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Abstract: This paper presents the results of a study on the diet of Zonocerus variegatus in cassava agro-ecosystems at

Allada, south Benin. The diet was determined by the analysis of plant fragments in the faeces of insects sampled in the
fields. The grasshoppers studied consumed 21 plant species among the 81 found in the fields. Cassava, maize,Mallotus
oppositifolius and Chromolaena odorata were the major food plants for Z. variegatus in this system. The presence of Z.
variegatus in different fields was observed depending on the season and the presence of certain plant species. There was

no relationship between plant frequency in the diet and in the field. Cassava was the preferred food resource for mature
nymphs and adults. During the dry season, young nymphs stayed near the hatching sites and where good food
resources were available. At this time, the grasshoppers were present in a field where cassava was not abundant but

where maize and weeds were available. During the dry season, Z. variegatus had a broader diet than during the wet
season. This contradicts the current hypothesis that the water content of plants and the floral diversity determines food
preference. The dry season is also the time when C. odorata leaves were found in the faeces of both adults and nymphs.

These observations made in West Africa are similar to those made in Central Africa, particularly for the number of
plant species found in the faeces, 21 (26% of all plant species found in the fields) in Bénin and 17 (23%) in the Congo.
The increase of the sample size and the great differences between the ecoregional situation of the study sites do not

substantially change the number of plant species included in the diets. In the area covered by this study, C. odorata is
not the major substitute for cassava during the dry season, although it remains a major food source and an especially
visible food resource.
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1 Introduction

The variegated grasshopper, Zonocerus variegatus (L.),
is a pyrgomorphid species widely distributed in west
and central African humid forest and savannah zones.
It is a polyphagous species for which a considerable
bibliographic base is present (Chapman et al., 1986; De

Gregorio, 1989; Chiffaud and Mestre, 1990). Z. varieg-
atus is reported to consume more than 250 plant
species among 71 families. Amongst these are many
crops (Chiffaud and Mestre, 1990) including citrus,
coffee, cocoa, pineapple, banana, vegetables and
cassava (Vuillaume, 1953, 1954, 1955; Bernays et al.,
1977a; Chapman et al., 1986). Observations on the diet
of Z. variegatus have been undertaken in the field
(De Gregorio and Brunel, 1977; Koman, 1983) and in
the laboratory (Bernays et al., 1975; Launois-Luong,
1975; Mc Caffery et al., 1978; Iheagwam, 1975). It is
currently stated that Z. variegatus is a polyphagous
species capable of consuming most of the plant species
in its surroundings. Only a few plant species are able to
support the development and the reproduction of
Z. variegatus under laboratory conditions and the

natural diet should contain different plant species to
ensure a gooddevelopment (Chiffaud andMestre, 1990).
Only two major food plants have received much

attention, cassava and Chromolaena odorata. Chapman

et al. (1986) considered that cassava was the major
food plant during the dry season because it was the
only green plant remaining in the agrosystem during
this season. Fischer and Boppré (1997) point out the
role of C. odorata, and formulated the hypothesis that
the spread of this weed explains the expansion of the
populations of Z. variegatus. But today, there are few
published data on the diet of Z. variegatus in the field.
The only year-round study was carried out in Congo
(Le Gall et al., 1998), and highlights the low number
of plant species consumed by a natural population in a
cassava agrosystem. This study revealed the difference
of the diet of a population and the overall diet of the
species under a great variety of biotic and abiotic
factors. Because of the large differences between the
populations from Central and West Africa, the present
study was carried out with the same methodology in
the western part of the distribution of Z. variegatus.

JEN 127 (2003)

J. Appl. Ent. 127, 435–440 (2003)
� 2003 Blackwell Verlag, Berlin
ISSN 0931-2048

U. S. Copyright Clearance Center Code Statement: 0931–2048/2003/2707–0435 $ 15.00/0 www.blackwell.de/synergy



2 Material and methods

2.1 Study area

The field study was around Allada near the village of Tori-
Bossito in the �Département de l’Atlantique’, 80 km north of
Cotonou. This is one of the areas in southern Benin regularly
infested by Z. variegatus. The vegetation consists of bushes
with large areas under agriculture, in this densely populated
area. The principal crops are maize, cassava, pineapple and
fruits. Cassava is generally cultured as a monoculture crop or
along with maize.
There is a major dry season and a second short, facultative,

one. Rains occur from March/April to the end of October or
the beginning of November with a reduction during July and
sometimes August and September. The major dry season
occurs from November to March. Nevertheless, the overall
hygrometry remains high during most time of the year.
During the period under study, rains occurred in every
month except January. In November and December few
rains occurred and the rainfall was only 30 mm for each of
these months.
Because of the displacement of the grasshoppers, four

fields, which were at a distance of <1 km were studied:

(i) Field A: from May to June 1995

(ii) Field B: from July to August 1995
(iii) Field C: from November to December 1995
(iv) Field D: from January to April 1996

2.2 Study of plant frequency

All plant species occurring in the four fields were identified.
Plant species frequency was determined by counting the
presence or absence of each species along 1-m wide transects
running through these fields.

