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ABSTRACT TaylorÕs power law (s2 � a x� b) was Þtted to the means and variances of numbers of
adult Diaprepes abbreviatus L. and Pachnaeus litus (Germar) caught monthly in modiÞed Tedders
traps (citrus Tedders traps). Data for D. abbreviatus were obtained in six Florida citrus groves, two
located on the central ridge and the others in the central and southern ßatwoods. Parameters for
P. litus (a � 2.15, b � 1.17) using data pooled from two siteswere consistentwith parameters derived
from the individual sites. Parameters derived from pooled data forD. abbreviatuswere a � 2.69, b �
1.33; however, there was signiÞcant variability of the parameter b among sites. For speciÞed levels
of precision (conÞdence interval half-length:mean ratio), from 0Ð30% fewer traps were needed to
estimate numbers of P. litus compared with D. abbreviatus at densities encountered in these groves.
Plot size from0.06 to�12 ha affected the numbers of traps needed to obtainmonthlymean estimates
of adult weevils per trap with a given level of precision. In general, sample precision was equal in
large and small plots when population density in large plots was double that in small plots. At a given
population density, �70% more traps were required in large compared with small plots to achieve
a similar level of precision. Changes in trappedweevil abundance larger than 2.5-fold were detected
as signiÞcantly different with the sampling plans used in these studies. Seasonality in the numbers
of each species was evident at all sites (P � 0.05) because monthly means varied by 30- to 60-fold.
In a separate study, the numbers of weevils recovered monthly from citrus Tedders traps were
approximately congruent (r � 0.78, n � 33, P � 0.01) with numbers recovered from cone-shaped
ground traps that only recover adult weevils as they emerge from soil. Annualmaxima for both types
of traps occurred at the same times during 33 mo, but each year weevil emergence from soil (as
measured by cone traps) remained high for 1Ð2 mo after weevil recovery from citrus Tedders traps
declined. Polynomial regression onmonthly recovery fromcitrus Tedders traps explained 66%of the
variation in monthly emergence of weevils from soil. Results of this study support the use of citrus
Tedders traps in integrated pest management programs to detect the onset of emergence from soil
by weevil cohorts, and to measure relative differences in weevil population density due to exper-
imental treatments.

KEY WORDS Diaprepes abbreviatus, Pachnaeus litus, insect traps, population monitoring, sample
size, sampling, TaylorÕs power law

THE LARVAE OF several polyphagous species of Curcu-
lionidae feed on the roots of citrus trees in Florida and
elsewhere in the Caribbean region. Diaprepes abbre-
viatus L. is the most economically important species,
causing severe decline of trees, particularly in groves
with conditions that are conducive to phytoparasitic
oomycetous fungi in the genus Phytophthora (Graham
andMenge1999).Approximately 13,000of the 340,000
ha of citrus in Florida were thought to be infested by
D. abbreviatus in 1997 (LaPointe et al. 1999). D. ab-
breviatus commonly occur in groves concomitantly
with Pachnaeus litus (Germar), aweevil species some-
what less damaging to citrus (McCoy 1999).

Diaprepes abbreviatus was Þrst detected in central
Florida in 1964 (Woodruff 1964) and subsequently
spread into all of the citrus growing regions of the state
to become amajor threat to the industry (McCoy and
Simpson 1994). The proÞtability of current recom-
mendations to manage the insect with chemical and
biological insecticides and cultural practices has not
been reported, but appears to be modest (Duncan et
al. 1999). Achieving better control of D. abbreviatus
requires informationabout thepopulationbiologyand
ecology of the insect, and methods to measure the
effects of management tactics. Published sampling
methods to estimate the abundance ofweevil larvae in
soil are labor intensive and destructive to trees (Dun-
can and McCoy 1996, Duncan et al. 1996). Of the
several traps tested for monitoring aboveground pop-
ulation densities of adult weevils, the Tedders trap,
modiÞed for use in citrus, has been found to be one of
the most efÞcient and is now commonly used to study
curculionids including this pest (Adair 1994, Tedders
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and Wood 1994, Stansly et al. 1997, Prokopy and
Wright 1998, Mizell et al. 1999).
Despite theirwidespread use for research andmon-

itoring of weevil pests of citrus, there are no reports of
sample size requirements to estimate abundance of
D. abbreviatus or P. litus with modiÞed Tedders traps.
Therefore, the purpose of our study was to determine
the precision with which Tedders traps, modiÞed for
use in citrus, measure D. abbreviatus and P. litus over
a range of population densities and in research plots
ranging in size from small (�0.5 ha) to large (1.6Ð12.6
ha) in several areas of Florida with different edaphic
and climatic conditions. We also investigated the re-
lationship between numbers of adults caught in mod-
iÞedTedders traps and in ground traps that catch only
adults emerging from soil.

