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The external structure, i.e. number and distribution of sensillae on male and female antennae of 12 species of
grasshoppers belonging to Pamphaginae, Catantopinae, Oedipodinae and Gomphocerinae in the grasslands of Inner
Mongolia was investigated using scanning electron microscopy. Five magjor types of antennal sensillae were
detected — trichoid, long basiconic, short basiconic, slender and short basiconic, and coeloconic sensillae. Total
number of antennal sensillae varied among different sexes, subfamilies, feeding groups, life forms and
eco-forms. Males showed significantly more sensillae than females, due to presence of more short basiconic and
coeloconic sensillae. Species under Catantopinae showed more long basiconic sensillae than the others. The
Oedipodinae had the highest number of slender and short basiconic sensillae and coeloconic sensillae, followed
by Catantopinae and Gomphocerinae; while Pamphaginae had the fewest. The total number of sensillae showed
the same trend for these two types amongst the subfamilies as well, species which prefer habits on the ground
possessed fewer antennal sensillae than species which prefer to stay on plants. The maximal number of antennal
sensillae were observed in hygrophytous species, Chorthippus albomarginatus, in the 12 grasshopper species
investigated, although the data is not statistically significant. The general trend which emerged was that species
feeding on grass possessed more antennal sensillae, particularly coeloconic sensillae, compared to other feeding
group species.

[Chen H-H, Zhao Y-X and Kang L 2003 Antennal sensilla of grasshoppers (Orthoptera: Acrididae) in relation to food preferences and
habits; J. Biosci. 28 743-752]

1. Introduction (Say) (Riegert 1960), Hypochlora alba (Dodge) (Bland

1982), Locusta migratoria L. (Greenwood and Chapman

The antennae of insects play an important role in host
orientation, food selection and oviposition site selection.
It is generally agreed that the sensilla on insect’s antennae
are not randomly distributed (Zacharuk 1985). Their pat-
tern may reflect the effect of many interacting selection
pressures in which size of the individual, sex, develop-
mental stages, feeding habits and habitats are of consid-
erable significance (Chapman 1982). Morphometric studies
dealing with distribution and abundance of acridid anten-
nal sensilla have been conducted on Melanoplus differen-
tialis (Thomas) (Slifer et al 1959), Melanoplus bivittatus
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1984; Chapman and Greenwood 1986) and Schistocera
gregaria (Forskal) (Ochieng and Hansson 1996; Ochieng
et al 1998).

The biogeography of the grasshopper fauna, including
approximately 150 species in Inner Mongolia, has been
studied (Kang et al 1991). About 10-15 species are pri-
marily responsible for agricultural damage. The feeding
patterns, food selection (Li et al 1983, 1987; Li and Chen
1985, 1987) and ecological niches of 12 grasshopper
species have been reported (Kang 1990; Kang and Chen
1994a,b). According to these studies grasshoppers in Inner
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Mongolia grasslands can be segregated into five feeding
groups (table 1): namely; forbivorous (broad leaf herbs
feeders), graminivorous (grasses feeders), mixed-grami-
nivorous (grasses and forbs feeders preferring grasses),
mixed-forbivorous (grasses and forbs feeders preferring
forbs) and phyto-carnivorous (feed on grasses and/or
organic detritus). Their life forms fell into four groups:
namely; terricoles (live mostly on the ground and feed on
plants —mainly herbs — without climbing them, though they
may do so when roosting or perching), plant-terricoles
(live in terricoles and plantcoles, preferring terricoles),
terri-plantcoles (live in terricoles and plantcoles, prefer-
ring plantcoles) and plantcoles (live mainly in herbaceous
habitats, including dense thickets of shrubs and herbs
with or without an admixture of grasses). Four eco-forms
were presented: namely; xerophytous (semi-desert by over
grazing), meso-xerophytous (semi-arid, short grasses
prairies with much open ground), mesophytous (semi-
arid, more uinform and continuous cover of tall grasses)
and hygrophytous (humid areas with mixed grass-herb
meadows). A previous study has shown the structural adap-
tation of mandibles and food specificity in grasshoppers
in Inner Mongolian grasslands. The mandible structures
of graminivorous and forbivorous forms of these grass-
hopper species entirely agree with their food habits
(Kang et al 1999). However, the herbivorous mandibles
are not distinctly associated with the food habits of these
grasshopper species. The difference in number and distri-
bution of various structural and functional types of ante-
nnal sensilla may be peculiar to an insect form, and related
to its development, habits or habitats as well (Zacharuk
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1985). Are there any differences of the antennal sensilla
among the grasshoppers that belong to different trophic
niches? The research on antennal sensilla of these grass-
hoppers in relation to their food preferences and habits
will further our understanding of the evolution of taxo-
nomic groups with specialized food habits.

