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ABSTRACT:
The rl.'''rO/hl.' of antenna and femoral muscles of adult Zonocerus variegatus to

I '!1\ iI,1111 III process was studied by assaying. lhc activities of lipase, amylase, a-
glucosidase, cellulase and proteinase enzyme» In the femoral muscles and K+,Ca2+,Na+
Cl and PCY .~ conccntrauons were determined in the antennae during copulation. The
I !' ' •.'1', '. . \ ",' ,I c' I I I !il \111t Iy higher in the female than the male adult, whereas activities

'. . II IIII..' icmule antennae than the male. The concentrations ofNa+ and cr (
I .:--U mg. mol and 146.9 mg/mol, respectively). in adult male were more than other ions
in the antennae.

"l'~w firth -\t1lt, •.nnae, Femoral muscles, Enzymes, Copulation) Zonocerus variegatus

INTRODUCTION

Reproduction in living organisms IS

necessary for regeneration and
procreation reasons. Reproduction in
insects involves some mating behaviours
like courtship, mating, oviposition and
other post- oviposition acts.

In Orthopterans, the adult stage of the
insect is devoted for mating and
oviposition which are fatigious and energy
sapping (Ademolu et al., 2011a),
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Nigeria. Because tissues nutrients are

depleted and mobilized into newly

produced eggs during vitellogenesis.

Anya (1973) observed that the average life
span of Z. variegatus from nymph to adult
is 9-10 months. The nymphal
developmental stages covered 111. 1
±O.02 days (Ademolu, 2008) while the
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total days in the male and female adult
stage were 101.2 days and 127.9 days,
respectively.

Two populations of Z. variegatus occur in
Southern Nigeria (Toye, 1982). The dry
season populations emerge in late October
and develop through the dry season,
becoming adults in late February. Wet
season population hatches from January to
April and develop during the rainy season.
Chapman et al. (1977) observed that the
early instar nymphs of Zonocerus are
almost entirely black with few yellow
markings. In later instars, the yellow
extent increases. Similarly, the wing pads
were not recognizable in 1tI and 2ndinstars,
but are present in 3rd and 41h. However, the
wing pads reversed in the 5th instar and
increased in size in the 6th instar,while two
pairs of wings are developed in the adult
stage.

The pair of antennae possessed by insects
plays crucial role in perceiving their
environment. It helps in search for food
and partners during reproduction
activities. The antennal length and
segments of Z. variegatus 'increased
steadily during post embryonic
development (Ademolu et al., 2011b).
However, I" and 2ndnymphal stages had
higher ionic concentrations than later
instars and adult stage.

Sexual dimorphism is a common
occurrence in animals including insects.
These differences reflect the outcome of
natural selection of each gender. Muse
(2003) reported that in Z. variegatus,
females lived longer than males either in
isolation or group. Similarly, there exist
size difference in the antennae of adult
male and female Zonocerus : male
antennae was 13.5mm in length, while
female was 12.00mm (Chapman et al.,
1977).Gade (2002) similarly reported that
in the grasshopper Phy mateus
morbillosus, the female had shorter wings,
lower flight muscles to body ratio and
higher wing loading than male
grasshoppers.

Since mating is the major exercise during
adult life ofZ. variegatus and each sex has
a different role to play during the act, it is
assumed that antennae and femoral
muscles will react differently during the
process. The thrust of this study is to
evaluate the responses of antennae and
femoral muscles of both sexes of Z.
variegatus to copulation exercise.

MATERIALS AND METHODS
Collection of insects:Penultimate 6th

instar stage of Z. variegatus individuals
were collected from Cassava (Manihot
esculenta) farmland within the Campus of
Federal University of Agriculture,
Abeokuta, Nigeria (FUNAAB). The
insects were reared to adult stage in wire
cages (30 em x 30 em x 4S em) placed at
the
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Insectary of the Department of Biological

Sciences ofFUNAAB. They were fed ad-

libutum with fresh leaves of Cassava

(Manihot esculenta).

Experimental procedure:

Immediately after adult emergence, male

and female Zonocerus individuals were

separated into different cages. The females

were identified by the presence of

ovipositor at the posterior end of the

abdomen. A total of 60 insects (30

individuals for each sex) were selected

from the rearing cages and placed in-three

different wire cages, that is, 10 pairs per

cage. The pairing insects were monitored

until they passed the late somatic phase

(10-15 days). Ten pairs that had mated for

not less than six hours were randomly

picked and immobilized by freezing in

deep freezer (-30°C) for 30 minutes.