Materials and Methods

Study Sites and Trap Design. TaylorÕs power law
(Taylor 1961) was Þtted to data from experimental
plots in four commercial groves infested by D. abbre-
viatus and in two groves (C1 and C2) infested with
both D. abbreviatus and P. litus (Table 1). The exper-
iments atÞveof the sitesweredesigned tomeasure the
effects of various cultural, chemical and biological
tactics to manage the weevils. ModiÞed Tedders traps
(hereafter designated citrus Tedders traps)were used
to estimate relative differences in weevil population
densities among the treatments. Cone shaped ground
traps that catch only weevils emerging from soil were
used at the remaining site (C3) to explore the rela-
tionship between numbers of weevils caught in citrus
Tedders traps and numbers of adult weevils emerging
from the soil. Sites C1 and C3 were on the Florida
central ridge, which is characterized by deep sandy
soils. The remaining sites were in “ßatwoods” areas of
the central and southern parts of the citrus industry.

Flatwoods soils are variable in texture and lie above
shallowwater tables that require trees tobeplantedon
beds of soil to facilitate water drainage.
The citrus Tedders traps are modiÞcations of the

trap described by Tedders and Wood (1994). The
collector consists of the portion of a cotton boll weevil
trap (Great Lakes IPM, Vestaburgh,MI) used by Ted-
ders and Wood (1994). The trap is mounted on a
pyramid-shapedbase 61 cmhigh and formed from two
roughly triangular shaped pieces of black masonite or
corrugated polyethylene (PBE Graphics, West Palm
Beach, FL) that are slotted to half of their lengths in
different directions in the middles to Þt together and
form a pyramid. The four ßanges of the base are
anchored to the soil with wire pins (Wireco, Winter
Haven, FL).
The cone-shaped screen ground traps were con-

structed of standard galvanized hardware cloth
(0.3-cm mesh size) shaped to form a base with a 91.4
cm diameter. A 1.0-cm hole was formed at the tip of
each trap to allow crawling adults access to a detach-
able cotton boll weevil trap top (as used on the Ted-
ders trap) attached to the tip of the ground cone trap.
The placement of traps varied in the different ex-

periments. At site C1, three citrus Tedders traps were
placed randomly in each of the four center rows of
each plot (12 traps per plot, 144 traps total). Traps
wereplaced in-linewith the rowsof trees, beneath the
canopy �30 cm from the trunk. Numbers of weevils
caught in the traps were monitored weekly from two
February 1998 until 30 December 1999. At site C2, a
single citrus Tedders trap was placed beneath the
canopies of 20 randomly selected trees in the two
center rows of each plot. Traps were monitored bi-
weekly for 9moduringMarchÐDecember 1999.At site
C3, a citrus Tedders trap was placed beneath 20 ran-
domly selected trees in each of six plots. Traps were
positioned midway between the trunk and canopy

Table 1. Characteristics of six experimental sites used to derive parameters of Taylor’s power law for Diaprepes abbreviatus and
Pachnaeus litus in Florida citrus groves and to study the relationship between numbers of D. abbreviatus caught in Tedders pyramid traps
and emergence of adult D. abbreviatus from the soil

Site Location
Soil type
Bed style
Irrigation

Tree
age
(yr)

Tree
spacing
(m)

Plot
size
(ha)

Site
size
(ha)

Plot conÞguration
(no. rows � no. trees)

