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Abstract

     The Moroccan Locust Dociostaurus maroccanus is a pest species, 
regularly harmful to pastures and agricultural out put in numerous circum-
Med i ter ra nean regions and par tic u lar ly in Morocco. Species be long ing 
to the same sub fam i ly (Gomphocerinae) are mostly grass-feeding and 
oli goph a gous; very few are monoph a gous or polyph a gous. Instars and 
adults of D. maroccanusadults of D. maroccanusadults of  are characterized by a high degree of polyph agy. 
Linked to this diet is man di ble type; chemoreceptor organs (antenna and 
palp sensilla) are re lat ed to odor or taste (e.g., labrum sen sil la). As labrum 
sensilla plates are correlated with la brum width, we elim i nat ed this source 
of bias with linear regression sta tis tics. We fi rst studied the genesis of type A 
sensilla through the different stages of D. maroccanus. The relative numbers 
of A10 in crease in adults. Then we tested if the variation of sensilla number 
relates to the systematic position of the genus or to diet. Comparisons 
concerned the rel a tive num bers of dif fer ent sensilla cat e go ries in 10 spe cies of 
acridians. In all its sensilla types, the genus Dociostaurus is closer to the mostly 
polyph a gous Oedipodinae than the mostly oligophagous Gomphocerinae. 
Thus di ver si fi  ca tion of diet in the genus Dociostaurus is linked to an increase 
in the number of labrum sensilla. 
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Introduction

     The Moroccan Locust Dociostaurus maroccanus (Thunberg) is an 
acridian species with a tendency to gregarize. It has an economic 
impact and is the cause of much damage to crops and pas tures in 
many coun tries of the Med i ter ra nean Basin, in clud ing the south 
of France and the Middle East (Ben Halima 1983, Louveaux & Gil-
lon 1986, Louveaux et al. 1996). It is a sedentary species, strictly 
confi ned to stony beds, a mosaic vegetation with low cover and a 
semiarid climate. 
     In Morocco, D. maroccanus occurs in the fol low ing three gregariza-
tion areas: Askaoun in the Siroua Mountains, Gada Debdou in 
the northeast of the country and Boulemane in the Middle Atlas 
Mountains. 
     The diet of the Moroccan Locust has been investigated, as it has 
for many acridian species (Williams 1954, Gangwere 1973, Ben 
Halima 1983, Ben Halima et al. 1984, Latchininsky & Launois-
Luong 1992, Louveaux et al. 1996), with various methods, most 
frequently feces anal y sis involving the rec og ni tion and counting of 
plant epidermis remnants.
     Most Acrididae are phytophagous but the diversity of the 

