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Prediction of Infestation by Beetles in Stored Wheat
Using Two Sampling Methods

C. G. ATHANASSIOU and C. Th. BUCHELOS

Agricultural University of Athens, Faculty of Plant Science and Production,
Laboratory of Agr. Zoology and Entomology, 75, lera Odos, 118 55 Athens, Greece

ABSTRACT

Studies were conducted in order to assess the use of binomial sampling for predic-
tion of infestation level in stored wheat. In each of three steel silos with 1500 met-
ric tones of wheat each, located in central Greece, 14 probe traps were placed on 15
June 1997. The traps were checked for adult coleoptera every 15 days, from 30 June
until 30 January 1998. On the same dates, 14 wheat samples were taken adjacent to
the trap locations, using a grain trier. Most abundant species were found to be Cryp-
tolestes ferrugineus and Tribolium castanewm in the traps, while Sitophilus oryzae
in the samples. Regarding all species detected, traps were proved to be more effec-
tive as compared to the samples. Taylor’s Power Law was used, in order to estimate
y-intercept and slope values for each species, The comparison of these parameters
indicated that a single (weighted) equation can describe equally well the relation be-
tween the mean and the variance, according to Taylor’s Power Law, for all adults
found, regardless of species. The parameters of this relation were utilized to connect
the ratio of sampling units containing one or more adults and the mean number of
adults per sampling unit (X), using Wilson and Room’s model. Regarding trap catch-
es, the same model can be used to predict an infestation, with a sufficient precision
level, mainly when X<5; on the contrary, the results were not satisfactory in the case

of adult numbers in the samples.

Introduction

The major scope of a sampling program in
bulked grain must be early detection of an insect
infestation (Wilkin 1990). In the case of stored
product beetles, the infestation is manifested from
several species at the same time (Madrid et al.
1990, Buchelos and Athanassiou 1993, Subra-
manyam et al. 1993). This fact influences nega-
tively the effort of detecting the consequent pres-
ence of various species with different adult ratios
in the same sampling unit.

! Received for publication August 1, 1999

Standard sampling methods based on several
types of sampling devices (grain trier, deep bin
cup etc.) consist in removing an amount of the
product (sample). These samples must be exam-
ined for insect presence in the laboratory; so the
possibility of taking immediate decisions is re-
duced. The small body size of most stored product
beetles consists an additional problem, while at
the same time only live beetles in the grain sam-
ples are counted (Subramanyam et al. 1993, Sub-
ramanyam and Hagstrum 1995). To obtain the de-
sirable accuracy level, taking in account the whole
quantity of the stored grain, is a target which can’t
be practically achieved by taking a large number
of samples (Hagstrum et al. 1990). Even then,
sample size could not be statistically representa-
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tive to insure safe conclusions (White and Loschi-
avo 1986, Hagstrum et al. 1990, Reed et al. 1991,
Wilkin and Van Natto 1997).

The use of perforated trapping devices intro-
duced into the grain bulks (probe traps), has been
developed by many researchers as an alternative
sampling method. Direct counting and evaluation
of the catches combined with increased effective-
ness and sensitivity are important advantages of
this method, as compared to “absolute” sampling
methods. However, the interpretation of probe
trap catches is very difficult because catches are
influenced by many factors, most of which do not
affect the efficiency of standard sampling meth-
ods. Those factors can be temperature (Fargo et al.
1989, Hagstrum et al. 1998), the type of product
(White et al. 1990), trapping duration (Fargo et al.
1989), population density (Cuperus et al. 1990),
developmental stage (White and Loschiavo
1986). insect species (White et al. 1990, Cogan
and Wakefield 1994, Pereira et al. 1994, Buchelos
and Athanassiou 1999), trap type (Subramanyam
et al. 1993, Cogan and Wakefield 1994, Fargo et
al. 1994) and trap location (Cuperus et al. 1990,
Subramanyam and Harein 1990). As a result, after
more than 20 years of experimentation with probe
traps, the advantages of their use remain unex-
ploited due to lack of catches’ interpretation
(Wilkin 1990).

