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Abstract

Aulicky R., Stejskal V., Kucerova Z., Trematerra P. (2016): Trapping of internal and external feeding 
stored grain beetle pests with two types of pitfall traps: a two-year field study. Plant Protect. Sci., 52: 45–53.

Pitfall trapping studies are available for particular stored grain pest species. In small farms, the stored grain pest 
control strategy is rarely species-specific but is often “pest ecological-group-specific” instead. A two-year field study 
was conducted in flat grain stores to compare the efficacy of cone-surface (PC trap; AgriSense-BCS Ltd., Pontypridd, 
UK) and probe-subsurface (WB Probe II Trap; Trécé Inc., Adair, USA) traps for three ecological insect pest groups 
(Group I, internal feeding primary pests; Group II, external feeding primary pests; Group III, external feeding second-
ary pests). Altogether, 1328 specimens (32% Group I, 11% Group II, and 57% Group III) in 12 species of Coleoptera 
(17% Group I, 25% Group II, and 58% Group III) were trapped. No significant differences were found in the efficacy of 
PC traps and WB Probe II Traps to catch the evaluated ecological pest groups over the long term. Our study indicated 
that for trends to appear in long-term trapping there was no need for the simultaneous use of both traps due to the 
low trapping differences between the surface and subsurface types of traps in all ecological pest groups. However, 
significant differences between the traps were found in the short-term evaluations and before and after fumigation; 
in that case, the use of both traps is recommended because of the higher sensitivity and more precise evaluation of 
efficacy of the control treatment effects. 
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Low tolerance of grain to storage and urban pests 
requires the development and implementation of 
monitoring methods that are sensitive enough to detect 
early pest infestation to prevent quality and economic 
losses (Trematerra 2013). In grain stores, multiple 
species infestations are common (Athanasiou et 
al. 2001; Stejskal & Hubert 2008; Hubert et al. 
2009; Stejskal et al. 2014, 2015). Populations show 
various seasonal population dynamics and patterns 
(Arthur et al. 2014). When a population exceeds an 
economic threshold, a farmer/store keeper begins con-
trol intervention. The advanced decision-making pest 
control process based on “species-specific monitoring” 
and modelling is profitable for large grain elevators 
(Adama et al. 2010), whereas such complex systems 

are difficult to operate for small and middle-sized 
farmers because such farmers are usually not will-
ing to discriminate all of the insect species that are 
present. Farmers mainly distinguish internal feeding 
pests (i.e. Sitophilus spp. or Rhyzopertha dominica (F.)) 
from external feeding pests (Table 1) because grain 
infested by internal feeding primary pest is refused 
or penalised by mills and commodity traders; these 
pests are the main source of fragments in processed 
flour (Trematerra et al. 2011). Therefore, in many 
cases, farmers fumigate only when primary internal 
feeding pests are present (e.g. Stejskal & Hubert 
2008), whereas in the case of external feeding pests, 
they just clean them out using sieves and aspirators 
(Armitage 1994; Trematerra & Throne 2012). 
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We believe that pest monitoring also should reflect 
the point of view of small farmers based on the pest-
group control decision-making process. What traps 
and instructions for monitoring various groups of 
grain pests are currently available for farmers? Re-
garding pest monitoring, farmers usually start with 
the initial search for the most powerful trap for the 
target pest and then follow with an enquiry of the 
price and operational demands. In the case of stored 
grain traps, the decision is quite simple. There are 
basically two different types of pitfall traps (reported 
as cone surface traps and subsurface probe traps) to 
monitor beetles in stored grain. 

However, information concerning the trap use and 
efficacy is quite complex and sometimes contradictory, 
which makes it difficult to understand and implement 
into practice by farmers (Cuperus et al. 1990). The 
species-specific differential efficacy of surface and 
subsurface pitfall traps has been documented (e.g. 
Hagstrum et al. 1998; Trematerra 1998; Weston 
& Barney 1998; Buchelos & Athanassiou 1999; 
Hagstrum 2000; Carvalho et al. 2004; Toews et al. 
2005; Wakefield & Cogan 2007; Stejskal et al. 2008). 

