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ABSTRACT

Diurnal activities of the adults and nymphs of Oedaleus senegalensis in
relation to temperatures of plant shade and sunshine areas on cool and warm
days were observed. The activities followed a similar sequence but the time
of commencement varied. At dawn and sunset, the movement of the grassho-
pper was sluggish and the adults and the older nymphs rested on bare
ground, while the younger nymphs rested on low vegetation. The insects
vacated their positions at sunrise. Thereafter, their activities, such as creeping
or crawling, hopping, feeding, flying, courting and copulation, increased with
a rise in temperature. The peaks of the activities occurred at about 36 to
370C on warm davs and 30 to 320C on cool days. The level of activities
reduced at about 380C and the insects fell into a state of heat stupor and
immobility at temperatures higher than 40°C. When the temperature fell
below 400CI the insect resumed activities. The adults and nymphs of the
grasshopper were rarely found in the middle of the shades and at heights
above one metre. The probable implication of the findings -tor the control
of this. grasshopper is discussed.

INTRODUCTION

In the northern Sudan savanna and the Sahel zones of West Africa, the
Sahelian plague grasshopper, Oedaleus senegalensis Krauss, is a serious pest
of pearl millet, Pennisetum americanum (L) K. Schum, and a minor pest of
sorghum, Sorghum bicolor (L.) Moench. During a high level of infestation of
the grasshopper, millet plants may be seriously defoliated resulting in a total
loss of crops. At night, it may swarm at street lights and in houses, thus cons-
tituting a nuisance to man (Amatobi, unpublished).

Diurnal activities have been well documented for several grasshoppers and
locusts such as Aiolopus savignyi Krauss (Joyce, 1952), Schistocerca gregaria
Forsk. (Ellis and Ashall, 1957), Nomadacris septemfasciata Servo (Burnett.
1951; Rainey, Waloff and Burnett, 1957 and Chapman, 1959) and A~a~ri-
dium melanorhodon Walk.; (Popv and Batcliffe, 1968). However, Similar
studies have not been reported on 0. senegalensis.

In October 1977, a high population of 0. senegalensis migrated from the
Sahel zone of the Niger Republic to the northern Sudian savanna zone of
Nigeria. This provided an opportunity to observe some diurnal activities 01:
the adults and the nymphs of the grasshopper in relation to temperatures 01
plant shade and sunshine areas on cool and warm days.
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MATERIALS AND METHODS
On 5 October 1977, large populations of the adults of 0. senegalensis

were found in cropped fields, fallow lands and plantations of Acacia arabica
(Lam.) Willd, Azadirachta indica A. Juss. and Dalbergia latifolia Roxb. at
Curncl in Kane State, _Nigeria. After a preliminary investigation on the
distribution of the grasshoppers, a grazing field with a high population of the
insect was selected for the study.

The grazing field supported a typical northern Sudan savanna vegetation
consisting primarily of short grasses such as Brachiaria xantholeuca (Hack. ex
Schinz) Stapf, Cenchrus biflorus Roxb. and Eragrostis spp. and semi-xeric
adapted shrubs such as Guiera senegalensis J. F. Gmel and Piliostigma thonn-
ingii (Schum) Milne Redhead. Trees were few with the ground cover ranging
from 15% to 60%.

The diurnal activities of the adults of 0. senegalensis were observed on
warm days which included 13, 14, and 15 October 1977 and on cool days
comprising 5, 6 and 7 November 1977. The nymphs (progenies of the 1977
population) began to emerge in the grazing field on 6 May 1978 and the
activi ties were also recorded during the warm days which included 11, 12
and 13 May 1978.

To observe the activities of the adults and the nymphs of the grasshopper
on each day, three workers took temporary observation posts in a shade
under a tree. Each of the workers recorded at intervals of 30 min. the
activities and the numbers of grasshoppers involved in one or two of the
activities per min. For convenience, observations were made on the grassho-
ppers which were not more than two metres away from the periphery of the
shade that was used as the observation post. In addition, an 8x binocular was
used to watch the activities of grasshoppers five to ten metres away from the
observation post. The numbers of the grasshoppers involved in each activity
were added for the three days and the average calculated.