This study aims to: a) compare the effective-
ness of two sampling methods during a long peri-
od of time (180 days), for the detection of
coleoptera species and b) evaluate the use of the
proportion of sampling units containing adults for
prediction of infestation level. with emphasis to
the differences between the two sampling meth-
ods.

Materials and Methods

a. Sampling

Three steel silos, located in Central Greece,
were used for experimentation. At the end of May
1997 old product quantities were moved away and
careful cleaning took place. The interior walls
were then sprayed with pyrimiphos-methyl and
fumigated with phosphine. The silos were filled
with new product on 15 June. Approximately
1500 metric tones of wheat (harvested in June
1997) were placed in each silo.

On 15 June, 14 perforated probe traps (WBII
probe, Trécé Inc, USA) were placed in each silo,
just below the grain surface. Traps were checked
at 15-day intervals from 30 June to 30 January. On
each trap-check date, from each silo, 14 samples

of wheat grain were taken adjacent to trap loca-
tions, using a non partitioned grain trier (2 m in
length, 750 gr capacity, 9 openings). Traps and
grain trier samples were checked for coleoptera
adults. The adults were collected out of the sam-
ples with a fine paintbrush. For statistical analysis
only live adults found in grain trier samples were
used. No insecticide treatments took place during
the experimental period.

To describe the relationship between the pro-
portion of sampling units (sampling unit: one trap
or one grain trier sample) with one or more adults
(p) and the mean number of adults per sampling
unit, the equation of Wilson and Room (1983)
was used:

p= 1 — e~ Fm (AT (=L 1))

The parameters A and b were calculated using
Taylor’s Power Law which describes the linear re-
gression of the variance (s?) against the mean (X)
following a logarithmic transformation (s? = A,
Taylor 1961, Southwood 1978). The similarity of
Taylor’s regression equations of several species
(comparison of y-intercept and slope values) in
order to find a weighted equation, was examined
using the F-test (Draper and Smith 1981). Finally,
in order to compare traps and samples the ratios of
adult numbers (traps: trier samples) and the fre-
quency of detection was examined.

b. Model validation

In order to evaluate the provided accuracy in
estimating the mean (from the relationship be-
tween p and X) 12 probe traps were placed in each
one of 17 silos from June to December 1998. Si-
los’ capacity varied from 500 to 2000 metric tones
of wheat. Traps were removed after 15-days, and
on the day of the removal 12 grain trier samples
were taken adjacent to trap locations. For each si-
lo, mean number of adults per sampling unit (trap
or trier sample) was plotted against the predicted
value (using the p- ¥ model for 12 sampling units)
and the correlation coefficient was examined.

Results

a. Population fluctuation-frequency

of detection

For most of the species found, high numbers of
adults was observed from the fifth up to and in-
cluding the eleventh sampling date (August-No-
vember). Traps contained remarkably higher
number of adults compared to samples throughout
the whole sampling period, although trap perfor-
mance was not the same for each species (Fig. 1).
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FIG, 1. Mean number of live Coleoptera adults per trap (continuous line) or per sample (dotted line), during the sampling
period.
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FIG. 2. Mean number of dead and live adults of all species per grain trier sample, during the sampling period.

The most abundant species were C. ferrugineus
and T. castanewm in traps and S. oryzae in sam-
ples (Table 1). The highest values in adult ratios

were found for C. ferrugineus and the lowest for

S. granarius and R. dominica. Furthermore, the
greatest values in frequency of detection were
found for P. ratzeburgii and T. castaneum and the
lowest for Sitophilus spp.

b. Ratios of live and dead adults in the
samples.