Sample collection and analysis:

Femoral muscles:

The method earlier described by Ademolu

et al. (2009) was used. The hind femur was

opened with sharp razor and all the

femoral muscles were removed with

forceps, placed into Petri dishes and dried

to constant weight at SO°Cin an oven for

12 hours. A sample sub of O.S g was

homogenized in O.OSM KCI and

centrifuged at SOO rpm (SO°C) for 30

minutes. The supernatant obtained was

used for the enzyme analysis. The enzyme

assayed were amylase, a-glucosidase,

lipase, cellulase and proteinase following

the methods of Adedire and Balogun

(199S). All assays were done in triplicates.

Antennae:
The pair of antennae on each of the 10
mating pairs was removed with fine
scissors. The ionic composition of the
antennae was determined by methods of
A.O.A.C. (1990). O.S g sub sample of
antennae was oven dried, ground,
weighed and placed in 2S0ml flask for wet
ashing by addition of2Sml ofHN03, 4 ml
of HCI and 2 ml of H2S04, This .mixture
was heated for S minutes and diluted to
100 ml with distilled water. Ions
determined were: Na+, K+, Ca2+, PO/ and
Cr.

Statistical analysis:
Data collected from the study were
analyzed by one-way analysis of variance.
Student-Newman-Kuel's (SNK) test was
used for the means separation whenever
there was significant difference.
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RESULTS AND DISCUSSION:
During mating, the female Zonocerus had
higher enzyme activities in the femoral
muscle than the males; proteinase
recorded the highest activity.

-
Table 2 shows the ionic compositions of
the antennae of both sexes of Zonocerus
during mating. Significantly (P<0.05)
higher ionic concentrations occurred in
males than the females. It is noteworthy
that the highest ionic concentration in the
antennae was CI=-. The presence of the
five enzymes in the femoral muscles
during copulation suggests the need for
energy supply to these tissues as earlier
opined by Ademolu et al. (2011b).
Carbohydrase and lipase activities were
highest in the adult stage of Z. variegatus
during post embryonic development
(Ademolu et al., 2009).

The female Z. variegatus had significantly
higher enzymes activities than the male
counterparts. This is not unexpected as the
female needs more energy supply during
copulation exercise. The female carries
the male during mating and require the
hind femoral muscles for gripping the
ground/platform as well as for supporting
the male on her back (Ademolu et al.,
2011). Furthermore, large organic
substrates are stored in the femoral
muscles (Ademolu et al., 2009) of the
females which would later be utilized for
oviposition and after post oviposition
activities.

Unlike enzyme activities in the femoral
muscles, ionic concentrations female in
antennae were significantly lower during
mating than the males. The antennae are
sensory organs used by the insect to
perceive pheromones or attractants from
mating partners. The odour diffuses into
the antenna I fluid and gets into the brain of
the insects. In Zonocerus, the male adult
releases attractants which invites the
female for mating (Chapman et al., 1986).
The lowered/reduced ionic concentration
in the female during mating
increased/heightened the action potential
of the antennae enabling them to perceive
more of the odor produced by the male.
Sexual dimorphism in insect antennae had
earlier been reported by Hansson (1999)
where in The female antennae of
Antheraea polyphemes lacked trichoid
sensillium, but is present in the male.

Cl concentration was higher than other
ions in the antennae. The herbivorous
nature of Z. variegatus is responsible for
this phenomenon. Chapman (1990)
reported that phytophagous insects have
high concentration of cr in their tissues
than other insects.

Conclusively, it can be said that adult
female Z. variegatus is better endowed or
enriched for the copulation exercise.
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Table 1: Enzyme activities (Abs/min)" of the femoral muscles of adult male and
female Z. variegatus

Enzymes Male Female

Proteinase 29. lOb 36.40·
Amylase 2.70 3.80
Lipase 6.90b 10.30·
c glucosidase 4.80~ 9.60'
Cellulase 1O.30~ 12.40'

'" Mean values with the same superscript across the row are significantly
(p<O.05) different

Table 2: Ionic content (rug/mol)" of the antennae of adult male and female
Z. variegatus
Ions Male Female

Na' 17.50· 11.67b

K" 15.00' 10.00b

Ca+ 2.81 1.93

POz• 0.91 0.81

cr 146.90' 124.30b

"'Mean values with the same superscript across the row are significantly
(p<0.05) different.
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