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The larger grain borer, Prostephanus truncatus (Horn) (Coleoptera: Bostrichidae) is
an invasive alien insect pest in Africa originally from Central America. Although it
is a pest of mainly stored maize grain and dried cassava roots, the larger grain borer
is polyphagous, damaging a wide variety of other staple grains and non-agricultural
forest and household products (e.g., wood and/or trees, leather, rubber). To-date, the
pest has spread to over 21 countries in Africa since its first introduction in the 1970s.
Stored maize grain losses have since doubled in these countries. In Southern Africa,
the pest was first reported in Malawi (1991), then Zambia (1993), Namibia (1998),
South Africa (1999), Zimbabwe (2005), and Mozambique (2007). Specimens of the
pest sampled through pheromone baited traps on the outskirts of Gaborone, Botswana
were morphologically identified and confirmed using molecular sequencing.
Therefore, we make a first report on the occurrence of the larger grain borer in
Botswana and recommend urgent and concerted efforts to monitor the pest, update
databases on the extent of its geographical distribution, host range (crop and non-
crop products, including its prospective biosecurity threats and risks), socio-economic
impacts and strategies for containing and managing this invasive quarantine pest.

Key words: biological invasions, food security, invasive pests, postharvest insects,
stored grain

Introduction

Climate change and variability as well as increased international trade have
broken biogeographical constraints of many insect pests, facilitating their
spread from native ranges and subsequent introduction and establishment
in novel environments (Hill 1987; Hulme 2009; Skendzi¢ et al. 2021). This
has increased both biosecurity threats and risks in vulnerable regions,
especially tropical environments that offer conducive biological and physical
environments for biodiversity (Li et al. 2016; Nyamukondiwa et al. 2022).
For example, the past two decades have seen sub-Saharan Africa being invaded
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by an unprecedented number of alien pests (see discussions in Seebens et al.
2017; Singano et al. 2020) including the fall armyworm, Spodoptera frugiperda
(JE Smith) (Lepidoptera: Noctuidae) (Goergen et al. 2016) and the tomato
leafminer, Phthorimaea absoluta (Meyrick) (Lepidoptera: Gelechiidae)
(Mansour et al. 2018).

The larger grain borer, Prostephanus truncatus (Horn) (Coleoptera:
Bostrichidae) is a wood-boring insect native to Central America. The pest
was accidentally introduced in Africa in the 1970s and continues to spread
across the continent (Hodges et al. 1983; Nyabako et al. 2020; Quellhorst et al.
2021) and other parts of the world (Arthur et al. 2019) where it has turned
into a serious pest of stored maize and dried cassava roots in postharvest
ecosystems causing up to 50% commodity losses (Cugala et al. 2007). As a
wood-borer (Jia et al. 2008; Oppert et al. 2022), P. truncatus has negative
effects on natural and managed forests and their ecosystem functions. The pest
has also been reported to damage other miscellaneous household commodities
through its boring activities including plastic, rubber, leather, firewood,
furniture and others (Hodges 1986; Nyagwaya et al. 2010; Muatinte and Van
den Berg 2019), increasing the magnitude and diversity of its socioeconomic
and ecological impacts. Prostephanus truncatus can also survive on non-
agricultural host plants found in the savanna forest of sub-Saharan Africa
(Nang’ayo et al. 1993; Borgemeister et al. 1998; Nang’ayo et al. 2002;
Nansen et al. 2004; Muatinte and Van den Berg 2019; Quellhorst et al. 2021)
that act as permanent reservoirs for population inoculum for its known typical
sporadic re-introductions, hence complicating the management efforts.

While While cobbed and/shelled maize grain and cassava roots are the
preferred hosts (Hodges et al. 1983; Arthur et al. 2019), the beetle can also
damage other staple food crops in Africa including sorghum, millets, wheat,
cowpeas and cocoa beans (Shires 1977; Mailafiya et al. 2007; Muatinte and
Van den Berg 2019; Quellhorst et al. 2021). However, literature supporting
the attack, damage and reproduction thereof of P. truncatus on small cereal
grains, especially sorghum and millets, have been highly ambivalent
(Boxall 2002), particularly outside the laboratory, although anecdotal
evidence suggests so (pers. obs.). Available reports suggest that P. truncatus
breeding on small grain crops may be affected by grain size, starch content,
grain moisture content and commodity stability for effective boring (Bell
and Watters 1982; Boxall 2002).

