicinity of the study 201 —
field were enlisted. This consultant, using traditional
procedures (i.e., did not use the imagery or the line€ " |
intercept sample plan), intensively scouted the fieldg
for an entire day, and strongly agreed that the plan'f

25

10 +

bug density was clearly higherinthe rank areas (i.e., 5+

the greener zones) of the field. H - |_| -
The denSIty eStImateS for the da‘rk green7 or ° 0 : 1344= 2691 :4038 : 5384 : 6731 =8078 : 9424 =10771=12118=134(‘37

green, strata were highly significant when compared Class (Numbers/Hectare)

with density estimated?(< 0.002) from the yellow  Fig. 2. Histogram of sample results for both sample dates

or red color strata. Examination of the original assuming a simple random sampling design. This view

sample data and ANOVA results indicated that mirid of the data assumes that the observer enlisted no aids
to select sample sites or define the data into unique

abundance in the dark green class was similartothe ;. Density estimates greater than 13,467 plant

green classR = 0.747 [17 July] an& = 0.563 [22 bugs per hectare have been pooled into that particular
class.
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Fig. 3. Histogram of estimated plant bug densities obtained
from 8-row long transect samples and the drop cloth
for regions of the study field with most vigorous plants
(dark green and green zones in Fig. 1). Data were

combined for both sample dates (17 and 22 July 1997).

Density estimates greater than 13,467 plant bugs per
hectare have been pooled into that particular class.

-
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Fig. 4. Histogram of estimated plant bug densities obtained
from 8-row long transect samples and the drop cloth
for regions of the study field with least vigorous plants
(yellow and red zones in Fig. 1). Data were combined
for both sample dates (17 and 22 July 1997).
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The high NDVI areas of the crop (i.e., dark green
and green zones) had a broad range of estimates
from low to high values, but the zero class was
almost nonexistent (Fig. 3). Meanwhile, both the
yellow and red zones (Fig. 4) had high frequencies of
zero counts, with the yellow zone having slightly
more occurrences of low counts (Tables 1A, 1B).
Also, both the yellow and red strata did not exhibit
occurrences of high counts (>2691 plant bug$ ha
[L090 plant bugs/acre]). There was a clear
apportionment of the density estimates into distinct
groups that corresponded to the NDVI vigor classes.

DISCUSSION

The purpose of any sampling effort for pests of
agricultural crops is to determine the relationship
between the abundance of the pest and the potential
for excessive crop loss (Pedigo and Buntin, 1993).
Among cotton sampling efforts (Riley, 1989; Wilson
et al., 1989; Wilson, 1993), the modified line-
intercept design simultaneously used with a drop
cloth and remote sensing imagery stands unique.

Any sampling effort has limitations. One
limitation may be small plot settings commonly
associated with research experiments. The chief
concernis thatthese plots could be over-sampled and
cause an artificial downward bias, especially if the
time interval between sampling episodes is short.
Other limitations are that the drop cloth can be
difficult to manage on brisk, windy days or with
excessively muddy field conditions.

Some hindrances in timeliness of scouting may
result when certain pesticides are applied that have
long re-entry intervals according to the pesticide

sampling design portrayed a high frequency of zerdabel. Finally, for mature adult insects, especially
counts and high variability among the non-zerothose that have strong flight capabilities, the use of
samples. This common pattern often has beerthe drop cloth along a transect line may not work
observed in insect sampling data and has beemell (Willers, unpublished). For sampling immigrant

assumed to be a consequence of natural variation adults at first square the use of a sweep net is

sampling error or a combination of both.

recommended. More research efforts comparing

To illustrate the benefits that remote sensingdifferent sampling tools with the use of image maps
brings to plant bug sampling problems, consider theare necessary during the early season prior to peak
analyses of the same data with stratificationsquaring.

accomplished. A multispectral image identified
different levels of plant vigor within the field (Fig 1).

The sampling method described offers several
advantages. The method is not excessively time

This map defined the management units for aconsuming and supplies data with high reliability.

stratified sampling scheme that

yielded While we cannot report detailed time and motion

improvements in understanding these sample datadata, several years of experience have shown that



WILLERS ET AL.: SAMPLING TARNISHED PLANT BUGS 167

one eight-row sample can be completed in less thagonstant size, whether the unit is comprised of a
10 min with two people (one to observe and the otheisingle plant or collections of several plants.

to record the data) or less than 20 min with only one  Therefore, it is possible to have the feature of
person. expressing sample counts as numbers per area

These sample durations include the recording ofbecause the belt transect line provides a reference
plant stand, numbers of plant bug adults andthat scales the estimates for a line into numbers per
nymphs, life stage, numbers of beneficial arthropod<0.405 ha (1 acre) (refer to Eq. [1]; Kaiser, 1983;
(by species), other pests, numbers of shed fruitingcDonald, 1980, 1991; Williams et al., 1995). This
forms, and travel time to and from a vehicle at eachis the primary reason why the transect line lies at
selected location. However, these time spans can beght angles to the row direction. Counting rows is a
considerably shortened if plant stand and plant buggonvenient method of knowing the exact length of the
are the only items of interest. transect line.

