i
THE ECQLOGY AND Bl QLOGY OF OEDELEUS SENEGALENSI S
KRALSS (1877) (CRTHIPTERA : ACRDIDAE} INNGRA

BY

CHI NENYE ANENE

B.SC. (UNN), M. SC (ABY

ADI SSERTATI ONSUBM TTEDTOTHEPOST GRADUAT E SCHOOL
AHVADU BELLO UNI VERSI TY, ZARIA |IN PARTI AL FULFI LLMENT
OF THE REQUI REMENTS FOR THE AWARD OF THE DEGREE OF
DOCTOR OF PHI LOSOPHY | N ENTOMOLOGY

FACULTY OF SCI ENCE
DEPARTMENT OF BI OLOGI CAL SCI ENCES
AHMADU BELLO UNI VERSI TY
ZARI A

SEPTEMBER, 1988



ik

DEDICAT ION

To my dear wife
' NGUZI
and my children
Adaora
Jachinma
Chigozie

Kenechi



iit

DECLARATION

I hereby declare that this thesis is a record
of my own research. It has not been presented
by me or anyone else in any previous application

for a higher degree.

LWO\J’*Q

CHINENYE ANENE

90 — 2 — K9
DATE




[

This thesis entitled "The

Ecology of

the gedaleus

senergal>nsis (Crthoptera : Acrididae) Arauss in

Nigeriam by Chinenye Anene
governing the award of the

Philosophy of Ahmadu gello

ets

df‘t_jrr't‘ (3]

regulations

LDoctor of

University, and is

approved for its contribution to knowledge and

literary presentation,

Ll

Dr Charl=2s G,Vajim
Chairman, Sdperyi

PI‘Of. \r:.h. \,‘hl\!i‘ju
Internal Lxaminer

Yol -

ory Committec

Do) > [ X1

Ppr Charles G. Vajime '‘Date
Head of Department -
Profs EB«.l., Saror Date

Dean,; Postgradudate Zchool



v

ACKNOWLEDGEMENTS

I sincerely express my indebtedness to
Dr C.Ge. Vajime for his interest and supervision of
this research. I am exceedingly grateful to him for
the success of this work.

Heart-felt gratitude is expresscd to Professor
Ce.E. Ohlagu for his effort and willingness to assist.
His patience in reading the scripts and making very
useful criticism is highly appreciated.

1 feel obliged to extend thanks to Professor G.B.
Popov of the Centre for Overseas Pest research, London
for providing valuable literature,

My gretitude goes to Lr E.l.C. Iwuafor, and
Dr Simsal Ebele for proof reading the final scripts,
Mr Austin Ezealor for proof reading the scripts and
identifying most of the bird predators, and Dr Mike
Dike for identifying the insect parasites and predators.

1 acknowledge Professor E.C. Molokwu, Dr (Mrs)
Ego Molokwy Mrs Uju cbele and Mrs Esther Iwuafor for
their moral support and encouragement during the period
of this research work.

The ardous task of typing this work was admirably
exccuted by Mr Titus Ubagu of Blological Sciences and
Mr Patrick Nnamani of the College of Agriculture.
Their speed and accuracy is gratefully acknowledged,

This research was financed by the Ahmadu Bello

University Board of kesearch.



Vi
ABSTRACT

The distribution, ecology and biol ogy of the

grasshopper, Pedal eus senegal ensis Krauss, in Ngeria

were investigated. Results showed that the known

distribution of 0. senegalensis in N geria has

considerably increased, being extended and limted to
areas North of Latitude 9°N. These areas conprised
practically the Sahel, Sudan and northern one-third

of the Qui nea savanna ecol ogi cal zones. (bservations

on the nonthly fluctuations in the nunbers of the
grasshopper in three ecozones showed that the grasshopper
was nore abundant when rainfall was low, relative humdity
| ow, and tenperature high. The difference in occurrence
and distribution of the grasshopper was a reflection of
the variations in the clinmatic and vegetati on conditions
of the ecozones.

Seasonal popul ati on studies showed that the nunber
of the brown norph exceeded the green in all the ecozones
with an overall ratio of 3.4:1. The nal e grasshoppers
out-nunbered the females with a ratio of 1.23:1 which was
significantly different from11 at the 0.1%I evel .

Evi dence from two peak popul ati ons observed over

the years of this study showed that 0. senegal ensis has

two annual generations in N geria.
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Mgration of adult popul ations of 0. senegal ensis

suggested by the differences in nunbers and stages of
sexual nmaturity of the day and night popul ati ons was
confirnmed by norphonetric anal ysis.

Adult fermale 0. senegal ensis contai ned an average

of 40.51 + 2.4 ovarioles. The nean nunber of eggs per
pod of sanples fromthe field and those laid in the
| aboratory were 26.86 + 2.2 and 27,42 + 2.2 respectively.
The incubation period of the eggs ranged between
16.98 + 3.7 and 20.11 + 2.2 days.

The green and brown nal es, and green fenal es were
nor phonetrical | y honmogenous. Significant norphonetric
di fferences existed between the green and brown dinorphic
femal es. Day popul ati ons were norphonetrically different
fromthe night popul ations, indicating differences in
their spatial origin and the existence of the 0. grasshopper
in both solitaria and gregaria phases.

Three dipterous flies belonging to famly Wnestri ni dae
and Sar cophagi dae were common parasites of the nynphs and

adults of 0. senegal ensis. Nunerous invertebrate and

vertebrate predators preyed on the nynphs and the adults
of the grasshopper. Birds were probably the nost inportant
and regul ar predators of the grasshopper. (e insect

parasite and eight species of insect predators were

i nportant enemes of the eggs of 0. senegal ensis.
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CHAPTER ONE

INTRODUCTION

Cereal and other graimn crops can be successfully
produced in commercial quantities in the Sudan and
Sahel Savanna ecological zones of Nigerla. In fact
these crops form the main staple in the diets of
the peoples of these areas. However, one of the major
constraints to increased production of these crops
is inadequate rainfall. Another major constraint is
the incidence of pests especially grasshoppers which
sporadically destroy farmers crops. Farmers in these
areas have therefore regarded the incidence of grass-
hoppers and the destruction of their crops as a
natural phenomenon, over which they have no control.

In recent years, acridoid grasshopper out-breaks
have been reported in northern Nigeria and especially
in the Sahel and drier parts of the Savanna zones
(oyidi 1975, 1977, 1982, and Hergert,1975). oyidi
(1974) estimated the damage by agrasshoppers to cowpea
and millet in Katsina and Daura Emirates at N208,0u0
(Two Hundred and Eight Thousand Naira). This estimate
he explained, applied to only a very small fraction
of cowpea and millet growing areas invaded by grass-
hoppers. In Kano State, records showed that whereas
only four areas were attacked in 1973, fifteen areas
were affected in 1975 (Hergert, 1975). 1In 1976, eight

locations were affected by grasshoppers in Bauchl State,



while in Borno State, large areas of cowpea and
millet were infested and destroyed by grasshopper
(Anon, 1977).

oyidi (1977, identified four major grasshopper
outbreak areas in northern Nigeria and these cover
the entire Sahel, the Sudan zone and some parts of
the Guinea savanna zone.

