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INTRODUCTION

As with most other bostrichids, the larger grain borer (Prostephanus truncatus [Horn]) is a wood-
boring insect native to tropical forests (Chittenden, 1911) that can also attack stored commodities
such as maize and cassava. From its area of origin in Mexico and Central America, where P. truncatus
was occasionally recorded as a post-harvest pest of maize in small-scale storage facilities (Markham et
al., 1991), the beetle was accidentally introduced to East Africa in the late 1970s and West Africa in the
early 1980s (Dunstan and Magazini, 1981; Harnisch and Krall, 1984). To date, the distribution of
P. truncatus includes 17 countries (Hodges, 1994; Adda et al., 1996; Sumani and Ngolwe 1996; Roux,
1999), covering all major maize-producing regions in sub-Saharan Africa. Losses are particularly seri-
ous in stored maize. In southern Togo, maize losses after an average storage period of six months
increased from 11% before the introduction of P. truncatus to more than 35% afterwards (Pantenius,
1987), and in areas with high incidence of P. truncatus in Tanzania up to 34% maize losses have been
observed after three months of on-farm storage (Hodges et al., 1983). Initially, control strategies fo-
cused on fumigants and insecticides. The beetle is not very susceptible to organophosphorous insecti-
cides (the materials commonly used as post-harvest protectants in sub-Saharan Africa), but can be
efficiently controlled with synthetic pyrethroids. Hence, combinations of insecticides, consisting of a
pyrethroid for control of P. truncatus and an organophosphate to combat pests such as the maize
weevil (Sitophilus zeamays Motschulsky [Col.: Curculionidae]) and the Angoumois grain moth
(Sitotroga cerealella [Olivier] [Lep.: Gelechiidae]) were successfully used for control in East Africa.
However, for socio-economic reasons, this chemical control strategy was not widely adopted in West
Africa (Agbaka, 1996).

As an outbreak pest causing spectacular damage and losses in Africa, but of insignificant
importance in its area of origin, P. truncatus was considered to be a prime target for a classical biologi-
cal control approach. Moreover, the identification of the male-produced aggregation pheromone of
P. truncatus (Cork et al., 1991), and its subsequent availability as a synthetic pheromone (Dendy et al.,
1989), greatly improved the understanding of the complex biology and ecology of the beetle.

In the late 1980s, intensive surveys for natural enemies were carried out in Mexico, Hondu-
ras, and Costa Rica. However, the natural enemy fauna associated with P. truncatus turned out to be
rather limited. The only specialized natural enemy identified during these surveys was the histerid
predator Teretrius (formerly Teretriosoma) nigrescens Lewis. Particularly striking was the fact that
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T. nigrescens was the only insect that was also strongly attracted to the aggregation pheromone of
P. truncatus, as shown by pheromone trap catches (Rees et al., 1990) and subsequent electro-
antennogram studies (Scholz et al., 1998a). Both adults and larvae of T. nigrescens prey on larvae and
eggs of P. truncatus, although the larvae are the more voracious predators (Rees, 1985; Pöschko, 1993).

In laboratory studies, T. nigrescens was able to successfully control the population growth
of P. truncatus and prevent serious losses in maize (e.g., Rees, 1985). Since histerids are mostly polypha-
gous or oligophagous predators (Hinton, 1945), before the first releases of T. nigrescens in sub-Sa-
haran Africa, the prey specificity of the beetle was investigated in the laboratory. Results of these
studies showed that T. nigrescens can attack and feed on other prey than P. truncatus, mainly other
coleopteran and lepidopteran pests commonly found in the storage environment in the tropics. But in
choice experiments, it always preferred larger grain borer larvae as prey (Pöschko, 1993). These find-
ings were later confirmed by data from an electrophoretic gut content analysis of predators sampled in
Central America and West Africa, where in the great majority of samples, protein of P. truncatus was
detected in guts of adults and larvae of T. nigrescens (Camara, 1996).

The predator was first released in 1991 in Togo (Biliwa et al., 1992), followed by releases in
Benin (Anonymous, 1992), Ghana (Compton and Ofosu, 1994), and Kenya (Giles et al., 1996). To
date, only limited data on impact assessment of T. nigrescens are available. Mutlu (1994) reported
reduced P. truncatus infestation rates in villages in southern Togo receiving T. nigrescens releases;
Nang’ayo (1996) observed a sharp decline in P. truncatus pheromone trap catches following T. nigrescens
releases in savannah bushland areas in Kenya; and Borgemeister et al. (1997a) reported lower trap
catches of P. truncatus, coupled with reduced infestation levels in rural maize stores, in south-western
Benin after the introduction of the predator.

Here, we report results of a large-scale impact assessment study conducted in the Republics
of Togo and Benin, involving country-wide pheromone trapping and investigations in farmers’ maize
stores.

MATERIALS AND METHODS

Delta sticky flight traps (Pherocon II, Trécé, Salinas, USA) baited with the two-component synthetic
aggregation pheromone of P. truncatus (AgriSense-BCS, Pontypridd, United Kingdom) were used to
collect adults of T. nigrescens in study areas. Between May and July of 1995, a total of 124 trapping
sites were selected, 24 of which were in southern Togo and 100 in Benin. Selection of trapping sites
depended on accessibility, importance of maize production and storage, presence of supposed natural
forest habitats of P. truncatus, and reports of previous P. truncatus infestations in each region. The
trapping sites covered all four agro-ecological zones of Benin, i.e., Forest Savannah Mosaic, Southern
Guinea Savannah, Northern Guinea Savannah, and Sudan Savannah. More traps were set up in the
south because of the greater importance of P. truncatus in this region, more intensive maize produc-
tion and storage, and better infrastructure (accessibility). In the south, traps were changed every two
weeks, collected and sent to the Benin station of the International Institute of Tropical Agriculture
(IITA) in Abomey-Calavi. All captured insects were counted. In Atacora and Borgou, the two north-
ern provinces of Benin, traps were changed monthly because of the low flight activity of P. truncatus
at the beginning of the study. In every trapping site, one farmer’s maize store was selected and through-
out the whole storage period 10 randomly chosen cobs from the stores were sampled monthly. Data
on pest infestation and losses were recorded. The study was conducted over a period of 28 months
from May 1995 until October 1997. More details on the methodology are provided in Schneider (1999).
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We here report results of pheromone trapping in southern Togo and the Mono and Ouémé
provinces of southwestern and southeastern Benin.

