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Abstract

The relationship between the abundance and
occurrence of Rhyzopertha dominica (F.), a
primary pest of stored grain, in distinctly different
habitats is poorly known, and previous work
suggests that a primitive wood-boring habit may
persist in natural populations. Understanding the
feeding ecology of R. dominica may likely predict
the movement or occurrence of this pest in various
habitats. Origins and movement of species can
be studied using methods of elemental analyses.
We used two such techniques, natural stable
isotopes and trace elements, to track the dietary
history of R. dominica, as adult insects may retain
elemental markers from host plants. Insects
collected from the periphery of granaries or inside
woodlands in Stillwater, Oklahoma, USA and
insects reread on standard diets under laboratory
conditions were used to determine the carbon and
nitrogen isotope signatures and ten different trace
elements.  Laboratory reared R. dominca showed

similar C signatures when compared to the

assimilated diet with an enrichment of about +
1 %o in the insect body.  Insects reared on the C3

plant based seeds of wheat or oak showed much

depleted C values (- 23.7 or - 26.2 %o,

respectively) as opposed to insects reared on
seeds of the C4 corn (- 11.3 %o).  Field collected

R. dominica showed C values similar to

expectations for a C3 plant based-diet. Results
suggest that preferential feeding of field collected
R. dominica  may occur on C3 based hosts in the
field.  Trace elemental analyses showed that
discriminating trace elements for field collected
R. dominica were P, Ca, Fe, Zn, and Cu. Our
studies indicated that elemental markers may be
used successfully for tracking the origins and
feeding habitats of R. dominica.
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Introduction

The lesser grain borer, Rhyzopertha dominica
(F.) (Coleoptera: Bostrichidae) is a long-lived,
strong-flying and destructive pest of stored wheat
and other cereal grains (Potter, 1935; Fields and
Phillips, 1994).  Work by Edde and Phillips
(2005) showed that R. dominica has been
trapped in distinctly different habitats, such as
those from the periphery of granaries or in
woodlands considerable distances away from the
grain storages. The relationship between the
abundance and occurrence of R. dominica in the
agricultural and wild habitats are poorly known.
Wild habitats may serve as a temporary niche,
alternate food sources, or overwintering sites for
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R. dominica in the absence of a major host.
Current pest management programs for R.
dominica are designed for managing insects only
in the grain, inside storage structures such as bulk
grain bins (Sloderbeck et al., 2002). A detailed
understanding of the occurrence of this species in
diverse environments may have important
implications in terms of pest management. The
management efforts can be directed more
appropriately to breeding sites or overwintering sites
outside of the grain storages (Ramirez-Martinez et
al., 1994).

Origins and movement of species recently have
been investigated using methods of elemental
analyses (Hobson, 1999; Callaham et al., 2000).
One can trace the origin of insects based on the fact
that stable isotope signatures or elemental
composition in the body tissues of the insect provide
intricacies on local foods and often provenance
feeding (Callaham et al., 2000; Tigar and Waldron,
2002).  Sub populations of insects inhabiting different
ecosystems may have assimilated different natural
isotopes or trace elemental compositions from their
diets.  Profiling naturally occurring isotope ratios or
determining the chemoprints of insects collected
from different habitats provides an indirect approach
for delineating origins of food sources.  For example,
stable carbon isotope is a commonly used elemental
marker.  Higher plants are categorized into three
groups based on the photosynthetic pathways
(Ehleringer and Monson, 1993).  Plants with C4

photosynthesis are enriched in 13C compared with

C3 plants.  The ratio of 13C and 12C ( C) values

produced by the C4 photosynthetic pathway is about
– 14 to – 10 %o whereas by C3 photosynthetic

pathway the C is –35 to –21 %o (Chamberlain

et al., 2004).  Insect fed on either C3 or C4 hosts
has body isotope signatures similar to their hosts.

Since much remains to be understood on the
dispersion and occurrence of R. dominica in
diverse environments, the purpose of this study
is to develop a technique to distinguish
subpopulations that occur in various habitats by
determining (1) carbon and nitrogen isotope
signatures and (2) the differences in elemental
composition in the whole body of R. dominica

reared on standard laboratory diets or captured
either from grain storage environments or wooded
sites.