Prostephanus truncatus continues to have devastating effects even after
over 40 years of research efforts since its first introduction in Africa (Quellhorst
et al. 2021). The major reasons for its continued spread and damage relate
to increasingly favourable environments in Southern Africa due to climate
change and anthropogenic activities (Arthur et al. 2019; Nyabako et al. 2020),
short life cycle, high basal thermal limits (Machekano et al. 2020), considerable
plasticity (Mutamiswa et al. 2021), high reproductive capacity under high
tropical temperatures (Boxall 2002; Quellhorst et al. 2021) and tolerance to
organophosphate- and pyrethroid-based insecticides (Rumbos et al. 2013;
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Mlambo et al. 2017, 2018). Furthermore, wide host range and the alternation
between cultivated and wild hosts favour its establishment across diverse
habitats (Muatinte and Van den Berg 2019). For example, the beetles can thrive
in dry wood and thatch grass used to construct grain stores under smallholder
farmer settings, effectively providing refuge sites for the pest when stores
and grains are treated and/or unavailable. This makes P. truncatus management
especially difficult under smallholder grain storage systems (Kossou 1992;
Addo et al. 2002; Nang’ayo et al. 2002; Muatinte and Van den Berg 2019).
Favourable climatic conditions for development of P. truncatus are 32 °C
and 80% relative humidity (RH) (Quellhorst et al. 2021). At these optimum
conditions, the pest can complete its life cycle in 27 days, supporting multiple
generations per year. These multiple generations can thus be highly damaging
under high temperature tropical environments. Adult beetles tunnel into grain,
producing copious amounts of grain dust on which the larvae feeds
(Hodges 1986; Quellhorst et al. 2021). Commodity damage and losses vary
with commodity type and length of storage period, but as much as 50%
weight losses in stored maize have been reported within 6-8 months storage
periods (Cugala et al. 2007).

Prostephanus truncatus was first reported in Southern Africa in 1991 in
Malawi, Zambia in 1993, Namibia in 1998 and South Africa in 1999
(Quellhorst et al. 2021). Since then, the pest has been reported in Zimbabwe in
2005 (Nyagwaya et al. 2010; Quellhorst et al. 2021; Morey 2023) and
Mozambique in 2007 (Muatinte and Cugala 2015) among others (see e.g.
Gueye et al. 2008). This shows that in the last two decades or so, the pest is
rapidly spreading across Africa (see distribution map in Figure 1) where maize
and cassava are the staple crops. The most recent record of P. truncatus is
from Ethiopia (Dako and Abebe 2024). However, anecdotal evidence suggest
that the pest might be present in more countries in Africa e.g. in Cameroon
and Democratic Republic of Congo (unconfirmed reports in Hodges 1994).
More specific studies or official reports are required to confirm presence of
the pest in such countries. Since P. truncatus has already been reported in
neighbouring countries bordering Botswana, it is logical therefore that the
Botswana Ministry of Agriculture has been monitoring the pest around
national borders and inland. Based on their preliminary findings, there was
need for confirmation through further trapping and detailed identification,
resulting in the current study. We thus report the first occurrence of
P. truncatus in the Southern district of Botswana and provide
recommendations for: (i) coordinated and concerted monitoring efforts of the
pest to update the extent of its geographical distribution, (ii) scoping of host
plants (crop and non-crop, including its food biosecurity threats and risks),
(iii) determining the socio-economic impacts, and (iv) development of
policy-based strategies for managing and containing the invasive pest.

