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ABSTRACT

This study asses the toxic effects of Nerium oleander leaves (Apocynaceae) used
as staple food on the development, food intake and mortality of fourth instar
larvae of the desert locust Schistocerca gregaria under laboratory conditions.
The results revealed that larvae fed with Nerium oleander could not moult and
food intake was lower compared to control locusts (fed with Brassica oleracea),
which had completed their moult. Larval development was affected, reaching a
cumulative mortality rate over 50% from the 4" day and total mortality at the
12" day. The digestive coefficient (D.C.) and efficiency of digestive conver-
sion (E.D.C.) were lower in Nerium oleander fed larvae than in control larvae.
The consumption of Nerium oleander leaves by 4™ instar female larvae was
assessed by measuring the weight of ingested food, weight of excreted faeces,
and weight of the insects. The results showed that though Nerium oleander was
consumed in small quantities by desert locust larvae, it was not assimilated.
The toxic effect of Nerium oleander on desert locust larvae could be due to
the toxic secondary compounds likely contained in the leaves.
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RESUMEN

Este estudio aborda los efectos toxicos de las hojas de Nerium oleander (Apo-
cynaceae) como principal fuente alimento sobre el desarrollo, consumo de
alimento y mortalidad de larvas de 4° instar de la langosta del desierto Schis-
tocerca gregaria en condiciones de laboratorio. Los resultados revelaron que las
larvas alimentadas con Nerium oleander no pudieron mudar y que el consumo
de alimento fue menor en comparacion con las langostas control (alimentadas
con Brassica oleracea), que habian completado su muda. El desarrollo larvario
se vio afectado, alcanzando una tasa de mortalidad acumulada superior al 50%
desde el cuarto dia y una mortalidad total al duodécimo dia. El coeficiente
de utilizacién digestiva (D.C.) y la eficiencia de conversion digestiva (E.D.C.)
fueron menores en las larvas alimentadas con Nerium oleander que en las lar-
vas control. El consumo de hojas de Nerium oleander por hembras de 4° instar
se aborddé midiendo el peso del alimento ingerido, peso de heces eliminadas
y peso de los insectos. Los resultados mostraron que aunque las larvas de la
langosta del desierto consumieron pequefias cantidades de Nerium oleander,
no la asimilaron. Los efectos toxicos de Nerium oleander sobre las larvas de
la langosta del desierto podrian deberse a los compuestos secundarios toxicos
que probablemente contienen las hojas.

INTRODUCTION

The desert locust is a fearsome pest with a high reproductive potential.
Its migration ability and its polymorphism enable it to adapt to different
ecological situations. This pest can damage crops and pastures when it is in
hopper bands and swarms in the invasion area (Popov, 1958; Uvarov, 1977,
Lecoq, 2005). It is a polyphagous insect that feeds on a wide range of plant
species on which no aboveground part escapes its voracity by devouring
stems, bark, flowers, fruits and seeds. However, a complete or partial refusal
to eat some plants species by this locust was observed (Rao & Mehrotra,
1976; Latchininsky & Launois-Luong, 1997). Phytophagous insect species
evolved in parallel with plants throughout millennia (Blum, 1983; Rembold,
1994). Phytophagous insects have developed the capacity to recognize plants
that have toxic substances allowing them to defend themselves (Frankel,
1959; Lebreton, 1982; Rembold, 1994). In nature, plants preferred by the
desert locust are generally those that provide necessary nutrients for its
development and reproduction. The quest for food depends on the capacity
of locusts for moving, the characteristics of plants and the environmental
conditions (Duranton et al., 1982); also, the choice of their food source is
made according to visual, olfactory or gustatory criteria (Le Gall, 1989).

Previous research on the feeding behavior of Schistocerca gregaria in
its habitat has shown that the presence of this locust is linked to plants
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consumed by this insect such as Tribulus terrestris L. and Schouwia thebaica
Webb (Popov, 1965; Roffey et al., 1968; Ghaout, 1990), while other species
such as Calotropis procera (Abbassi et al., 2004) and C. gigantea (Rao &
Mehrotra, 1976; Pari et al., 1998), Peganum harmala (Abbassi et al., 2003a;
Idrissi Hassani, 2000), Azadirichta indica, Melia volkensii (Schmutterer, 1990;
Rembold, 1997; Ould El Hadj et al., 2006), and Cestrum parqui (Barbouche
et al., 2001), studied in the searching for new insecticidal substances,
were classified as plants with a repellent or deterrent effect on locusts. A
large number of insects avoid consuming some plant species thanks to the
presence of toxic and/or repellent secondary compounds contained in these
plants (Bruneton, 1996).

