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Abstract

Cereal leaf beetles, a group of chrysomelid beetles of the genus Oulema (Coleoptera: Chrysomelidae),
are well-known pest insects of small-grain cereals in many countries of the Northern hemisphere. Due
to the small differences in morphology of species within this genus, classification up to species level
remains a challenging task. Since an accurate view of species composition is important for developing
targeted control strategies, the goal of this study was to unravel the Oulema species composition in
Flanders’ wheat fields. During three subsequent years at a series of different fields, Oulema species were
collected and classified up to species level (2016: 28 fields, 2017: 30 fields and 2018: 23 fields). This
study reveals that the population consists of four different species: O. melanopus, O. duftschmidi and O.
obscura were most frequently encountered, while O. rufocyanea was only marginally present.
Furthermore, the population was highly dynamic, as the population share of each species varied between
different growing seasons and between the various sampling events within each season. The distance
from the field edge had a minor influence on the species composition, but the abundance of beetles
increased with the distance to the field edge. A discriminant analysis revealed that based on the
measurements of various body parts, an accurate classification up to species level is possible. In
conclusion, we observed that the population densities fluctuated within and between years, resulting in

variable incidence of cereal leaf beetle in winter wheat fields in the Flanders region.
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Introduction

Oulema species (Coleoptera: Chrysomelidae) are widespread all over the Western Palearctic area,
causing damage to major crops within the Poaceae family (Balachowsky and Mesnil, 1936). Several
species within the genus Oulema are known to cause damage in winter wheat (Triticum aestivum L.):
O. melanopus (Linnaeus, 1758), O. rufocyanea (Suffrian, 1847), O. duftschmidi (Redtenbacher, 1874),
O. obscura (Stephens, 1831), O. septentrionis (Weise, 1880) and O. erichsonii (Suffrian, 1841)
(Walczak, 2005; Schmitt and Ronn, 2011; Chapelin-Viscari & Maillet-Mezeray, 2015). These species
are often grouped into two species complexes, as determination up to species level is a challenging task
because of their similar morphology. The first three species are referred to as the cereal leaf beetle (CLB)
complex or the Oulema melanopus-complex, which are characterized by a red pronotum, while the latter
three belong to the second species complex, which are characterized by a blue pronotum. In this work,
species from the Oulema melanopus-complex are referred to as ‘complex 1 species', while the other

complex of species is referred to as ‘complex 2 species'.

Relative abundance of species within both complexes differs between years and regions. Some species
from complex 1 (especially O. melanopus) are described all over the world as a major pest insect in
cultivated Poaceae species, while others are rarer and only occasionally found to be of economic
importance. Originating from Eurasia, O. melanopus migrated over the years to several parts of the
world. For example, this species was first described in 1962 in Michigan, causing major damage to oats
(Haynes and Gage, 1981). This species is probably the most widespread species within the CLB
complex, causing damage to wheat crops in the USA and Europe (Schmitt and Ronn, 2011). It is
believed that an increase in monoculture cropping systems gave rise to its widespread distribution
(Wenda-Piesik and Piesik, 1998; Ulrich et al., 2004). In addition, transportation of wheat straw with
Christmas trees is often pointed to as another reason for its global spread (LeSage et al., 2007). While
O. duftschmidi is believed to appear sympatric to O. melanopus, the economic damage potential of this
species is still unknown (Bechini et al., 2013). Although the damage potential of O. melanopus is better
documented, Bezdék and Baselga (2015) argue that due to the sympatric appearance of both species in
Eurasia, economic damage should be attributed to the complex of both species, rather than to O.
melanopus only. The third species within the CLB complex, O. rufocyanea, is believed to be extremely
rare and only appears in Central and Southern Europe (Bezdék and Baselga, 2015). Concerning the
distribution of the derivative species O. mauroi and O. verae, more studies are necessary to clarify their

global distribution.