In this study, we examined the type, number and dis-
tribution of antennal sensilla of the 12 species of grass-
hoppers, which are categorized into different subfamilies,
to elucidate the probable effects of those selection pres-
sures on the sensory equipment. One species each was from
subfamilies of Pamphaginae and Catantopinae, two from
Oedipodinae and eight from Gomphocerinae. These are
co-existing species on grasslands of Inner Mongolia.
Each species shows particular characteristics in food habits
and adaptation to its habitats as given in table 1.

2. Materials and methods

2.1 Insects
Adult grasshoppers were field collected on the Inner
Mongolia grasslands in the summer of 1996. Individuals
were processed for scanning electron microscopy (SEM)
within less than one day of capture.

2.2 Scanning electron microscopy

Antennae of male and female specimens were removed
and placed in 5% KI solution for three days, during which

Tablel. Ecological differentiation of twelve grasshopper speciesin Inner Mongolia grasslands.
Habit
Subfamily/species Feeding group® Eco-form® Life form® Size’
Pamphaginae
Haplotropis brunneriana (Sauss.) Forbivorous M esophytous Terricoles Large
Catantopinae
Calliptamus abbreviatus (Ikonn.) Forbivorous M eso-xerophytous Terricoles Small
Oedipodinae
Oedaleus decorus asiaticus (B.-Bienko) Gramnivorous Xerophytous Terricoles Medium
Angaracris barabensis (Pall.) Forbivorous Xerophytous Terricoles Medium
Gomphocerinae
Mongol otettix japonicus vittatus (Uvr.) Mixed-forbivorous M esophytous Plantcoles Small
Omocestus haemorrhoidlis (Charp.) Phyto-carnivorous M eso-xerophytous Mixed-Terricoles  Small
Chorthippus (s.str.) albomarginatus (De Geer) Gramnivorous Hygrophytous Plantcoles Small
Chorthippus brunneus huabeiensis Xia et Jin Mixed-gramnivorous  Meso-xerophytous Mixed-plantcoles  Small
Dasyhippus barbipes (F.-W.) Mixed-gramnivorous  Meso-xerophytous Mixed-plantcoles  Small
Myrmel eotettix palpalis (Zub.) Mixed-gramnivorous  Meso-xerophytous Mixed-plantcoles  Small
Chorthippus (A.) fallax (Zub.) Mixed-gramnivorous  Mesophytous Plantcoles Small
Pararcyptora microptera meridionalis (Ikonn.) Gramnivorous Xerophytous Terricoles Medium

3K ang and Chen 1994a; "Kang and Chen 1992; °Y an and Chen 1997.
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time the solution was refreshed each day. The antennae
were then rinsed and air-dried, coated with gold by anion
sputter device (E-102), and the specimen examined in a
scanning electron microscope (HITACHI S-2360N).

Since the two antennae of an insect generally symmet-
rical in the distribution of sensilla, both antennae of an
individual were used, one for the investigation of the
ventral side and the other for the dorsal side. Numbers of
sensilla on both antennae were summed as the sensilla
number per antenna. Data of two samples of each sex of a
species was averaged, except for the male Haplotropis
brunneriana due to the shortage of insects.