plants consumed arises at the subfamily level, and only rarely at 
the level of species. Most Gomphocerinae feed on grass and thus 
are oligophagous (Uvarov 1977, Le Gall 1989). A very few species 
are monoph a gous, e.g., Chorthippus binotatus Chopard in Western 
Europe (Bonnet 1997, Picaud et al. 1999). How ev er, the Moroccan 
Locust (instars and adults) and other species of the same genus 
[e.g., Dociostaurus genei (Ocskay)] are characterized by a high de-
gree of polyph agy (involving several plant families). The diversity 
of the diet is linked to mechanical elements (mouth parts) and to 
chemore cep tor or gans involved in the de tec tion and processing of 
the food consumed by the insect.  The chemoreceptors occur on 
antennae, palps, hy pophar ynx and the epipharyngeal face of the 
labrum (see Haskell & Schoonhoven 1969).
     We undertook a quantitative analysis of group A sensilla on 
the epipharyngeal surface of the clypeolabrum in dif fer ent species. 
These dome-shaped sensilla have been dem on strat ed elec tro phys i -
o log i cal ly to be chemoreceptors in Schistocerca gregaria (Forskål) 
(Haskell & Shoonhoven 1969). Chapman & Th o mas (1978) showed 
that 1) the smallest numbers of A1 sensilla were found in “specialist” 
species (e.g., Anablepia and Xenocheila spp. among Gomphocerinae); 
2) the same ten den cy was observed for A3 sensilla numbers but 
less clearly; 3) in contrast, the numbers of A2 sensilla were similar, 
ir re spec tive of the feeding habit. The number of la brum sensilla 
seems thus to be linked to the variety of plants as food resources in 
Acrididae. The aim of our work was to test if a polyphagous species 
such as D. maroccanus has more labrum sensilla (and which sensilla) 
than gramin i vo rous Gomphocerinae, and if they are as numerous 
as in polyph a gous Oedipodinae.
     Initially, we studied labrum sensilla during the life cycle of the 
Moroccan Locust (solitary phase, instar 1 to adult stage) in order 
to understand the genesis of type A sensilla. Then we compared 
the sensilla com ple ment be tween the Moroccan Locust and other 
acridian spe cies, either be long ing to the same subfamily (Gom-
phocerinae) or to the sub fam i ly Oedipodinae. It is well known 
that most mem bers of these two subfamilies have dif fer ent diets: 
most Gomphocerinae are gramin i vo rous (grass feed ers) whereas 
Oedipodinae are gramin i vo rous, forbivorous (dicotyledon feeders) 
or polyph a gous (grass and dicotyledon feeders) (Gangwere & Mo-
rales Agacino 1973). We asked if, in regard to its chemoreceptors, 
Dociostaurus is closer to genera be long ing to the same sub fam i ly 
(phy lo ge net ic con straint) or to polyph a gous spe cies (func tion al 
constraint). As the num bers of type A sen sil la vary according to 
the size of the labrum (Chapman & Thomas 1978), we included 
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Subfamily Species Dicots Poaceae Cyperaceae Juncaceae Ref.

Oedipodinae Oedipoda coerulescens 4

Acrotylus insubricus 4,6

Stethophyma grossum 2

Gomphocerinae Dociostaurus genei 2,4

D. maroccanus 5

Chrysochraon dispar 3

Euchorthippus declivus 1

Chorthippus parallelus 1,2,3

Chorthippus dorsatus 2

Chorthippus biguttulus 1,2,3

in our sam pling a much smaller species of the genus Dociostaurus,  
D. genei (Ocskay) having a polyph a gous diet as in D. maroccanus. 
     
Material and methods 

     The collection locales of the 10 studied species are as fol lows: 
Oedipoda coerulescens (Linnaeus): Bessines-sur-Gartempe, Haute-Vi-
enne, France, October 1995; Acrotylus insubricus (Scopoli): Gordes, 
Vaucluse, France, August 2000; Stethophyma grossum (Linnaeus): 
Marval, Haute-Vienne, July 1991; D. genei: Gordes, Vaucluse, Au-
gust 2000; D. maroccanus: Al-Azaghar, Middle Atlas Mts, Mo roc co, 
June 2000; Chrysochraon dispar (Germar): Davignac, Corrèze, France, 
Au gust 1999; Euchorthippus declivus (Brisout-Barnville): Champeaux, 
Dordogne, France, July 1998; Chorthippus dorsatus (Zetterstedt): 
Bessines-sur-Gartempe, Haute-Vienne, Oc to ber 1995; Chorthippus 
parallelus (Zetterstedt): Couzeix, Haute-Vienne, Sep tem ber 1995; 
Chorthippus biguttulus (Linnaeus): Bessines-sur-Gartempe, Haute-
Vienne, Oc to ber 1995. For each sex and species, fi ve in di vid u als 
were stud ied. 
     In the case of D. maroccanus (sol i tary phase), we in ves ti gat ed fi ve 
in di vid u als of each sex and stage from 3rd instar to adult and ten 
individuals (of undetermined sex) of each of the two fi rst instars. It 
would be interesting to investigate the type A sensilla of the gregarious 
phase of D. maroccanus, in relation to its diet; unfortunately, we did 
not have the op por tu ni ty to study gre gar i ous phase individuals. 
     The classifi cation (Oedipodinae or Gomphocerinae) and diet of 
the acridian species, as determined from the lit er a ture, are given in 