The percentage of dead adults found in the

samples was notably high, tending to increase
during the last sampling dates (Fig. 2). For most
of the species, live adults were more numerous
than the dead, with the exception of P. ratzeburgii
(Table 1). The highest (live: dead) ratio value was
noted for S. oryzae. Referring to the total number
of adults the average ratio value was 3,42: 1. The
relationship is described more accurately by an
hyperbolic curve (Fig. 3).

c. Relationship between p and x.
Taylor’s Power Law gives a sufficient estima-

TABLE 1. Adult ratios, frequency of detection and live: dead adults per sample, for each species.

Species Adult ratios! Frequency of detection? Live: dead adults
Bostrychidae

Rhyzopertha dominica (F.) 4.51: 1 1,92: 1 1523
Cucujidae

Cryptolestes ferrugineus (Stephens) 23,12:1 2,391 4,64: 1
Curculionidae

Sitophilus granarius (L.) 3,12: 1 1,70: 1 3,35: 1
Sitophilus orvzae (L.) 6,57: 1 1,47: 1 7.16: 1
Silvanidae

Oryzaephilus surinamensis (L.) 16,50: 1 2,20: 1 4,55: 1
Tenebrionidae

Latheticus oryzae Waterhouse 13,20: 1 255:1 4,29: 1
Palorus ratzeburgii (Wissmann) 10,38: 1 3,18: 1 0,73: 1
Tribolium castaneum (Herbst) 17,25: 1 3,03:1 2.34: 1

! Number of adults found in traps per 1 adult found in trier samples
2 Number of traps contained adults per | trier sample with adults




ATHANASSIOU AND BUCHELOS: PREDICTION OF INFESTATION BY BEETLES 23

(4]
1

y = 0,2805x "%¢%
R? =0,868

'S
L

5]
L

number of dead adults per sample
- (5]

L=
1

L] L Ll

6 8 10 12
number of live adults per sample

FIG. 3. Relationship between mean number of dead and live adults per grain trier sample.

tion of the relationship between variance and
mean for all species found with both sampling
methods (Fig. 4 and 5). For each method, the
comparison between the regression parameters (A
and b) showed that satisfactory description of the
relationship is achieved (Table 2) from a single
(weighed) regression equation for all species (Fig.
6and 7).

As the mean progressively increases. the cor-
responding value of the variance is higher for the
trap catches than for the adults in grain trier sam-
ples. Wilson and Room’s model gives an accurate
estimation for trap catches as shown by R values

TABLE 2. Parameters of Wilson and Room’s model, for each

which in all cases were significantly higher than
zero (Table 2). The use of the aforementioned
model can explain 90% of the variability in the
mean-proportion relationship (Fig. 8). According
to this equation, when 90% of the traps contains
one or more adults then the mean value is 40
adults per trap. By solving this equation it is found
that when p values are 0.63, 0.68, 0.72, 0.79, 0.83
and 0.93, ¥ value is 0.1, 0.5, 1, 5, 10 and 100
adults per trap, respectively.

On the other hand, Wilson and Room’s model
can not efficiently describe the p-x relationship
when calculations are made according to the num-

species, using the two sampling methods.

Species Probe traps Grain trier samples
Pt Xgp® Re P’ Xop” Re

R. dominica 0,73 15.85 0,819* 0,75 4,74 0,630
C. ferrugineus 0.78 71.43 0.871* 0,78 6,18 0,496
S. granarius 0,73 5.15 0,959* 0,73 3.60 0,244
. oryzae 0,71 36,25 0,931" 0,73 5,11 0,903"
0. surinamensis 0,71 2L 0,946* 0,75 3.74 0,869*
L. oryzae 0,72 15,13 0,928* 0,74 3,55 0,146
P. ratzeburgii 0,71 17,11 0,933" 0,72 4,07 0,068
T. castaneum 0,72 112,55 0,909° 0,74 5,10 0,609

 Proportion of traps (or samples) with one or more adults corresponding to X = 1 adult per trap (or per sample)

according to the Wilson and Room’s model.