The first report of such alien, invasive economic pest species is significant
not only for stakeholder awareness, but also for safeguarding the national and
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Figure 1. Distribution map of P. fruncatus as of April 2024 in Africa (red-shaded); unconfirmed
reports (yellow-shaded); and Botswana (brown-shaded) (current study).

regional biosecurity and triggering concerted, harmonised designing and
implementation of farm level and area-wide management strategies (Perrings
et al. 2005; Li et al. 2016), including related policy adjustments and re-
alignments. We present this first report of the larger grain borer in Botswana
as an early warning notification to stakeholders including policymakers on
the dangers that the pest poses to national forests, food and nutrition security
and the broader economy (see also Mlambo et al. 2024). We also outline
possible measures to control this invasive pest.

Materials and methods

Study site and sampling

Three white delta traps with sticky pads, baited with ProTru (NovAgrica,
Hellas, South Africa), a pheromone dispenser for the larger grain borer
(active ingredients: 1-Methylethyl (E)-2-pentenoate and 1-Methylethyl (E,E)-
2,4-dimethyl-2,4-heptadienoate) were set up in Ramotswa (24°52'18"S;
25°51'47"E), a village in the South-Eastern district of Botswana bordering
South Africa. Ramotswa is an arid region largely dominated by mopane
trees, Colophospermum mopane (J.Kirk ex Benth.) ].Kirk ex J.Léonard that
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make up the greater part of the savannah ecosystem. The traps, set and
monitored monthly from April to August 2022, were hung about 1.5 m
above ground (Hodges et al. 2004). Similar traps were also set up in the area
surrounding Plant Health Department of the Ministry of Agriculture offices
(24°35'01"S; 25°56'49"E) in Gaborone, Botswana and monitored on a daily
basis. Live beetles trapped daily were carefully removed from the sticky
pads and maintained on dried sterilised yellow maize grain (SeedCo 608
variety) in Memmert climate chambers (HPP 260, Memmert GmbH +
Co.KG, Germany) at 32 °C, 70% RH and 12L: 12D photoperiod. Adult F;s
from the parent colony, reared in the laboratory from the trap populations, were
used for morphological identification and molecular confirmation.

Morphological identification

Morphological identification was done by a team from the Plant Protection
Research Institute (Gaborone) and entomologists from the Department of
Biological Sciences and Biotechnology, Botswana International University
of Science and Technology. Two major morphological features were used
to confirm the identity of P. truncatus viz (i) a head curving downwards
and (ii) the square-cut (truncated) posterior end of the beetles as described
in Farrell and Haines (2002) and Spilman (1983) respectively. Other features
such as the beetle size (~ 4 mm), mouthparts, clavate antennae and shape of
the convex elytra complemented morphological features confirming positive
identification (Spilman 1983; Farrell and Haines 2002; Suma and Russo
2005). Beetles were sexed using gross morphology under a stereo
microscope, following methods by Shires and McCarthy (1976). Females
were observed to have more pronounced and spaced clypeal tubercles than
males consistent with descriptions given by Shires and McCarthy (1976).

Production of specimen images

Images were acquired on a Leica M165Fc stereoscope equipped with a 1x
front lens, dome illumination and a FlexacemC1 color camera (Leica
Microsystems, Wetzlar, Germany). 2x/4x zoom was used for full beetle/ head
images. In total, 6 images with different Z-focus were acquired spanning
the entire depth of the specimen and computed into a single sharp image
using the “Extended Depth of Field” algorithm integrated into the Leica
application Suite software (LASX 3.8.2.27713).

Micro-computer tomography

Specimens were fixated in 99.9% ethanol (Enterprise Ethanol, South
Africa) and subsequently kept for one day in 100% acetone (Carl-Roth,
Germany) and air dried for 4 hours before the micro-computer tomographic
scan on a SkyScan 1272 equipped with a Hamamatsu XIMEA xiRAY 16
camera (Bruker, Germany). Scans were recorded with a resolution of 2452
x 1640 pixel, a 360° scan with 1° rotation steps, three frame averaging and
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Table 1. COI Primer sequences used for larger grain borer species identification

Name of primer Target Sequence 5' to 3'
LCO1490 COI GGTCAACAAATCATAAAGATATTGG
HCO2198 COlI TAAACTTCAGGGTGACCAAAAAATCA

an isotropic resolution of 2.500387 um pixel size, source voltage of 35 kV
and 150 pA current. Cross sections were reconstructed with the NRecon
software (V 2.0.0.5 Bruker, Germany) with post alignment adjustment
correction of 33.50, 10% beam hardening correction and smoothing setting
of 2. Files were further processed in the Dragonfly Workstation (V 2020.1
Build 1259). First, the pipette tips used for scaffolding were removed
manually. The beetle was segmented with an Otsu based threshold
recognition, filling of the interior space with three iterative repetitions in all
individual planes. Particulate scanning artefacts were eliminated by keeping
only the largest connected structure. A contour mesh was calculated with 2
or 3-fold subsampling.