Rootstock/scion

C1 Bartow Astatula sand
Non-bedded
Microsprinkler

8 4.5 � 8.7 0.46 8.2 8 � 30 Carrizo citrange/Hamlin and Valencia

C2 Ft. Pierce Pineda sand
Double bed
microsprinkler

12 3.0 � 7.6 0.09 12.6 4 � 20 Swingle citrumelo/mixed variety

C3 Lakeland Astatula sand
Non-bedded
microsprinkler

15 3.8 � 6.0 na 5.3 4 � 30 Swingle citrumelo/Hamlin

S1 Ft. DeNaud Pinea sand
Single bed
Drip

12 3.8 � 7.6 0.07 1.6 1 � 24 Mixed/Hamlin

S2 Ft. Danaid Pinea sand
Single bed
Drip

10 3.0 � 6.7 0.06 3.7 3 � 29 Swingle citrumelo/Hamlin

S3 Ft. Danaid Tuscawilla Þne
sand Single bed
Microjet

8 3.8 � 7.6 0.07 4.2 3 � 24 Swingle citrumelo/Fallglo and Sunburst

C � central and S � southern regions of FloridaÕs citrus industry.
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drip line while cone-shaped traps were placed under
an adjacent tree with the edge of the trap almost
touching the tree trunk. The C3 plots were the only
ones that did not receive experimental treatments.
However, carbaryl sprays speciÞcally applied for adult
weevil control were performed on 17 April 1995, 10
June 1995, 28August 1995, 13May 1996, and 15August
1996. Commercially available entomopathogenic
nematodes were applied to soil on 19 May 1995 and
three May 1996 for control of weevil larvae. Plots at
sites S1-S3 consisted of 1Ð3 rows of 24Ð29 trees. Citrus
Tedders traps were placed beneath the canopies of
eight randomly chosen trees in the center row of each
plot. Traps were monitored weekly between April
1996ÐJune 1998 at site S1, February 1998ÐDecember
1999at site S2, andAugust 1998ÐDecember1999at site
S3.

Analyses of Sampling Precision. We used the ratio
of theconÞdence interval half-length(� �0.05) to the
samplemeanasameasureof samplingprecision.Num-
bers of D. abbreviatus and P. litus recovered each
month from citrus Tedders traps or cone traps were
computed for each experimental site and TaylorÕs
power law (s2 � a x�b; Taylor 1961) was Þtted to the
loge-transformed monthly means and variances for all
traps within a site or within each experimental plot
(Elliot 1977). The TaylorÕs power law parameter es-
timates were then used in the formula

0.5 CI/x� � �z�/2
2 ax�b�2/n , [1]

where CI � conÞdence interval, z � the standard
normal variate (1.96, P � 0.05), n � number of traps
and a and b are the parameters of TaylorÕs power law,
to estimate the inßuence of geographic location and
plot size on the precision of population size estimates
(Elliot 1977, Duncan et al. 1994). The same formula
rearranged as

n � �z�/2
2 ax� b�2�/�0.5 CI/x� �2 [2]

was used to predict the minimum numbers of traps
needed to estimate population size with a given pre-
cision.
To evaluate theprecisionwithwhich changes in the

average numbers of trapped insects were detected,
t-tests were computed for differences (P � 0.05) be-
tween all possible pairs of monthly means for D. ab-
breviatus abundance during 1998 at site C1. The prob-
abilities of a type I error were compared with the
proportional magnitude of the mean differences.

Results

The mean-variance relationships for D. abbreviatus
as measured by TaylorÕs power law (slopes and inter-
cepts of log-transformed variances regressed against
log-transformedmeans) did not differ signiÞcantly for
data from the small plots at each site (Table 2). How-
ever, estimates of the parameter b for each entire site
were more variable, and b for sites C2 (1.108 	 0.029;
b 	 SD) and S3 (1.583 	 0.113) differed signiÞcantly
(P � 0.001). There were no signiÞcant correlations
between the size of sample area and the parameters a
or b. However, the range of numbers of weevils/
trap/mo at each site was correlated (n � 6, r � 0.97,
P � 0.001) with b.
The variation in parameters between sites did not

result in appreciably different estimates of sampling
precision, except for those of site C3 which indicate
greater precision than at the other sites for estimated
population densities �0.32 weevils trap�1 month�1

(Fig. 1A). We pooled the data from all sites, either
including or excluding those from site S3, and found
that the resulting precision estimates from TaylorÕs
power law and equation 1 did not differ much across

Table 2. Estimated parameters for Taylor’s power law derived from six experiments in citrus groves located in different regions of
Florida

Site and
(sample unit size)