However, no study comparing the cone and probe 
trap efficacy between groups of internal and external 
feeding storage insect pests has been conducted, 
though the decision making process for small farmers 
is based on the discrimination of not particular pest 
species, but rather of an ecological group of pests. 
In addition, most studies are based on short-term 
experiments (several months), although Schirmel 
et al. (2010) have recently reiterated that the period 
of trapping may dramatically affect the capture of 
insects into pitfall ground traps.

In this work, we used the perspective of small 
farmers to explore how internal and external feed-
ing primary and secondary insect pests react to two 
basic shapes of pitfall traps (PC trap and WB Probe II 
Trap) under field conditions, as represented by flat 
grain stores in long-term storage (for approximately 
2 years). We were specifically interested in whether 
both traps are equally efficient in the reflection of 
pest groups and spectra that were present. 

MATERIAL AND METHODS

Experimental site. The research was conducted in 
a flat grain store (hangar) in Central Bohemia (Czech 
Republic). The occurrence of pests in grain mass 
(wheat) using two different types of traps was analysed 

in this experiment. Monitoring was performed under 
normal working arrangements in a grain hangar 
during the two-year period (from October 2001 to 
December 2003). The Crop Research Institute has been 
running several long term monitoring experiments 
at various stores on the area of Central Bohemia. 
We selected the particular data set from 2001–2003, 
since it enabled us to perform a relatively long-term 
comparison of the tested types of traps. The grain 
store (56 × 17 m) had a double-wall construction, 
concrete bedding and floor, and was equipped with 
active aeration with ambient air. The outer wall was 
made of corrugated metal plates, and the inner wall 
was made of wooden boards.

Trap description. Commercial pitfall traps – PC 
traps (AgriSense-BCS Ltd., Pontypridd, UK) and WB 
Probe II Traps (Trécé Inc., Adair, USA) – were tested. 
The PC trap is a cone-shaped trap with a top surface 
that has holes for insect entry, and the trapping area 
is on a horizontal plane; the WB Probe II Trap is a 
rod for inserting deep in the grain, and the trapping 
area is in a vertical plane. 

Trapping design. Nine trap points (e.g. 3 points 
in 3 rows) were established on the surface of grain 
mass (ca. 1000 t; rate 1 trap per ca. 111 t of grain) 
to cover the monitoring area (20 × 30 m). Two types 
of traps (PC trap and WB trap) were situated at 
every trap point. Traps were designed to capture 
crawling beetles on the surface (PC trap) and in the 
upper 50-cm layer (WB Probe II Trap). The first 
set of traps was placed in October 2001. The traps 
were then checked and emptied after 1 month of 
exposure, except for the terms when the store was 
without grain (from June 15 to September 12, 2002, 
and from January 22 to August 30, 2003) (Figure 1). 

Fumigation PH3 
8.–11. 12. 2001

Application spraying Reldan 
25. 6. 2002

Fumigation PH3 
4.–12. 12. 2003

Empty store 
15. 6.–12. 9. 2002

Empty store 
22. 1.–30. 8. 2003

1        2       3        4        5        6        7        8        9      10      11     12      13      14

Figure 1. Calendar dates of periods of empty store and 
three chemical treatments (2× fumigation and 1× residual 
spray of empty store) occurring in the store in relation to 
particular capture events 1–14 (capture events 1–14 were 
from October 2001 to December 2003  – capture events 
1–3 were in 2001, 4–12 in 2002, and 13–14 in 2003)
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The content of altogether 252 traps was analysed in 
the laboratory. The traps were separately examined, 
and the trapped beetles were identified and counted.

Temperature measurements. The environmental 
temperature outside the store and the temperature 
inside the grains at a depth of 1 m at the time of 
particular capture events were measured (Figure 2).

Statistical evaluation. Comparisons of the trapping 
efficacy of the two types of traps (PC traps and WB 
traps) according to three ecological groups of pests 
were processed using a non-parametric Wilcoxon 
rank test (Statistica Version 12). 