The heights at which the majority of the grasshoppers rested were measur-
ed occasionally with a metre rule which was placed about one half of a metre
away from the periphery of the tree shade of the observation post. During
the measurements, a minimum disturbance was caused to the grasshoppers
since the observers did not move out of the shades.

Flight and hopping distances covered by the insects were also measured
occasionally' with a· metre tape after the observers had noted the sites of
take-off and-landing of some grasshoppers. The measurement of flight and
hopping distances did not last for more than two minutes and therefore
interrupted the activities of the insects momentarily.

The temperatures -of the shade periphery and the sunshine areas were
measured at 5cm above the ground with a sling thermometer. The readings
were recorded at half-hourly intervals and during major changes in the activi-
ties (creeping, hopping, feeding and flying) of the grasshoppers. Sometimes,
the observation post was changed in relation to the position of the sun. All
movements during the measurements of heights and distances, recording of
temperatures and changing of observation posts were cautious so as to
minimize the disturbance of the grasshoppers.
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. RESULTS

Activities
The main diurnal activities of 0. senegalensis observed in this study were

resting, crawling or creeping, hopping, feeding, flying, courting, copulating and
moulting.

Resting:
Figs. 1, 2 and 3 show that at dawn, resting was the dominant activity. The

adults and the older nymphs (3rd 4th and 5th instars) were found resting on
bare ground in areas with sparse vegetation. The younger nymphs (1 st and
2nd instars) rested on vegetation but were at heights less than l Ocm.
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Fig. 1. Diurnal activities of the adults of Oedaleus senegalensis in relation to
temperatures at 5 em above ground level on warm days (13-15 October

1977).
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Fig. I shows that at 06.30h when the temperature was 22°C on warm
days, 23 grasshopper adults were found resting per minute. The number
decreased thereafter so that at 07.00h. when the temperature rose to 27°C,
the insects were not observed resting. During this period of resting, the
grasshoppers were sitting still in the bush but when the vegetation was
agitated, they hopped distances of 10 to 30cm. Also, some were seen clean-
ing their antennae and mouths with their forelimbs.

During the warm days, resting in adults began again at 12.4Sh when the
temperature was 39°C. With a little rise in temperature, many of the insects
flew less, but were vacating (by creeping, hopping or by short flights) the
sun-baked ground for cooler areas. Above 40°C, the grasshoppers had vacat-
ed the hot ground, became immobile and rested at the periphery of shades,
which had a lower temperature (38°C) than the sunshine areas, or on the
vegetation at heights less than one metre. The peak of the resting occurred
at 14.30h when the temperature was 41°C during which 26 adults were
recorded per minute (Fig. I). The period of the immobility lasted for about
one hour when some of the insects were readily picked by hand. As in the
morning resting period, cleaning of the antennae and the mouth with the
forelimbs was common.

The overnight rest in adults began on warm days at 17.1 Oh when the
temperature was 34.SoC. Thereafter, the number of adults resting increased
markedly, so that at 18.00h with a temperature of 30.SoC, all the grassho-
ppers seen were resting.

Fig. 2 shows that at 06.30h when the temperature was 12°C on cool days,
20 adults per min. were recorded resting. The grasshoppers sat still in the
bush and were easily picked by hand at temperatures below 16°C. When the
vegetation was agitated, the grasshoppers hopped sluggishly and covered
distances of 10 to l Scrn. As the temperature rose, the number resting decrea-
sed and at 07.S0h. with a temperature of 17.SoC, resting ceased. This
resting period (lh. '30min.) in the morning hours of cool days was signifi-
cantly (P;= 0.05) higher than the period (30 min.) in the morning hours of
warm days.

Resting in aduits during the afternoon on cool days began at 14.30h. with
a temperature of 34°C. The number rose thereafter and .during the peak of
the activity at 15.00h. with a temperature of 35°C. 13 grasshoppers per min.
were recorded. This resting period ended at IS.20h. when the temperature
was 34°C. Instead of the resting activity Oil warm days, some grasshoppers
were found creeping, hopping, feeding or flying on cool days.
'The overnight rest in adults on cool days began at 17.20h. when the tem-

perature was 30°C (Fig. 2). The peak of this resting period began at 18.00h
with a temperature of 26.70C and 17 adults were recorded per min. In the
evening hours, the grasshoppers were less sluggish than in the morning hours.