Table 1. We added data from personal un pub lished observations, 
taking into account the feces pro duced by 12 individuals collected 
in the fi eld, as follows: D. genei, August 2000, near Gordes on dry 
and low veg e ta tion (Vaucluse, France) [feces of the dif fer ent indi-
viduals were pooled and stored in alcohol]; S. grossum, collected 
in humid prairies Sep tem ber 1997 at Barsanges (Corrèze, France) 
and Sep tem ber 1994 at Sauvagnac (Haute-Vienne, France) [feces 
of the different individuals were analyzed separately].
     Each labrum was dissected under a stereomicroscope and im-
mersed into 50% KOH solution for 1-6 h in order to clear the soft 
tissues, then rinsed in dis tilled water for 15 min. The labrum was 
mount ed in glycerol gelatin under a cover glass, observed under a 
microscope, and labrum size measured. 
     Thomas (1966) has defi ned four discrete groups of sen sil la, 
characterized by their position on the epipharyngeal surface (Fig. 
1): type A1 (proximal end), A2 (central part), A3 (distal end) and 
A10 (lateral part, at a level intermediate between A1 and A2 groups). 
These sensilla groups can easily be recognized in the different spe-
cies. In the case of the A3 group, the sensilla can be lacking in some 
species, and are either replaced by vestigial structures such as spines 
or a fl at sur face.
     Labrum width was measured and the different sensilla types (A1, 
A2, A3 and A10) counted. The counts of sensilla numbers represent 
totals of the groups on both sides of the labrum.
     Statistical analyses (ANOVA, regression analysis) were per formed 
with SYSTAT 7.0 (SPSS Inc. 1997). We verifi ed the normal distribu-
tion of all the variables before ap ply ing para met ric tests. In the case 

1. Bonnet 1997; 2. Petit, unpublished; 3. Guéguen 1976; 4. Gangwere and Morales Agacino 1973; 5. Ben Halima et al. 1984; 6. Launois-Luong 1979.

Table 1. Diet of the studied species.

Dominant food source Minor food source
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of the variables “A10” and “A10 residues”, we log-transformed the 
values to nor mal ize their distribution. We used regression analysis 
to calculate the residuals which give a mea sure of de vi a tion of each 
point from the regression line.

Results

Diet of the studied species.— The diet of S. grossum was as follows:
Barsange site: Poa pratensis (8.3%), Agrostis canina (12.3%), Holcus 
lanatus (30.0%), undetermined Poaceae (24%), Carex spp. (3.7%) 
and Juncus effusus (21.3%). In sum ma ry, Poaceae represent 75% 
of total consumed plants, Cyperaceae 3.7% and Juncaceae 21.3%. 
The ground-cover dicotyledons (7 species) were about 20% of the 
total. Sauvagnac site: Holcus lanatus (58.8%), Agrostis canina (25.2 
%), Dactylis glomerata (1.8%), Festuca rubra (13.8%), Molinia cae-
rulea (1.3%), Carex spp. (13.9%) and Juncus effusus (24.5%). In 
summary, Poaceae represent about 72% of total con sumed plants, 
Cyperaceae 10% and Juncaceae 14%. Ground cover by Poaceae 
was 41%, for Cyperaceae 9%, Juncaceae ~ 14% and dicotyledons 
(11 species) 36%.  
     Taken together, these results show that S. grossum is a monocoty-
ledon feeder. This insect species makes a food choice, as dicotyledons 
are totally absent in its diet, although sig nifi   cant ly present in the 
environment. 
     The diet of D. genei was not as thoroughly determined as in 
the previous case: three different species of Poaceae rep re sent ed 
18.75% of total consumed plants, eight species of di cot y le dons the 
re main ing part (81.25%). As the ground cover of each plant species 
was not recorded, we cannot assume that the dis tri bu tion of plant 
remains in the feces refl ects the abundance of plants in the fi eld. 
Nev er the less, D. genei is a polyphagous species.