5 Mean number of adults corresponding to p = (1.90, according to Wilson and Room’s model.

¢ Correlation coefficient for Wilson and Room’s model.

* Significantly different from zero (o = 0.05, two tailed t-test). Slope and y-intercept values for eight species found
(from fig. 4 and 5) are not significantly different for probe trap (F = 6.144, df = 7,351; P<0.05) and grain trier data (F
=1.944, df =7,236; P<0.05).
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FIG. 4. Taylor’s Power Law parameters for probe trap catches, of each species.
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FIG. 6. Weighed regression line for the combined species data of fig. 4.

ber of adults in grain trier samples. For all species
in Table 2, R values are lower than the corre-
sponding values in the traps while significant dif-
ferences from zero were noted only for S. orvzae
and O. surinamensis. As shown in Fig. 9, a hyper-
bolic curve is describing more accurately the p-X
relationship. Using the equation of Fig. 9 it comes

that ¥ = 6.2 when p = 0.90. On the contrary, using
Wilson and Room’s model the corresponding ©
value is 5.4. According to this equation, when ¥
value is 0.1, 0.5, 1, 5, 10 and 100, p values are
0.63, 0.69, 0.74, 0.91, 0.97 and 1, respectively,
while with the hyperbolic curve, the respective p
values are 0.09, 0.15, 0.22, 0.79, 1 and 1. For all
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FIG. 7. Weighed regression line for the combined species data of fig. 5.
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species p, values are higher in the traps, with the
exception of C. ferrugineus and S. granarius
whose p, values are similar in both sampling
methods (Table 2). The ratio of xy, values (traps:
samples) differs significantly according to the
species. Thus, the lowest values were noted for R.
dominica (3.3: 1) and S. granarius (1,4: 1) while
the highest for C. ferrugineus (11,5: 1) and T. cas-
taneum (22,1: 1).

d. Model validation.

The species found at this part of the study were
the same with the previous ones plus Cryptolestes
pusillus, Oryzaephilus mercator, Palorus subde-
pressus and Tenebroides mauritanicus. Traps
were also more efficient than samples (Table 3).
Traps detected beetle adults in all of the 17 silos
examined, while samples only in 12. The use of
the equation in Fig. 10 can explain more than 75%
of the variability in the relationship between pre-
dicted and observed values (Fig. 10). On the con-
trary, in the case of samples the equation in Fig. 9
can’t be used for prediction of the mean number
of adults per grain trier sample (Fig. 11).

Discussion

High temperatures prevailing during wheat
harvest and storage periods in Greece, increase

TABLE 3. Adult ratios and frequency of detection for each
species found, during the model validation-sampling.

Species Adult Frequency
ratios!  of detection?

Bostrychidae

Rhyzopertha dominica (F.) 3.50:1  1,51:1

Cucujidae

Cryptolestes ferrugineus (Stephens) 41,11: 1 4,43: 1

Cryptolestes pusillus (Schonherr) 29,22:1 3.25:1

Curculionidae

Sitophilus granarius (L.) 7.06:1 1,28:1

Sitophilus oryzae (L.) 880:1 2051

Silvanidae

Oryzaephilus mercator (Fauvel)  24,01: 1 3,65: 1

Oryzaephilus surinamensis (L.)  49.52: 1 5,08: 1

Tenebrionidae

Latheticus oryzae Waterhouse 13,24: 1 4,12: 1

Palorus ratzeburgii (Wissmann) 4,80:1 1.30:1

Palorus subdepressus (Wollaston)  6,17: 1 1.87: 1

Tribolium castaneum (Herbst) 30,12:1 429:1

Trogositidae

Tenebroides mauritanicus (1..) 2090:1 3.88:1

I Number of adults found in traps per 1 adult found in
trier samples

2 Number of traps contained adults per 1 trier sample with
adults

the possibilities for insect infestation in the stores.
Some species, such as C. ferrugineus and T. cas-
taneum, were found in considerable numbers even
from the first sampling date (30 June). Moreover,
significant numbers of most species’ adults ap-
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FIG. 8. Relationship between proportion of traps with adults and the mean number of adults per trap, according to Wilson

and Room model.
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pear, mainly in the traps, from the fourth sampling
(14 August) and on (Fig. 1). Hagstrum (1989)
stated that considerable numbers of C. ferrugineus
adults were observed 30 to 60 days after the stor-