Oulema obscura, O. septentrionis and O. erichsonii belong to the second species complex, which is
characterized by a blue pronotum. Oulema obscura is widespread in Europe, causing yield losses in
small grains in Central, Western and Northern Europe (Walczak, 2005). The other species within this
complex are less widespread, only occurring in some parts of Europe, and are therefore rarely described
as a pest insect in small-grain cereals. Host plants of O. septentrionis are oats (Avena), and bulrushes
(Typha), while O. erichsonni feeds on floating sweet-grass (Glyceria). Both species favor plants grown
in moist environments (Hubble, 2012). Like species within complex 1, complex 2 species share a very
similar morphology, although they can generally be differentiated without the need for a dissection of
the aedeagus. According to Allen (1976) and Cox (2000), these species can be differentiated based on:
(1) differences in the angle at the widest point of the pronotum; (2) presence or absence of a metallic
reflection in the front thoracic segment and (3) differences in the lamella of the aedeagus. Nonetheless,
some confusion within the classification of species belonging to this complex continues to exist. Indeed,
species within this complex are often confused with Lema cyanella, a beetle that can occur in wheat
fields, but feeds on thistle species instead of on Poaceae species, and thus are not of economic
importance. Moreover, this leaf beetle has been used as biocontrol organism of thistle (Cirsium arvense
(L.) Scop.) in Canada (Peschken, 1984).

Different techniques have been applied, with varying success, for classifying and identifying species
within the genus Oulema (Bezd¢k and Baselga, 2015). Molecular identifications of CLBs based on the
sequence of the cox1 gene are unreliable due to absence of clear differences between species (Bezdek
and Baselga, 2015). Another technique often used for classification up to species level is comparison of
externally measured body parts of different species. However, Bezdék and Baselga (2015) showed that
for the CLB complex, these measurements are variable, making this technique alone less useful. Many
authors therefore conclude that for males, the shape of the internal flagellum of the aedeagus is the only
exact method to classify up to species level. For females, the shape of the spermatheca, specifically the
distal part of the ductus spermathecae to the bursa copulatrix seems to differ between these species.
However, the latter can pose a problem in preserved specimens since this ductus is generally not
sclerotized. Therefore, comparing the length of the spermathecal duct to the width of the terminal portion
of the bursa copulatrix is another main characteristic for identification of the females within the CLB

complex (Bezdék and Baselga, 2015).

Within fields, population dynamics of different species can be highly variable, depending on the
tritrophic interaction between plant, pest and natural enemies, which is in turn influenced by
environmental conditions. At the start of each season, when average daytime temperatures rise above
10-14 °C, beetles migrate from the field edge to the center (Philips et al., 2011). Although absolute
numbers of beetles can be highly variable within a field, studies show that the intra-field relative
abundance of each species often is less variable than the inter-field abundance (Ruesink and Haynes,

1973). Based on comparisons of absolute numbers of beetles at different distances within a field,



simulation models suggested more beetle activity near the edge of the field, nearby possible
overwintering sites, than elsewhere in the field (Sawyer and Haynes, 1986). Other empirical studies
showed similar results (e.g. Lecigne and Roehrich, 1977; Reay-Jones, 2010).

Due to the increasing problems with CLBs on small-grain cereals in recent years, a thorough
understanding of the problem is a prerequisite of a knowledge-guided integrated pest management
(IPM)-oriented strategy. As CLB incidence is caused by a complex of different species, insight into the
species composition and dynamics within and between growing seasons is of paramount importance to
develop accurate control strategies. In this light, the aim of this study was to gain insight into the intra-
and inter-field species distribution in Flemish wheat (Triticum aestivum L.) fields. It is known that the
various CLB species react differently to temperature and humidity and therefore show a different
phenology (Ali et al., 1977; Ali et al., 1979). Current Flemish CLB management consists mostly of a
single insecticide treatment with a broad-spectrum pyrethroid, which sometimes interferes with growing
aphid and natural enemy populations. Therefore, insight into the species composition and their
phenology is important for accurate timing of insecticide treatments, which has proven to be essential
but very difficult with CLBs.

Materials and methods

Collection of cereal leaf beetles

To assess the abundance of each species, cereal leaf beetles were collected from several fields distributed
throughout the different agro-climatic zones of Flanders. For this trial, beetles were collected from 81
fields in total: 2016, 28 fields; 2017, 30 fields and 2018, 23 fields. Each field was catalogued to the
different Flemish agricultural regions, according to the soil texture (SL, sandy loam; S, sand; P, polder;
L, loam). Generally, wheat was cultivated following good agricultural practices, i.e. wheat was sown in
October-November at a density of 350 kernels per mz, fertilization rates were determined based on soil
samples, herbicide applications were applied in April and fungicide applications were applied in May
and June. No insecticides were applied to any of the wheat fields before and during the period in which

the beetles were collected.