Materials and methods

Rhyzopertha dominica reared on different
host materials

One-d-old eggs were separated from 10-d-
old adult R. dominica incubated at 29 oC, 60 %
r.h., and 12:12 h D: L. Wheat, Triticum aestivum
L., seeds of oak (acorn), Quercus spp., and
shelled corn, Zea mays L., were selected as hosts
for rearing eggs of R. dominica. We selected
these host materials considering that, wheat,
commonly found in storage environments in
Oklahoma (OK) and primarily damaged by R.
dominica is a C3 plant. Oak was selected as the
second host, predominantly found in wooded or
forested sites, and is a C3 plant. Wright et al.
(1989) reported that R. dominica survived in
seeds of oak collected from eastern woodrat,
Neotoma floridana nests. Corn found in storage
environments and also damaged by R. domonica
(Potter, 1935) is a C4 plant. Wheat and corn were
purchased commercially. Oak seeds were collected
from the wooded sites around Stillwater, OK.
Wheat, corn and split pieces of oak were pulverized
using a mechanical grinder and sifted using an 850-
µm meshed sieve. Whole wheat kernels, seeds of
corn or pieces of oak cotyledons (40 g) were mixed
with 10 g of the respective pulverized materials and
transferred to 950 ml glass mason jars. Eggs
collected from the adult colony were introduced to
different host materials and were reared at the same
conditions as above until adult emergence. Once
adults emerged from the diet and they were 2-wk-
old, adults were separated from the diet and stored
in a freezer for further use.

Field trapping of R. dominica adults

Pheromone baited four-unit funnel traps were
deployed in selected sites in two woodlands and
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four grain storage facilities. All traps were baited
with male produced R. dominica aggregation
pheromone dominicalure 1 (DL1) and
dominicalure 2 (DL2) in a ratio of 1:1:2, 25 %
DL1: 25 % DL2: 50 % hexane, respectively.
Traps were deployed in two wooded sites,
Pasture II (P II) and Lake Carl Blackwell (LCB)
around Stillwater, OK and in the periphery of four
grain elevators, Stored Products Research and
Education Center (SPREC) at Oklahoma State
University, Catoosa, Douglas and Marshall grain
handling facilities in OK. The site descriptions and
methods for detecting, monitoring and capturing
of R. dominica using pheromone baited traps
were similar to those described by Edde and
Phillips (2005). Traps were emptied weekly in
the sites, trapped insects were transferred to
airtight plastic bags and brought to the laboratory.
Captured insects were sorted to separate R.
dominica from other insects, and R. dominica
were stored in a freezer until further use.

Stable isotope analysis for laboratory reared
and field captured R. dominica

 Isotopic analyses were carried out for host
materials used for lab-rearing insects, and lab-
reared and field-captured R. dominica. Frozen
insects were rinsed with double distilled water
and dried in an oven at 60 oC for 48 h.  Ground
host materials were also dried at 60 oC for 48 h.
A single dried insect or 1 mg of ground host was
used to determine carbon or nitrogen isotopes.

The C and the N were analyzed in the

Stable Isotope Ratio Facility for Environmental
Research (SIRFER) at the Department of Biology,
University of Utah, UT, USA using a Carla Erba
1108 Elemental Analyzer (EA) coupled to a
Thermo Finnegan Delta S Isotope Ratio Mass
Spectrometer (IRMS) (NIWA Science, New
Zealand).  Stable isotope ratios were reported in
per mil units (%o). One per mil unit represents a
one-part-per-thousand difference from a
standard.  The following formula was used for
calculations:

Where, RSA is the measured isotope ratio of
the unknown sample and RST is the defined isotope
ratio of the internal standard. Internal standards
of known isotopic signatures, calibrated against
accepted National Institute of Standards and
Technology (NIST) were included in every run
for calibration purposes. The analysis for each
isotope signature per treatment was repeated for
eleven times.  Mean values were reported in the
tables and text.

The enrichment of C or the N from diet

to insect body for the laboratory reared R.
dominica was calculated based on the following
formula.