Definition of ecological pest groups .  Three 
ecological groups of insect pests that were associated 
with stored grain were determined: Group I, Group II, 
and Group III (Table 1). Group I, the primary internal 
feeding pests, usually complete development within 
a single kernel of grain. Ovipositing females may 
lay each egg in a hole, that they have bored into the 
kernel and then seal the hole with a gelatinous plug, 
as do Sitophilus spp., or they may place the eggs 
outside the kernels, as do Rhyzopertha dominica (F.) 
and Sitotroga cerealella (Olvier). In the latter case, 
the first instar larvae burrows into kernels. Internal 
feeders are primarily a problem in grain fields or 
in grain storage and processing facilities. Group II, 

primary external feeding pests, develop outside the 
kernels. These pests can feed on undamaged (starting 
by the germ) or damaged grain kernels, grain debris 
and grain products, and are often found in grain 
storages, processing plants, retail stores, and homes. 
Group III, secondary external feeding pests, are unable 
to penetrate or feed on undamaged grain kernels. 
These pests lay their eggs outside the kernels, and 
the larvae feed on dust and particles of food products 
or on kernels that have been damaged by internal or 
external feeders (Table 1). 

RESULTS 

Table 2 shows the list of beetles ranked according 
to ecological groups and their pooled captures for all 
of the trapping periods and frequencies in PC traps 
and WB traps. The cumulative numbers of particular 
species that were captured in both traps are presented 
in Figure 2. Altogether, 12 species of Coleoptera in 
1328 specimens were found in both types of traps 
during the monitored period (46% in PC traps and 
54% in WB Probe II Traps). The five predominant 
species that were captured were Sitophilus granarius 
(L.), Oryzaephilus surinamensis (L.), Typhaea ster-
corea (L.), Lathridius minutus (L.), and Ptinus fur L. 
(Figure 3). During the first months, S. granarius was 
the dominant species, comprising 79% of all of the 
beetles that were caught in the traps (Table 2). Next 
year, this species occurrence declined by 2% of the 
total, and O. surinamensis, L. minutus, and T. ster-
corea predominated. During the final year, the total 
numbers of three of these four species declined, but 
not T. stercorea, which was still the primary species 
that was caught in the traps (Figures 4–6). Few or no 
beetles of any species were trapped in January in any 
year, most likely because of the lower temperatures 
inside the warehouse, particularly inside the grains 
during that time. Group I primary pests (R. domi-

Table 1. Classification of three main ecological-economical pest groups that were associated with stored grain

Pest group Definition

Group I  
Primary internal feeding pests

A group of pests that is able to infest sound grain; larval development occurs inside  
of infested grain kernels

Group II  
Primary external feeding pests

A group of pests that are able to infest sound grain; larval development occurs mainly 
outside of the infested grain kernels

Group III 
Secondary external feeding pests

A group of pests that are not able to infest sound grain, mainly feeding on grain dust 
mixed with fungi or dead insect bodies; larval development occurs almost exclusively 
outside of the infested grain kernels
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Figure 2. Mean temperature outside store and inside the 
grains at a depth of 1 m at the time of particular capture 
events 1–14 (capture events 1–14 were from October 
2001 to December 2003  – capture events 1–3 were in 
2001, 4–12 in 2002, and 13–14 in 2003)
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nica and S. granarius) and Group II primary pests 
(Cryptolestes ferrugineus (Stephens), O. surinamen-
sis, and Tribolium castaneum (Herbst)) constituted, 
respectively, 42 and 43% of all of the monitored 
species in both types of traps. Group III secondary 
pests (Ahasverus advena (Waltl), Anthicus floralis 
(L.), Anthrenus scrophulariae (L.), Cryptophagus sp., 
L. minutus, Ptinus fur and T. stercorea) constituted, 
respectively, 58 and 57% of all of the specimens that 
were captured in the two types of traps (Table 2). 
Overall, nine species were captured in both types of 
traps, whereas three species were captured only in 
PC traps (A. scrophulariae and Cryptophagus sp.) 
or in WB traps (A. floralis) (Table 2).