For the investigation of CLB inter-field distribution, beetles were collected following the protocol
described by Reay-Jones (2010). Using a sweep net with a diameter of 30 cm, sampling was done at two
distances (10 and 50 m) from a selected field edge. At each distance, two samples were collected by
sweeping through the top canopy of eight rows per sweep. One sample consisted of 30 sweeps over a
width of ca. 1 m (indicating that one sweep covers one meter length, this covers 30 m?). Using an
aspirator (pooter), the insects were collected from the sweep net and then transferred to collection pots.

The collected beetles were stored in a solution of 70% (v/v %) ethanol.



Collection events took place at three time points during the first growth season (2016, April_P2 (16-04,
19-04, 20-04, 21-04), May_P1 (03-05, 09-05, 11-05), May_P2 (18-05, 19-05)). Due to later arrival of
the CLBs in the monitored fields in 2017, CLBs were collected at only two time points (May_P1 (03-
05, 04-05), May_P2 (30-05, 31-05)). In 2018, only one time point was selected for collecting (May_P1
(03-05, 04-05, 08-05)). Time points were determined according to the expected peak densities based on
a growing degree day model developed in Belgium during the same time period of the experiments
described here (Van De Vijver et al., 2018).

Another sampling scheme investigated the intra-field distribution and possible shifts during the growing
season at five fields in 2018. During the period starting from April 18 until May 5, beetles were collected
twice a week at four distances in the field from a chosen field edge (10, 20, 30 and 40 m). The protocol
for sweeping, collecting, storing and storage of the beetles was similar to that of the inter-field

distribution sampling.
Collection of weather data

Maximum, minimum, and mean temperatures, humidity and wind speed were monitored using
automated weather stations across Flanders (distance < 5 km from each field), directed by the
Agricultural Centre for Potato Research (Kruishoutem). These data were used to find correlations with
species presence or distribution in the field.

Identification of the collected cereal leaf beetles

In order to identify O. melanopus, O. duftschmidi and O. rufocyanea, during initial dissection, we first
determined beetle sex. Dissections were executed by means of a Zeiss Stemi 2000 0.8*10 (80X
maximum magnification) and a standard dissection set. Only males were selected for further dissection
and determination, while the female specimens were classified as either O. mel/duf/ruf (the species
belonging to complex 1) or O. obscura (species belonging to complex 2). Identifications of the males
were achieved by comparison of the flagella, following a protocol described in Bezdék and Baselga
(2015) (Figure 1). To distinguish O. erichsonii, O. obscura and O. septentrionis, differences in
morphology of pronotum and the ratio of the elytra length (EL) to elytra width (EW) were used (Hubble,
2012). Finally, body length (BL), elytra length (EL), elytra width (EW), antenna length (AL), pronotum

length (PL) and pronotum width (PW) of a random subset of 10 beetles per species were measured.
Statistical analyses

All analyses were conducted in R (version 3.5, R Development Core Team, 2017). To test whether or
not the species distribution was influenced by the sampling period and the sampling position in the field,
a Pearson's Chi-squared Test for Count Data (chisg.test) was used. In case it turned out that the species
distribution was dependent on the sampling period/position (p-value < 0.05), pairwise Chi-squared tests

(at a significance level of a = 0.05/n, with n the number of tests) were performed. A letter code above



the bar plots was used to denote significant differences between populations. Since the normality and
homoscedasticity assumptions of parametric tests were not fulfilled, a Kruskal-Wallis test (significance
level o = 0.05) was performed to test whether the CLB population size (complex 1 and complex 2)
differed according to the sampling period. In case there were significant differences, Dunn's Multiple
Comparison Test was run to detect which groups significantly differed.

To gain insight into the potential relationship between the CLB population size and weather conditions,
Pearson correlation coefficients were calculated and tested for their significance at a significance level
of o =0.05.