Several plant species affect differentially the fertility, development,
behaviour, and mortality of the desert locust (Ghaout, 1990; Despland &
Simpson, 1999; Idrissi Hassani, 2000; Abbassi ef al., 2003b; Abbassi ef al.,
2004). Using plants as a means to control locust populations could be an
alternative to reduce/avoid the harmful effects caused by intensive spraying
of pesticides. Indeed, prior results on the effects of plant extracts on the
desert locust were encouraging for implementing an alternative method to
chemical control (Nasseh ef al., 1993; Idrissi Hassani, 2000; Abbassi et al.,
2003b; Wilps & Diop, 1997). Nerium oleander (Apocynaceae) is among the
unpalatable plants to locusts. All the parts of this plant are poisonous to man,
animals and certain insects (Langford & Boor, 1996; Adom et al., 2003;
Barbosa, et al., 2008). In this study, we compare the effects of Brassica
oleracea (a plant readily consumed by this insect) and Nerium oleander
leaves on the development, food intake and survival of fourth instar larvae
of Schistocerca gregaria under laboratory conditions

MATERIALS AND METHODS

1. Insect culture

Locusts used in the experiments were obtained from the mass rearing
facility of the National Center of Locust Control (Ait-Melloul, Agadir).
Locusts were reared in aluminum cages of 37 x 37 x 50 cm and 100 %
50 x 54 cm size. The front top of the cages is equipped with an opening
clamshell to allow the introduction of food, aeration, cleaning and handling
of individuals. Plexiglas boxes of 23.5 x 17.5 x 9.5 cm size were also used
for larvae tested individually. A perch was placed vertically inside each
box to allow the larvae to moult. The cages were maintained in a room at
32 4+ 2°C temperature. The lighting of cages was provided by incandescent
bulbs of 40 watts.

Zool. baetica, 24: 193-203, 2013



196 M. BAGARI, A. BOUHAIMI, S. GHAOUT & J. CHIHRANE

2. Plant material

During reproduction, the locusts were reared with a diet of alfalfa
(Medicago sativa), foraged cabbage (Brassica oleracea) and other seasonal
plants such as Diplotaxis harrae and wheat bran.

During the experiments, fresh leaves of Nerium oleander were provided
as the staple food to 4™ instar desert locust larvae. The leaves used to feed
locusts were collected from early flowering plants in the Ait-Melloul area.
Nerium oleander leaves provided as food for the larvae during the experiment
were only fresh apical leaves, to avoid the limited edibility of old leaves
caused by the hardness of their epidermis.

3. Experimental design

Third instar larvae were selected for synchronization of moulting. Next,
fourth instar female larvae were placed individually in plexiglass boxes. A
perch was placed inside each box to help the moult of larvae. Two groups
of up to 30 larvae each were used for the experiment: Three replicates of
10 larvae each were performed for each diet. The first one was fed with
Nerium oleander leaves, and the second one, used as a control treatment,
with Brassica oleracea. The boxes were placed in a room at a 32 + 2°C
temperature. The lighting of boxes was provided by incandescent bulbs
of 40 watts, linked to a timer to control for a 12/12 hours photoperiod.
Evapotranspiration of Nerium oleander and Brassica oleracea leaves was
taken into account to adjust the amount of plant material consumed by the
larvae. Evapotranspiration was measured using four boxes without larvae,
containing only leaves of each plant species which were weighed and then
reweighed after a 24 hours period.