Antennal sensilla were grouped into five major types:
namely; trichoid, long basiconic, short basiconic, slender
and short basiconic and coeloconic sensilla, as discussed
by Bland (1989). Sensilla lengths (mean and range) were
determined by measuring each sensilla type present on
eight antennal segments. The sensilla were counted from
the region of flagellum, scape and pedicel. The region
near the scape and pedicel was regarded as proximal, while
near the tip of antenna as distal. Data of sensilla number
was analysed by multivariate analysis of variance
(MANOVA) and Turkey test (HSD).

3. Results
3.1 Main types of antennae sensilla

Five types of antennal sensilla were observed on the
grasshopper antennae. They are long basiconic, short basi-
conic, slender and short basiconic, coeloconic, and trichoid
sensilla (figures 1, 2).

Trichoid sensilla were setiform hairs with a basal
insertion on the cuticle. The surfaces of these sensilla
were usualy ribbed (figure 2) and there length ranged from
about 50 nm to 260 nm. These sensilla usually occurred
exclusively on the few proximal segments, with the scape
and pedicel showing maximum number of these trichoid
sensilla. These sensilla are probably mechanoreceptors
(Zacharuk 1985; Bland 1989).

Long basiconic sensilla were usually ribbed and their
apical pores occasionally visible (figure 3). These sen-
silla may be contact chemoreceptors (Chapman 1982),
and were observed from the first distal segment to the
last several proximal segments, and none occurred on the
scape or pedicel. Their length ranged from about 20 mm
to 120 mm. Instead of the usua peg-like form, finger-
shaped long basiconic sensilla were observed on H.
brunneriana in relatively large numbers (figure 4).

Short basiconic sensilla were stouter than the long basi-
conic sensilla (figure 5). These are considered olfactory
receptors (Chapman 1982; Zacharuk 1985); and ranged
from about 8 mm to 30 nm in length and usually occurred

L

in cuticular depressions. These sensilla were observed on
nearly all antennal segments, with a concentration in the
middle segments. A typical short basiconic sensillum on
O. decorus asiaticus is presented in figure 5. We obser-
ved variations of this type of sensillum: (i) short basico-
nic sensillum that is bent to look like an egg on Ch.
albomarginatus, occurring usually on proximal segments
(figure 6); (ii) short basiconic sensilla surrounded by
incomplete concentric cuticular depression on Om. haem-
orrhoidlis (figure 7); (iii) short basiconic sensillum sur-
rounded by a ring of cuticle on M. japonicus (figure 8);
and (iv) short basiconic sensillum with an expanded base
on Ch. albomarginatus (figure 9) that usually occurred
on the several proximal segments.

Slender and short basiconic sensilla were thinner in
shape than the short basiconic sensilla (figure 10), while
the lengths of the two sensilla types were similar. These
have a similar distribution to that of short basiconic sen-
silla; and are considered olfactory receptors (Ameismeier
1987).

Coeloconic sensilla, about 3-5 um in length, had cavity
openings with ribbed pegs sitting on the bottom (figure
11), and apical pores were often observed. These were
observed from the first distal segment, occupying most
antennal segments, with a concentration in the middle
segments. There were few of them on the first several
proximal segments. No coeloconic sensilla were observed
on the scape and pedicel. These sensilla may be olfactory
receptors (Chapman 1982; Zacharuk 1985; Ocheing et al
1998).

3.2 Other sensilla and structure

In addition to the five major types of sensilla, sensilla
with an uncommon shape in relatively low numbers were
also observed. More than ten paddle-shaped sensilla, which
were 10-20 nm in length, were observed on the middle
portion of the antenna of Ch. brunneus (figure 12), Parar-
cyptora microptera and O. decorus asiaticus. Twelve
dome-like sensilla campaniformia were observed on the
distal part of antenna of the female Ch. brunneus (figure
13). Large pouch-like openings were occasionally present
at the joint of scape and pedicel on several species (figure
15). These may be muscle attachments that are involved
in antennal movement (Bland 1989).