A linear discriminant analysis (LDA) was applied to determine whether, based on the body
measurements of the different CLB species, an identification up to species level is possible. To test the
accuracy of the LDA, leave-one-out cross-validation (LOCV) was performed. LOCV uses all but one
of the data points to determine the decision boundaries and then uses these boundaries to predict the

omitted data point’s group membership. The procedure was repeated for each observation.

Results

Oulema species distribution

On most observation dates male and female beetles had a similar share in the population. On most
occasions, similar numbers of adult CLB males and females were swept from the wheat fields (Table
1). Two exceptions were (1) April 2016, when the females of O. obscura outnumbered the males, and
(2) the second half of May 2017, when the males of complex 1 outnumbered the females. Considerably
more adults of complex 1 compared to complex 2 were present in 2016 and 2018, but similar numbers
of adults of both complexes were present in 2017 (x?=106.39, df=11, p-value<<0.001).

Results of the Chi-squared test indicated that the distribution of CLB species was dependent on the
growing season and that shifts in population composition occurred during single growing seasons
(x*=108.97, df=12, p-value<<0.001; Figure 2). In the second part of April 2016, O. melanopus (55.3%)
was the most abundant species, whereas O. rufocyanea (2.6%) and O. obscura (2.6%) were only
marginally present. Both in the first and second part of May 2016, O. duftschmidi was the predominant
species, with relative abundances of 51.0% and 58.6%, respectively. O. obscura, which was a minor
species in 2016, was the main species in the first part of May 2017 (61.5%). In the second part of May
2017, O. obscura and O. duftschmidi had an almost equal share in the population (37.0% and 40.7%).
In 2018, O. duftschmidi was, with a relative frequency of 58.3%, the main species on the collection dates
in the first half of May.

Studying the species composition at different sampling locations (near the field edge or in the centre of
the field), revealed that in two of the sampled growth seasons, significant differences in the species

composition were found (Figure 3). In 2017 and 2018, the population composition was dependent on



the position of sweeping. In May 2017, no O. melanopus adults were sampled near the field edge,
whereas in the center of the field the frequency of this species in the collected samples was 19.0%. In
May 2018, an increased abundancy of both O. duftschmidi and O. melanopus was noted when going
from the edge to the center of the field.

The geographical distribution of the different CLB species in Flemish wheat fields was determined as
well (Figure 4 and Figure 5), according to the different agricultural regions. Pie charts present the
population composition in the different regions during growth season 2018 (Figure 5). In 2016 and 2018,
the CLB population composition in the loamy region significantly differed from the composition in the
other regions (p-values < 0.001). Within this region, the relative abundance of O. obscura was highest
(36% in 2016; 80% in 2017, 65% in 2018) in the collected samples. The relative abundance of O.
duftschmidi was lower in the loamy region compared to the other regions. In the polders, O. obscura
was the least important species, with frequencies of 0%, 16.7%, and 2.1% in 2016, 2017, and 2018,
respectively. In comparison, O. duftschmidi was the primary species, with frequencies of 71%, 67%,
and 91% in 2016, 2017, and 2018, respectively.

Within-field distribution of Oulema species

Presenting the average number of CLBs per sweep and the species distribution at different moments at
various distances from the field edge (10, 20, 30 and 40 m) revealed significant differences in species
distribution depending on the sampling position (Figure 6). The species distribution at each position in
the field differed significantly at April 28 and May 5, while no significant differences were found at the

other sampling moments.

Except on May 2, more beetles (but not significantly) were found at 30 and 40 m than at 10 or 20 m
from the field edge. Concerning the evolvement of the number of Oulema adults during the growing
season, following normal phenology, a gradual increase followed by a decrease was expected. However,
it can be seen that the population size increases until April 21, then decreases until May 2, and at May
5, a steep increase in the number of Oulema adults was recorded. Weather conditions influenced the
within season variations in the number of Oulema species; the number of Oulema species was negatively
correlated with wind speed (-0.27, p-value 0.12) and positively correlated with temperature (0.38, p-
value 0.044).

Classification based on morphometric analysis

As mentioned above, Oulema determination up to species level is a challenging task due to their similar
morphology. Observed size ranges for the body length, elytral length, elytral width, antennal length,
pronotal length, pronotal width and the ratios between these body parts, measured on ten individuals per

species, are given in Table 2.