Of the ninety-four species of the Acridoidea
identified in the Sahel zone lGoldinq,19Aa). Oedaleus

senegalensis (Krauss) which invaded the northern parts

of Nigeria in 1976 (Bindra, 1977), was the most important.
Its preference for graminaceous crops makes it a potentially
serious pest of cereal crops. This species also was

the most important of some twenty other species of
grasshoppers of economic importance recorded in the
Sahel ecological zone of west Africa (Anon, 1977,
Popov, 1980; Cheke, Fishpocul and Ritchie, 1980).
This investigation is therefore designed to study aspects
of its ecology and blology with a view to evolving
effective control strategies.

As Bhattia (1966, observed, the study of the

life history of pests is not only important from the
academic point of view, but is of practical values

as it leads to the effective and economic control of

the pests. For instance, it is important to know
when and where oviposition is likely to occur so that

emergence of hoppers can be reasonably anticipated



and warnings issued to adjoining areas. Secondly,
surveillance of fledalings provides information on

the migration of the young hoppers from breeding
grounds preparatory to the invasion of other areas.

In other words, blo-ecological studies are Crucial in
formulating rational pest control measures (Krebs),
1978). Atkinson (1931) suggested that for control

of pests to be effective, cultural methods based on
ecological study of the insect must be adopted. The
importance of the ecological distribution of grasshoppers
within large bio-geographical reqions has been stressed
(Uvarov, 1953; Roy, 1960). uUvarov (1951) has suggested
that better knowledge of areas where locusts are able
to exist permanently without undergoing complete phase
transformation may help in understanding and preventing
the development of outbreaks in known outbreak areas.
Farrow (1974, is of the opinion that long term solution
to the problem of locust outbreaks should be based on
field management, rather than the continued dependence
on insecticides.

It is interesting to note that although large
scale control measures have been instituted against
Qedaleus grasshopper (Anon, 19775 Plagues continued
to occur, inflicting serious widespread damages to
crops annually. It is hoped therefore that this work will
assist in providing solutions to the pProblems posed -

by 0. senegalensis, as well as encourage detailed




studies along similar lines on other serious insect
pests of crops in Nigeria.

The Objectives of this study were:

(a) To establish the limits of the distribution

of Oedaleus senegalensis in Nigeria and the

factors governing its distribution.

{b) To study the population density and its
seasional fluctuation.

(c) To study the blology of this pest.

(d) To identify the natural enemies of the

grasshopper.



CHAPTER TWO

LITERATURE REVIEW

The importance of Uedaleus senegalensis (Krauss)

has in the past been overlooked owing in part to the
attribution of the dam:ges done to crops to other
grasshopper species and its occurrence at very low
densities (Batten, 1969; Hergert, 1975). During the
last decade, however, the occurrence of large population
of this grasshopper has been frequently reported through-
out West African region, the Middle East, and the Indian
subcontinent, causing severe damage to crops (Bindra
1977; Boys, 1978; Launois, 1978; Cheke, Fishpool and
Forrest, 1980; Popov, 1980; Amatobi, 1982). Its
preference for graminaceous crops has attracted

cons iderable attention and observations. In this
investigation, available literature on this grasshopper
is reviewed under the following headings: General
distribution, Habitat, Behaviour, Biology, damage and

economic importance,

2.1 General Distribution

Qedalcus senegalensis has a wide but rather peculiar

distribution, being found "almost everywhere" in favoured
habitats with mean annual Ischyets of between 250 -
1000mm, Its distribution as shown by Batten (1969)

and modified by Popov (1976) is detailed in Figure 1.

These areas included the southern dry
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Fig.1. Distribution area of QOedaleys senegalensis ©-locality of occurrence ®-recorded gregarisation
---- mean annual Isohyet (in). (As per Batten 1969 and modified by ropov 1980).



tropical zone of the Sahara, approximately bordered by
annual isohyet lines nearing 200 - 1000mm. In West
Africa, the distribution zone is a band of territory
between latitudes 1U and 20°N running approximately
parallel to the equator, and in East Africa, it extends
downwards to Kenya and Tanzania. The distribution area
in the Arablan peninsula, Middle East and Indian
Sub-continent is wide, although in an apparently

patchy manner (Figure 1).

Batten(1969), indicates that 0. senegalensis
occurs widely throughout drier parts of west Africa.
Mallamaire (1948 ), records that it is found "Un peu
partout” (almost everywhere) from Senegal to Chad.
Although Qedaleus has not been reported in the wetter
count ries of the northern half of Africa bordering
the Gulph of Guinea, it has been found occurring in
the wetter upland areas of Tibesti and Ahaggar (Chopard,
1943), Dpespite the wide distribution of this grasshopper
throughout the Middle East, there are no records of its
occurrence in Turkey, Israel or Lebanon (Batten, 1969).

Chopard (1943) remarks that 0. _senegalensis appears not

to be found in the Sahara as there are no records
of it between latitudes 20° and 33°N . The few known
records of occurrence in the north of the Sahara are

from Tunisia, northern Algeria, Morocco and the Canary

Islands (Rungs, 1949).



0. seneqgalensis occurs in all countries of the

Arabian peninsula and in the middle gast, species of
the grasshopper have been found in Jordan, Syria and

Iraq (Weidner, 1962). In Iran, 0. Senegalensis is

described as having a general distribution (Bei-Bienko

and Richter, 1960; Frarahbakhsh, 1961; Descamps and

Donskoff, 1965) and in India 0. senegalensis is said
to be endemic. (Sardar Singh and Bhatia, 1965; Bhatia
and Ahluwalia, 1966). Froggatt (1910) and Zacher
(1925) observed the occurrence of Q. senegalensis in
australia, although in a later work (Zacher, 1949),
suggested that Q. australis is conspecific with

Q. Ssenegalensis.

The distribution of Q. senegalensis in the USSR
includes all republics of Transcaucasia, and from
the Turkmen, Uzbeck and Tadzhik republics of Soviet
Central Asia (Mishchenko, 1949).

0. senegalensis has been recorded in most countries

of Eastern Africa. Miller (1929), recorded it in
Tanzania, and Kevan and Knipper (1955), reported its
occurrence in Central and north-eastern Kenya.

The presence of Q. senegalensis in Nigeria is
not a recent phenomenon. Golding (1934) observed that
the adults were present in northern Nigeria between
23 May and 24 october, 1931. Equally, Golding (1948)
observed that 0. senegalensis occurs most frequently

on farmlands and are distributed everywhere "in the
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inland habitats” of Nigeria north of 11°N. Fopov
(1970), in his preliminary report on the northern

states of Nigeria, reported the presence of O.

seneqgalensls in parts of the North-wWest and North-

Eastern states of Nlgrria. That was confirmed by
Jago(1971), who recorded it as a crop pest in northern

Nigeria.