2.3 Diet sampling

For 12 months, 30–50 grasshoppers were collected on 1 day/
week, in the morning after 9:00 hours, and their faeces were
preserved. After drying at 50�C, faeces were stored in plastic
tubes, one tube per grasshopper. The age and sex of each
grasshopper were noted for each sample. Microhistological
technique was used to identify plant remains. Faeces were
rehydrated, treated with sodium hypochlorite, then dried in
alcohol (from 70 to 100%) and mounted on microscopic
slides with Euparal. Slides were observed at a magnification
of 40–100·.
For each plant species collected in the fields, a reference

slide was preserved. The reference slides had faeces obtained
from starved grasshoppers fed on the different plant species.

3 Results

3.1 Vegetation

Eighty-two plant species belonging to 34 families
occurred in the study fields. The most frequent family
was represented by the Poaceae with 11 species (13%
of the total number of plant species). The Asteraceae
and the Euphorbiaceae (10% each) followed the
Poaceae in importance. Among these families, crops
(cassava and maize) are the most abundant plants.
During the dry season, the abundance of many plant

species decreased, some of them disappearing totally

from the fields. The number of plant species found in
the fields decreased to a minimum of 67. The plants
belonging to Poaceae were the most affected, with 54%
of the species disappearing during the dry season. The
plant diversity varied according to the fields (table 1);
each field being representative of a season.

3.2 Life cycle of Z. variegatus during the study period

Around Allada, it is easy to find grasshoppers
throughout the year (fig. 1), but the densities vary
greatly with the season. During September and Octo-
ber 1995, the grasshoppers were rare in the surround-
ings and almost absent from the study fields. The very
low numbers found did not allow any accurate study.
Hatching took place from November to April with a

maximum during the first 2 months. Adults were
abundant from February to April. They dominated the
population structure in March and June.

3.3 Diet of Z. variegatus

Among the 82 plant species found in the floristic
survey, 21 were found at least once in the faeces of the
1230 individuals studied (table 1). Among these
21 plants species, only seven represented more than
5% each. Cassava was the major component of the diet
of the grasshopper, followed by maize, which was only
important during a short period from November to
December. This was also the time when Mallotus
oppositifolius and C. odorata were present in appreci-
able quantities. Sixty-six per cent of the plant species
each represented <2% of the overall diet.
The importance of cassava varied depending on the

season (fig. 2). From February to July, cassava
constituted >60% of the diet of the grasshoppers
analysed. During this time, the other species were rare
in the diet; at this time, adults and mature nymphs
comprised the major part of the population (fig. 1).

Table 1. Plant species found in the diet of Zonocerus
variegatus (L.) in cassava fields at Allada (Benin)

Ageleae obliqua (P. Beauv) Baill
Asparagus africana Lam.
Aspilia africana (Pers.) C. D. Adams
Chromolaena odorata (L.) R. King
Citrus sinensis Osbeck.
Clerodendron capitatum (Wild.)
Dialium guineensis Wild
Digitaria horizontalis Wild
Elaeis guineensis L.
Fagara zanthoxyloides Lam
Ficus exasperata Vahl
Hippocratea indica Planch. ex oliv.
Ipomea involucrata P. Beauv.
Lecaniodiscus cupanioı̈des Planch. ex Benth.
Mallotus oppositifolius Geisel
Manihot esculenta Crantz
Morinda lucida Benth.
Pennisetum sp.
Pupalia sp.
Rauwolfia vomitoria Afz
Securinega virosa (Roxb. ex Wild.)
Zea mays L.
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In November and December, cassava was absent or
represented <10% of the diet. This was the time of the
year of the maximum of hatching in the population.
The importance of cassava in the diet increased with
the age of the grasshoppers and reached its maximum
rapidly when the population comprised nymphs of the
stage VI and above.
There was no direct relationship between the

frequency of the plant species in the field and its
importance in the diet, except for cassava, which was
the major crop cultivated in those fields (fig. 3). For
the fields A, B and D, the frequency of the different
plant species in the faeces showed little variation
(fig. 4). Even if M. oppositifolius or maize were more
abundant in the field than cassava, the latter remained
the major food resource for Z. variegatus. In the field
C, maize andM. oppositifolius were the most abundant
species. The observations in this field were made
during the dry season when cassava was less frequent
in the diet. Four species (maize, M. oppositifolius,
Mallotus lucida, C. odorata leaves) each represented

20% or more of all the observations. Among the seven
plant species considered here, cassava was the least
frequent in the grasshopper faeces from the field C,
during the dry season. Some plant species not present
in the fields studied were found in the faeces of the
insects; these plant species were present in the sur-
roundings.
The diet was more diverse during November and

December, at the beginning of the dry season. This was
also the time when faeces containing remains from
more than one plant species could be found (fig. 5).
During these months, adults were absent and the
population consisted mostly of young instars. Young
nymphs were generally seen on certain plant species
such as maize or M. oppositifolius, and their diets
showed similar trends. For other plant species, the
same features are found. For example, M. lucida,
which was present throughout the year and approxi-
mately at a similar low frequency in the four fields, was
more frequently consumed during November and
December.
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4 Discussion and conclusions