Linear combinations of various body measurements and their ratios for individual species (Table 2)
enabled species discrimination. The first two LDA functions accounted respectively for 90.39% and
0.08% of the variance in an analysis for the three most abundant species (Figure 7). The contingency
table (Table 3) shows that all O. duftschimidi beetles were correctly predicted. Seven out of the ten O.
melanopus individuals were correctly assigned, while the remaining three were classified as O.
duftschimidi. Two out of the ten male O. obscura were classified as females, whereas three female O.
obscura individuals were classified as males and one was assigned to the O. duftschimidi group.

Discussion

During the intra-field trial in 2018, we observed that even over a short time period, the weather
conditions during sweeping influenced the number of CLBs caught per sweep, e.g. during periods with
a higher wind speed, species are less easy to catch. This was also observed by Guttierez et al. (1974)
and Stilmant et al. (1995).

When studying the within-field distribution of CLB complexes, we observed that the species distribution
in the centre and at the edge of the field was similar. Our work confirms that of Ruesink and Haynes
(1973) and Chambon et al. (1983). However, our observations in 2018 suggested that species density
was higher in the centre of the field. In Flanders, O. melanopus and O. duftschmidi appeared sympatric,
which is in accordance with the hypothesis by Berti (1989) and in agreement with later empirical
research from France (e.g. Chapelin-Viscardi and Maillet-Mezeray, 2015). Oulema duftschmidi was,
during most periods, the main species in Flanders. While some authors suggest that the distribution of
O. melanopus and O. duftschmidi is similar (Bechini et al., 2013), others have found different results,
supporting our findings that O. duftschmidi is the more abundant species in Western European countries
such as Belgium (Chapelin-Viscardi and Maillet-Mezeray, 2015). The relative abundance of O. obscura
adults in Flemish winter wheat fields was variable during the sampling period, depending on the growth
season and the period within the season. The frequency of this species in the sweep net samples varied
between 2.6% (April 2016) and 61.5% (first part of May 2017). Although no definite explanation can
be found for this variable distribution, literature suggests a differential influence of temperature on the
phenology of both complexes (Walczak, 2005). Ali et al. (1977) show that the developmental threshold
temperature of adult O. obscura is lower than that of O. melanopus, suggesting that development starts
earlier during the growth season. Moreover, Ali et al. (1979) found differences between mortality rates
for both species. In their work, it was clear that O. obscura had a lower mortality compared to O.
melanopus. Walczak (2005) also concluded that O. obscura was less tolerant to variations in
temperature. This could also explain why more O. obscura individuals were found on “lighter” soil
types (sandy, sandy loam and loamy soils), as these types of soils are more prone to variations in
temperatures. Oulema duftschmidi was found to be more abundant in the polders, the heavier soil type.

These soils are also closer to the North Sea, possibly subject to a slightly different climate. It is known



that generally, this region receives less precipitation, more insolation, more wind, has cooler summers
and warmer winters. These factors could influence the species distribution. For example, Lesage et al.
(2007) observed this species to appear more frequently in southern, Mediterranean climates. Insect
development is also influenced by other variables (besides temperature) such as radiation and humidity,
which should in turn coincide with the presence of an appropriate host crop. However, more (long-term)

research is needed to link species abundance with environmental factors.

We observed that species distribution shifts within the season. While growing seasons 2016 and 2018
clearly showed significant differences in the species composition between the different agricultural
regions, no significant differences were found in 2017. In 2017, we observed the lowest CLB activity
of the three growing seasons. Low overall population density of CLBs may have masked differences in
species composition. Indeed, in case the number of observations decreases, the power of the chi-test also
decreases, so it becomes more difficult to find significant differences. In 2018, sampling was executed
at only one time point. Therefore, caution is required when comparing these species compositions
between seasons. As for the inter-field distribution, on some fields, sampling happened only once within
the season. Variable CLB densities between the growth seasons made sampling difficult. This makes
comparing relative species abundances between different years difficult. Using traps with (E)-8-
hydroxy-6-methyl-6-octen-3-one could be used to collect beetles more effectively as this agent acts as
an aggregation pheromone for CLBs (Rao et al., 2003).