Broadly, much of the distribution areas of the

0. senegalensis lie either in the warm tropical rainfall

areas of West Africa, the Sudan, Tanzanla and North
west India, or the coolar tropical and Sub-tropical
rainfall areas of North Africa and the Middle East

{Batten, 1969).

2.2 Habitat

Records of the habitats.of 0. seneqalensjis inmdicate
that it tends to favour seml-arid areas, and has a
preference for ovipositing in light or sandy soils
{Batten Loc cit.).

In Mall, 0. senzsqgalensis was referred to as being

distributed throughout the 'drier habitatst* (bDavey,
Descamps and Damange, 1959), while Descamps (1965),
indicated that it was found in the comparatively dry
Sudan-5Sahel vegetation zone and none occurred inm the
slightly wetter zones to the south with Sudan -

xerophile and Sudan - mesophile vegetation. The



10

preference for dry habltats 1s also seen in northern

Cameroon where (0. senegalensis was more common in the

drier areas than in the wetter zones of the BRenue

valley (Descamps, 1953).

The distribution of Q. senegalensis was found to
follow a well defined ecological zonatlon in Trucial
oman (Batten, 1969). Adults were found most common
on the sllty parts of the Jiri plain, while on the
gravelly foot stretches of the plain and on the foot
hills, the densities were lower; and on the sand,
adults were rare or absent,

Joyce (1252, observed that 0. senegalsnsis occurs

most abundantly on light dry soil and very commonly in
short grass areas in the Sudan, and iIn cage experiments

0. Seneqalensis was observed to show a definite

preference for 'light' soils, where it lald eqgs on
the sides of the cages if no such soils were avajilable,
although some laying did occur in clay soil (Joyce Loc. cit).

Descriptions of the habitats in which Q. seneqgalensis

has been found in the more temperate latitudes are few.
wWeidner (1962) indicated that it was recorded in Iraq
on arable lands and in areas with steppe vegetation
while in Iran, Descamps and Donskoff (1965) and Bei-
Bienko and Richter (19640) recorded the grasshopper

as occurring frequently on 'Saline terrain' and on

slopes in sandy localities generally covered with
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scrub and 'low' vegetation respectively., Kobakhidze
(1963) observed that adults occurred on grassland
massifs in Georgla, and Mishchenko (1949) described
them as being frequent on dry steppe land with 40%
ephemeral vegetation cover in the USSR.

In West Africa (Anon, 1978), the habitats in
which 0. senegalensis is found is described as belng
mildly or not wooded, ephemeral steppe or grassland
which develop on sandy soils, trimmed perennial or
annual graminaceous plants. Chopard and Villiers
(1950) indicated that in Nige(, Q. senegalensis was
found along the edges of wadis on sandy ground often
covered by grass tussocks, including Cymbopogon proximus

and Panicum turgidum. Boys (1978) observed that Qedaleus

occurs freely in the natural grassland sites and
cultivated millet fields in Niger. 1In Somalia, adults
were shown to be found on almost bare sand dunes and in
very dry grass-steppe areas whereas in Kenya they were
found in vegetation cover described as desert scrub,
desert grass or thorn bush (Kevan and Knipper, 1961).
Bhatia and Ahluwalia (1966, indicate that adults were
found on generally sandy areas and light soil was
stated to be preferred for oviposition. Similarly in
the Cape Verde Island laying was observed to occur
most frequently in sandy areas of the coastal plains

(Saravia,1962).
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In Nigeria Golding (1948), states that 0. seneqal ensis

is found nost frequently on farm ands while Bindra
(1977) observed the distribution and ovi position
habitats of this grasshopper on fallow | ands, grazing
fields and cropped fields,, Amatobi (1982) observed

that £. seneqalensis prefers areas that have |less than

40% vegetation cover and are found on bare ground,
scanty or |ow vegetation and shows definite preference
for ovipositing on tops and sides of ridges.

The nost conprehensive description of the habitats

in which £. seneqalensis is found is by Popov (1980).

He states as follows: "Ecologically, the egg fields

of 0. Senegal ensis are associated with sandy soils and

open steppe vegetation with predom nance of grasses such as

the perennial Aristida pallida and the annual Cenchrus

bi florus; and sometimes a scatter of trees and/or shrubs.
The laying habitats conprise sone of the nbst conmon
comunities of the Sahel and the majority are associated

with shifting cultivation of mllet (Pennisetum anmericanum,

which is the nost comon rainfed subsistence cereal crop

of the Sahel. The laying habitats of 0. senegal ensis

range from cl ean-weeded to unweeded fields and fall ows

at all stages of regeneration. _0. seneqalensis is one

of the rare grasshopper species that readily uses
mllet fields as oviposition sites, mllet being

one of its preferred food plants”.
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Historical evidence corrobroates the general

concensus of workers that 0. seneqgalensis has a

preference for semi-arid areas, and for ovipositing in
well-drained 'light' or sandy soils. Such conditions
may often occur on land recently turned fallow, thus the
expansion of cultivated areas particularly in the drier
tropical countries where crops are likely to be mainly
graminaceous may create suitable and extensive habitats

for breeding by this species.

2.3 Behaviour

Extensive studies have been carried out on the
behaviour of Q. senegalensis. These studies are
reviewed under the following headings: Gregarisation,
Swarming and Migration, Mating and oOviposition behaviour,

Diurnal activities.

2.3.1 Gregarisation, Swarming and Migration:

Available literature indicatesthat Qedaleus nymphs
could aggregate and march in bands, and that swarming
adults could migrate over some distances. Saravia (1962)
observed loose swarms, each estimated at half a million
insects and small concentrations of hoppers in Cape
Verde Islands, In the Sudan (Joyce, 1952), noticed
concentrations of hoppers in June near Kassala and in
July in the Gash delta where small groups of marching
hoppers covered a total area of over kkmz. Kevan and

Knipper (1955), recorded a loose flight at wajir in
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Kenya. Batten (1969) observed that an upsurge of the
grasshopper occurred in Morocco in the summer of 1949,
and a thin swarmlet was recorded in southern Mauritania
in September, 1961,

In India, in 1962, the nymphs were found marching
in bands and adults flying in a swarm of about nine
square kilometers at a height of 1 to 2 metres above
the ground (Bhatia and Ahluwalia, 1962). Again in
1964, the upsurge was described as being in 'epidemic
proportions', (Sardar Singh and Bhatia, 1965). Batten
(1969) is of the opinion that although the terms band
and swarm have been used to describe nymphal and adult

groupings of 0. Seneqgalensis there is no evidence to

suggest that this species forms swarms comparable in
size to the large swarms of the major plague locusts,
but it may be assumed that the use of these terms is
an indication of gregarious behaviour. 1In Mali,

Popov (1976), indicates that gregarious adults make

up loose swarms which fly sometimes during the day but
more often during the night. This was confirmed by
Riley and Reynolas (1983) whe established that Q.

senegalensis fly together at up to 600-700Um above ground

level and are capable of covering more than 100km in
just one night.
Popov (1975) and Jago (1977) have asserted that

Q. senegalensis migrutes from the south at the beginning

of the wet season with the northward progression of the
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int~r-continental convergence zone and return with the

retreat, and in confirmation of this, Lecoq (1978),

described how @ population of Q. seneqalensis changed

during the course of a season and how numerous adults
disappeared from his study areas in Upper Volta. He
concluded that their departure was part of an adaptive
migration which is related to the movements of the
Intercontinental Convergence Zones.