Traps/unit Traps/ha
TPL parameter

r2 P
Range of

mean weevils
trap�1 month�1a SE(A) b SE(b) na

Diaprepes abbreviatus

C1 (8.2 ha) 144 17.6 1.62 0.031 1.13 0.013 23 0.94 0.001 0.035Ð1.01
C2 (14.6 ha) 360 24.7 1.87 0.052 1.11 0.011 7 0.99 0.001 0.003Ð0.25
C3 (5.3 ha) 84 15.8 2.61 0.023 1.32 0.008 31 0.97 0.001 0.024Ð2.15
S1 (1.6 ha) 192 120.0 3.06 0.040 1.37 0.023 25 0.86 0.001 0.068Ð1.81
S2 (3.7 ha) 160 43.2 1.99 0.026 1.24 0.015 16 0.97 0.001 0.038Ð0.75
S3 (4.2 ha) 160 38.1 2.61 0.015 1.58 0.026 18 0.92 0.001 0.344Ð4.06
C1 (0.46 ha) 12 26.1 1.40 0.004 1.16 0.002 165 0.90 0.001 0.083Ð1.81
C2 (0.09 ha) 20 222.2 1.57 0.015 1.16 0.007 50 0.93 0.001 0.050Ð1.05
S1 (0.07 ha) 8 114.3 1.55 0.002 1.25 0.002 330 0.86 0.001 0.125Ð8.63
S2 (0.06 ha) 8 133.3 1.29 0.003 1.12 0.002 215 0.85 0.001 0.125Ð3.63
S3 (0.07 ha) 8 114.3 1.53 0.002 1.38 0.002 368 0.83 0.001 0.125Ð15.62

Pachnaeus litus

C1 (8.2 ha) 144 17.6 2.06 0.03 1.16 0.009 16 0.98 0.001 0.007Ð0.91
C2 (14.6 ha) 360 24.7 2.54 0.05 1.20 0.019 9 0.98 0.001 0.011Ð1.84
C1 (0.46 ha) 12 26.1 1.43 0.001 1.17 0.004 107 0.91 0.001 0.083Ð4.00
C2 (0.09 ha) 20 222.2 1.71 0.002 1.21 0.003 115 0.97 0.001 0.050Ð4.20

C � central regions, S � southern region of the citrus industry in Florida. SE(A) � standard error of the intercept (logea).
a n may vary from the potential number of observations because counts of 0.0 cannot be transformed to logarithms when Þtting the model.
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the range of mean population densities encountered
in our studies (Fig. 1B). Therefore, we chose to use
TaylorÕs power law parameters Þtted to the data
pooled from all sites as the best estimators of the
variance-meanrelationships forD.abbreviatus inFlor-
ida citrus groves (Fig. 2A). However, several points at
the lowest mean densities exerted a disproportion-
ately large effect on the regression. These points rep-
resented cases in which only one to two weevils were
captured during a month, constraining the variance
estimate to be larger than might occur at the same
mean density, but with a greater number of traps. We
chose to recognize this discontinuity in the linear
relationship by omitting data based on counts of a
single weevil. The resulting regression provided esti-
mates of the parameters a and b equal to 2.69 and 1.33,
respectively (n � 119, r2 � 0.96). Parameters for D.
abbreviatus from small plots pooled across the six sites

(omitting data for counts of a single weevil) were a �
1.56, b � 1.32 (n � 872; r2 � 0.84; data not shown).
Both TaylorÕs power law parameters for P. litus were
smaller than those for D. abbreviatus, and geographic
location did not affect the relationship (Table 2; Fig.
2B).
The sampling precision for D. abbreviatus was

higher for the small experimental plots than for the
entire sites. In general, precision in plots and sites was
equal when population densities in sites were double
those in plots (Fig. 3A). Assuming the use of 200
traps/unit, sampling precision exceeded 0.5 at popu-
lation densities �0.04 and � 0.08 weevils/trap/mo in
small and large plots, respectively. Weevil densities
�0.32 and �0.64/trap/mo in small and large plots,
respectively, resulted in sampling precision of at least
0.25. At a given population density, �70% more traps
were required in large sites comparedwith small plots,
for an equivalent level of precision (data not shown).
In large plots, sample sizes � 100 Tedders traps were
estimated to provide sampling precision �0.50 at D.
abbreviatus abundance �0.32 weevils per trap per
month, and �0.25 at weevil abundance �2.4 per trap
per month (Fig. 3B).