Finally, the dissections revealed a high variability in body measurements. This was also observed by
other authors (Chapelin-Viscardi and Maillet-Mezeray, 2015; Bezdék and Baselga, 2015). Nonetheless,
body measurements taken from our dissected beetles are similar to those taken by Bezdék and Baselga
(2015). An LDA analysis showed that by combining these body measurements, an accuracy of 78% was
obtained for separating to species level, indicating that for an exact determination a dissection of the

genitalia is still necessary.

To conclude, it was shown that the Oulema population in Flemish wheat fields consisted mainly of O.
melanopus, O. duftschmidi and O. obscura. Our observations also demonstrated that the species
distribution significantly differed between agricultural regions and was mainly affected by weather
conditions. Within the field, no significant differences in species distribution were found. It is clear that
more research is needed to gain a deeper insight into the driving factors influencing population density
and composition and to develop control strategies accordingly. To study the species distribution in
regions with a low overall population density, traps with pheromones could be used to collect beetles

more effectively.



Acknowledgements

We thank Jonas Claeys from Inagro and Bart Pycke from Ghent University for their assistance in
conducting the trials. These trials were funded by the Agency for Innovation by Science and Technology
in Flanders (VLAIO) and ran in light of a project to develop IPM tools for the management of cereal

leaf beetle in winter wheat cultivation in Flanders.

References

Ali, A, T. Wetzel, and W. Heyer. 1977. Ergebnisse von Untersuchungen (ber die
Effektivtemperatursummen einzelner Entwicklungsstadien der Getreideh&dhnchen (Lema spp.). Arch.
Phytopathol. U. Pflanzenschutz 13(6):425-433.

Ali, A., T. Wetzel, and W. Heyer. 1979. Ergebnisse von Untersuchungen zum Einflu} von Temperatur
und Luftfeuchtigkeit auf die Mortalitdt einzelner Entwicklungsstadien der Getreidehanchen (Oulema
spp.) (Coleoptera, Chrysomelidae). Arch. Phytopathol. U. Pflanzenschutz 15(3):205-212.

Allen, A.A. 1976. Notes on some British Chrysomelidae (Col.) including amendments and additions to
the list. Entomol. Rec. J. Var. 88: 220-225 and 249-299.

Balachowsky, A., and L. Mesnil. 1936. Les Insectes nuisibles aux Plantes cultivées: Leurs Moeurs, Leur
Destruction. Etablissements Busson: Paris, France.

Bechini, L., P. Morlacchi, and J. Baumgartner. 2013. Coinciding development of winter wheat and leaf
beetles along an Alpine transect. Acta Oecol. 47: 95-104.

Berti, N. 1989. Contribution a la Faune de France. L’identité d’Oulema (O.) melanopus (L.). Bull. Soc.
Ent. Fr. 94(1-2): 47-57.

Bezdék, J., and A. Baselga. 2015. Revision of two new species from Europe (Coleoptera:
Chrysomelidae: Criocerinae). Acta Ent. Mus. Nat. Pra. 55(1): 273-304.

Chambon, J.P., C. Van Laere, G. Genestier, C. Pineau, and C. Cocquempot. 1983. Etude des populations
d'Oulema melanopus L. et Oulema lichenis Weiss (Coleopteres Chrysomelidae) sur blé dans la région
parisienne. Agronomie 3(7): 685-690.

Chapelin-Viscardi, J.D., and J. Maillet-Mezeray. 2015. Données bio-écologiques sur deux especes
jumelles sympatriques en milieu agricoles: Oulema melanopus (L.) et Oulema duftschmidi
(Redtenbacher) (Coleoptera, Chrysomelidae). Bull. Mens. Soc. Linn. Lyon. 84(1-2): 19-30.

Cox, M. 2000. Progress report on the Bruchidae/Chrysomelidae recording scheme. Coleopterist 9(2):
65-74.

Cox, M.L. 1995. Identification of the Oulema 'melanopus’ species group (Chrysomelidae). Coleopterist
4(2): 33-36.

Guppy, J.C., and D.G. Harcourt. 1978. Effects of temperature on development of the immature stages

of the cereal leaf beetle Oulema melanopus (Coleoptera: Chrysomelidae). Can. Ent. 110: 257-263.