An irregular oval arrangement of sharply pointed cuti-
cular plates was present on the distal edge of the fifth
segment from the apex in most species (figures 14 and 16).
The cuticular plates, 90 nm x 50 mm, generally varied with
the size of the species. This structure is widespread in the
Acrididea (Key 1985), and has been named as the rosette
(Bland 1982), an antennal organ (Blackith and Goto
1974) and lenticular organ (Key 1985) respectively. Their
function is unknown.
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Figures 1-6. (1) Four major types of antennal sensilla. LB, long basiconic sensillum; SB, short basi-
conic sensillum; SSB, slender and short basiconic sensillum; C, coeloconic sensillum. Bar = 50 nm.
(2) Trichoid sensillum on O. decorus asiaticus. Bar = 50 nm. (3) Long basiconic sensillum with ribbed
surface and an apical pore on P. microptera. Bar = 10 nm. (4) Finger-shaped long basiconic sensillum on
H. brunneriana. Bar=20nm. (5) Typical short basiconic sensillum on O. decorus asiaticus.
Bar = 10 nm. (6) Egg-shaped short basiconic sensillum on Ch. albomarginatus. Bar = 10 nm.
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Figures 7-12. (7) Short basiconic sensillum with a waved cuticular depression on Om. haemorrhoidlis.
Bar = 10 nm. (8) Short basiconic sensillum surrounded by a ring of curticle on M. japonic. Bar = 10 nm.
(9) Short basiconic sensillum with an expanded base on Ch. albomarginatus. Bar =5 nm. (10) Slender
and short basiconic sensillum on M. palpalis. Bar = 10 nm. (11) Coeloconic sensillum on Ch. albomargi-
natus. Bar = 5 nm. (12) Paddle-shaped sensillum on Ch. brunneus. Bar =5 nm.
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3.3 Mean number of sensilla

Mean number of each sensillum type per antenna was
different among the 12 grasshopper species (table 2).
Trichoid sensilla always had the lowest number amongst
the five sensilla types. The fewest trichoid sensilla
occurred on M. japonicus (F4; M3), the most occurred on
A. barabensis (F23; M40). The trichoid sensilla of male

Figures 13-16.
on the distal 5th segment on C. abbreviatus. Bar = 50 nm. (15) Large pouch-like openings positioned at
the joint of scape and pedicel on Om. haemorrhoidlis. A, scape; B, pedicel. Bar = 10 mm. (16) “Lenticu-
lar organ” on the distal 5th segment on M. palpalis. Bar = 50 nm.
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Ch. brunneus were much more numerous than female
(F3; M20). The largest basiconic sensilla number was on
Ch. brunneus (F442; M579) and O. decorus asiaticus (F529;
M479), while the lowest was on D. barbipes (F176;
M237). Short basiconic sensilla had the highest number
among all sensilla types for each subfamily. They were
most abundant on D. barbipes (F802; M2574) and Ch.
brunneus (F1083; M1572). O. decorus asiaticus (F695;

(13) Dome-like sensilla on female Ch. brunneus. Bar =5 nm. (14) “Lenticular organ”
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M680) bearing the most abundant slender and short basi-
conic sensilla and H. brunneriana (F102; M197) the few-
est. Most coeloconic sensilla occurred on O. decorus
asiaticus (F524; M1016), and H. brunneriana (F190;
M490) had the fewest (table 2). No significant differ-
ences were found within species for the total number of
sensilla.

3.4 Sensilla number of different subfamilies

The number of each type of sensilla, except trichoid and
short basconic sensilla, varied significantly among dif-
ferent subfamilies. Catantopinae bears more long basi-
conic sensilla than the others. The Oedipodinae had the

-
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highest number of slender and short basiconic sensilla
and coeloconic sensilla, followed by Catantopinae and
Gomphocerinae; Pamphaginae had the fewest. The total
number of sensilla had the same difference with these
two types of sensilla among subfamilies. Both sexes have
the same trend in sensilla number variation. Males have
more abundant short sensilla and coeloconic sensilla
than females in Gomphocerinae, which result in the total
number difference between sexes in this subfamily
(P < 005).

3.5 Sensilla number of different feeding groups

Mean number of each sensilla type and the total sensilla
for species with different food habits was shown among

Table2. Mean number of each sensillum type per antenna and mean number of sensilla per segment of 12 grasshopper species.