The large numbers of 0. senegalensis recorded in

Nigeria in 1576 (Bindra 1977), were the immigrants from
the Maradi ang Zinder regions of Niger which were reported
moving south as part of an end=of-seasonmiqgration, induced
by a combination of very high populations of locally

bred insects, and an unusually early cessation of the

rain (Cheke, Fishpool and Forrest, 1980).

2.3.2 Mating and Oviposition Behaviour:

The behaviour of Q. senegalensis of fllickering

their legs, when sexually excited is of interest, Cheke,
Fishpool and Forrest (Loc. cit.) observed that before
mating male and female grasshoppers make displays by
thrusting and flexing their hindlegs. This action is
more prominent in males. The male then walks towards
the female, slows down as it approaches closer, and
holds its body at an angle of 30 degrees to the females
orientation. when the female flexes legs, the male

advances rapidly before jumping up and landing on the
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female's back. The female then twists her abdomen to

her right and the male remaining mounted on the female
then moves his abdomen to effect copulation. Bhatia and
Ahluwalia (1966), and Page (1977), indicate that copulation
can be maintained either with the males on top of the
females, or with the sexes pointing in opposite directions.

O. senegalensis has preference for ovipositing in

light and sandy soil (Saravia, 1962; Bhatia and

Ahluwalia, 1966; Batten, 1969; Bindra, 1977; Popov, 1980).
O. senegalensis lays preferentially on or near slopes
which may be an adaption associated with properties of
water retention characteristics of sandly slopes (Cheke,
Fishpool and Ritchie, 1980; Amatobi, 1985). The process
of oviposition has been described by Cheke, Fishpool and
Ritchie (Loc. cit.). They observed that laying which could
last at least 1 hour 45 minutes takes place even at
mid-day under strong sunshine and away from any vegetation
in areas devoid of shade. On the contrary, Popov (1980)
believes that laying mostly takes place during the night.
The ovipositing females stand with their antennae pointing
upwards at an angle of 60 degrees to the ground, the hind
legs were often raised up above the soil, the abdomen
throbbed continually and the insects slowly moved their
bodies horizontally from side to side. After the pod was
completed, the females retracted their abdomens and rested
over the site for 30 seconds or more before starting to

cover the pods with sand.
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The distribution of the Q. Seneqalensis.egg pods

(Popov,1980; Cheke, Fishpool and Ritchle (Laoc. cit.)
has been shown not to be a result of aggragation or
interactions between laying females but merely the
conseqguence of a succession of individuals, selecting

similar but suitable ovipositing sites,

2.3.3 Diurnal Behaviour:

Observations on Q. senegalensis indicate that the

activities of adults and nymphs increased with increase

in temperature. Uvarov (1277), observed that the
grasshopperS were more active in the late afterncon than
early in the day.

Overnight, adults and older nymphs of 0. senegalensis'

roost on the ground and the younger nymphs roost on
vegetation., The differences in the roosting position
could perhaps be explained on the basis of thelr
geophilus or phytophilous adaptation, {(amatobi, 1982).
The perlod spent in the roost in the morning was generally
shorter on warm days than on cool days. It has been_
indicated that the basking behaviod& is probably
associated with body temperature requlation since the
temperature of basking locusts are known to be affected
by the insects position relative to heat sources
(volkonsky, 1939)., Alternatively, it is possible that
the behaviour is a means by which the insects obtain
directional information for local movements or for use

in later disperasive flights (Uvarov, 1977).
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2.4 Biology

Very few studies have been carried out on the

biology and life cycle of Q. seneqgalensis. The insect

spends the dry season which usually runs from November
to June in egg-diapause; embryonic development
recommencing following the onset of the first rains
(Launois, 1978; Popov, 1980; Fishpool, 1982,. However,
laboratory studies on the hatching sequences of

Q. senegalensis egg pods showed that not all eqgs

respond to the first wetting (i.e. simulated rainfall)
and indeed, that eclosion of eggs from a single pod
could be staggered over a consliderable period of time
(Cheke, Fishpool and Forrest, 1980). Joyce (1952)
had observed in the Sudan that eggs laid during mid-
October hatched in June and July the following year.
Saravia (1962) stated that the entire egg stage may
last for only 8-10 days (in hot and dry summer) or
may lie in the soil for as long as 5 years,

Venkatesh, Ahluwalia and Harjai (1971), working
on the influence of rainfall on the eqg diapause of
pgedaleus pointed out that an egg diapause of 6 ‘o 13
months is usual and that rain is the main factor in
terminating the diapause,

The eggs of 0. senegalensis are known to be

subject to attack by various predators, (Cheke,
Fishpool and Ritchie, 19¢.; Popov, 1980). Thirteen

bird Species have been recorded preying on the aduits
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of 0. senegalensis (Cheke, Fishpool and Forrest, 1980).

Among the invertebrate predators of the adult grasshopper,
are Asilids and Solifugids. Bhatia and Ahluwalia (19606),
recorded similar range of predators in India,

The feeding ecology of Q. senegalensis has been

investigated and results show that it favours

graminaceous crcps especially Pennisetum millet

(Launois 1976; Boys, 1978).
Colour change in the males and females of the

two morphs (Green and Brown) of 0. senegalensis has

been studied, Abushama and El-Khider (1973), found
that the green colour was not affected by temperature
or humidity and can persist at relative humidities
ranging between (U-37% and temperatures between 30 and
48°c. They observed that grasshoppers changed from
green to brown after exposure to light for 48 hours,
but the green cclour was not restcred even after
keeping the insects in complete darkness for more than

seven days.

2.5 Recent Studies on Q. senegalensis in Nigeria

Although the presence of Q. senegalensis in

Nigeria is not a recent phenomenon (Golding,1934)

its importance was not recognized until 1976 when
migrant swarms invaded porthern parts of the country
from Niger Republiec (Bindra, 1977} causing much damage
to graminaceous crops. Preliminary investigations

on the population dynamics and aspects of the bioclogy

of this grasshopper were consequently initiated(Anon, 1977).
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Anene (1980), studied the anatomy and physiology
of the reproductive organs of the green and brown
dimorphic females occurring during the dry and wet
seasons. Amatobi (1982), in his study of the ecology
of the grasshoppers in the Gumel area of porthern
Nigeria, investigated the following aspects of the

0. senegalensis ecology: Population of Q. senegalensis
in various habitats; the population of Q. senegalensis

in relation to vegetation of the habitats; location

of oviposition sites of Q. seneqalensis; the effect

of mulching on egg-pod deposition and hatching of the

eggs of Q. senegalensis; and the diurnal activities of

this grasshopper. In his study of oviposition preference
and the influence of cultivation on egq hatching, he

observed that 0. seneqgalensis preferentially laic eggs

on ridges and ridge slopes.
A survey of the insect enemies of the egg pods of

O. senegalensis (Anene and Vajime, 1988a) and an

extensive observations on the parasites and predators

of the nymphs and adults of 0. senegalensis (Anene and

vajime, 1988b) have been carried out in northern Nigeria.