Fig. 1. Predictions of the precision with which 200 Ted-
ders traps will measure the mean density of Diaprepes ab-
breviatususingTaylorÕs power lawand the equation 0.5 CI/x�
� 
z�/2

2 ax�b�2/n: (A) predictions using TaylorÕs power law
parameters derived from each of six different citrus groves in
the central (C1ÐC3) and southern (S1ÐS3) citrus-growing
regions of Florida; (B) predictions using parameters derived
from data pooled from all six groves, or from Þve groves and
excluding data from site S3.

Fig. 2. Relationships between variances and means
(weevils/trap/mo) of the numbers of (A) Diaprepes abbre-
viatus fromsix citrus groves, and(B)Pachnaeus litus fromtwo
citrus groves.
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At a population density of 1.2 weevils per trap per
month, 20% fewer traps on average were needed to
estimate numbers of P. litus compared with D. abbre-
viatus in the large sample site plots (Fig. 4). Sampling
requirements for the two weevils converged at lower
densities and diverged at higher densities.
Numbers of citrus Tedders traps used at the various

sites (84Ð360) were adequate to reveal seasonality in
the abundance of both weevil species (Figs. 5 and 6).
The abundance of weevils in untreated control plots
was often greater than that in plots that received
experimental treatments, but the patterns of seasonal
abundance were similar for both types of plot (data
not shown). The maximum monthly averages for D.
abbreviatus at the southern sites occurred in April
each year between 1996 and 1999 (Fig. 5). In the
central region, highest numbers of D. abbreviatus and
P. lituswere recorded inMay 1998Ð1999 at theC1 site,
but at the C2 site the greatest number of both species
were caught in April 1999 (Fig. 6). Compared with
springtime months, signiÞcantly lower numbers of ei-
ther species were trapped after midsummer at any

location. Differences in mean monthly weevil abun-
dance could be identiÞed by t-tests; the probability of
a type I error did not exceed 0.05 when the propor-
tional difference inmeanweevil abundance exceeded
2.5 (Fig. 7).
At site C3, the numbers of D. abbreviatus caught in

citrus Tedders traps were correlated (r � 0.78, n � 33,
P � 0.01) with the emergence of adult weevils from
soil (Fig. 8A). Sixty-six percent of the monthly vari-
ation in adult emergence from soil (as measured by
cone traps)wasexplainedby secondorderpolynomial
regression against numbers of adults recovered from
Tedders traps (Fig. 8B). Both types of traps produced
similar patterns of adult emergence from soil during
the initial phase of emergence each spring during
1995Ð1997. However, weevils were caught at propor-
tionally higher rates in cone traps compared with

Fig. 3. Predictions of the precisionwithwhich Tedders
traps will measure the mean density of Diaprepes abbre-
viatus using TaylorÕs power law in the equation 0.5 CI/x� �

z�/2

2 ax�b�2/n for (A) plots of different size (0.06Ð0.46 ha
versus 1.6Ð12.6 ha) using 200 traps and (B) large plots using
different numbers of traps. Parameters for small plots were
a � 1.56, b � 1.32, and for large plots a � 2.69, b � 1.33.

Fig. 4. Optimum numbers of Tedders traps to achieve
different levels of precision (given in legend) at different
levels of abundance of Diaprepes abbreviatus and Pachnaeus
litus according to the equation n � (z�/2

2 a x�b�2)/(0.5
CI/x�)2, where a � 2.69 and b � 1.33 for D. abbreviatus and
a � 2.15 and b � 1.17 for P. litus.

Fig. 5. Mean and standard error of numbers ofDiaprepes
abbreviatus trapped monthly in three citrus groves in the
southern region of the Florida citrus industry. Numbers of
weevils trapped at the S3 site were divided by 4.0 to facilitate
comparison of sites.
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Tedders traps throughout the early summer months.
On average, Tedders traps caught 4.2 times as many
weevils as did cone traps. The efÞciency of cone traps
was comparable to that of Tedders traps (Fig. 9).