Total number per antenna (Mean + SD)

Slender and Seg-
Long Short short ment Mean/
Subfamily/species  Sex  Trichoid basiconic basiconic basiconic Coeloconic Total number  segment
Pamphaginae
Haplotropis F 5% 275+ 368 5986+ 1026 1016+ 460 1895 + 940 1170 + 206%6 19 61%6+109
brunneriana M 5 311 1139 197 490 2142 112%
Catantopinae
Calliptamus F 3B +0¥  466% = 177 729 £ 49% 406 £58%  388% + 304 1994 + 212 24 834 40
abbreviatus M 5+14 411%+728  900% + 898 375+ 410 3716+ 9% 2063% + 68%6 860 + 29
Oedipodinae
Oedaleus F 25+ 28 529 + 314 812 + 22653 695 + 244%7 524 + 608 2585 + 705 25 1034+ 28
decorus asiaticus* M 125+ 49 478% + 148 1543 £ 654 6796+ 926 1015% + 49 3729 + 12% 1492 + 0%
Angaracris F 226+78 421% + 3898 7526 £ 474 504% + 1056 531 £ 90%6 2232 + 4538 25 898 + 18
barabensis M 395+36 42365+206  915% + 40,8 505+ 849  454% + 304 2338+ 1188 93% + 48
Gomphocerinae
Mongol otettix F 4+ 49 330 + 594 64156 + 46X 400+ 500  397%+ 1054 1773 £ 165% 20 88¥ 20
japonicus M 3+14 303%5+36% 134565+ 251 440% + 2298 816% + 123% 2909 + 1400 145% + 38
vittatus*
Omocestus F 14+0 314% + 408 726 + 269 355+ 933 447 £ 894 1856% + 1959 25 748+ 78
haemorrhoidlis M 7%+ 78 3526 417 9635 £ 2004 3596 + 1014 4355+ 559  2118% + 2044 84X + 7%
Chorthippus F 125+ 3% 375+ 82X 891% + 275 472 £ 1049 566 + 834 2317 £ 8% 25 9257 £ 08
albomarginatus* M 106+ 49 556% + 82¥% 1941 + 1344 654 + 484 951 + 80%6 4113 + 3408 164% + 136
Chorthippus F 3+ 14 4416+ 1054 1083 + 123X 441 + 1134 539 £230% 25076 + 570% 25 10018 + 228
brunneus M  19%5+49 578% + 68% 1572+ 1768 438 + 66% 786 + 976 3394 + 863 1358 + 3%
Dasyhippus F 126+49 1755+ 219 8016 + 1138 17765 + 318 324 + 198 1491 + 152% 22 678 + 69
bar bipes* M 235+ 0% 237528 2573%+ 1638 266% + 9R 736% * 34%6 3837 + 189% 1744 + 8%6
Myrmel eotettix F 14+ 258 2416 + 604 487 £ 368  205% * 870 232% £ 37%  1180% £ 2242 23 518+ 9%
palpalis M 116+ 0% 2795+502 8305+ 238 3495+ 1718 4376+ 956  1908% + 3401 83X + 148
Chorthippus F 9+ 28 396%+24 825+ 566 59565+672 4346+ 988  2260% + 884 24 94+ 3%
fallax M 5+4% 500% + 85% 1199 + 114% 4516 + 95% 5726 + 474 2728% + 1478 11357 + 6%
Pararcyptora F 96 + 92 371+ 90% 902 + 326% 3526+ 3118 490+ 894 2125 + 1739 25 85+ 70
microptera M 6+ 1 3406 £ 149%® 1742% + 1662 264 £+ 161% 770 £ 124% 3123 + 6026 1249 + 244
meridionalis*

* Presents species whose total sensilla number and mean number/segment are significantly different between sexes (P < 0X05).
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different feeding groups. Graminivorous Species possess
more number of coeloconic sensilla (statistically sig-
nificant) than the other feeding groups, aso showed the
largest total number of sensilla. Statistically significant
sexual difference was observed for the total number of
sensilla present per antenna in graminivorous, mix-forbi-
vorous and mix-graminivorous species, which are due to
more number of short basconic and/or coeloconic sensilla
in males than females.