Fig. 1. Position of type A sensilla on the epipharyngeal surface of 
the labrum in male D. maroccanus.

Variations of labrum sensilla number during de vel op men tal stag es.— In 
D. maroccanus the number of type A sen sil la varies as a function of 
developmental stage (Fig.  2). The numbers of type A1, A2 and A3 
sensilla increase, es pe cial ly during instar three. Type A10 sensilla 
are lacking in the fi rst two instars, their number remaining quite 
constant during in stars 3-5, with a sudden increase in adults. It 
should be noted that the overall increase in type A3 sensilla num ber 
is very slight in com par i son to that of the other sen sil la (from 47 
in instar one to 75 in the adult). 
     For D. maroccanus, numbers of type A1, A2, A3 and A10 sensilla 
are highly correlated with labrum width (n = 60, Pearson r = 0.96, 
0.89, 0.72 and 0.79 respectively, p < 0.001). And the same is true 
of the other (10) acridian species: labrum width correlates with the 
number of type A1, A2, A3 and A10  sen sil la (n = 95, Pearson r = 
0.78, 0.70, 0.61 and 0.76 re spec tive ly, p < 0.001).  In the literature, 
e.g., Chapman 1982, labrum surface area is usually estimated by 
labrum width squared.  We verifi ed here that this estimate does not 
give a better correlation with sensilla numbers than simple labrum 
width (Table 2).
     Because labrum width increases during development, it is use-
 ful to calculate the regression residuals between num bers of type 
A sen sil la and labrum width in order to elim i nate size effect (Figs 
3a, b). We performed four multiway ANOVA with stage and sex as 
factors. These tests re vealed that the effect of sex is not signifi cant (n 
= 60, p > 0.24). The effect of stage is signifi cant for relative numbers 
of A10 (log-trans formed) (n = 60, p = 0.005) and type A3 sensilla (n 
= 60, p < 0.001). These differences are mainly due to the relatively 
high num bers of A3 in instar 2 and of A10 in the adult. In contrast, 
the dif fer enc es are not signifi cant for A1 and A2 (n = 60, p = 0.62 
and p = 0.40 respectively).

Variations of labrum sensilla number in different species.— The numbers 
of sensilla in adults show a great interspecifi c vari abil i ty (Fig. 4). At 
fi rst sight, the largest species have the most nu mer ous sensilla. We 
verifi ed (data not shown) that this ob ser va tion is true within each 
species where there is a sex dimorphism concerning body size. The 
numbers of sensilla, from the most to the least nu mer ous, occur in 
A1, A2, A3 and A10 groups. In graminivorous Gomphocerinae A10 
sensilla are often lacking.
     As above, these studies retain labrum width as a pre dic tor of 
sensilla numbers. The relationships are highly signifi cant (n = 95, 
Pearson r > 0.60, p < 0.001, in the four cases) and illustrated in Fig. 
5. Linear regression equations (Fig. 5) were used to calculate the 
residuals in order to remove the size effect. 
     Regarding sensilla relative numbers (Fig. 6), A2 and A3 relative 
numbers show parallel vari a tion, suggesting linked functions. In 
contrast, A1 and A10 relative numbers show variations independent 
from each oth er and from the other sensilla. 
     The Oedipodinae show very contrasting organizations of relative 
numbers of labrum sensilla. Oedipoda has generally positive (above 
regression lines) numbers for any category of sensillum. Acrotylus
residuals are close to the regression line, ex cept for A10 numbers, 
which are clearly above. Stethophyma has a pos i tive number of A1 
sensilla, but neg a tive numbers (under the regression line) of A2 
and A3 types. The situation in Gomphocerinae is more homoge-
neous and two groups are distinct: Dociostaurus (D. maroccanus and 
D. genei) having generally positive numbers of sensilla, and the 
remaining species of Chrysochraon, Euchorthippus and Chorthippus
having gen er al ly negative numbers of sensilla.