The mortality rate of larvae fed on Nerium oleander compared with
that of Brassica oleracea was followed during the 4™ larval stage during 12
days. After fasting for 12 hours, 14 larvae were sacrificed and transferred
to an oven at 65° C temperature for 24 hours to get initial dry weight, then
experimental larvae were weighed when they die during the experiment.
Leaves used to feed the larvae were weighed and renewed daily in the
morning. The ingested amount and assimilated portion were evaluated. Plant
material not consumed by the larvae and produced faeces were collected
and weighed daily to determine the digestive utilization coefficient (D.C)
and the efficiency in which digested food is converted into body substances
(E.C.D.) according to Waldbauer (1968) equations:
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D C. = (Ingested amount — weight of faeces) x 100 / Ingested amount

E.C.D. = Dry weight gain % 100 / (Dry weight of ingested plant —
— Dry weight of faeces)

4. Statistical analysis

The analysis of food intake data was carried out by means of an
analysis of variance (ANOVA) test since data were normally distributed.
The significance level was set at 5%, using the SPSS statiscal software.

RESULTS
1. Effect on the development and mortality

Larvae fed on N. oleander leaves were weak and showed a reduced
locomotory activity starting from the second day of the experiment.
Morphological examination of larvae showed no distinct deformations on the
insects. The mortality rate differed between the groups of 4™ instar larvae fed
on Nerium oleander and Brassica oleracea (Fig. 1). In Nerium oleander tfed
larvae, cumulative mortality rate of over 50% was obtained from the fourth
day and total mortality was recorded at the 12th day. However in control
larvae fed on Brassica oleracea, the mortality rate in these dates is 6.7%
and 13.34% respectively (Fig. 1). Larval development was also affected by
the diet of Nerium oleander leaves. No larvae fed with Nerium oleander
molted during the experimental period, while control larvae, fed on Brassica
oleracea, carried out their normal development to reach the 5" larval stage.

2. Effect on food intake

Food intake by the larvae fed on Nerium oleander was very low compared
to the amount observed in Brassica oleracea (Fig. 2). When the Nerium
oleander leaves were introduced to feed the larvae, they rejected it in the
beginning, but after some hesitations that lasted for hours, they started to
approach them. Then larvae bit at the base of leaves near the petiole and
on the midvein. Faeces of the larvae fed on leaves of N. oleander were very
small compared to control ones.
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Fig. 1.—Cumulative mortality rate of 4" instar desert locust larvae fed on Nerium oleander
and Brassica oleracea.

Fig. 1.—Tasa acumulativa de mortalidad de larvas del 4° instar de la langosta del desierto
alimentadas con Nerium oleander y Brassica oleracea.

The results obtained on the consumption by 4™ instar larvae of the tested
plant N. oleander compared to the control plant B. oleracea, showed that
the average amount ingested was 0.032 + 0.012 g/day for the tested plant
and 0.606 = 0.054 g/day for the control plant (Fig. 2). The difference in
food intake on these two plants was significant (F = 129, p < 0,001, d.f.
=1, 385).

Parameters related to the amount of ingested food, the weight gain/
loss of insects and the dry weight of faeces (0,016 + 0,002 and 0,066 +
0,006 for N. oleander and B. oleracea, respectively) were used to determine
the digestive coefficient (D.C) and the efficiency of digestive conversion
(E.C. D). The estimated values of these two indices of consumption and
the mean weigth gain/loss of larvae fed on Nerium oleander and Brassica
oleracea are presented in Table 1. These results show that Nerium oleander
was not only scarcely consumed, but also that there was no conversion of
this ingested amount into body substances in desert locust larvae, with a
consequent slight decrease in larval weight (Table I). For control larvae
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Fig. 2.—Daily consumption of Nerium oleander and Brassica oleracea by 4" instar desert
locust larvae.

Fig. 2.—Consumo diario de Nerium oleander y Brassica oleracea por larvas de 4° instar
de la langosta del desierto.

Table I.—Weight gain/loss, digestive utilization coefficient (D.C.) and assimilation (E.C.D.)
of Nerium oleander and Brassica oleracea by desert locust larvae.

Tabla [.—Ganancia/pérdida de peso, coeficiente de utilizaciéon digestiva (D.C.) y asimilacion
(E.C.D.) de Nerium oleander y Brassica oleracea por larvas de la langosta del desierto.

Tested plants Weight gain/loss Mean D.C. Mean E.C.D.