3.6 Sensilla number of different life forms

Mean number of long basiconic sensilla showed signifi-
cant differences in females among different life forms.
Species of plant-terricoles had significantly shorter basi-
conic sensilla numbers than those of the other life forms.
Males showed more short and coeloconic sensilla than
females in terricoles and plantcoles. The total number of
the sensilla in males was also more than females in these
two life forms species (P < 0°05).

3.7 Sensilla number of different eco-forms

Females in xerophytous species possessed more number
of trichoid and slender and short basiconic sensilla than
the other eco-form species. Males showed more number
of short and coeloconic sensilla than females in meso-
xerophytous, mesophytous and hygrophytous species.
Hygrophytous species had the maximal number of sen-
silla (F2317, M4113).

4. Discussion

In this study, males had significantly more antennal sen-
silla than the females. Chapman (1982) and Bland (1989)
attributed the dimorphism of insect antennal sensilla
number either to the different feeding habits of sexes, or
to the attraction of the male by the female pheromone.
For instance, both sexes of O. decorus asiaticus and A.
barabensis have the same host plant preference (table 1).
However, a sexual dimorphism of body size can be found
in O. decorus asiaticus. Males are much smaller than
females, and they are more vigorous and can travel
through a wider range of area than females. More sensilla
and higher sensitivity of males to odours may help them
locate females and/or host plants as well. In species
where the sensilla differences between sexes were small,
visual and auditory cues may be more important than
olfaction to bring the sexes together. For example, adult
A. barabensis males hover over 1 to 16 m high with
great voice for mating. This sound may be one of the
attractive cues in their mate finding. Different life forms
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(see table 1) between female and male could aso be
attributed to sexually different antennal sensilla number.
In D. barbipes, Ch. brunneus, and M. palpalis, females
are mixed-plantcoles, while males are plantcoles due to
their smaller size (Yan and Chen 1997). Males had higher
sensilla numbers.

Males had significantly more antennal sensilla than the
females, mainly due to the abundance of short basiconic
and coeloconic sensilla. Both these types are considered
olfactory sensilla in some species. Basiconic sensilla
were shown to have an olfactory function in the locust
Locusta migratoria (Ameismeier 1987), Schistocera gre-
garia (Ochieng and Hansson 1996), and other insects such
as the white pine weevil Hylobius abietis (Mustaparta
1975) and the Colorado potato beetle Leptinotarsa dece-
mlineata (Ma and Visser 1987). Coeloconic sensilla have
been shown to respond to many host-plant odours in mig-
ratory locust L. migratoria (Kafka 1970). More basiconic
(especially short basiconic) and coeloconic sensilla num-
ber on male antennae may indicate that the two sexes
have different olfactory sensitivities. For example, the
two species of Oedipodinae grasshoppers, O. decorus
asiaticus and A. barabensis, had 44% and 5% more an-
tennal sensilla on males than females respectively. O.
decorus asiaticus males showed higher electroantenno-
gram (EAG) responses than conspecific females to many
plant volatile compounds, while no sexual difference was
observed in A. barabensis (Chen et al 2003). The number
of short basiconic and coeloconic sensilla was much
more abundant in O. decorus asiaticus male than female,
while no such sexual difference was found in A. baraben-
sis (table 2).

Despite the differences of antennal length and segment
number among the 12 grasshopper species, the distribu-
tion of sensilla basiconica and coeloconica are observed
over the entire antennal flagellum, with a concentration
in the middle segments (about segments 7-17). This re-
sult is consistent with that of Ochieng et al (1998). EAG
response to plant volatile compounds were elicited
mainly by the sensilla beyond the proximal seven seg-
ments. It may also indicate that the basiconica and coelo-
conic sensilla serve as the major olfactory receptors, and
the olfactory perception is mainly accomplished by the
distal part of the antenna apart from the seven proximal
segments (Chen et al 2003).