A1

A10A10

A2

A3A3

1 mm
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Fig. 2. Means (± s ) of type A sensilla in the different instars of D. maroccanus; ) of type A sensilla in the different instars of D. maroccanus; ) of type A sensilla in the different instars of s1, s2, etc. designate successive stadia. 

     In summary, it should be noted that both species of Dociostaurus
have relatively greater numbers of sensilla than the remaining Gom-
phocerinae and thus are closer to Oedipoda in the Oedipodinae. 

Discussion

Variations of sensilla during D. maroccanus development.— Our regres-
sion analyses agree with the results found in Catantops, Chortoicetes, 
Locusta and Melanoplus as reported in Chapman & Thomas (1978), 
i.e., correlation coeffi cients are higher be tween labrum size and the 
numbers of A1 and A2 sensilla than of A3. However, all correlations 
were highly signifi cant (Table 2). If the number of sensilla in creas es 
regularly during de vel op ment, the withdrawal of size effect shows 
that adults pos sess relatively more A10 sensilla than do instars. The 
vari a tions of A3 sensilla numbers are not clear.
     D. maroccanus has a wide range of food sources. Ben Halima 
(1983) and Ben Halima et al. (1984) showed that during develop-
ment at the station of Gada Debdou (Mo roc co), the fi rst three stages 
eat a small number (14) of plant families, with grass as the major 
portion. During the 4th instar, more so in the 5th instar and adult, 
the food portion from di cot y le dons increases. Ultimately, adults 
feed on 39 plant spe cies. Such di ver si fi  ca tion of the diet during 
the life of acridians has been de scribed in other species (Bernays & 
Chapman 1970).
     We can hypothesize a link between the variations of sen sil la 
numbers and diet. The signifi cance of absolute values of A1 and 
A2 sensilla numbers (n = 100, Pearson r = > 0.60 and p < 0.001) 
seems to be greater than relative values. The burst increase of the 
relative numbers of A10 sensilla in the adult could be linked to the 
di ver si fi  ca tion of diet. 

Interspecifi c variation in sensilla.— Absolute values of sen sil la numbers 
are irrespective of diet and depend on the size of the species: the 
range of values of D. genei is closer to other Gomphocerinae than to 
D. maroccanus. Correlation anal y ses show that A1 and A10 sensilla 
vary tightly with labrum width, more than A2 and A3 sensilla do. 
These observations agree with the literature (Chapman & Thomas 
1978) except for A2 sensilla.

     Relative values of sensilla numbers will be taken into ac count 
in the following. The studied graminivorous spe cies (in the following. The studied graminivorous spe cies (C. dispar, C. 
dorsatus, C. parallelus, C. biguttulus dorsatus, C. parallelus, C. biguttulus and E. declivus in Gomphoceri-
nae) pos sess the small est rel a tive num ber of A1 sensilla. Acrotylus
residuals are close. Thus the relative number of A1 sensilla in D.
genei is close to the number present in O. coerulescens and S. grossum
(Oedipodinae).
     The situations with A2 and A3 sensilla are quite com pa ra ble. 
The monocotyledon feeders have, in general, rel a tive ly low num bers 
of sensilla, except for relative numbers of A3 in Chorthippus spp. S. 
grossum belongs to the same group as grass-feeding Gomphocerinae. 
Both species of Dociostaurus, and especially D. maroccanus, have 
relatively high numbers of sensilla, as in O. coerulescens. As for A10 
relative numbers, D. geneiD. geneiD. genei shows a high value, as in the polyphagous  shows a high value, as in the polyphagous 
Oedipodinae. 
     Finally, the studied species of Dociostaurus have gen er al ly higher 
relative numbers of sensilla than graminivorous Gomphocerinae. 
However, the A10 relative numbers seem to be most correlated 
with polyph agy (O. coerulescens, A. insubricus and Dociostaurus). 
This ob ser va tion should be tested with additional polyph a gous 
Oedipodinae. 
     We hypothesize that polyphagy in the genus Dociostaurus requires 
a great number of type A sensilla. The importance of sensilla on 
the epipharyngeal surface of the labrum of acridians seems to be a 
determinant element in the rec og ni tion of nutrient composition.