DNA extraction and sequencing

Two specimens preserved in absolute ethanol (99.9% alcohol) were used
for DNA extraction and sequencing. Genomic DNA was extracted at Inqaba
Biotechnical Industries (Pty) Ltd, South Africa from the whole tissue specimen
(identified as specimen GO05 and HO05) using the Quick-DNA™ Miniprep
Plus Kit (Zymo Research, Catalogue No. D4068) and following the protocol of
Zymo Research, USA. Sequencing of the COI gene (mitochondrial
cytochrome ¢ oxidase I) was done. The universal COI primers (LCO1490 and
HCO2198) were used to amplify a fragment of the 5" end of the COI gene,
which is highly informative for species identification across different taxonomic
categories (Folmer et al. 1994; Hebert et al. 2003). The COI target region
was amplified as presented in Table 1.

Polymerase Chain Reaction (PCR)

The general PCR protocol followed was denaturation at 94 °C for 5 minutes
followed by 35 cycles of 94 °C for 30 seconds, 50 °C for 30 seconds, 68 °C
for 1 minute and a final extension at 68 °C for 10 minutes, holding at 4 °C.
The integrity of the PCR amplicons was visualized on a 1% agarose gel
(CSL-AG500, Cleaver Scientific Ltd) stained with EZ-vision® Bluelight
DNA Dye. The NEB Fast Ladder was used on all gels (N3238) as size standard.
Fragments were enzymatically purified using the ExoSAP procedure (NEB
MO0293L; NEB M0371). The amplicons were then purified for sequencing
(Zymo Research, ZR-96 DNA Sequencing Clean-up Kit™, Catalogue No.
D4050), and sequenced in the forward and reverse direction (Nimagen,
BrilliantDye™ Terminator Cycle Sequencing Kit V3.1, BRD3-100/1000)
using the ABI 3730x] Genetic Analyzer (Applied Biosystems, Thermo
Fisher Scientific).
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Sequence assembly

FinchTV version 1.4 was used to view the raw chromatogram files (.abi).
CLC Bio Main Workbench was used to assemble the forward and reverse
sequencing reads to form a consensus sequence for each sample. The Basic
Local Alignment Search Tool (BLASTN) analysis with default parameters
(Altschul et al. 1997) was performed on the National Centre for Biotechnology
Information (NCBI) website (https://www.ncbi.nlm.nih.gov/) to determine
if a sequence in the database matched the query sequences. The nucleotide
sequences of the two specimens G05 and HO5 were deposited in the GenBank.

Evolutionary relationship of the taxa

Phylogenetic relatedness of the Botswana specimens to those in the GenBank
(Accession number: JN097721.1, JN097722.1, KP410257.1, and KP410257.1)
was investigated using three different methods. First evolutionary history
was inferred using the Neighbor Joining method based on the Kimura 2-
parameter model (Kimura 1980) in Molecular Evolutionary Genetics Analysis
software (MEGA 11) (Tamura et al. 2021). The ends of the sequences were
trimmed to eliminate sequence size differences, removing primers (if any)
and come up with consensus sequences (Cabras and Cruz 2016). Support
was estimated with a setting of 1000 bootstrap replicates (Felsenstein 1985;
Tamura et al. 2021). The analysis involved 7 nucleotide sequences. Codon
positions included were 1% + 2™ + 3™, All ambiguous positions were removed
for each sequence pair by pairwise deletion option (Kumar et al. 2008). There
were a total of 609 positions in the final dataset. Anthrenus oberthueri
(Accession number MN182947.1) (see Bell and Philips 2012; Sire et al. 2019)
was used as an outgroup to produce the phylogenetic tree.