Fig. 3 shows that at 06.30h. when the temperature was 23°C, 40 nymphs
per min. were recorded resting. Th-e number rose slightly at 07.00h with a
temperature of 25°C. Thereafter, there was a marked reduction ill the num-
ber resting. At 11.00h. when the temperature was 37°C, none of the nymphs
was seen resting. During this resting period, the nymphs hopped distances of
two to six centimeters when they were disturbed. The nymphs rested for a
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sigruncantly (P = 0.05) longer period (4 hour 30 min.) in the morning of
warm days than the adults either on cool days when resting lasted for 1 hour
30 min. or on warm days when it lasted for 30 min.

The nymphs began resting again from 12.lOh. when the temperature was
about 39°C to 15.45h. with a temperature of 37°e. The peak of this resting
period occured at 15 .00h when the temperature had fallen from a maximum
of 41.10C to 39°C and during which 40 nymphs per min were recorded
resting. During this resting, some nymphs hid among the fallen dry leaves.
Occasionally, when the sky was cloudy, some nymphs crept out of their
shelters but hurried back to the shelters as soon as the sun reappeared.
Immobility was therefore less pronounced in the nymphs than in the adults.
Like the adults during the warm days, the older nymphs were rarely found
on sun-baked ground and in the middle of the shades under the trees and
shrubs.

The overnight rest in the nymphs began at 16.45 h. when the temperature
was 34°C and it occurred earlier than that in the adults which began at
17.00 h on warm days and at 17.20 h on cool days.

Crawling
Crawling preceded or followed the period of resting. The pre-crawling acti-

vities of the grasshoppers in the morning included movement of the limbs
and the antennae and the cleaning of the mouth and the antennae with the
tarsi of the forelimbs.

Crawling in adults on warm days began at 06.45 h when the temperature
was 22.50C (Fig. 1). At the peak of the activity which occurred at 07.00 h
with a temperature of 26.10C, 15 adults per min were recorded crawling.
Crawling ceased at OS.OOh when the temperature was 30°e.

Crawling also began at l2.lO h when the temperature was 37°C and reach-
ed a peak at 13.00 h when the temperature was 39°e. Above 40°C, the
grasshoppers were not found crawling.

Fig. 1 shows that at 14.30 h when the temperature fell to 3S.SoC, a few
of them were seen creeping. The number of grasshoppers creeping reached a
peak at 17.30 h. when the temperature was 33.6°e. At 17.50h when the
temperature was 31°C, the creeping activity ceased.

Fig. 2 shows that on cool days, adults began to creep at 07.30 h when the
temperature was 16°C and continued until 17.50h when the temperature
was 27°C. The peak of the activity occurred in the morning hours.

Fig. 3 shows that on warm days, the nymphs began to creep at 06.45 h
when the temperature was 24.50C and ceased at 13.30 h when the tempera-
ture rose to 40°e. The peak of the activity occurred at 11.00 h with a
temperature of 3S°e. Crawling was observed again at 14.30 h when the
temperature was 40.oC. During the peak of the activity at 16.00 h with a
.ernperature of 37°C,., 17 nymphs per min were recorded crawling. The
;, asshopper s crawled up arid down the vegetation, oyer fallen leaves and on
:::e ground. However, during an escape from danger or adverse conditions
".;C 11 as hot surfaces, grasshoppers moved faster.
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Hopping
Fig. 1 shows that on warm days adults hopped in the morning hours from

06.30 h, when the temperature was 22.00e, to 08.15 h with a temperature
of 30:5°C. The activity reached a peak at 07.00 h with a temperature of
260e during which 17 adults per min were recorded.

On cool days, hopping in adults began at 07.50 h with a temperature of
18°C and continued to 18.00 h when the temperature was 27.50C (Fig. 2).
The peak of the activity occurred at 17.50 h with a temperature of nOe
during which 7 adults per min were recorded.