Discussion

Unbaited citrus Tedders traps can be effective de-
vices for estimating the relative abundance of adult
root weevils in units of citrus at a given point in time.
Theuseof 144ormore traps revealed recurring annual
patterns of abundance of the adult stage of twoweevil
species in each of the study sites in which they oc-
curred. The natural pattern of seasonality was not
confounded by pesticide use at the experimental sites
because identical patterns occurred in untreated con-
trol plots. Moreover, the patterns for D. abbreviatus
derived from Tedders traps were similar to those of
adults emerging from the soil. Even at low population
abundance, (�0.05 weevils per trap per month), less
than a three-fold change per month was consistently
found to be signiÞcant. Collecting data from 144 traps
in an area of 8.2 ha required less than 2 h in the Þeld
each week.

Whether there is a consistent relationship over time
between numbers of weevils caught in citrus Tedders
traps and weevil abundance in a grove is unknown. A
signiÞcant positive correlation between weevils re-
covered in citrus Tedders traps and from beat sam-
pling of trees during 65wk provided evidence that the
traps reveal the relative population density of adult
D. abbreviatus in a grove (H. Nigg, personal commu-
nication). Nevertheless, D. abbreviatus is a polypha-
gous insect (Simpson et al. 1996) and, therefore, it is
possible that the temporal andspatialpatternsof abun-
dance of the insect in citrus groves is regulated not
only by its population dynamics on citrus, but by
periodic movement to and from other habitats. In this
study, the onset of emergence from soil by adult wee-
vils in the spring coincidedwith increased recovery of
weevils in citrusTedders traps ineachof 3yr. Sherman
and Mizell (1995) were able to detect emergence of
P. opalus in a Florida peach orchard using original
Tedders traps. However, in our study, weevils contin-
ued to be caught at high levels in cone traps for 1Ð2mo
after weevils caught by Tedders traps declined signif-
icantly. Insecticides that were used to manage D. ab-
breviatus at siteC3wereusually applied at peakweevil
emergence andmay explain themore rapid decline in
weevils trapped in Tedders traps than in cone traps
following the spring emergence period. Additional
research on this question is needed because density
dependent biological control of adult weevils, sea-
sonal migration of weevils to and from citrus, or be-
havioral changes related tophysiologicaldevelopment
might also inßuence patterns of abundance derived
from Tedder traps.
The spatial patterns of D. abbreviatus and P. litus

appear to be less aggregated than those of many in-

Fig. 6. Mean and standard error of numbers of (A) Dia-
prepes abbreviatus and (B) Pachnaeus litus, trapped monthly
at sitesC1 (Þlled circles) andC2(open circles) in the central
region of the Florida citrus industry.

Fig. 7. Proportional change in the abundance of Dia-
prepes abbreviatus caught by Tedders traps each month and
the probability of a type I error if the densities are designated
as different. t-tests were used to estimate probabilities of
difference between each pair of monthly means measured
during 23 mo at site C1.
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sects, as shown by estimates of the TaylorÕs power law
parameter b that were closer to 1.0 than to 2.0 (Elliot
1977). The relatively small ranges in the numbers of
weevils caught by individual traps at our sites provides
intuitive evidence that the adult insects were not
highly aggregated. Of greater concern for the purpose
of determining general sampling requirements for
these weevils is that the largest and smallest estimates
of b in this study varied signiÞcantly. Although the
parameter b has been suggested to be characteristic
for a given species (Southwood 1966), Taylor et al.
(1998) note that there is “ample evidence” that the
spatial pattern of a species can vary with region, crop,
crop phenology, location on the plant, or due to pest
management. Variability in the parameter a is fre-
quently greater than that of b, is affected by sampling
protocol, and has a proportionately greater effect on
sampling requirements (Taylor et al. 1998). Our anal-

ysis of pooled data forD. abbreviatus, in which counts
of a single insect/trap/month were omitted, is con-
sistent with the observations of Taylor et al. (1998)
because sampling requirements in plots of different
size were inßuenced by differences in a, while b re-
mained constant. Indeed, the variation in b between
experimental sites (all data included) may be an ar-
tifact of sample size and differences in population
densities between sites, because b was positively cor-
related with the ranges of population densities. Sites
with smaller ranges contained the greatest number of
observations in which only one or a few insects were
trapped per observation period. If insects are not
highly aggregated, the greatest likelihood is that the
variance for a given mean density will decrease with
increased sample size. For example, when a single
insect is trapped in amonth the variancewill equal the
mean. However, if two insects were trapped using
twice as many samples, the same mean density would
exceed the variance unless both were caught in the
same trap. Thus, at low population density the vari-
ance estimate may be inßated, thereby reducing the
estimate of b.
These results support theuse of citrusTedders traps