Second, a Bayesian phylogenetic tree was reconstructed using Bayesian
Evolutionary Analysis by Sampling Trees (BEAST2) software v.2.7.5
(Bouckaert et al. 2019). The BEAST2 v.2.5 built-in package, bModelTest
(Teske and Beheregaray 2009), was used to estimate the best nucleotide
substitution model. The advantage of this method is that it averages over all
models and takes the uncertainty due to ambiguous positions into
consideration during the phylogenetic tree-building step. BEAST2 was run
for five chains, each 500 million iterations with 150 million initial burn-in
steps. The convergence of the multiple runs was visually investigated in
Tracer v.1.7 (Jin et al. 2020), and a consensus phylogenetic tree was
reconstructed in TreeAnnotator (Drummond and Rambaut 2007) and
subsequently visualised in Figtree v.1.4 (https://github.com/rambaut/figtree).
Finally, a Maximum Likelihood tree was constructed in IQ-TREE2 v.2.2
(Stiller et al. 2022) using the program’s default setting, including using the
server’s built-in automatic model selection tool for the selection of the best
nucleotide substitution model and 1000 bootstraps for the consensus tree.
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Figure 2. Key morphological characteristics identifying and confirming the collected Prostephanus
truncatus: A: 3-dimensional specimen image; B: mouthparts and clavate antennae and C: head
curving downwards and a truncated posterior end of the beetle.

Results

Pheromone trapping and morphological identification

Pheromone-baited species-specific trap catches showed that both male and
female larger grain borer beetles were attracted to the pheromones and
positively identified. Morphological features consistent with P. truncatus
were observed, including: (i) a head curving downwards and (ii) the square-
cut (truncated) posterior end of the body of the beetles (Figure 2) as
described in Farrell and Haines (2002) and Spilman (1983), respectively.
Other features; (i) ventrally directed mouthparts; (ii) a hard, dark brown
exoskeleton at adult stage, (iii) three-segmented clavate antennae and (iv)
convex elytra were all consistent with the morphological features typical of
P. truncatus taxonomy as described by Spilman (1983) and Farrell and
Haines (2002). The specimens, therefore, conformed 100% to the
morphological features of P. truncatus based on taxonomic keys described
by Shires and McCarthy (1976); Spilman (1983) and Farrell and Haines
(2002).
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Table 2. Summarised results of a BLASTN showing percentage identity of Botswana specimens to those in the GenBank under

accession number JN097721.1

Specimen ID Nearest species identity Query cover (%)  Percentage identity (%)  Accession number Date
GO5 Prostephanus truncatus 100 95.83 IJN097721.1 23 January 2024
HO5 Prostephanus truncatus 100 96.02 IJN097721.1 23 January 2024

[ JNO97721.1_Prostephanus_lruncatus

1
l Prostephanus_truncatus _G05

0.7034

Prostephanus_truncatus _HOS

JN097722.1_Prostap!

KP410257.1_Prostephanus_truncatus

s 1

KP410258.1_Prostephanus_truncatus

MN182947.1_,

Figure 3. An ultrametric Bayesian phylogenetic tree generated in BEAST2 showing the placement
of two sequences generated in this study compared to other closely related species with publically
available records in the NCBI database. The scale-bar is proportional to the number of nucleotide
substitutions, and the numbers next to each node shows the corresponding posterior support for the
split. The figure confirms that generated sequences are almost identical to JN097721.1 with a posterior
probability of 1.

Molecular identification

Molecular analysis results matched our (Botswana) specimens GO05 and
HO5 to sequences in the GenBank, confirming the specimens as P. truncatus
with 95.83 % and 96.02 % identity respectively (Table 2). The nucleotide
sequences of the two specimens were assigned accession numbers PP731513.1
and PP731512.1 respectively.