There were two (first December 8–11, 2001; second 
December 4–12, 2002) fumigations (Delicia Gas-
toxin; Delicia Freyberg GmbH, Delitzsch, Germany 
– a.i. phosphine 3 g/t) and one preventive structural 
residual spray (Reldan; Dow AgroSciences, Indian-
apolis, USA – a.i chlorpyrifos) treatments during the 
observed period (Figure 1). The efficacies of both 

Table 2. Abundance (N) and frequency (F) of stored-product beetles in a cone-surface PC trap and probe-subsurface 
WB Probe II Trap (WB) and their classification into particular ecological Groups I–III

PC trap WB Probe II Trap

N F (%) N F (%)

Primary internal feeding pests (Group I) 201 218
Rhyzopertha dominica (Fabricius)     1 7 1 7
Sitophilus granarius (Linnaeus) 200 79 217 71
Primary external feeding pests (Group II)   58 89
Cryptolestes ferrugineus (Stephens)     6 14 23 29
Oryzaephilus surinamensis (Linnaeus)   42 64 60 71
Tribolium castaneum (Herbst)  10 21 6 21
Secondary external feeding pests (Group III) 342 420
Ahasverus advena (Waltl)   35 43 55 36
Anthicus floralis (Linnaeus)     0 0 1 7
Anthrenus scrophulariae (Linnaeus)     1 7 0 0
Cryptophagus sp. Herbst     1 7 0 0
Lathridius minutus (Linnaeus) 205 79 80 50
Ptinus fur Linnaeus    18 50 125 57
Typhaea stercorea (Linnaeus)    82 43 159 29

0       50      100    150    200    250    300    350    400     450
T. stercorea

A. advena
A. flovalis

A. scrophularis
Cryptophagus

L. minutus
P. fur

T. castaneum
C. ferrugineus

O. surinamensis

R. dominica
S. granarius

Figure 3. Cumulative number of individuals of insects 
pests (Group I, Group II, and Group III) captured with 
two types of traps (PC and WB Probe II traps) showing 
their dominance in the studied flat grain store
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Figure 4.  Captures of the ecological Group I pests in two 
types of (A) PC trap and (B) WB Probe II Trap in a flat 
grain store (capture events 1–14 were from October 2001 
to December 2003 – capture events 1–3 were in 2001, 
4–12 in 2002, and 13–14 in 2003)
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fumigations were separately evaluated (as captures 
before and after treatment) by both traps. The com-
parisons showed differences in the sensitivity of both 
traps: a statistical comparison (a non-parametric test 

Wilcoxon rank test) showed significant differences 
in the captures before and after the fumigation of 
S. granarius in WB traps (Z = 2.023; P = 0.043) but 
with non-significant differences in PC traps (Z = 
1.677; P = 0.093). 

A comparison of both types of traps according to the 
three ecological groups of pests in particular capture 
events is shown in Figures 4–6. Average  and median 
trapping efficacy of both types of traps according to 
the three ecological groups of pests (Figures 7–8) was 
compared using the Wilcoxon rank test, which showed 
insignificant differences in the capture efficacy of PC 
and WB Probe II traps for internal feeding primary 
(Group I) pests (Z = 0.392; P = 0.695) as well as for 

Figure 5. Captures of the ecological Group II pests in two 
types of (A) PC trap and (B) WB Probe II Trap in a flat 
grain store (capture events 1–14 were from October 2001 
to December 2003 – capture events 1–3 were in 2001, 
4–12 in 2002, and 13–14 in 2003)
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Figure 6. Captures of the ecological Group III pests in 
two types of (A) PC  trap and (B) WB Probe II  Trap in a 
flat grain store (capture events 1–14 were from October 
2001 to December 2003 – capture events 1–3 were in 
2001, 4–12 in 2002, and 13–14 in 2003))
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Figure 7. Captures of the ecological Group I, II, and III 
pests in two types of traps (PC and WB Probe II) in a flat 
grain store (capture events 1–14 were from October 2001 
to December 2003 – capture events 1–3 were in 2001, 
4–12 in 2002, and 13–14 in 2003)
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external feeding primary (Group II) pests (Z = 1.600; 
P = 0.11) and external feeding secondary (Group III) 
pests (Z = 0.534; P = 0.597). Figure 4 clearly presents 
the correlated captures of primary internal feeding 
pests (S. granarius and R. dominica) in both types of 
traps. It should be stressed that the conclusion for 
R. dominica is very weak because only two specimens 
were captured. For primary external feeding pests 
and secondary external feeding pests, the correlation 
between traps is less pronounced. 