Trace element analyses for laboratory reared
and field captured R. dominica

Trace element analysis was carried out at the
Soil Water and Forage Analytical Laboratory, at
the Oklahoma State University, OK, USA for
dried and ground hosts and lab-reared and field-
captured R. dominica.  Multiple trace elements
including P, Ca, K, Mg, Na, S, Fe, Zn, Cu, and
Mn were analyzed in 100 mg samples using a two
Spectro CirOs Inductively Coupled Plasma
Atomic Emission Spectrometer (ICPAES).
Elemental compositions for P, Ca, K, Mg, Na,
and S were reported as percentage whereas
analyzed Fe, Zn, Cu, and Mn were reported as
parts per million (PPM). The analysis for different
R. dominica or hosts were repeated for three
times. Percentage or PPM data for trace elements
were subjected to analysis of variance using the
MIXED procedure of SAS (SAS Institute, 2003).
Least squares means were used for separating
treatment means at  = 0.05.  Trace element data
for laboratory hosts, lab-reared R. dominica, and
field-captured R. dominica were analyzed
separately.
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Results

Stable isotope analyses for lab hosts, lab-
reared or field-captured R. dominica

The C and the N isotope values for
laboratory hosts, and R. dominica reared on
respective hosts are shown in Table 1. There were
differences for C values among wheat, oak
and corn seeds and body signatures of R.
dominica reared on these hosts. For the C3

plants, wheat or oak, isotope values were much
depleted compared to corn, a C4 plant.  Stable
carbon isotope values for R. dominica fed on C3

wheat and oak seeds showed mean signature
values of -23.7 and -25.3 %o, respectively.  In
contrast, R. dominica fed on C4 corn had highly
enriched 13C and showed a mean signature value
of -11.29 %o.  Nitrogen isotope patterns revealed
less variation between C3 and C4 based hosts.
The nitrogen body signature of R. dominica fed
on wheat or oak seeds were similar to those
values of R. dominica fed on corn seeds (Table
1).  The carbon isotopic signature of R. dominca
was similar to its assimilated diet with a slight
enrichment of about +1 %o from diet to insect
body. However, the nitrogen isotopic body
signature of R. dominca reared on different hosts
was highly enriched in ä15N values relative to the
diet N.  The enrichment from diet to insect
body ranged from +4.2 to +5.1 %o. The
enrichment was highest in wheat-fed R. dominica
and lowest in oak-fed adults.

Body signatures of stable carbon isotope in
the R. dominica collected from two habitats,
wooded and grain storage environments ranged
from -20.6 to -26.0 %o. Adults collected from
the wooded site of LCB (-25.10 ± 0.32) and grain
storage environments in Catoosa (-26.00 ± 0.21),
Marshall (-25.32 ± 0.11), and Douglas (-25.30
± 0.34) at OK, showed much depleted C
values when compared to the other two sites (P
II -22.60 ± 1.57; SPREC -20.60 ± 1.99).
Results obtained for carbon isotope indicated that
R. dominica primarily fed on C3 type seeds or
C3 plant derived materials in both types of
habitats. When compared to the lab-reared R.

dominica, C values of field collected adults
had similar values obtained for R. dominica
reared on wheat or oak seeds. Adults collected
from the periphery of a grain handling site at
SPREC showed the highest N value (10.19 ±
0.96), whereas adults collected around a similar
grain handling site at Douglas had the lowest ä15N
value (7.10 ± 0.33).

Trace element analysis for laboratory hosts,
lab-reared or field-captured R. dominica

Trace elemental analyses for wheat, acorn and
corn seeds used for rearing R. dominica in the
laboratory showed significant (P < 0.05)
differences for a total of eight elements; P, Ca,
K, Mg, S, Fe, Zn, and Mn out of the ten analyzed
(Tables 2 and 3). Of the significant differences,
except for K and Fe, acorn had significantly lower
amount of elemental compositions when
compared to wheat or corn. However, acorn
seeds had highest concentration of K (Table 2)
and Fe (Table 3). Rhyzopertha dominica reared
on wheat, acorn, and corn showed significant
(P < 0.05) variation in the elemental compositions
for P, Na, and Zn in their body tissues. The P and
Zn contents were significantly higher for R.
dominica fed on wheat whereas individuals fed
on acorn had significantly lower amount of P and
Zn (Tables 2 and 3).  For Na, R. dominica fed
on wheat or acorn showed significantly higher
amount of traces in the body tissue than for
individuals reared on corn.  Elemental composition
for Ca, K, Mg, S, Fe, Cu, and Mn did not vary
among R. dominica fed on wheat, acorn or corn.