Fig. 3 shows that the nymphs began to hop at 07.20 h when the tempera-
ture was 260C and ceased at 10.00 h with a temperature of 33.50C. The
peak (of the activity occurred at 08.00 h at a temperature of 27°C. The
nymphs were again observed hopping at 13.50 h when the temperature was
40°C. The activity ceased at 17.00 h at a temperature of 34.50e. The peak
of the activity occurred at 16.00 h when the temperature was 37°C. Some-
times, the nymphs were seen hopping in bands.

Feeding
Figs 1, 2 and 3 show that grasshoppers fed mainly in the morning and

towards the evening hours. On 'warm days, adults began to feed at 07.10 h
when the temperature was 26°C and ended at about 10.20 h when the tem-
perature rose to 35°C. The peak of feeding in the morning occurred between
08.00 hand 10.00 h.

Feeding in adults on warm days was observed again from 12.50 h when
the temperature was 39°C to 13.50 h with a temperature of 40.60e. The
number of adults (8/min.) found feeding in the afternoon was less than that
(l2/min.) found in the morning hours.

In the evening of warm days, feeding in adults was observed at 15.30 h
when the temperature was 39°C and the geak of the activity occurred
between 16.30 h with the temperature of 38 ,Cand 17.30 h with a tempera-
ture of 33°C. At 18.00 h when the temperature was 31°C, the activity
ceased.

On cool days, feeding in adults began later (09,55 h) when the tempera-
ture was 28.50e than on warm days (07.10 h). Feeding ceased at 15.00 h
with a temperature of 340e (Fig. 2). The activity was again observed bet-
ween 16.00 h with a temperature of 33°C and 18.30 h when the tempera-
ture was 20°C. The peak of feeding in the evening occurred at 17.00 h with
a temperature of 31.50e during which 13 nymphs permin were recorded.

Fig. 3 shows that feeding. in the nymphs began in the morning at 07.30 h
when the temperature was 26°C and ended at 13.30 h with a temperature of
41°C. The peak of the feeding occurred at 08.30 h with a temperature of
31°C during which 15 nymphs were involved in the activity per min. Feed-
ing in the nymphs also began at 15 :30 h with a temperature of 38°C and
ceased at '19.45 h at.a temperature of 30°e. The-peak of feeding during the
evening occurred at 16,00 h with a temperature of 36.7oe when 15 nymphs
per min. were recorded.
Searching for food took a good proportion of the time and involved much

movement such as creeping, hopping and flying. The grasshoppers moved
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from plant to plant until an acceptable part of the host-plant (pre-dominant-
ly Brachiaria xantholeuca (Hack ex Schinz) Stapf, Cenchrus biflorus Roxb
and Eragrostis spp.) was found. A grasshopper usually fed continuously for
5 to 10 min. at a spot before moving to another spot or to other plants. The
young and fresh leaves were preferred to older leaves and the grasshoppers
rarely. fed on fruits or grains. The ~ttern of chewing of leaves differed in
different developmental stages of the grasshopper. The adults and the
older nymphs chewed leaves from the leaf margins while the younger nymphs ate
from any point on the leaf surface.

Basking
Basking in adults and nymphs occurred in the morning hours (Figs. 1.

2 and 3). Fig. I shows that basking in adults began at 07.20 h on warm days
at 28°C and ended at 09.30 h at a temperature of 37°C. The peak of basking
occurred at 08.00 h when the temperature was 30.SoC. Orr cool days, bask-
ing in adults began at 07.30 h at 16°C and ended at 09.30 h at a temperature
of 270C. The peak occurred between 08.00 hand 09.00 h (Fig. 2).

Basking in the nymphs began later (09.10 h) when the temperature was
32 °c than in the adults. The peak of the activity was observed at 10.00 h
when the temperature was 34°C (Fig. 3).

Observation showed that the preferred basking areas were the bare ground,
plant debris and low vegetation. The grasshoppers were found in groups of
4 to 10 .and sometimes they orientated their bodies to the sun. Limbs and
antennae were moved occasionally.