D. maroccanus 10 species

n = 60, p < 0.001 n = 100, p < 0.001

Width Width2 Width Width2

A1 0.96 0.93 0.78 0.78

A2 0.89 0.87 0.7 0.74

A3 0.720.72 0.72 0.61 0.65

A10 0.79 0.83 0.76 0.75

Table 2.  Pearson correlation coeffi cients between numbers of sensilla, 
width of labrum and squared labrum width.
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Fig. 3. Mean (± s ) of sensilla numbers in the different stadia (s1, s2 etc.) of D. maroccanus. 3a. A1 and A2 sensilla; 3b. A3 and A10 
sensilla.

Sensilla and diet.— It is generally held that specialization of  diet is 
linked to a decrease in the number of labrum sensilla, especially 
for A1, A2 and A3 groups (Chapman & Thomas 1978, Chapman 
1982). The example of Dociostaurus, studied here for the fi rst time, 
demonstrates that the converse is also true, i.e., the num ber of 
sensilla can increase when the diet be comes more diversifi ed: the 
insect has to face a great num ber of stimuli coming from the diverse 
plant leaf sur fac es and tissues.
     As most Gomphocerinae are graminivorous, it is prob a ble that 
the polyphagous genus Dociostaurus has evolved from graminivo-
rous species. The fact that the fi rst instars of D. maroccanus eat grass 
preferentially supports this view. The evolutionary plasticity of sen-
silla number has al lowed an in crease in sensilla in relation to the 
di ver si fi  ca tion of sources of food. As Haskell & Shoonhoven (1969) 
dem on strat ed in Schistocerca and Locusta, A1 and A2 sensilla could 
be linked to the perception of phagostimulant mol e cules, such as 
sugars, whereas A3 sen sil la could be linked to de ter rent mol e cules. 
The importance of the num ber of A3 in the response is not clear. It 

should be tested whether the func tion of the sensilla in Dociostaurus
is consistent with their function in both Schistocerca and Locusta.
     Latchininsky & Launois-Luong (1992) report that the gregarious 
phase of D. maroccanus has a more diversifi ed source of food than 
the solitary phase. For example, gre gar i ous individuals can even feed 
on Pinus and Juniperus. We hy poth e size that these insects will pres-
ent a modifi cation of their A sensilla composition, and especially 
an increase in relative number of the type A10. However, the link 
between diet and the numbers of labrum sensilla can be otherwise, 
as dem on strat ed in the example of Chorthippus binotatus (Picaud et 
al. 1999), a specialist gomphocerine feeding on Fabaceae bush es.

A.

B.
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Fig. 4. Means (± s ) of group A sensilla in 10 species of adult Acrididae. The three leftmost are Oedipodinae, the remaining Gomphocerinae.  The order 
of species does not refl ect a ranking by size but by systematic relationship.  The connecting lines between the points help visualize variations within 
each sensilla type.
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Fig. 5. Relation between labrum width (LW) and numbers of sensilla for 10 studied species. In all cases, n = 100 and p < 0.001.
o = Oedipodinae; x = Gomphocerinae
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Fig. 6. Mean (± s ) of sensilla numbers in 10 species of Acrididae. Positive and negative numbers cor re spond to absolute values above and under 
the regression line respectively (see Fig. 5). Grey bars: Oedipodinae; open bars: Gomphocerinae.
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