DISCUSSION

According to Trematerra and Throne (2012), the 
most common internal grain feeders are Sitophilus 
granarius, S. oryzae (L.), S. zeamais Motschulsky, and 
R. dominica. For the external grain-feeding insects, 
the most frequently encountered species are Tribo-
lium castaneum, T. confusum J. du Val, O. surinamen-
sis, Cryptolestes ferrugineus (Stephens), Trogoderma 
granarium Everts, Plodia interpunctella Hübner, and 
mites. Some insects, such as Alphitobius diaperinus 
(Panzer), Ptinus fur L., and T. stercorea, also feed on 
mould mycelia and dust and therefore they are indica-
tors of mouldy and dusty conditions. In the present 
study, only three of the above-mentioned species 
were found to be the most frequent (S. granarius, 
O. surinamensis, and T. stercorea), supplemented by 
the other two (L. minutus, and Ptinus fur L.) (Table 2 
and Figure 3). The succession of insects in stored 
products is a very complex phenomenon (Coombs & 

Woodroffe 1963, 1968, 1973; Nansen et al. 2004; 
Jian & Jayas 2012; Athanassiou et al. 2014) that 
needs additional attention. The major biotic factors 
influencing insect abundance and occurrence in traps 
in cereals are the presence of internal grain feeders, 
the presence of fungi, and the biochemical state of 
the grain. External feeders are rare in cereals that are 
undamaged by grain-handling equipment but increase 
markedly with prior infestation by primary pests. The 
damage caused by internal feeders to whole kernels 
may facilitate colonisation by secondary pests that 
continue to damage the cereals (Trematerra & 
Throne 2012). Each species that plays a role in this 
infestation chain is affected by and, to some extent, 
utilises any semiochemicals that are derived by the 
previous species in the same chain (Trematerra et 
al. 2015). The simultaneous presence of two species 
in the same area is expected to cause an alteration 
in their response. Similarly, a given commodity that 
is previously “contaminated” by a given species may 
affect the behaviour of another species that visits this 
commodity rather than a non-contaminated com-
modity. Trematerra et al. (2000) noted that kernels 
that were damaged by primary pests, especially by 
S. oryzae, were generally preferred by the externally 
feeding pests O. surinamensis, T. castaneum, and 
T. confusum over artificially damaged or whole ker-
nels. Additionally, Athanassiou et al. (2006) found 
that seeds that were damaged by S. oryzae increased 
the response of other S. oryzae individuals. 