Trace elemental analyses for field captured R.
dominica showed that significant (P < 0.05)
differences for P, Ca, Fe, Zn, and Cu contents in
the adult body tissue. Individuals captured in the
periphery of the Catoosa grain elevator had
significantly higher amounts of P and Ca when
compared to the adults captured from two
wooded sites (Tables 2 and 3). The Fe and Zn
contents were also higher for adults captured at
Catoosa grain elevator however such amounts
were not significantly different from Fe and Zn
contents of adults captured at LCB.  The amount
of Cu present in adults captured from three sites
was significantly different from each other.
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Table 1. Mean ± SE values of C and N for different laboratory based host materials and R.

dominica reared on respective host materials, and the enrichment of C and N from diet isotopes to

insect isotopes.

Nature of Type of food Diet isotope R. dominica Enrichment
Isotope values (%o)1 isotope values � insect-diet (%o)2

ä13C (%o PDB) Wheat -23.87 ± 0.05 -23.69 ± 0.15 +0.18 ± 0.15
Oak -26.15 ± 0.04 -25.28 ± 0.31 +1.08 ± 0.31
Corn -11.24 ± 0.04 -11.29 ± 0.28 +0.05 ± 0.2

ä15N (%o Air) Wheat    3.98 ± 0.13    9.06 ± 0.36 +5.08 ± 0.29
Oak    4.03 ± 0.19    8.45 ± 0.61 +4.20 ± 0.62
Corn    4.41 ± 0.16    8.86 ± 0.35 +4.71 ± 0.29

1 Means were based on n = 11.
2 The enrichment for C and N were calculated using the following formula:

Enrichment � insect-diet =  Cinsect - Cdiet (n = 11)

Enrichment � insect-diet =  Ninsect - Ndiet (n = 11)

Table 2. Mean ± SE values of P, Ca, K, Mg, and Na for host materials, R. dominica reared on respective host materials,

and field captured insects.

Insect

source P1 (%) Ca (%) K (%) Mg (%) Na (%) S (%)

or host

Lab host

Wheat 0.272 ± 0.025a 0.056 ± 0.005a 0.385 ± 0.029b 0.137 ± 0.012a 0.001 ± 0.001a 0.163 ± 0.015a

Acorn 0.089 ± 0.004b 0.055 ± 0.003b 1.202 ± 0.063a 0.049 ± 0.003c 0.001 ± 0.000a 0.054 ± 0.003c

Corn 0.238 ± 0.016a 0.053 ± 0.000b 0.329 ± 0.009b 0.089 ± 0.005b 0.001 ± 0.000a 0.090 ± 0.003b

 Lab R. dominica

Wheat 0.555 ± 0.029a 0.040 ± 0.002a 0.714 ± 0.035a 0.101 ± 0.005a 0.019 ± 0.001a 0.283 ± 0.017a

Acorn 0.368 ± 0.047c 0.044 ± 0.029a 0.650 ± 0.145a 0.097 ± 0.008a 0.019 ± 0.003a 0.182 ± 0.029a

Corn 0.516 ± 0.047b 0.043 ± 0.003a 0.637 ± 0.057a 0.044 ± 0.029a 0.007 ± 0.000b 0.271± 0.026a

Field  R. dominica

Catoosa 0.866 ± 0.033a 0.316 ± 0.019a 0.803 ± 0.031a 0.142 ± 0.006a 0.036 ± 0.002a 0.377 ± 0.018a

LCB 0.663 ± 0.031b 0.095 ± 0.004b 0.712 ± 0.029a 0.123 ± 0.006a 0.031 ± 0.001a 0.349 ± 0.017a

P II 0.629 ± 0.039b 0.082 ± 0.004b 0.755 ± 0.039a 0.124 ± 0.07a 0.029 ± 0.001a 0.355 ± 0.024a
1 Means were based on n = 3; Values with different letters (within insect sources or hosts) in a column followed by

different letters are significantly different (P < 0.05).
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Discussion