® (%) (%)

N. oleander (n = 30) —0.007 £ 0.001 30.20 £ 5.04 0
B. oleracea (n = 30) 0.201 £+ 0.015 40.00 + 1.68 66.6 + 2.89

fed with Brassica oleracea, the digestibility of the plant was higher and
the assimilation of ingested vegetation in bodily substances was relatively
high resulting in a normal development with a net weight gain at the end
of the experiment (Table I).
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DISCUSSION

The results of this study showed that the consumption of Nerium oleander
was very low compared to the control plant due to the unpalatability and
deterrent effect of this plant on locusts. The toxic effect of this plant caused
a slowdown of locomotory activities on locust larvae. It has been reported by
several authors that Nerium oleander is toxic to humans, birds and insects
(Alfonso et al., 1994). Food intake by Schistocerca gregaria and Locusta
migratoria migratoriioides depends on the nutritional value of the food (see
Sinoir, 1968) and may also be influenced by the temperature, physical and
ethological (solitary vs. gregary) state of the insect. The study on the toxic
effect of plants and their extracts on food intake of the desert locust showed
that N. oleander is a deterrent while [nula viscosa is unpalatable (Tail,
1998). The use of N. oleander cuttings to control the white grub larvae of
Rhizotrogini beetles has a deterrent effect on these insects and limited the
damage to cereals crops (Madaci et al., 2008). Nerium oleander extracts
tested on Lymantria dispar larvae, showed insecticidal activity (Kerris et
al., 2008). According to Lokesh et al. (2010), N. oleander extracts contain
active compounds that are able to eliminate mosquito effectively by affecting
their reproduction. The decomposition of N. oleander leaves leads to an
important deoxygenation of aquatic receptors having a toxic effect on the
freshwater snails Melanopsis preamorsa (Haddy, 20006).

The direct use of several plants or their extracts has given encouraging
results to control the development and reproduction of desert locust. While
in some plants the different parts can be toxic, in other cases toxicity is only
caused by specific organs. The study of the effect of leaves of Calotropis
procera on desert locust fifth instars showed a mortality rate of 100% after
15 days (Abbassi et al., 2004). Plants such as Melia volkensii may play an
important role in protecting crops against locust damages in the context
of integrated pest management. The use of neem powder seeds for maize
protection against Nomadacris septenfasciata damage gave interesting results
(Langwald ef al., 1995), and thus many researchers gave importance to
pursuing research in this domain. Indeed, the use of plants or their extracts
have shown promising results, but in practice, such use is still limited in
protecting the crops against many insect pests.

In conclusion, the diet based on Nerium oleander leaves has halted the
development of the desert locust Schistocerca gregaria larvae. Weight loss
of treated individuals is due to the low food intake closely related to the
repellent and anti-palatable effect of this plant. Indeed, using this plant in
preventive control may play an important role in the close protection of crops
against locusts, reducing the intensive use of pesticides and minimizing the
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consequences of the ecological imbalance. The repellent effect and reduced
assimilation of Nerium oleander could be due to secondary compounds
contained in the leaves which play an important role in affecting the
development of desert locust.

REFERENCES

ABBasi, K., MErGaoul, L., Atay-Kabpiri, Z., StamBouLl, A. & GHaouT, S., 2003a. Effets des
extraits de Peganum harmala (Zygophyllaceae) sur le criquet pelerin (Schistocerca
gregaria Forskal, 1775). Zoologica Baetica, 13/14: 203-217.

ABBass, K., Atav-Kapiri, Z. & GHaourt, S., 2003b. Biological effects of alkaloids extracted
from three plants of Moroccan arid areas on the desert locust. Physiological Entomology,
28: 232-236.

—2004. Activité biologique des feuilles de Calotropis procera sur le criquet pelerin
(Schistocerca gregaria Forsk. 1775). Zoologica Baetica, 15: 153-166.

ApoM, R. O., Gacuicai, J. W., ONEacl, B., TAMALE, J. & Aprio, S. O., 2003. The cardiotonic
effect of the crude ethanolic extract of Nerium oleander in the isolated guinea pig
hearts. African Health Sciences, 3: 77-82.

Avrronso, H. A., SANcHEz, L. M., MEriNo, N. & Gomez, B. C., 1994. Intoxication due to
Nerium oleander in geese. Veterinary and Human Toxicology, 36: 47.

BarBosa, R. R., FoNTHENEL-NETO, J. D. & Soto-Branco, B., 2008. Toxicity in goats caused
by oleander (Nerium oleander). Research in Veterinary Science, 85: 279-281.