The population of Z. variegatus was present in the
cassava fields almost throughout the year, except
during the months of September and October. Various

inconclusive discussions about the life cycle of
Z. variegatus exist in the literature (e.g. Chiffaud and
Mestre, 1990). This is probably because of the large
variations in climatic and ecological situations over the
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vast area occupied by this species. At Allada, the peak
of hatching was during the beginning of the dry season.
Young instars were nonetheless found from November
to April and adults from February to August. During
September and October, the number of grasshoppers
was at its minimum, and quantitative studies were
impossible; nevertheless, there were always some
grasshoppers present. This situation arises because of
the extremely variable duration of all stages, from the
egg stage to the adult life. Thus the extended hatching
period is accentuated by the variable life duration of
the grasshoppers; in this ecozone, Z. variegatus is
essentially univoltine with an extended life cycle.
The polyphagy of the species Z. variegatus (Chapman,

1962) is not reflected in the diet of single populations of
the grasshopper in West or Central Africa (Le Gall

et al., 1998). The results show the same features in the
two parts of the distribution of grasshopper. The
number of plant species consumed by a population
throughout the year remains relatively low, around
25% of all the plant species present in the system (26%
in Benin, 23% in Congo). The convergence between
the two studies is interesting because of the differences
occurring in the composition of the two floras and in
the number of grasshoppers studied (550 for the
Congo, 1230 for Benin). Increasing the sample size
does not substantially change the number of plant
species found in the diet. Previous workers already
showed preferences for some plant species in
Z. variegatus (Vuillaume, 1953; Bernays et al., 1975,
1977a, b; Iheagwam, 1979). Field studies show that only
two major plants dominate the diet for the population.
Cassava is the first, because the studies were carried
out in cassava fields and because cassava is one of the
most attractive plant species for Z. variegatus (Bernays

et al., 1977a). In the field studied in Benin, maize is the
second most important crop. In other places,
C. odorata may occupy the second place, while here,
C. odorata was only the third most important species.
The amount of cassava consumed decreases towards
the beginning of the dry season. The age of the insects
also plays an important role; at this time of the year, it
was observed that many young instars do not feed on
cassava (Toye, 1974; Bernays et al., 1975). The varia-
tions in the diet also correspond with the movement of

the Z. variegatus species. They migrate only over small
distances from the hatching points to the food
resources, followed by further movements during the
nymphal stage. In the adult stage, males and females
first move to reproduction zones; the females subse-
quently go to the same places to lay their eggs. Thus,
there are constant displacements, from one field to
another and from the fields to the fallows or vice versa.
It is possible to find plant species that are not present
in the field studied in the faeces of the grasshoppers.
The polyphagy of the species is very important.

Each study adds several new plant species to the
general diet of Z. variegatus. The overall diet of the
species Z. variegatus is built upon the addition of
the narrow diet of each population. During out-
break, many exceptional observations of other plant
species could be added to the diet of Z. variegatus.
During these times of population upsurge,
Z. variegatus individuals can eat most of the plant
species encountered in and around the fields. The
total number of plant species on which Z. varieg-
atus has been observed feeding is approximately
300, and very few plant species are completely
rejected by Z. variegatus as shown in the prelimin-
ary work to obtain a reference collection. During
this part of the study, only a few plant species
were rejected or caused the death of the insects
(Ph. Le Gall, unpublished data). The total number
of potential food plants for the species Z. variegatus
is very high, but on a population level, the plant
species really consumed might remain low and
probably around 20 species for each �population’.
The individual polyphagy does not increase with the
age of insects.
The attraction to the weed C. odorata (Boppré et al.,

1984; Modder, 1984; Fischer and Boppré, 1997) needs
further comment. It is an important factor in some
habitats and it is a spectacular phenomenon, but
C. odorata is by no means the major component
in the diet of Z. variegatus. The attraction of
Z. variegatus to this weed species has a close
relationship to the storage of pyrrolizidine alkaloids
(PA) (Bernays et al., 1977b).
However, many other PA-containing plants are

present in the ecosystem, including Heliotropium
indicum. Thus it is unlikely that Z. variegatus has
been limited in its spread by the availability of PA
plants. A more likely explanation for the association
between C. odorata and Z. variegatus is simply that
forest destruction and the spread of suitable habitats
favour both species. The results obtained in Benin
presents similar results than the previous study in
Congo (Le Gall et al., 1998). In both studies, the
later instars and the adults consumed more cassava
and C. odorata. In the diet of the younger instars,
these two plant species are replaced by a small group
of species dominated by maize. The maximal diversity
in diet is observed at the beginning of the dry season,
the time of the year when the hatching of young
grasshoppers reaches its maximum. Thus, although
the potential ability to consume more plant species
may increase with age, the diet becomes narrower
when late instars and adults appear.
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