2.6 Damage and Ecgnomic Importance

Oedaleus senegalensis feeds on a wide variety

of plants including many annual herbs. In addition
to wild plants, it has been recorded as feeding on,
and showing preference for many crops of economic

importance (Batten, 1969). Q. senegalensis is

graminivorous and shows particular preference for
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Pennisetum millet (Mallamaire, 1948; Joyce, 1952;

Saravia, 1962; Bhatia and Ahluwalia, 1966 Batten, 1969;
Hergert, 1975; Popov, 1976; Bindra, 1977; Launois, 1976°
Boys’1978; Cheke, Fishpool and Forest, 1980; Amatcobi,
1982). Apart from millet, other cereals such as maize,
sorghum, rice, wheat and barely are attacked., Damages
done on cotton, groundnuts, melon , potatoes and beans
have equally been documented (Darling, 1946; Golding,
1946, 1948; Hargreaves, 1948; Farahbakhsh, 1961;

Joyce, 1952; Hergert, 1975; Launois, 1976; Bindra, 1977).
Numerous cxamples of damages inflicted on pasture have
been reported,and in most of the cases, the damages have
not been quantified (Saravia, 1962; Bhatia and Ahluwalia,
1966; Boys, 1978; Anon, 1982).

The physical damage by Q. senegalensis on crops

coénsists of total consumption of the young shoots
(seedlings ), defoliation of older plants, and attacks

on the seeds and fruits. During large scale outbreaks

and invasions, attack on cultivated agricultural crops
results in complete destruction especially by the

hopper stage of the grasshopper (Mallamaire, 1948),

It has been observed that in general, damage on graminaceous
crops especially millet and sorghum, occurs during the
seedling stage and often makes replanting necessary
(Mallamaire Loc, cit., Risbec and Mallamaire, 1949,

Saravia, 1962). Serious dumage equally occurs at the
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milky stage of cereals when the grasshoppers, especially
the females feed on the soft ripening grains (Pupov,
1976; McAleer, 1977; Bindra, 1977; Cheke, Fishpool and
Forrest, 1980). The third period of damage occurs when
the crops are fully matured with the grains eaten up by
the dispersing and migrating adults during serious plague
(Cheke, Fishpool and Forrest, E&E:.Si&;)'

The level and distribution of infestation and the

damages by Q. seneqalensis vary from year to year.

Available literature indicate that the worst attack and
the most widespread was the upsurge of 1974, which affected
all the Sudan-Sahelian countries (Anon, 1978).

There is a dearth of information on the evaluation

of the losses caused by Q. senegalensis. Mallamaire

(1948 ) states that one million hectares of Pennisetum

typhoideum were destroyed in Senegal and Niger in 1947.

In 1977, the grasshoppers were said to have caused the
qreatest damage in the Watagouna-Ansongo sector of the
Niger valley where 20-40U% loss was recorded on millet,
rice, and sorghum. Again In 1980, Niger Republic
experienced another serious plaque, resulting in the
infestation of over 400,000 hectares by the grasshoppers
(Anon, 1978,.

In Nigeria, Bindra (1977), estimated the damages

caused by 0. senegalensis to crops in northern states

of the country at three million dollars ($3,000,000).



23

Puring the general invasion of Senegal by the
grasshoppers in 1974, agricultural losses were total
in particular areas. An evaluation of 30% deficit
was made and this represented an important global
deficit in the production of millet (Anony Loc. cit.).

In Mali, the loss sustained over an area of

9,000 hectares of rice and millet among others was

estimated at three million CFA ($10,000) (Anon,1982).

2.7 The Study Area

2.7+1 Choice of site:

Nigeria has been divided into seven zones
according to the types [ vegetation (Keay, 1959;
walter, 1968). These zoncs follow the climatic
conditions closely and include the S5ahel, Sudan,
Guinea Savanna, derived S5avanna, the rain forest, the
fresh water swamp and the Mangrcve swamp (Figure 2).

From the general prel.minary reconnaisance alonrc
a North-Sou'h transect through Nigeria; it would appear
that ©. senegalensis did not occur beyond south of
latitude 9° North. Concequently it was decided that
the studies would be limitcu to the areas north of
latitude <"y and this roughly ~overs the Sahel, Sudan

and greater parts of the Guinea Savanna zones.

2.7.2 General Dgscripti oL _the study areas:

2.7.3 Biogeography:

The study areas consist of the three vegetatiornsl

zones of the northern parts of Nigeria which is buunded
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approximately by latitudes 9° and 14° North and
longitudes 4° and 14° gast and roughly fall within
300-1,500mm rainfall isohyet (Figure 3). Biogeogra-
phyically, the study areas fall between two major
regions or domains, the Saharan in the north and the
tropical in the south. The southern boundary of the
areas lie some 250-300km from the Atlantic coast and
is demarcated roughly by the lowlands of the Niger-
Benue valley,

North of the Niger and Benue rivers, the country
rises irregularly to rolling or gently undulating
plains often referred to as the hig' plains of Hausa-
lands. The flat landscape is occasionally interrupted
by groups of granite iselbergs. In the North east,
the plain descends into the inland drainage basin of
Lake Chad; the great plains slope down very gradually
from Katsina, Kano and Bauchi to Lake Chad. 1In the
North west, the plain descends into the Niger valley

(Clayton, 1957).

2.7.4 Weather:

The weather and rainfall reqimes of the study
areas are the result of the general circulation of
two air masses: the continental dry air mass in the
north which has a long history of desert track before
reaching the study areas as a North-easterly wind,

air
and the maritime mnistz@n the South which also was

a long tracking over the South Atlantic ocean and

reaches the study area as the South westerly wind

(Ilesanmi, 1970).
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The two meet along a zone of convergence known
as the Inter-Tropical Convergence Zone (ITCZ). 1In
winter the pressure is high over the Sahara, the
dominant wind being the harmattan blowing from the
North and East, and the ITCZ retreats southwards.

In summer, the surface of the desert is heated, the
pressure drops and the ITCZ advances northwards. The
ITCZ oscillates slowly and irregularly during the years.
The annual motion over Nigeria is northwards between
February and August, and southwards from September to
January (Kowal and Knabe, 1969).

The study areas are considered under the three
major climatic indices of rainfall, temperature and

relative humidity; vegetation and land use.

2+.7.5 The Sahel Zone

The climate of the Sahel zone is of the arid
type (Keay, 1959) characterised by a short rainy
season lasting 3-4 months followed by a dry season
lasting 7-8 months. Practically all the rains fall
during late July-August and September, with a mean
annual precipitation ranging between 226 and 230mm

(Keay lLoc. cit.). Meigs (1953) defines this zone as

one in which the rainfall is not adequate for the
production of crops.