Evolutionary relationship of the taxa

The COI gene sequences of the two specimens were matched with existing
COI sequences of P. truncatus in the GenBank forming different topologies.
The visual inspection of the Bayesian analysis trace files confirmed that
convergence has been achieved. The specimen G05 and HO5 are very similar
to each other and they cluster well with JN097721.1 (Figure 3). Similarly,
the Maximum Likelihood method receives the same identical topology.

Discussion

Trapping results showed the presence of P. truncatus in Botswana. Use of
pheromones at two sites indicated the attraction of both sexes of the adult
beetle to 1-Methylethyl (E)-2-pentenoate and 1-Methylethyl (E,E)-2,4-
dimethyl-2,4-heptadienoate, a pheromone specific to P. truncatus which
confirmed the specimens’ identity. Both sexes of the P. truncatus are attracted
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by the same aggregation pheromone (Cork et al. 1991), a contributory
indicator to the positive identity of the species. Furthermore, morphological
identification confirmed the specimens as P. truncatus, consistent with the
taxonomic keys for the species (see Spilman 1983; Farrell and Haines 2002).
Follow-up molecular analysis of the samples through mitochondrial
COI (cytochrome ¢ oxidase subunit I) sequencing linked our specimen (the
Botswana P. truncatus samples) to Accession number JN097721.1, with
similarity of BLAST (~ 96%). The specimens G05 and HO5 were, therefore,
positively identified as Prostephanus truncatus (Horn, 1878) (Coleoptera:
Bostrichidae), a wood-boring invasive, alien Bostrichidae, that has become
a serious pest of stored maize and dried cassava roots globally (Hodges et al.
1983; Golob 1988; Boxall 2002; Arthur et al. 2019). The results of the current
study, however, show relatively lower (95.83% and 96.02%) BLASTN similarity
to other P. truncatus species identified (100%) (e.g., accession number
JN097721.1 see Bell and Philips 2012), although the highly supported posterior
probabilities show a lot of consistency in sequences alignment (Bouckaert
et al. 2019). The low BLASTN similarity may indicate within species variations
(Lin et al. 2015; Afizah et al. 2019), which maybe a result of mixture of
populations from different areas (multiple introduction) during the years
of spread since the beetle’s arrival in Africa over 40 years ago (Quellhorst et
al. 2021). It is, therefore, possible that with multiple introductions of P. truncatus
from different geographical regions (Arthur et al. 2019), this could have
brought about genetic diversity and facilitated hybridisation (see discussions
in Guntrip et al. 1996) in the beetle populations in Africa. In most cases,
therefore, to improve the robustness of DNA sequence results, as in this study,
morphological identifications are used to supplement molecular technologies
such as DNA barcoding (Afizah et al. 2019). Using our complementary
morphological identification, we therefore positively confirmed the specimens
as P. truncatus and herewith report, to our knowledge, the first official
report of this invasive pest species in Botswana.

Prostephanus truncatus became established in Africa following multiple
accidental introductions; the first of which was in Tanzania and then in Togo
(Nang’ayo et al. 2002; Mlambo et al. 2024). Thereafter, similar introductions
may have occurred, and the pest continued to spread across Africa due to
favourable bio-physical conditions (Bellard et al. 2013; Seebens et al. 2015;
Arthur et al. 2019). Following introduction, the beetles can spread by adult
flight, and adults reportedly fly distances of 0.25 to 1 km in successive flights
(Fadamiro et al. 1998). Furthermore, given its wide host range, propagules
can also easily spread with transport and trade in wood, thatching grass,
fodder trade and related materials (Nang’ayo et al. 1993, 2002; Muatinte
and Van den Berg 2019). In line with this, our trap catches show the presence
of P. truncatus at Ramotswa border post which is part of the regional grain
trade routes connecting South Africa (which is linked to numerous cape
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ports both in the South Atlantic and Indian Oceans), and also Botswana
and the rest of the southern African region by land (rail and road) and air
routes. The latest report on the occurrence of P. truncatus in Botswana follows
similar reports in neighbouring countries Zambia, Namibia, South Africa and
Zimbabwe in 1993, 1998, 1999 and 2005 respectively (Quellhorst et al. 2021).