Travel time between sampling sites can be better ~ Another assumption of this sampling method is
managed by using the remotely sensed image tthat the spatial pattern of the population is best
select locations prior to going to the field. The described by a random, fine-grained dispersion
allocation of samples to different management unitspattern (Pielou, 1977); that s, the individuals are not
is made more efficient with the use of imagery. distributed patchily throughout the management unit.
Remote sensing techniques identify these uniformif several sample lines exist for each of several
sampling strata and more clearly delineate the spatialistinct management units from the same field,
relationships, including the discontinuities, among similarity in the magnitude of the quadrat values for
these units. similar strata is evidence that the assumption of a

Inthe near future, remote sensing images will befine-grained dispersion pattern for each one is
easily and widely available at an economical price.plausible. Therefore, it is best to have a few sample
For sampling programs at present, however, iflines allocated to several distinct management units
images are not available, one can be practical an@strata) and to avoid intensively sampling only one.
use available information on-site to apportion For any characteristic density, there exists an
samples by strata. For example, stand density alongptimal line length (or total linear feet of rokythat
with plant height (or differences in growth rate) as maximizes the probability that the belt transect will
related to the slope and aspect of the terrain, soiencounterat leastone insect (McDonald, 1991;
type, or drainage can be used to define sample strataVillers et al., 1990b; Willers, unpublished). It is

Sorting plant bug samples into similar groups instructive to see how this typical length varies at
using obvious differences in crop growth patternsdifferent population levels. A simple expression
gives similar results to that achieved with remotederived from Eq. [1] can be used. The characteristic
sensing image maps. The only information lacking islength of row () necessary to find at least one plant
a clear sense of the extent and interrelationships dfug in a sample at different densitie%) (can be
the different strata that the imagery so readilyfound as follows:
portrays.

For the sample technique described here, one r=(R/ 9) [2]
important assumption is that the field (or more
specifically, the management unit) has been gridded? practical minimal distance on the row length,
into quadrats of sizes defined by segments of row(for example, with 0.965 m (38 in) row spacings), is
bisected by a transect line of known length andto sample no less than two adjacent rows with a drop
width. The random sample is obtained by drawingcloth, especially when populations are greater than
sample units arranged along a randomly placed7413 insects ha(3000 insects/acre). A trace of the
transect line in a particular strata of the field, with variable r, for different population values parallels
the result that the sample unit size dynamicallythe results portrayed in Fig. 5.
increases as additional, adjoining rows are sampled. The only strong assumption that influences the
This is a different tack from most other sampling result of Eq. [2] is the relationship between density
plans that employ nonadjacent random samples of and the dispersion pattern of the insect population of
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detailed proof (Willers, unpublished) that a single
101 belt transect eight rows long is more efficient at
detecting low populations of tarnished plant bugs
compared with four widely separated samples of two
rows each.

4l In this study, a visual inspection of the data
(Tables 1A, 1B) for different random draws of any
two adjacent quadrats from a transect whether the
sampling is unstratified or stratified, suffices to

Distance (meters)
o

0

0 2500 5000 7500 10000 12500

Infested Plants (No./0.405 ha) illustrate the efficiency of the belt transect compared
Fig. 5. Diagram representing the expected relationship of ~ with smaller sized sample units.
the mean distance (m) between individual insects and The plant health zones reflected in the imagery

numbers of individuals per 0.405 ha assuming a : ; ;
random, fine-grained dispersion pattern and a stand relate to the biology of plant bugs in two important

density of 40,000 cotton plants per 0.405 ha (1 acre). Ways. First, the more lush areas of the field have a

Note that as the population of insects increases, there higher squaring (flower bud production) rate than the

is a trend that the average distance between yellow or red zones. Cotton squares, at times, are a

individuals decreases. preferred feeding site for both adult and immature

tarnished plant bugs. Second, the canopy structure is
interest. For example, if the transect line crosses @¢he most developed in the green zones, possibly
boundary between two areas that differ in bothproviding some protection against pesticides,
density and pattern of dispersion, then Eqg. [2] cannoparticularly for plant bug nymphs that often reside
apply. This limitation indicates the benefit of remote inside square bracts for several days at a time.
imagery to best apportion sample sites into strata
that are as similar as possible. SUMMARY

Therefore, with 0.965 m (38 in.) and other wide
row spacings, scouting for tarnished plantbugswith  The accuracy of the modified line-intercept
an eight-row sample is adequate for most occasionsestimate of plant bug density depends on the
rarely would a user opt for 16-row sample lengths.variability of the stand, past spray history and
The guiding factor determining the choice betweenefficacy, and most importantly, the skill of the
an 8- or 16-row sample is clarity. If a series of well- observer. The precision of the line-intercept method
placed eight-row samples does not build thedepends on the length and humber of transect lines
confidence of the sampler about the status of plantised to collect the data and the correct placement of
bugs in the crop, a series of 16-row transect linessample lines in homogenous strata ( management
could be more informative. units) of the field. When incorporated with line-

Frequently, three lines of eight rows in length per intercept concepts, the drop cloth is the key tool that
management unit (strata) will be sufficient, provided permits the scout to examine large size sample units
the field is strongly stratified into homogeneous for nymphs and teneral adults with greater efficiency
areas. Additionally, whenever plant bug densitiesand without excessive costs in time. It is probable
dramatically increase above a treatment thresholdthat the sweep net also can be used with imagery, but
the line length can be shortened. With experience anthe targeted life stage will be mature adults that
judgment, the sampler will learn how to balance theexhibit an ability to easily take flight during any
length of the sample line against the value of thedisturbance of the plant canopy. At times, all these
information needed to make a management decisiotools could be employed to best determine plant bug
as the row spacing and planting pattern vary. abundance in large cotton fields.

More details of the relationships among sample  Plant bugs were more common in the areas with
unit size, density and dispersion pattern, along withmore vigorous plants. The data suggested that the
graphical displays, can be found in Willers et al. insects preferentially selected the better areas of the
(1990b). This simulation study, along with details crop. Interestingly, this result is predicted by the
from McDonald (1991), can be used to develop aFretwell-Lucas model of habitat selection (Fretwell
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and Lucas, 1970; Fretwell, 1972). Applying this Fisheries, and Mike Williams, Dep. of Entomology
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