In Appendix 1, the avecrage weather cgnditions
for representative stations within the Sahel zone is

shown. The annual temperature regime is characteristic
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of the arid zone and there are seasonal aud diurnal
fluctuvations. The maximum temperatures vary between
40 and 45°C and the minimum from 11 to 18°¢, the coldest
months of the year generally being December and January.
The h'midity i5 generally very low throughout the
area except during and for a short time after periods
of rainy weather., The average relative humidities
recorded during the drier months were in the order of
8-12% and during the humid wmonths 32-67%. The typical
vegetation of this zeone is open thorn-tree Savanna with
Acacia and Commphora spp dorminant (Kowal and Knabe,
1969). There is little cultivation of millet and
groundnuts. Several irrigation schemes have been

introduced for production of maize, wheat and rice.

2.7.6 The Sudan Zaone:

| Appendix 2 provides the weather data for éhis.
zone. The mean annual rainfall ranges between 200-
1,125mm occurring from May to September with the
remaining months receiving less than 25wm in a manth,
The maximum temperature exceeds 40°C from March to
May and the minimum temperature ranges between 12-
149C from pecember to January. The mean relative
humidity is low (13 - 18%) from November to April and
is high (34 -~ 76%) for the rest of the year. Large
areas in this zone are almost continuously cultivated
and 1little trace remains of the natural vegetation

(Kewal and Knabe, 1969)., The vegetation is generally
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characteristised by the presence of Guiera senegalensis,

Combretum glutinosum, Piliostigma reticulata and Hyvhaene

thebeica (Keay, 1949). on fine textured soils towards
the eastern part (Malduguri) open woodland comprising

Acacia arabica, A. seyel, and Combretum aculeatum occur.

The most common grasses are Pennisetum pedicellatum,

Andropodgon gayanus and Cymbopogon giaganteus.

The main crops are groundnuts, millet, maize and
cowpea., Wheat is grown with irrigation in the dry
season. This zone provides the most favourable conditions

for the production of grains and livestock.

2.7.7 Northern Guinea Zone:

This zone is characterised by mean annual rainfall
range of 1,000 - 1,125mm with 4-6 months of dry season.
Minimum temperatures range between 13-15°¢ during the
period of November to February while the maximum
temperature reaches 37°C in March. The relative humidity
is low (12 to 23%) from November to March and increases
gradually to its maximum (77-82%) during May and August
(Appendix 3).

The vegetation in this zone is more luxuriant than
in the Sudan zone. It is characterised by the prevalence

of trees such as Isoberlinia doka, Monotes kerstingii,

Uapaca togoensis (Anongy 1971). The herbgceous layer

is covered mainly by Andropogon and Hyparrhenia grass
species (Keay, 1959; Kowal and Knabe, 1969). The main

crops of this zone are maize, sorghum, millet, groundnuts,
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cowpeas, and cotton. Small amounts of yam, rice and

sugar are also grown.

2.7.8 The Southern Guinea Zone:

The climatologlical data for this zone is presented
in Appendix 4, The mean annual rainfall ranges from
1,200 to 1,35Umm with 3-4 months of dry season. The
minimum temperature from November to January ranges from
14°¢ to 19°C, while the maximum from November to April
ranges from 34°c to 38°%c. The relative humidity from
November to March ranges between 31-55% while the rest
of the year has monthly mean ranging from 55 to 86%.

This zone has a complex type of vegetation due
to the effect of extensive seasonal burning and
cultivation (Keay, 1959). Numerous vegetation communities
were recognized including closed woodland, and shrub
woodland (Clayton, 1957). The vegetation consists of
thick-barked trees up to 40-50 feet high e.g. Daniellia
nliveri, with tall grasses (5-10 feet high) growing in

tussocks,e.g. Andropogon tectorum. The major crops in

this area are yams, gquinea corn, cassava, cotton,

tobacco, locust beans and gsoya beans (Cyenuga, 1967).

2.7.9 Spil Types:

The distribution of soll types in northern Nigeria
has been described by KlinkKenberg and Higgins (1968).
More than half of northern Nigeria is covered by Ferru-
ginous tropical seoils considered to be the zonal soils

developed under the prevailing climati~- conditions with
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appreciable but seasonal rainfall (Kowal and Knabe, 1969).
They are highly weathered soils and markedly laterised

by the loss of sillca, The soil aggregates are usually
very small or very unstable, particularly in wet
conditions.

The total content of available plant nutrients in
these soils is very small because of leaching, run-off,
and soil ercsion.

In the southern part, where leaching is more
intense, most solls are classed as ferralitic. Ironstone
gravel In the profile is more common and the influence
of parent material and slope on the soil profile is
much more pronounced (Kowal and Knabe Loc. Eiﬁ"'

North of the ferruginous tropical soils, in a much drier
zone, the brown and reddish brown soil group occurs.
These soils have little profile morphology and texturally

can be described as sands and sandy loams, (KlinKenberg

and Higgins, 1968).
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CHAPTER THREE

" MATERIALS AND METHODS

3.1 The Distribution of 0. senegalensis, the weather

conditions and vegetative cagmposition of the

distribution areas

Observations were commenced at the end of May 1983
and continued till Cecember 1985, Extensive field studies
involving regqular seasonal surveys to record the grass-
hopper presence wereundertaken.

fn view of the vastness of the study area and the
difficulties entalled in long range travels, a number
of stations wure selected to represent the ranqge of
ecologlcal conditions existing across the study area. .
The selected staticns included Kukawa (Lat. 12% 20'N)
and Damask (Lat. 13° 17'N) in the Sahel zone, Maiduguri
(Lat. 11°51'N), Sokoto (Lat. 13°1'N), Bauchi, Kano
{Lat. 1203'NJ and Yola in the Sudan zone, Kotangora
(Lat, 10°22'N), Samaru (Lat.11911'N) Minna (Lat. 9°37'n)
and Mokwa (Lat, 9°18'N) in the Guinea Savanna zone and
Jos in the Plateau, Because of the size of the area
involved, the timing of the survey and the routes
followed had to be determined in such a way as to
maximise the probability of obtalning the best return
of the grasshopper information. The road survey network
covered the area reasonably comprehensively, and the
routes did not seem to have unduely favoured any

particular vegetational zone (Fig. 4).
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3.1.1 Methods of survey and sampling:

Two methods of survey and sampling were used to
establish the grasshopper presence and density:

(a) use of light traps, and (b} the use of sweep nets,

3.1.2 Light traps:
At each station a multidirectional round metal

light trap (3m in diameter)} was used to establish the

presence and density of Q. senegalensis, and a uni-

directional light trap was used to investigate the
direction of migration of the grasshoppers. Prior to
migrational investigations, day samples were taken from
the light trap sites and later the catches compared
with the light trap catches. Through this method,
migrational movements and displacement were studied.
where electricity was available, a 150 watt white-light
electric lamp was used as the source of light, and

in other areas a gas lamp was used. The light traps
were run for 2-2 hours after dusk ea h day during the
sampling periods. Every morning, all the trapped
fgedaleus grasshoppers were recorded and preserved for

further studies,

3.1.3 Sweep-net Method:

At each station, habitats in which Q. seneqalensis

are known to occur were selected for sampling. These
"habltats included fallow lands, roadsides, grazing
fields, land with scanty vegetation,sorghum and millet

fields (Bindrea, 1977; Amatebi, 1982). Catches were
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made for 2-3 hours using a hand sweep net, and all the

Q. senegalensis within the sample were sorted out and

recorded,
Records of the nymphs encountered at each location

were also kept, This would give an idea of local breeding.