Our laboratory study showed that, R.
dominica raised on wheat, acorn or corn showed
carbon isotope values similar to their respective
diets with only about + 1 %o enrichment from diet
to insect tissues.  Based on the enrichment values,

C is a reliable elemental marker for tracing
local foods. If the sources of local foods can be
determined the information could be used to verify
the origins of R. dominica. Unlike for C, the

N enrichment from diet to insect body was
relatively higher with a gain of about + 4 to 5 %o.
This trend of increasing N enrichment in R.
dominica potentially prevent the ability to
forecast the insect origins based on their diets.
Therefore, N is not a suitable elemental marker
for determining origins based on foods. The C
values of body tissues for field collected R.
dominica adults showed no distinctive differences
between the wooded habitats and the grain
storage environments. However, the C values
for R. dominica were relatively depleted and
comprised of similar values to those R. dominica
fed on C3 plants in the laboratory experiment. We

postulate that field R. dominica with C
signatures similar to those of C3 plants are likely
fed on wheat in the grain storage environment and
oak plant-based materials in the wooded
environment, two dominant food available in these
ecosystems. The N body signatures of R.
dominica are highly variable among habitats.
Such differences among habitats were possible
because of potential variability in soil N
patterns at different ecosystems.

Individual insects living in a particular diet or
environment may contain a combination and
quantity of chemical elements characteristic to
their diets or environments, and these
characteristics may indicate different geographical
origins of the sub populations (Bowden et al.,
1984). Among the ten elements compared in our
study, the main discriminant trace element for both
laboratory reared and field collected R. dominica
was Zn. When elemental compositions for
laboratory-reared and field-captured adults were
compared the Zn concentration was highest in the
wheat or corn fed R. dominica. Similarly, for field
captured R. dominica, adults collected around
the Catoosa grain elevator had significantly higher

Table 3. Mean ± SE values of Fe, Zn, Cu, and Mn for host materials, R. dominica reared on respective
host materials, and field captured insects.

Insect source or host Fe1 (ppm) Zn (ppm) Cu (ppm) Mn (ppm)

Lab hosts
Wheat   28.5 ± 1.5a   28.6 ± 2.9a    4.2 ± 1.1a 30.2 ± 2.1a
Acorn   80.9 ± 5.1a     5.8 ± 0.0c     2.8 ± 1.4a   6.3 ± 0.4b
Corn   39.5 ± 5.0b   21.9 ± 2.9b     3.8 ± 1.2a   4.8 ± 0.5b

Lab R. dominica
Wheat   92.1 ± 6.1a 197.2 ± 12.5a   42.8 ± 1.3a 27.0 ± 1.3a
Acorn 134.4 ± 33.8a 104.9 ± 18.3b   40.5 ± 9.7a 22.9 ± 3.6a
Corn   81.9 ± 5.6a 225.3 ± 13.8a   34.7 ± 4.4a 23.0 ± 2.4a

Field R. dominica
P II 271.2 ± 18.2b 297.3 ± 19.7c 151.4 ± 8.6b 45.9 ± 2.3a
LCB 451.7 ± 27.7a 332.2 ± 18.7b 180.6 ± 7.7a 44.4 ± 1.4a
Catoosa 490.2 ± 30.2a 385.3 ± 18.0a   68.9 ± 2.1c 38.4 ± 1.6a
1 Means were based on n = 3; Values with different letters (within insect sources or hosts) in a column followed by

different letters are significantly different (P < 0.05).
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concentration of Zn. Adults of R. dominica
captured around the Catoosa grain elevator likely
may have fed on grain based products, which may
potentially have contributed to the increased
concentration of Zn in these adults. Analysis of
laboratory acorn-fed R. dominica showed
significantly lower amounts of Zn in their body
tissues likewise to those adults captured in the
two wooded sites P II or LCB. We believe that
the adults captured around wooded sites may
possibly have fed on oak based materials, a
dominant species in these environments. Overall,
our studies showed that natural carbon isotope
and certain trace elements may be used as markers
for tracking the origins and feeding habitats of R.
dominica.
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