BarBoucHE, N., Hangwm, B., LogNay, G. & AMMAR, M., 2001. Contribution a I’étude 1’activité
biologique d’extraits de feuilles de Cestrum parqui L’Herit. (Solanaceae) sur le criquet
pelerin Schistocerca gregaria (Forsk.). Biotechnology, Agronomy, Society and Environment,
5: 85-90.

Brum, A., 1983. Detoxification, desactivation and utilization of plant compounds by insects.
In: HepLin, P. A. (ed.). Plant resistance to insects: 255-275. American Chemical Society,
Washington DC.

BRUNETON, J., 1996. Plantes toxiques. Végétaux dangereux pour [’homme et les animaux.
Lavoisier, Paris, 529 pp.

DEespranD, E. & Sivpson, S. J., 1999. The role of food distribution and nutritional quality in
behavioural phase change in the desert locust. Animal Behavior, 59: 643-652.

DuranTton, J. F., Launois-LuonGg, M. H., Launois, M. & LecoqQ, M., 1982. Manuel de
prospection acridienne en zone tropicale séche. Tome I- De la théorie... Tome Il...a la
pratique. Ministere des Relations Extérieures, Coopération et Développement, GERDAT,
Paris, 1496 pp.

FRAENKEL, G. S., 1959. The raison d’étre of secondary plant substances. Science, 129: 1466-
1470.

GHaour, S., 1990. Contribution a I’étude des ressources trophiques de Schistocerca gregaria
(Forskél, 1775) (Orthoptera: Acrididae) solitaire en Mauritanie occidentale et télédétection
de ces biotopes par satellite. PhD Thesis, University of Paris XI (Orsay- France).

Happy, L., 2006. Etude de I’effet toxique des feuilles de laurier rose Nerium oleander
et de saule salix pedicelleta sur la faune aquatique la Moulouya (cas de Melanopsis
preamorsa). PhD Thesis, Universit¢é Mohammed Premier, Oujda.

Iprissi-Hassani, L. M., 2000. Analyse phytochimique de 1’Harmel Peganum Harmala L.

Zool. baetica, 24: 193-203, 2013



202 M. BAGARI, A. BOUHAIMI, S. GHAOUT & J. CHTHRANE

(Zygophylacea): Etude de ses effets sur le criquet pélerin (Schistocerca gregaria Forskal
1775) (Orthoptera: Acrididae). PhD Thesis, Université Ibn Zohr, Agadir.

KEeRrris, T., DJEBILL, Y., AMOURA, S., BoUuGUERRA, S. & RouiBan, M., 2008. Essai d’utilisation
du Laurier rose Nerium oleander L. en lutte biologique contre le Lymantria dispar.
2¢me Conférence Internationale sur la Biodiversité des Invertébrés en Milieu Agricole
et Forestier, INA, Alger: 1-6.

LANGFORD, S. D. & Boor, P. J., 1996. Oleander toxicity: An examination of human and animal
toxic exposures. Toxicology, 109: 1-13.

LANGWALD, J., SCHERER, R. & SCHMUTTERER, H., 1995. Repellent effects of different products
of the neem tree on red locust, Nomadacris septenfasciata Serv., in maize fields in
the south-western part of Madagascar. Anzeiger fiir Schddlingskunde, Pflanzenschutz,
Umweltschutz, 68: 55-57.

LaTcHININSKY, A. V. & Launois-Luong, M. H., 1997. Le Criquet pélerin (Schistocerca gregaria
Forskal, 1775) dans la partie nord-orientale de son aire de distribution. CIRAD-PRIFAS,
Montpellier (France)/Institut Pan Russe de la Protection des plantes (VIZR), Saint
Pétersbourg (Russie), 192 pp.

LeBrETON, P., 1982. Tanins ou alcaloides: deux tactiques phytochimiques de dissuasion des
herbivores. Revue d’Ecologie (Terre et Vie), 36: 539-572.

Lecoq, M., 2005. Desert locust management: from ecology to anthropology. Journal of
Orthoptera Research, 14: 179-186.

Le GaLL, P, 1989. Le choix des plantes nourricieres et la spécialisation trophique chez les
Acridoidea (Orthopteres). Bulletin d’Ecologie, 20: 245-261.