Flying
Flying by adults began after basking on warm days at 07.25 h when the

temperature was 27 .SoC (Fig. J). The activity reached a peak at 11.00 h
with a temperature of 37°C. Thereafter, the number of the insects declined
and at 13.45hwhen the temperature was 40.SoC, the activity ceased.

Flying in adults was observed again at 15.15 h when the temperature was
40°C and it ended at 17.10 h whenshe temperature fell to 35°C (Fig. l).

On the cool days, adults began to fly at 09.30 h wherr the temperature
was 270e and ceased at 17.40 h at a temperature of 29°C (Fig. 2). The peak
of the activity occurred from 10.30 h when the temperature was 29°C to
14.00 h with a temperature of 34,2oC

Flying was the fastest and the major means of locomotion in the adults. It
began -v:!iU;short fhghts (one to five metres long) and increased to about
50 IT} at the period. Females flew less frequently but for a longer'
(;st2S1C~ tha', Cw males, The insects stridulated as they flew and the stridu-

and iouder in the males than in females. was
j,~~::-f;c:tlcy~.~.:.sjand 1}it~CT!- directional, ITi.OVeDJBllt was away from

The grasshoppers C0:)::~C_ land either on low
I./~()"r;:~scmetirn -::;8 !C:.:~._:.~;:;_.near the females -;:0 ._.l~.f.ti.?ti~

1 i;:
01:. •.•.1 _ ••
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was 270C and ceased at 10.00 h with a temperature of 340C (Fig. 1). The
peak of the activity 'occurred at 09.30 h when the temperature was 33 °C. On
cool days, courting began at 10.45 h when the temperature was 29.5°C and
ceased at 11.10 h when the temperature was 29.80C (Fig. 2). Courting
occurred during the morning hours. Sometimes it began when a female res-
ponded to the stridulation by a male. The male then crept or hopped
towards the female and stridulated as it moved. Courtship was terminated
if the female flew away before the male climbed on to it. Sometimes the
female kicked its hindlimbs vigorously as a sign of rejection of a male. More
usually, the male suddenly hopped on the female and a struggle ensuea
as the female kicked to dislodge the male. If the male held on firmly, this
could result in copulation. Sometimes the pre-copulatory activity was gentle
and the female readily accepted the male. Sometimes a male was allowed to
mount a female but if, after stroking the female with the forelimbs, it
received no positive response, it dismounted and crept away.

Copulation occurred at the same period as courting (Figs. 1 and 2). On
warm days, the peak of the activity occurred at 12.15 h when the tempera-
ture was 390C whereas on cool days, the peak occurred at 11.00 h at a
temperature of 30°C. A pair may remain in copula for about one hour
before disengaging. The female in copula carried out some activities such as
feeding, creeping and hopping with the male sitting or holding firmly on the
back of the female.

MOUlting
Fig. 3 shows that in the morning hours, the nymphs moulted between

09.55 h when the temperature was 33.50C and 1l.00 h at a temperature of
380C. Later in the day, moulting began at 12.00 h when the temperature
was 39°C and ceased at 13.00 h when the temperature was 400C. The peak
of moulting occurred at 12.30 h with a temperature of 39.4°C.

DISCUSSION

The adults .and the older nymphs of 0. seriegalensis roosted on the ground
overnight. A similar observation has been recorded on Aiolopus savignyi by
Joyce (1982). In contrast, the younger nymphs of 0. senegalensis roosted
on row vegetation. This finding agrees with those of Chapman (1955) on
Catantops spp. and Popov and Ratcliffe (1968) on Anacridium melanorho-
don although the insects roosted on higher vegetation than 0. senegalensis.
The difference during the night in the roosts of the early instar (1 st and 2nd)
and the later stages has not been reported in any other acridid.
. At da~n, the grasshoppers were sitting .sti~l in their roost but with a little
Increase In temperature, they moved \theIr limbs and antennae. With a fur-
ther rise in temperature, some activities such as creeping, hopping, feeding
and flying became pronounced. A similar increase in the activities with an
increase in environmental temperature has been reported in the nymphs of
Schistocerca gregaria (Ellis and Ashall, 1957) and in the adults of A. savignyi
(Joyce, 1952).
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During basking, adults and older nymphs were in groups of 5 to lOon the
bare ground. Those in the shade moved to the sunlight. Apparently light and
bare ground were important factors influencing. the direction of rnovement
and aggregation of this grasshopper. The mutual benefit the insect derives
from aggregation is not known but it is speculated that it may lead to an
increase in the temperature of the micro-habitat, During basking, the youn-
ger nymphs which did not cluster remained on' the vegetation. This shows
that the younger nymphs are phytophilous in contrast to the geophilous
behaviour of the adults and the older nymphs. It seems that the positions
.the different stages of O. senegalensis occupy play an important role in their
survival.