The total number of antennal sensilla varied greatly
among different subfamilies, feeding groups, life forms
and eco-forms, which also mainly due to the variation of
short basiconic and/or coeloconic abundance. In another
words, the abundance of short basiconic and/or coelo-
conic reflects the grasshoppers food preference and
habitat selection.

A previous study has shown that life form (see table 1)
correlated with individual size (Yan and Chen 1997).
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Grasshoppers in Inner Mongolia grassiand could be divided
into three groups: large, medium, and small size groups.
The larger were typically terricoles (e.g. H. brunneriana),
and the smaller were typically planticoles (e.g. Mongo-
lotettix japonicus vittatus). In this study, no significant
correlation was observed between the number of sensilla
and individual size (P> 0%05). Besides, males showed
statistically significant more number of sensilla than
females. Moreover, they were observed to be smaller
than females. So the differences in numbers of sensilla
could not be accounted for by size differences. However,
life form may account for differences in sensilla number.
Species that prefer to habitat on ground possess less
number of antennal sensilla than species that prefer to
stay on plants, although the data was not statistically sig-
nificant. Therefore, the species preferring to stay on plants
may display higher sensitivity to plant odour perception
because of the complex surroundings where many plant
odours. Grasshoppers on arid grasslands generally have
fewer sensilla than those in damp grass forb habitats
(Bland 1989). Our studies confirmed this, since species
growing in wet habitats showed slightly more number of
sensilla them those growing in dry grassland. For exam-
ple, in the field H. brunneriana exclusively inhabits dry
desert region. Extremely large body size of H. brunneri-
ana makes them difficult to travel around, restricting
them to a narrow region, while Ch. albomarginatus is the
only hygrophytous species in the 12 grasshopper species
investigated, preferring damp habitats and it was obser-
ved to occupy a wider region. More number of antennal
sensilla were found on male Ch. albomarginatus than the
others (although the difference is not statistically signifi-
cant) this perhaps reflect the higher sensitivity need more
abundant plants than on arid habits. In the field inves-
tigation, Ch. albomarginatus was the most sensitive to
grazing. They could not survive in the grazing grasslands
(Kang and Chen 1992).

The external structure of insects reflects their adapta-
tion to food selection. For instance, the mandible struc-
tures of graminvorous and forbivorous forms of different
grasshopper species entirely agree with their food habits
(Kang et al 1999). A previous study of the sensilla distri-
bution on mouthpart showed that the graminivorous spe-
cies tended to have fewer chemoreceptors on mouthparts
than forbivorous species of similar size (Chapman and
Thomas 1978). In this study, a trend was shown that the
number of sensilla per antenna varied; with the grami-
nivorous species showing the maximal number (F2342,
M 3487) — perhaps because of more number of coeloconic
sensilla. This result is consistent with that of Bland
(1989). Further, investigations on the difference in distri-
bution of sensilla on antennae and mouthpart are needed.
Additionally, the grasshoppers have different food selec-
tion ability. Ch. albomarginatus and D. barbipes have the
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most restricted food selection followed by O. decorus
asiaticus and M. palpalis; M. japonicus vittatus and Om.
haemorrhoidlis have the least food selection (Kang and
Chen 1994a). Although more number of antennal sensilla
were observed on Ch. albomarginatus and D. barbipes
than in M. japonicus vittatus and Om. haemorrhoidlis,
especially in the males (table 2), it is difficult to conclude
that more number of antennal sensilla result in restricted
food selection. Relatively few specimens per species
were used in this study because of the large size of the
investigation. We have therefore observed only some parti-
cular trends of sensilla distribution of grasshoppers in
Inner Mongolia. Further, study is needed to draw more
general conclusion.

The olfactory cues received by the antennal sensilla
were conducted to the primary olfactory center of the brain,
the antennal lobe. A recent study shows that anatomical
and physiological properties of the antennal lobe and its
neurons to a large extent reflect the changes in olfactory-
guided behaviour during development and between
phases of the desert locust Schistocerca gregaria (Anton
et al 2002). Thus, a comparative study of the anatomical
and physiological characteristics of the antennal lobe in
grasshopper species may give us an answer to their host
plant preference.
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