3.1.4 Weather Records:

At the stations where meteorological services were
not available, rain guages and thermome ters were
provided to record the various climatic indices which

included rainfall, temperature and relative humidity.

3.1.5 Vegetatign:

The vegetation cover and composition of selected
habitats at each station was studied, The classification
into vegetative types was based mainly on the criterion
of species dopminance and abundance.

Three plofs each measuring 50 x 25m were marked
out at random in the selected habitats. The grass and
herb components were sampled with a one-meter square
wire quadrat which was thrown at random. 0On each of
the three plots, three samples were taken each season.
The plant species were identified and counted. The
percentage vegetation cover and percentage bare ground
were estimated by comparing the bare ground and the
vegetation cover in each quadrat. The estimation of
the percentage cover and percentage bare ground was

based on the principle that both are equal to 100%

(Southwood, 1966; Amatobi, 1982).
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The study of the vegetation and bare ground were
undertaken because they were considered important in
roosting, feeding and oviposition of grasshoppers

(Uvarov, 1957).

Je«2 Seasonal Population Density and Fluctuationg

The grasshopper seasonal population densities and
the changes within them were investigated qualitatively
and quantitatively from May 1984 to December 1986, in
the three ecological zones by means of sampling and
counting. The samples of adults were recorded according

to (a) colour types since O. senegalensis occurs in both

green and brown forms, (b) sex, (male and females), and
(c) the stage of sexual maturity. The reproductive
maturity of the females were assessed according to the
condition of the ovaries (Albrecht, 1956). The samples

were then reserved for morphometric analysis.

3.2.1 Methods for sampling adult:

Three methods used in the quantitative estimation
of adult populations were: (a) flushing method,
(b, the method of sweep net catches, and (c) light

trap catches.

3e242 Flushing method:

In each of the habitats in which Q._senegalenslis
is known to occur, plots measuring 50 x 25m were marked
out., In each of the plots an area of 50 x 1m was marked

out and demarcated by means of ribbons. The ribbons
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were set out in the morning of the day preceding the
flushing day so as to allow thorough spread of grass-
hopper population . Amatobi (19582, found this method
very effective, The marked area was then approached
cautiously and walked through and the number of

Q. seneqalensis adults that flew out of it were

recorded, Three habitats were usually sampled each
time on weekly basis and the average record of the

number of grasshoppersflushed was calculated.

3.2.3 3Sweep net method:

A standard net was used and in each of the habitats,
catches were made for 2-3 hours along a predetermined
transect (after Joyce, 1952). Sampling was done weekly.
At each light trap site, sweep net catches were made so
that the relationshlips between population levels observed
during the day, and light trap catches could be compared.

For the flushing and sweep net methods, sampling
began at 10 a.m, (0900 GMT) when the grasshoppers were

active, usually at an ambient temperature above 27%¢,

3.2.4 Light trap Catches:

At ecach station, adult insects were collected
using a multi-directional light trap run for 2-3 hours
after dusk on weekly basis. Light trap catches enabled
studies on the night population to be carried out and
at same time the comparison with day populatior .

Furthermore, catches recorded on dark and moon-light
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nights in varicus sites were compared and would give

indication of migrational activities,

3.2.5 Methgds of Sampling Nymphs:

Hopper populetiornad were estimated by counting the
numbers in one-metré - metal square quadrats. The
quadrats were laid down early in the mornings in a
random manner at the selected habitats each sampling
day. This enables thorough and undisturbed spread of
the hoppers before sampling. Counting of the hoppers
within the quadrats was done at 0900 hours using
binoculafs; Sampling was dore on weekly basis and Qeekly

mean numbers were calculated »er sguare meter,

3.3 sStudjies on the Biology of 0. senegalensis

3.3.1 Field Observations:

AS & preamble to the investigation on the life

history of O. senegalensis, field observations were

carried out on the timing of some relevant aspects of
the grasshoppeés biclegy in 1983 and 1984. Observations
were commenced scon afteyry the first rains of each year
to monitor the occurrence of the various stages of the
grasshopper and to record the timing of the major

events of the life cycle, viz: when theeggs hatched,
nymphal activities, commencement of mating and egg
laying, the periods of the occurrence of the nymphs

and the adults in the fleld. These observatians were
made at Maiduquri,; Kano and Samaru representing the

Sudan and the Guinea Savanna ecological zones.,
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3.3.2 Investigations of Aspects of the Life Cycle:

Experiments were carried out between July and
October, 1984 to 1986 in Maiduguri, Samaru and Kano
to investigate the fpollowing aspects of the life cycle:
- the number of eqg pods per female

- the number of eggs per pod

- the incubation period

- the number and duration of the nymphal instars
- the effect of food plants on egqg production

- the effect of food plants on the rate of

development of the nymphs.

- adult longevity

- fecundity and fertility

3.3.3 TIhe pumber of egq pods per female, the number
of r d and the effect f ood an n
eqq production of Q. senegalensis.

Groups of Iinsects comprising five freshly fledged
adult females and fiye Mmales were kept in field cages
measuring ?>m x ”m x ’m each. Five of such cages were
set up. Pott d millet plants at various growing stages
served as the insect food in the first cage while

Digitaria, Corghum asnd Cenchrus biflorus served as food

in cage 2, 3, and 4 respectively. The insects in cage 5
were fed on a combination of all the food items mentioned
above. These plant materisls are the known preferred

food by Q. senegalensis (Boys, 1978; Popov, 1980;

Amatobi, 1982). Cages 1 to 4 were used to investigate

the effect of food plants on egqg production, while
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cage 5 was used to ascertain the number of egg pods
per female and the number of eggs per pod, and aduit
longevity. All the cages were sited in arrcas with
partial shade. The cages had false floors with two
apertures into which were inserted two plastic
containers 10cm high, 9cm in diameter and about 500cc
capacity, containing sand moistened with 15% water by
volume (after Popov, 1980).

Isolated grasshoppers were kept in breeding cages
30cm x 30cm and 45cm high, one male and one female in
each cage (Appendix €)., A false floor was provided and

appropriately holed for the insertion of aluminium tubes 10cm high

and 4cm in diameter for egg laying. Five of these
cages were set up and the food plants provided were as
described for crowded rearing above.

wWwhen egq laying commenced, the soil tubes were
changed on daily basis and the number of egg pods in
them recorded,

For the egq pods collected from cage 5, some of
them were opened and the number of eggs counted per pod,
while the rest were reserved for further investigation.