inweevil integratedpestmanagementprograms.All of
the current tactics to manage weevil adults and eggs
in the tree canopy or larvae in the soil have relatively
short residual activity requiring accurate timing for
maximum beneÞt (Knapp 2000). Insecticides for use
against adult weevils are disruptive to natural biolog-
ical control in citrus groves (McCoy 1999). Growers
attempt to use these materials as infrequently as pos-
sible by applying them at peak adult abundance in the
spring to reduce ovipositioning which reaches a max-
imum rate about 20 d after emergence of adults from
soil (Beavers et al. 1982).Applicationof insecticides to
the soil surface to kill neonate larvae dropping from
the tree canopy and treatment of soil with ento-

Fig. 8. Numbers of Diaprepes abbreviatus caught
monthly inTedders traps and in cone traps at siteC3 (A) and
predicted weevil emergence based on polynomial (second
order) regression of numbers of weevils caught in Tedders
traps on those caught in cone traps (B). Numbers of weevils
caught in cone traps were multiplied by 4.2 to facilitate
comparison with data from Tedders traps.

Fig. 9. Relationship between numbers of cone traps and
sampling precision for Diaprepes abbreviatus predicted from
the equation 0.5 CI/x� � 
z�/2

2 ax�b�2/n, where a � 1.13
and b � 1.40. Parameter estimates were derived from data at
the Lakeland site.
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mopathogenic nematodes tomanage larvae in soil also
require accurate timing with respect to the insect
life-cycle. However, numerous Tedders traps are re-
quired to accuratelymonitorweevil activity in agrove.
For example, from equation 1, a grove containing 40
citrus Tedders traps is likely to provide a precision of
0.5 for a peak springtime number ofD. abbreviatus per
trap permonth� 1.0. Assuming that the abundance of
adult weevils trapped increased �10-fold during the
spring, then (from equation 1) use of 40 traps is likely
to provide signiÞcant evidence of a difference be-
tween 0.1 and 1.0 weevils per trap per month, indi-
cating that a major period of emergence from soil is
occurring. Peak weevil numbers at several sites, how-
ever, were well below 1.0 per trap per month and
greater numbers of traps would be needed to achieve
the necessary precision. Therefore, regular reporting
of results obtained from greater numbers of traps at
several sites in each of several different geographic/
climatic regions may provide a more accurate and
cost-effective means for timing management tactics
(Stansly et al. 1997).

Acknowledgments

The authors thank JasonZellers,MauricioRubio, Ian Jack-
son, Jerry Fojtik, Angelique Hoyte, and James Conners for
technical assistance.We thankStephenLaPointe,David Sha-
piro and David Hall for assistance in reviewing the manu-
script. We acknowledge and appreciate advice by W. G.
Ruesink regarding causes of discontinuity in the variance-
mean relationship. This research was supported by the Flor-
ida Agricultural Experiment Station, a USDA Special Project
Grant, and a grant from the Florida Citrus Production Re-
search Advisory Council, and approved for publication as
Journal Series No. R-07827.

References Cited

Adair, R. C. 1994. A four-year Þeld trial of entomopatho-
genic nematodes for control of Diaprepes abbreviatus in
a ßatwoods citrus grove. Proc. Fla. State Hortic. Soc. 107:
63Ð68.

Beavers, J. B., T. P. McGovern, and V. E. Adler. 1982. Dia-
prepes abbreviatus: laboratory and Þeld behavioral and
attractancy studies. Environ. Entomol. 11: 436Ð439.

Duncan,LW., andC.W.McCoy. 1996. Verticaldistribution
in soil, persistence, and efÞcacy against citrus root weevil
(Coleoptera: Curculionidae) of two species of entomog-
enous nematodes (Rhabditida: Steinernematidae; Heter-
orhabditidae). Environ. Entomol. 25: 174Ð178.