Guttierez, A.P., W.H. Denton, R. Shade, H. Maltby, T. Burger, and G. Moorehead. 1974. The within-
field dynamics of the cereal leaf beetle (Oulema melanopus (L.)) in wheat and oats. J. An. Eco. 43(3):
627-640.

Hansen, M. 1994. The leaf beetle Oulema melanopus (Linnaeus, 1758), a complex of two species
(Coleoptera, Chrysomelidae). Entomol. Medd. 62: 138-142.

Haynes, D.L., and S.H. Gage. 1981. The cereal leaf beetle in North America. Annu. Rev. Entomol. 26:
259-287.

Hubble, D. 2012. Keys to the Adults of seed and Leaf Beetles of Britain and Ireland. Field Studies
Council Publications, Shrewsbury, England.

Lecigne, P., and R. Roehrich. 1977. Cereal leaf beetle Oulema melanopus L. (Coleoptera,
Chrysomelidae): Determination of adult population displacement. Rev. Zool. Agric. Pathol. Veg. 76(3):
71-76.

LeSage, L., E.J. Dobesberger, and C.G. Majka. 2007. Introduced leaf beetles of the Maritime Provinces,
2: the cereal leaf beetle Oulema melanopus (Linnaeus) (Coleoptera, Chrysomelidae). Proc. Entomol.
Soc. Wash. 109(2): 286-294.

Peschken, D.P. 1984. Host range of lema cyanella (Coleoptera: Chrysomelidae), a candidate for
biocontrol of canada thistle, and of four stenophagous, foreign thistle insects in North America. Can.
Entomol. 116(10): 1377-1384.

Philips, C.R., D.A. Herbert, T.P. Kuhar, D.D. Reisig, W.E. Thomason, and S. Malone. 2011. Fifty years
of cereal leaf beetle in the U.S.: an update on its biology, management, and current research. J. Integr.
Pest Manag. 2(2): C1-C5.

R Development Core Team (2017). R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria.

Rao, S., A.A. Cossé, B.W. Zilkowski, and R.J. Bartelt. 2003. Aggregation pheromone of the cereal leaf
beetle: field evaluation and emission from males in the laboratory. J. Chem. Ecol. 29: 2165-2175.
Reay-Jones, F.P.F. 2010. Spatial distribution of the cereal leaf beetle (Coleoptera: Chrysomelidae) in
wheat. Environ. Entomol. 39(6): 1943-1952.

Ruesink, W.G., and D.L. Haynes. 1973. Sweepnet sampling for the cereal leaf beetle, Oulema
melanopus. Environ. Entomol. 2(2): 161-172.

Sawyer, AJ., and D.L. Haynes. 1986. Cereal leaf beetle spatial dynamics: simulations with a random
diffusion model. Ecol. Modelling 33: 89-99.

Schmitt, M., and T. Ronn. 2011. Types of geographical distribution of leaf beetles (Chrysomelidae) in
Central Europe. ZooKeys 157: 131-158.

Stilmant, D. 1995. Population dynamics of cereal leaf beetles Oulema melanopus L. and O. lichenis

Voet (Coleoptera: Chrysomelidae), on wheat fields in southern Belgium. Belg. J. Zool. 125(1): 199-205.



Ulrich, W., A. Czarnecki, and T. Kruszynski. 2004. Occurrence of pest species of the genus Oulema
(Coleoptera: Chrysomelidae) in cereal fields in northern Poland. Elec. J. Pol. Agric. Univ., Agronomy
7(2).

Van De Vijver, E., S. Landschoot, G. Smagghe, B. De Baets, F. Temmerman, J. Dillen, and G. Haesaert.
2018. Potentials and limitations of a growing degree day approach to predict the phenology of cereal
leaf beetles. Environ. Entomol. nvy081.

Walczak, F. 2005. Determination of developmental periods of leaf beetles (Oulema spp.) for short-term
forecasting. J. PI. Prot. Res. 45(3): 145-153.

Wenda-Piesik A., and D. Piesik. 1998. The spring cereals food preferences of Oulema spp. in pure and
mixed crops. Elec. J. Pol. Agric. Univ., Agronomy 1(1): 1-8.