60

age date, that is to say after the insect had com-
pleted one or two generations. Similar results
have been reported by Vela-Coiffier et al. (1997).
Lower numbers of adults, occurring in trap catch-

y = 0,6842x + 5,2435
" LA
R? =0,7575 5

40
B
B
=)
@
a

20 |

0 622 . ; . . ; ;
0 10 20 30 40 50 60 70 80

observed

FIG. 10. Relationship between the predicted and the observed values for probe trap data (linear regression), using the
equation of fig. 8 (each point represents a silo on which beetle adults were detected by traps).
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es during the cold months, are surely due to the
insects” reduced mobility because of the prevail-
ing low temperatures (Cuperus et al. 1990, Fields
1992, Hagstrum et al. 1998); even then, traps are
proved more efficient than samples concerning all
species found (Fig. 1). Performing laboratory tests
Fargo et al. (1989) found that at low temperatures
traps caught fewer C. ferrugineus adults, while no
significant influence was observed for T. casta-
neum, S. oryzae and R. dominica.

The use of Wilson and Room’s model gave sat-
isfactory results in predicting the mean number of
adults per trap. In Fig. 8 the increase of p is man-
ifested in two phases: in the first, there is a steep
increase of the proportion of traps with one or
more adults, in a relatively narrow range of mean
values, while in the second a logarithmic increase
of the mean is observed. In general, a gradual lim-
itation of the increase rate of p when ¥>35 is taking
place. This limitation is a direct consequence of
the increased mean values, because in high popu-
lation densities additional adults are found in
sampling units already containing adults (Subra-
manyam et al. 1993).

In the present study. p-X relation can be used to
predict a future infestation, especially in low pop-
ulation densities, because the accuracy in predic-

tion is reduced with the increase of the mean val-
ue. In ¥ values more than 40 adults per trap, the
accuracy in estimating mean is reduced, as p very
slightly follows the increase for every X unit. Fig.
8 makes clear the limited accuracy in predicting
high mean values; it is generally preferable to use
the p-¥ relation when p<0.90, as this is the prima-
ry aim of a sampling plan. Subramanyam et al.
(1993) using the double logarithmic model to pre-
dict probe trap catches, with trapping duration 7
days, stated that when p = 0.90, ¥ = 16. In our
case, the higher number of ¥ value for p = 0.90
can be explained from the longer trapping dura-
tion which positively affects probe trap catches
(Fargo et al. 1989, Cuperus et al. 1990), but also
from the differences observed between several
models (Subramanyam and Hagstrum 1995).

The high accuracy level in low mean values,
renders trapping a very useful tool for decision-
making (Lippert and Hagstrum 1987, Subra-
manyam and Hagstrum 1995). On the other hand,
separation and counting of adults found, takes the
more time the more samples and adults involved.
Another disadvantage in the use of standard sam-
pling methods is the presence in the samples of
dead adults, compared to traps in which all adults
are (or considered to be) alive. Thus, a visual ex-
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amination of the samples is further required in or-
der to separate the alive ones, especially for
species which are not very active or develop in-
side the grain such as R. dominica and Sitophilus
spp. This kind of procedure is not practically fast
enough for immediate decision-making, but con-
sists a more laborious method (Hagstrum et al.
1990, Subramanyam et al. 1993, Wilkin and Van
Natto 1997). It is also noticeable that the number
of dead adults is analogous to the number of the
live ones observed and also to longer storage pe-
riods, due to the continuously increasing number
of adults belonging to previous generations, dur-
ing recent samplings (Fig. 2 and 3).