LokEesH, R., LEoNarRD BarNABAS, E., MapHURI, P., SaurAv, K. & Sunpar, K., 2010. Larvicidal
activity of Trigonella foenum and Nerium oleander leaves against mosquito larvae found
in Vellore City, India. Current Research Journal of Biological Sciences, 2: 154-160.

Mabaci, B, MerGHEM, R., Doumanpji, B. & Sortani, N., 2008. Effet du Nerium oleander,
laurier rose sur le taux des protéines, 1’activité de 1’Ache et les mouvements des vers
blancs Rhizotrogini, (Coleoptera Scarabaeidae). Science & Technologie, C, 27: 73-78.

Nassen, O., Wires, H. & Krarr, S., 1993. Neem products: Effective biopesticides for
combatting the desert locust Schistocerca gregaria Forsk. Journal of Plant Diseases
and Protection, 100: 611-621.

Ourp EL Haps, M. D., Tankarl DaN-Babjo, A., HALouaNE, F. & Doumanbii, S., 2006. Toxicité
comparée des extraits de trois plantes acridifuges sur les larves du cinquieéme stade et
sur les adultes de Schistocerca gregaria Forskal, 1775 (Orthoptera Cyrtacanthacridinae).
Sécheresse, 17: 1-8.

Pari, K., Rao, P. J., Devacumar, C. & Rastoci, J. N., 1998. A novel insect antifeedant
nonprotein amino acid from Calotropis gigantea. Journal of Natural Products, 61: 102-104.

Porov, G., 1958. Ecological studies on oviposition by swarms of the Desert Locust (Schistocerca
gregaria Forsk) in eastern Africa. Anti-Locust Bulletin, 31: 1-70.

— 1965. Review of the work of the desert locust ecological survey, june 1958-march 1964.
Plant Production and Protection Division, FAO, Rome, 80 pp.

Rao, PJ. & MEHROTRA, K. N., 1976. Phagostimulants and antifeedants from Calotropis gigantea
for Schistocerca gregaria F. Indian Journal of Experimental Biology, 15: 148-150.
RemBoLD, H., 1994. Controling locusts with plant chemicals. In: Krart, S. & Wirps, H. (eds.).

New trends in locust control: 41-49. Schriftenreihe der GTZ, Eschborn.

— 1997. Melia volkensii: a natural insecticide against desert locust. In: KraLL, S., PEVELING,
R. & DiaLro, D. B. (eds.). New strategies in locust control: 185-191. Birkhéduser Verlag,
Basel.

Zool. baetica, 24: 193-203, 2013



TOXIC EFFECTS OF NERIUM OLEANDER ON SCHISTOCERCA GREGARIA 203

RoFrEy, J., Porov, G. B. & Hemming, C. F., 1968. Outbreaks and recession populations of
the desert locust Schistocerca gregaria (Forsk.). Bulletin of Entomological Research,
59: 675-680.

ScHMUTTERER, H., 1990. Proprieties and potential of natural pesticides from the neem tree
Azdirachta indica. Annual Review of Entomology, 35: 493-500.

SmvoIr, Y., 1968. Etude de quelques facteurs conditionnant la prise de nourriture chez les
larves du criquet migrateur Locusta migratoria migratorioides (Orthoptera, Acrididae).
Entomologica Experimentalis et Applicata, 11: 443-449.

TaIL, G., 1998. Action de quelques substrats alimentaires sur quelques parametres biologiques de
Schistocerca gregaria (Forskal, 1775) (Orthoptera, Acrididae). Efficacité entomopathogene
de Pseudomonas fluorescens sur quelques aspects physiologiques du criquet pélerin.
MSc Thesis, Institute National Agronomique, El-Harrach.

Uvarov, B. P, 1977. Grasshoppers and locusts. Vol. 2. Cambridge University Press, Cambridge,
613 pp.

WALDBAUER, G. P, 1968. The consumption and utilisation of food by insects. Advances in
Insect Physiology, 5: 229-288.

Wirps, H. & Diop, B., 1997. Field investigations on Schistocerca gregaria (Forskal) adults,
hoppers and hopper bands. In: KraLt, S., PEVELING, R. & DiaLLo, D.B. (eds.). New
strategies in locust control: 117-127. Birkhduser Verlag, Basel.

Zool. baetica, 24: 193-203, 2013