Although pitfall traps of stored grain pests are cheap 
and very sensitive to discover the infectation, even 
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at a low population pest density, their acceptance by 
farmers is suspiciously low (Adama et al. 2010). One 
of the reasons for this low acceptance is the complex 
information that has been presented on using the 
trap and interpreting the trap catch. Practitioners 
are overloaded by the scientific documentation that 
the stored-product beetle trapping pitfall traps ef-
ficiency is differentially influenced by the complex 
interplay of many factors, such as the type of trap 
(Cuperus et al. 1990), pest species (Athanassiou 
et al. 2001), physical condition, trap duration, type 
of food, etc. (Cogan & Wakefield 1994; Stejskal 
1995; Trematerra 1998). Carvalho et al. (2004) 
found significant difference between pitfall and probe 
traps for monitoring in stored rice. On the contrary, 
Epenhuijsen et al. (2003) found pitfall cone trap to 
be more efficient than the probe trap or sampling 
spear to monitor S. oryzae in stored rice. In our 
experiments, we also found higher pooled catch in 
grain probes than in pitfall traps; but the difference 
was not as profound as the one reported by Car-
vallho et al. (2004) or Epenhuijsen et al. (2003). 
These differences might indicate that the trapping 
results are affected by the local conditions that may 
vary from year to year. In fact, even the short-term 
experiments comparing the efficacy of PC and WB 
Probe II traps on particular species showed that the 
results were, in some cases, significantly affected by 
a specific set of environmental conditions (Weston 
& Barney 1998; Wakefield & Cogan 2007). Small 
and middle-sized farmers do not require species-
specific detailed information because their decision 
making-process is frequently irrespective of species 
but of ecological pest-group. In addition, these farm-
ers tend to collect the data on grain quality for the 
whole long storage periods. Therefore, we tried to 
conduct and evaluate a trapping experiment from 
the perspective of small farmers. 

Our experiments clearly show that the evaluation 
of whole ecological Groups I–III (Group I – internal 
feeding primary pests; Group II – external feeding 
primary pests; Group III – external feeding secondary 
pests) makes the species-specific efficacy differences 
between traps insignificant in long-term monitoring. 
However, significant differences between traps were 
found upon short-term evaluation. In the latter cases, 
the use of both traps is recommended because of the 
higher sensitivity and more precise evaluation of ef-
ficacy of the control treatment effects. This use agrees 
with the general methodical work on pitfall insect 
trapping by Schirmel et al. (2010), who found that 

capture efficiency of pitfall traps is highly affected 
by the sampling period and sampling intensity. These 
authors found that shorter sampling intervals are 
generally preferred because of the initial catch of large 
numbers of arthropods. Both long- and short-term 
trapping may be affected by changing temperatures 
if corrections are not performed (Saska et al. 2013). 
Schirmel et al. (2010) claimed that short sampling 
intervals are labour intensive and are therefore often 
very costly and could also affect the sampling sites 
because pitfall catches may be affected by a mechani-
cal disruption “digging-in” (i.e., trap insertion into 
the material) and other disturbance effects, such 
as the ‘trampling effect’ (walking in then sampled 
area), as documented by Grandchamp et al. (2002). 
Schirmel et al. (2010) warned that the digging-in 
effect may result in sample bias because the catch 
is artificially increased in some places or layers of 
the sampled substrate. Consequently, this effect 
may lead to an overestimation of the local popula-
tion density. In stored grain, the disruption issue is 
probably more important for mechanical sampling 
(using sampling spears, cups, and sieves) than for 
trap insertion. But even the insertion of traps requires 
disruptive movement of a human applicator on the 
sampled grain surface. There are several studies on 
stored-product insects. However, few studies have 
been performed as long-term studies lasting for 
more than one year (e.g. Epenhuijsen et al. 2003; 
Carvalho et al. 2004) that can prove or reject dis-
turbing effects of sampling intensity. 

Conclusion and practical 
recommendations

This study has a practical message for the small or 
middle-sized farmers who require simple rules for 
their pest control decision making. When scientists 
provide farmers with a complex monitoring system, 
it is common for practitioners not to accept such a 
complex system because it is prohibitively time con-
suming and difficult to interpret. Epenhuijsen et al. 
(2003) found “the numbers caught in individual traps 
at similar population levels varied, which indicates 
that several traps should be set in each grain lot to 
give satisfactory estimations of weevil populations”. 
Our study indicates that there was no need for the 
simultaneous use of both traps for long-term trap-
ping, but for short-term trapping, especially when 
used for the effect of fumigants, the concurrent use 
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of both traps is advised. It is also necessary to stress 
that it is desirable to extend the study to different 
types of storage and climatic conditions. Trapping 
efficacy of surface and subsurface traps may differ 
(e.g. Carvalho et al. 2004) because the distribu-
tion of insects is also different during storage time 
and period of the year (Atthanassiou et al. 2001).
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