Figure 1: Aedeagus of the main Oulema species. From left to right: O. duftschmidi, O. melanopus, O.
obscura.
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Figure 2: Relative frequency (%) of the different Oulema species (males), on the sampling dates during
the second part of April (April_P2), the first part of May (May_P1) and the second part of May
(May_P2) during the seasons 2016-2018. Different letters above the bars point to significant differences
between population distributions (Chi-squared test).
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Figure 3: Relative frequency (%) of the different Oulema species (males), during the second part of
April (April_P2), the first part of May (May_P1) and the second part of May (May_P2) near to the
border of the field (B) and in the center of the field (C) during the seasons 2016-2018. Different letters
above the bars point to significant differences between population distributions (Chi-squared test).
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Figure 4: Relative frequency (%) of the different Oulema species (males) for each agricultural region
in Flanders during the seasons 2016-2018. Different letters above the bars point to significant
differences between population distributions (Chi-squared test). SL= Sandy Loam; S= Sand; P= Polders;
L=Loam.
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Figure 5: Oulema species relative distribution (%, males) for each agricultural region in Flanders,
2018.
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Figure 6: Average number of cereal leaf beetles (CLBs) per sweep at 10, 20, 30 or 40 m from the field
border at different time points during the growing season (2018). Different letters per date point to
significant differences in species composition between distances (Chi-squared test).
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Figure 7: Linear discriminant analysis plot of the first two discriminant functions showing the
separation of the various Oulema species.



Table 1: Relative frequency (%) of the males (m) and females (f) from the species belonging to
complex 1 (O. melanopus, O. rufocyanea, O. duftschmidi) and the species belonging to complex 2 (O.

obscura).

2016 2017 2018

April P2  May P1 May_P2 May_P1 May_P2 May_P1
Complex 1 (m) 56.06 42.96 38.89 21.13 36.96 43.18
Complex 1 (f) 37.88 44.63 39.58 22.54 13.04 32.82
Complex 2 (m) 1.52 6.21 9.72 33.80 21.74 12.92
Complex 2 (f) 4.55 6.21 11.81 22.54 28.26 11.08

Table 2: Measurements (minimum-—maximum) of the various body parts of different Oulema species
(m = male, f = female) belonging complex 1 (O. melanopus, O. rufocyanea, O. duftschmidi).

Complex 1 (f)

O. duftschmidi O. melanopus 0, obscura (m) O. obscura (f)

(m)

(m)

Body length (BL)
Elytra length (EL)
Elytra width (EW)
Antenna length (AL)
Pronotum length (PL)
Pronotum width (PW)
EL/BL

EL/EW

AL/BL

PL/PW

4.5-5.6 mm

3.3-4.0 mm

1.8-2.3 mm

2.4-3.0 mm

1.0-1.3 mm

1.1-1.3 mm

0.71-0.78

1.59-1.83

0.50-0.58

0.83-1.00

4.3-4.8 mm

3.2-3.5mm

1.6-2.0 mm

2.5-3.0 mm

0.9-1.1 mm

1.0-1.1 mm

0.70-0.76

1.60-2.12

0.54-0.68

0.90-1.10

4.5-5.3 mm

3.4-3.8 mm

1.8-2.2 mm

2.5-3.0mm

1.0-1.1 mm

1.1-1.2 mm

0.7-0.79

1.64-2.00

0.51-0.62

0.91-1.00

3.8-4.2 mm

2.8-3.1 mm

1.7-2 mm

2.2-2.5mm

0.8-1 mm

0.9-1 mm

0.71-0.78

1.46-1.67

0.55-0.62

0.89-1.11

4-4.6 mm

3-3.4 mm

1.1-2.2 mm

2.2-2.5mm

0.9-1.1 mm

1-1.1 mm

0.70-0.81

1.45-3.09

0.52-0.61

0.90-1.00

Table 3: Contingency table obtained for the LDA with leave-one-out-cross-validation (LOOCV).

O. duftschmidi (m)

0. melanopus (m)

0. obscura (m)

0. obscura (f)

O. duftschmidi (m)
0. melanopus (m)
0. obscura (m)

0. obscura (f)

10
0
0
0

3

7
0
0

0

0
8
2

1

0
3
6