Concerning the traps, the use of Wilson and
Room’s model has proved that gives satisfactory
results, due to small difference between observed
and predicted values. It is also important the fact
that this model was proved accurate although a)
different storage rooms (facilities) were used b)
other beetle species also existed and ¢) 12 instead
of 14 traps were used in order to calculate the
mean and the variance. It is concluded that Wil-
son and Room’s model can be used for a broad
spectrum of cases. On the contrary, the equation
of Fig. 9 concerning the samples seems to corre-
spond exclusively to these data.

The inability of the same model to sufficiently
describe two sampling methods applied in the
same storage facilities during the same period of
time, indicates the qualitative difference between
the two methods (Buchelos and Athanassiou
1999). The effort to correlate trap catches with
population density is a very complex procedure
and demands further experimentation (Lippert
and Hagstrum 1987, Reed et al. 1991, Vela-Coiffi-
er et al. 1997, Hagstrum et al. 1998). Using bino-
mial methods (adults present or not) the popula-
tion density can be estimated with a simple in-
spection of the traps, without counting or identi-
fying the adults caught.
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Ioopreyn g IlgooPorris ano Kokeonrega oe Awodnxrevuevo Xirapor
pe tn Xpnon ovo MeBodov Aeryparonyiog

X. I AGANAZIOY zaw K. ©. MITOYXEAOZX

TI'ewmovizo Havemorijuio Abgvav, Tujua Pvrixajc Hapaywyrc,
Epyaotijoto I. Zwmoloyiac »a1 Evrouoloyiag, Ieod Odds 75, 118 55 Abjva

ITEPIAHWH

Y& #d0e fva amd toila petahind silos pe orhnod owrdol, mov foiorovrav omv Kevrown Ebidda,
tomofemtyrav 14 mayideg Timov probe, otig 15 Tovviov 1997. Ou aryideg ehéyyoviay yia axrpaic
rohedmrepa #dbe 15 nuépeg and g 30 Iovviov ugyor na tig 30 Iavovapiov 1998, Kard mig
NUEQOUNVIES EREYYOU TwV mayidmv, 14 delypata Aapfdvoviay pe €vay derypatoMjm) timou
aovrag axppac dimha ong Béoeig mayidevons. [MohvaknBéotepa eidn ong mayides Poénray va
eivar T Cryptolestes ferrugineus wou Tribolium castaneum evoy ota delynara to Sitophilus oryzae.
TN Gha o evpeBEvTa €00 oL may(deC OV CTOTELECUATIROTEQDES O OUYXOLOY [IE TC dE(ypUTC
omy aviyvevon v axpoiov. H yevin doxnpacio tov F €dei1Ee ot o otabuxn eElomon progel
VoL TeQLYRAYEL EEIOOV LXUVOTTOTURA T1) OYE0Y TOU HECOU XUl TG OLCOTOQAS CUIPUIVEL [LE TOV VOO
me dvvapng Tov Taylor, ywr Gha evpebévia axpaica, aveEupmitwg eidovg. O mupdueTpol g
oy€ong aumic xonotpomonidnxray, pe fdon to mpdrumo twv Wilson xar Room, yio v oivoson mg
avVaROYIOS TV SELYPRATOAMTTUHRAY HOVAdMY 1E axrpaia (p) #ot Tov pEoov aptBuol arpainy avd
deryparolnrx povada (X). Me Bdon tig culPeLS TV oy dwV, TO TAQUITEVEM TOOTUITO ITOQED
va yonowomombel yue mpdfheyn ue wavomommnd enimedo arpifetog, Wiuitepa dtav ©<5.
AvtiBeta, 1 yorjon Tov poviéhou twv Wilson xor Room dev €dwae iavomommrd anote AEopaTo
otay eEetdomre pe Pdon toug apBuovc axpainy ot delyuata.
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