The beetle has been reported to cause maize grain damage as high as 50-
100% and grain weight losses of 15-50% over 6-8 months storage periods
(Mutambuki and Ngatia 2006; Njoroge et al. 2014; Mlambo et al. 2018;
Mutambuki et al. 2019; Mlambo et al. 2024). The damage causes massive
weight loss and renders grain unfit for human consumption (Bechoff et al.
2022) while seed grain loses viability. Scattered evidence suggests that the
beetle also breeds on stored sorghum grain (Verma and Lal 1987; Mailafiya
et al. 2007; Osipitan et al. 2012; Machekano et al. 2020; Morey 2023).
Occurrence of P. truncatus on sorghum is of significance because sorghum
is the world’s fifth most important cereal grain (Akinseye et al. 2017;
Mundia et al. 2019) and Africa’s second most important cereal crop after
maize (Mundia et al. 2019). It is also the staple crop in Botswana (Mpofu et al.
2022). Sorghum is receiving increasing attention as the anchor for resilient
cropping systems owing to its drought tolerance (Rurinda et al. 2014;
Nezomba et al. 2018). Thus, its suitability as a host for P. truncatus can negate
the resilience of tropical African climate change adaptation strategies and
food security systems.

Apart from cultivated hosts, the larger grain borer also breeds on wild
host tree species such as Colophospermum mopane (J. Kirk ex Benth.)
(Muatinte and Van den Berg 2019), a common tree species in Botswana
and the savanna ecosystem (Makhado et al. 2014). The prevalence of host
tree species such as mopane will therefore increase the potential invasion
areas across Botswana’s savanna woodlands; simultaneously presenting a
challenge in controlling the pest as then it would alternate between stored
grain and wild hosts. Furthermore, the beetle is reported to breed on
Hyparrhenia grass species (Muatinte and Van den Berg 2019), which is a
common grass species in Botswana and one that is commonly used as thatch
grass (Kabelo and Mofakate 2004). The ability of P. truncatus to alternate
between cultivated and non-cultivated wild hosts therefore poses a challenge
in its control as the forest can act as a reservoir for wild propagules that
sporadically attack stored grains. Prostephanus truncatus can also facilitate
spreading of fungal spores, predisposing stored maize grain to fungal infection
leading to mycotoxin contamination thus posing major threats to human
health (Danso et al. 2017).

As with most invasions, the detection of P. truncatus in Botswana calls
for: 1. suitable quarantine measures and monitoring systems, 2. the training of
extension staff and farmers to be able to recognise and identify the pest,
3. awareness campaigns, and 4. availing of efficacious control methods to
enable farmers to manage the pest during grain storage (Hodges et al. 1983;
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Addo et al. 2002). The efficacy of these control measures may need to be
complemented by the development of an integrated management strategy
for the control of this invasive pest. Furthermore, there is need to confirm
its presence at various other further inland sites such as land border route
areas and then tighten import inspection at ports of entry (Addo et al. 2002)
as well as the trade and exports of host commodities (see discussions in
Perrings et al. 2005). At farm level, the use of improved storage structures
including brick and concrete made granaries (Stathers et al. 2002, 2020;
Nyagwaya et al. 2010), modern airtight hermetic technologies (De Groote
et al. 2013; Ndegwa et al. 2016; Mutambuki et al. 2019; Baributsa et al. 2020;
Ngwenyama et al. 2022) and metal silos (Tefera et al. 2011; Chigoverah and
Mvumi 2016) are effective control measures that are also encouraged, as
part of an integrated management strategy.

Conclusion

Our findings confirm the positive identification of P. truncatus in Botswana
using a combination of gross morphology based on standard taxonomic
keys and molecular confirmation. Complementary positive sex specific
pheromone lure trapping for the species, and molecular techniques were
used to further confirm our specimens as P. truncatus. We, therefore, conclude
that we confirmed and do hereby present the first report of Prostephanus
truncatus in Botswana and recommend suitable phytosanitary, quarantine
and monitoring systems harmonised with appropriate policy-based control
methods to reduce biosecurity risk, minimise spread and socio-economic
impact of this invasive pest on local farmers, the entire grain industry and
the postharvest ecosystem at large.
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