Duncan, L. W., M. M. El-Morshedy, and R. McSorley. 1994.
Sampling citrus Þbrous roots and Tylenchulus semipen-
etrans. J. Nematol. 26: 442Ð451.

Duncan, L. W., C. W. McCoy, and A. C. Terranova. 1996.
Estimating sample size and persistence of entomogenous
nematodes in sandy soils and their efÞcacy against the

larvae ofDiaprepes abbreviatus in Florida. J. Nematol. 28:
56Ð67.

Duncan, L. W., C. W. McCoy, J. H. Graham, and D. I.
Shapiro. 1999. Entomopathogenic nematodes as a com-
ponent of citrus root weevil IPM. In Proceedings of a
workshop: optimal use of insecticidal nematodes in pest
management. The State University of New Jersey, Rut-
gers, New Brunswick, NJ.

Elliot, J. M. 1977. Some methods for the statistical analysis
of samples of Benthic invertebrates, 2nd ed. Freshwater
Biological Association, Ambleside, Cumbria, UK.

Graham, J. H., and J. A. Menge. 1999. Root diseases, pp.
126Ð135. InL.W.TimmerandL.W.Duncan[eds],Citrus
health management. APS, St. Paul, MN.

Knapp, J. L. 2000. 2000 Florida citrus pest management
guide. Cooperative Extension ServiceÐIFAS, Gainesville,
FL.

LaPointe, S. L., J. P. Shapiro, and K. D. Bowman. 1999.
IdentiÞcation of sources of plant resistance to Diaprepes
abbreviatus (Coleoptera: Curculionidae) by three bioas-
says. J. Econ. Entomol. 92: 999Ð1004.

McCoy, C. W. 1999. Arthropod pests of citrus roots, pp.
149Ð156. In L. W. Timmer and L. W. Duncan [eds.],
Citrus health management. APS, St. Paul, MN.

McCoy, C. W., and S. E. Simpson. 1994. Past and current
IPM strategies to combat the spread of Diaprepes abbre-
viatus in Florida Citrus. Caribb. Food Crops Soc. 30:
247Ð256.

Mizell, III,R.F., andW.L.Tedders. 1999. Evaluationof trap
type and color for monitoring Hylobius pales and Pachy-
lobius picivorus in Florida. Fla. Entomol. 82: 615Ð624.

Prokopy, R. J., and S. E. Wright. 1998. Plum curculio (Co-
leoptera: Curculionidae) responses to unbaited pyramid
and cone traps. J. Econ. Entomol. 91: 226Ð234.

Sherman, W. B., and R. F. Mizell, III. 1995. Pachnaeus root
weevils in peach in Gainesville. Proc. Fla. State Hortic.
Soc. 108: 348Ð349.

Simpson, S. E., H. N. Nigg, N. C. Coile, and R. A. Adair. 1996.
Diaprepes abbreviatus (Coleoptera: Curculionidae). Fla.
Entomol. 67: 312Ð314.

Southwood, T.R.E. 1966. Ecological methods, 1st ed. Chap-
man & Hall, London.

Stansly, P. A., R. F. Mizell, and C. W. McCoy. 1997. Moni-
toringDiaprepes abbreviatuswithTedders traps in South-
west Florida citrus. Proc. Fla. State Hortic. Soc. 110: 22Ð
26.

Taylor, L. R. 1961. Aggregation variance and the mean. Na-
ture (Lond.) 189: 732Ð735.

Taylor, L. R. 1984. Assessing and interpreting the spatial
distributions of insects. Annu. Rev. Entomol. 29: 321Ð357.

Taylor,R.A.J.,R.R.Lindquist, and J.L. Ship. 1998. Variation
and consistency in spatial distribution as measured by
TaylorÕs power law. Environ. Entomol. 27: 191Ð201.

Tedders,W.L., andB.W.Wood. 1994. Anew technique for
monitoring pecan weevil emergence (Coleoptera: Cur-
culionidae). J. Entomol. Sci. 29: 18Ð30.

Woodruff, R. E. 1964. A Puerto Rican weevil new to the
United States. Fla. Dep. Agric. Div. Plant Ind. Entomol.
Circ. 30: 1Ð2.

Received for publication 3 October 2000; accepted 8 June
2001.

946 ENVIRONMENTAL ENTOMOLOGY Vol. 30, no. 5