All stages of' the grasshopper orientated their bodies to the sun during
basking, apparently to have a uniform sunning. An increase in temperature
caused the grasshopper clusters to disperse. The formation and the dissolu-
tion of clusters were therefore responses to changes in temperature.

Feeding in adults and nympns began at a lower temperature (260C) on
warm days than in adults on cool days when it began at 28°C. The variation
in temperature at which feeding began suggests that it may playa less impor-
tant role in initiating feeding.

Flight began about the same temperatures on warm days (27 .SoC) and
on cool days. (27oC). Clearly, flying did not begin at temperatures below
27oC. Since 0. senegalensis is migratory, this bit of information may be
important in forecasting migration in this species and therefore requires fur-
ther investigation.

During the afternoon on warm days, there was a marked reduction in the
level of activities (flying, feeding, creeping and hopping) as the temperature
approached 40°C. The sun-baked ground was vacated for the low vegetation,
fallen leaves and the periphery of shades under trees and shrubs. The retreat
from the sun-baked ground to lower temperature areas may be due to the
intolerably high temperature of the ground. Chappel (19$3) stated that the
desert dwelling grasshopper, Timerotropis pallidipennis avoided intolerably
high environmental temperatures by resting under shrubs during the day.

On warm days, the high temperatures induced heat stupor and immobility
in the adults' and the nymphs of 0. senegalensis but the heat stupor was
more pronounced in the adults than in the nymphs, since the latter stage
could move out of the shelter when the sky was cloudy. The reason for this
difference in the level of activities is not clear but the result suggests that the
rrymphs showed more tolerance for high temperatures than the adults. On
'cool days, the adults were not in a state of heat stupor probably because the
temperatures were too low to induce it.

During the evening, adults and older nymphs of 0. senegalensis crept,
hopped or flew to occupy the patches of bare ground while the younger
nymphs remained on low vegetation. Thus, the positions re-occupied in the
evening were similar to those the insects vacated in the morning. Chapman
(1970) reported that the return to roosts by the locust, Nomadacris septem-
fasciata in the evening was presumably visually directed, so that the vegeta-
tion vacated in the morning was re-occupied. It is probable that the re-occu-
patron of similar positions by 0. senegalensis could be visually and thermally
oriented
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Generally, not all the grasshoppers were involved in the same activity at
the same time. For example while some basked, others crawled, hopped,
flew or fed. But there was a peak period for some of the activities when the
majority of the grasshoppers were involved. For 0. senegalensis, this peak
occurred between 36 and 37°C on warm days and 30 to 32°C on cool.days.

The low level of activities observed at dawn was probably induced by low
temperatures. However, the reduced level of activities observed in the
evening when the temperatures were within the range favourable for a high
level of activities suggests that other factors such as humidity, visibility and
fatigue may influence the activities of the grasshopper.

Clearly, the grasshoppers were found to be active between 16 and 40°C.
Outside this range of temperatures, there was a marked decrease in the level
of activities and the insects could be picked by hand. Hand-picking of the
grasshopper during the periods of reduced activities could be a method of
controlling its population. Also, in this investigation, O. senegalensis occu-
pied mainly the bare ground and areas with low and sparse vegetation. It
may be reasonable in the control of this grasshopper to concentrate the
application of insecticides on the bare ground and areas with low and sparse
vegetation.
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