RESULTS

During three years of observation in southern Togo, peak flight activity of P. truncatus was always
recorded in April and lowest activity in October (Fig. 1). The highest trap catches occurred in the
northern part of the observation area. The numbers of P. truncatus decreased considerably from June
1996 until the end of the observation period in May 1997. The pattern of yearly flight activity of
T. nigrescens generally followed that of P. truncatus, although variation in the predator’s flight activ-
ity was less pronounced than for P. truncatus (Fig. 1).
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Figure 1. Flight activity of Prostephanus truncatus (Horn) and Teretrius nigrescens Lewis in southern Togo
(means and SE of 24 traps, changed at 2-week intervals).

In the Mono province of southwestern Benin, the flight activity of P. truncatus decreased
considerably in the course of the observation period (Fig. 2). The annual flight cycles of both P. truncatus
and T. nigrescens in the Mono province were very similar to those observed in southern Togo. More-
over, as in neighboring Togo, the highest trap catches were always recorded in the northern part of the
province.

In the Ouémé province of south-eastern Benin, peak numbers of P. truncatus were recorded
in January 1996; trap catches of P. truncatus decreased considerably thereafter (Fig. 3). Highest num-
bers were only recorded at trapping sites in the northern part of province. In the southern part of
Ouémé, trap catches were considerably lower. Teretrius nigrescens showed a nearly identical pattern
of flight activity as its prey.
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Figure 2. Flight activity of Prostephanus truncatus (Horn) and Teretrius nigrescens Lewis in the Mono
Province of southwestern Benin (means and SE of 12 traps, changed at 2-week intervals).
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Figure 3. Flight activity of Prostephanus truncatus (Horn) and Teretrius nigrescens Lewis in the Ouémé
Province of southeastern Benin (means and SE of 16 traps, changed at 2-week intervals).
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DISCUSSION

Our results strongly suggest that in southern Togo and Benin, P. truncatus is under biological control
by its natural enemy. An overall decrease in flight activity of P. truncatus was observed in the course
of this study. The flight activity of T. nigrescens was closely related to that of P. truncatus due to the
close predator-prey relationship between the two beetles.

In West Africa, P. truncatus was first recorded in Togo in 1984 (Harnisch and Krall, 1984).
Larger grain borer was first detected in the Mono province of south-western Benin in 1986 in loca-
tions very close to the border with Togo (Anonymous, 1986). Since then the pest has spread compara-
tively slowly from east to west in Benin. In our study, strikingly low P. truncatus densities, both in
traps and in rural grain stores, were observed in the Ouémé province of south-eastern Benin (see also
Schneider, 1999). The west-to-east distance in southern Benin, i.e., the distance between the Mono
and Ouémé provinces, is approximately 130 km. Apparently, it took P. truncatus more than 10 years
to spread from the initial infestation areas close to the border with Togo to Ouémé province. In
contrast, T. nigrescens dispersed very rapidly from release areas in Togo into Benin. First recorded in
1992 in the Mono province (Borgemeister et al., 1997a), the predator rapidly moved eastwards and
colonized the Atlantique and Ouémé provinces of southcentral and southeastern Benin. Most likely,
the early arrival of T. nigrescens prevented outbreaks of P. truncatus in Ouémé.

Flight activity of P. truncatus showed considerable fluctuations over the study period. Highest
trap catches were always recorded in April, the beginning of the major rainy season in southern Togo
and Benin. Catches then fell to an all-year-low in October. During the main dry season from October
to March, trap catches of P. truncatus again increased. Similar yearly patterns of flight activity of
P. truncatus were also observed in southern Togo (Wright et al., 1993; Helbig, 1993) and in southern
Benin (Borgemeister et al., 1997b). Presumably meteorological factors partly govern the flight pattern
of P. truncatus (e.g., Tigar et al., 1994; Nang’ayo, 1996; Borgemeister et al., 1997b; Scholz et al., 1998b).
In addition, flight activity of P. truncatus was strongly related to the pattern of maize farming and
storage. In southern Togo and Benin, peak flight activity was recorded in April, i.e., at the end of the
main maize storage period. Borgemeister et al. (1998) conducted a gut content analysis of migrating
P. truncatus in southern Benin and showed that peak flight activity in March and April was caused by
beetles dispersing from grain stores.

Flight activity of P. truncatus in central and northern Benin showed greater spatial variabil-
ity, with areas with both high trap catches (“hot spots”) and very low trap catches (Schneider, 1999).
Teretrius nigrescens was recorded in the majority of all pheromone trap sites in central and northern
Benin, although in considerably smaller numbers than in southern Benin and Togo. Hence, in conclu-
sion, the predator is apparently able to successfully control pest populations in the south of both
countries. Possibly T. nigrescens is responding better to the hot and humid climate in coastal West
Africa compared with the dry and hot Sahelian climate of central and northern Benin.
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