Cage 5 in both the crowded and isolated rearing
was maintained as lonqg as the insects were alive and
longevity data were collected from them.

These investigations were replicated and were
carried out in Kano and Maiduguri between July and

September, 1984 and 1985 respectively.
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3.3,4 The Incubation periocd, the duraticn of nymphal

instars, and _the ecffect of food plants on the

—

rate_of develgpment of the nymphs,

3.3.,5 Incubation Period in the field:

gn 25th . July, 1986 in Samaru, field cages 1m x 1nm
x 1m were built over three spots where femaleg ©f the Q,

senedalensis were observed ovipositing. Two to three

egqg pods laid on the same day were covered by each cage,
There were three of such caged spots, Daily observations
were made and the dates of the first hatching of the

eqgs were recorded.

3.3.6 Incubation Period in the laboratory:

The egg pods used in laboratory experiments were
laid in field cages in 4 aluminium tubes 10cm high and
4cm diameter at Samaru on Auqust 4, 1986. They were
placed in the incubator at 32°C. About three to 4 day;
before the eqgs were due to hatch, each tube was placed
separately in a glass jar closed with a perforated
metal lid., The jars were laft in the incubator for
2 to 3 hours after hatching occurred to allow time for

the hoppers to harden before they were weighed in bulk.

3.3.7 Duration of nymphal instars and the effect of

food an the rate of development:

Soon after weighing, the hoppers were placed in
rearing cages in groups of five. The rearing conditions

and methods of Hunter-Jones (1966) were followed, Food
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consisted of.millet, Qenchrug, Digitaria and ggggnum N
plants which were put in a jar with water. The hoppefs
in each cage.wefe fed on one particular food plant.
Daily, fresh food was supplied. In this way it was
ensured that the insects had plenty of fresh food

available at all times,

3.3.8 Number.of Instarss

It was easy to determine the number of nymphal
instars by counting the number of exuviae on the floor
of the cages. A small corked glass tube was kept inside
the cage with all the exuviae in it. The length of
each instar was recorded, -

Fledgings were weighed 5 to 6 houfs after they

became adults and before they had an opportunity to feed.

3.3.9 Morphometrics:

Adult insects comprising day population caught
by the sw ep net method and the night population
represented by light trap catches were used in this
investigation. Measurements of the morphometric
characters E (elytron length), F (hind femur length)
and C (head capsule width ) provided independent
information on the phase status of the population .
The measurements were carried out using vernier cellipers

as described Ly Dirsh {1853},
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3.3.10 Fecundity and Fertility:

Samples of mature females from day and night
populations were dissected., The number of ovarioles
in each ovary was counted, as well as the number of
mature egQgs.

The mean number of ovarioles per insect was
related to the number of eggs found in the egg pods
laid in the laboratory and thoselcollected from the

fields,

3.4 Parasites and Predators of 0. senegalensis

The survey, sampling and olservations on the
parasites and the predators of the eggs, nymphs and

adults of Q. seneqalensis was conducted during May to

December of 1984 - 1986. The survey and sampling was
sited along several main axes: Zaria~Funtua-Gusau-Zuru-
Sokoto, Birnin Kebbi~Illela-Zinder, Zaria-Kano, Jibiya-
Katsina Maradl; Kano-Azare, Bauchi-Gembe-Jos~Yola;
Sombe-Potiskum-Bama-Maliduguri-Ngala, Damasak-Ngurue-
Hade ja-Gumel; Zaria-Funtua-Birnin Gwari-Kotangora-
Mokwa-Minna-Abuja. All these areas fall within the
Sahel, Sudan and verthern quinea vegetation zones and
lie north of latitude 9°N (Fiqure 4).

Although this study.was carried out at the same
time as the other aspects of the ecology of the Q.

senegalensis, the timing of the survey and the routes
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followed were determined in such a way as to reflect
the varied ecological conditions of the large biogeo-
graphical area involved in the study. A wide spectrum
of habitats in which the nymphs and adults of Q.

senegalensis were known to occur were surveyed and

sampled. These included millet fields, road sides,
fallow lands with low vegetation, grazing fields, grounds
with less than 40% vegetation cover, egg laying and

hatching sites (Popov, 1980; Amatobi, 1982).

3.4.1 Invertebrate Parasites and Predators of the

Nymphs and adults:

Adult grasshoppers caught by the light trap and
sweep net methods and the nymphs of various instars
were examined externally, and later dissected for
internal examination. Records were kept of infesting
parasites. Grasshoppers found to be infested were brought
to the laboratory to enable the infesting parasites
complete their life cycles for easy identification.

Other arthropods especially the large ones found
within the vicinity of the grasshoppers were watched

if they attacked or fed on the grasshoppers.

3.4.2 Vvertebrate enemies of C. senegalensis:

Observations on the vertebrate enemies of the
nymphs and adults were made between 0900 - 1400 hours
when the grasshoppers were active and when most
predators came out to feed., Night sampling was between

1800 - 2200 hours.
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The vertebrates were watched to see if they fed
on the nymphs or the adults of the grasshopper.

Supplementary information was sought from local
fafmers and nomads on the occurrence of vertebrates
which they suspected preyed on grasshopperS. Several
of such vertebrates were caught (by the ald of local
hunters) and were dissected to confirm the presence of
gedaleus grasshopper in their guts, |

The vertebrates which were observed.feeding on

Q. senegalensis were noted and on several occaslons,

those that could not be identified immediately were
caught or shot and brought back to Ahmadu Bello

University (A.B.U.) Zaria for identification.

3.4.3 Parasites and.Preggtors of the Eqqgs:

The choice of sampling sites was based on its

ecological value in oviposition of Q. Senegalensis.

A typical laying habitat was a sandy terrain, flat,
or undulating with open, predominantly graminaceous
steppre vegetation (Popov, 1980; Cheke, Fishpool and
Ritchieé,. 1980; Amatobi, 1982,. Such habitats cover
vast parts of the Sahel, the Sudan and nerthern 1/3
of the (Guineda savanna zones.

The oviposition sites weré located and marked oput
during the laying periods., This was made possible by
the presence of laying females. These sites were located
at Katsina, Maidugquri, Kano, Damask, Zaria, Sokoto and

Kotangora.
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The ground at the oviposition sites were scraped
8-10cm deep using a folding spade, The soil was
3;rt“d through a coarse slieve and the egg pods
sorted ou!. The egg pods were then examined, some
in situ, others preserved in the original soil for
further examination and experimental rearing at A.B.U.
Zaria. Parameters used were the total number of eggs
pods, the number of eggs per pod, the number of intact
pods and also those attacked by various predators, the
biotic factors and their identity.

The predators were frequently inside the egg
pods usually as larvae and were preserved. An attempt
was made to rear them to the adult stage in the laboratory
for complete identification.

The insect parasites and predators were identified
at the insect museum of the Ahmadu Bello University
Crop Protection Department while the vertebrate
predators were identified at the Department of
Biological Sciences of Ahmadu Bello University by a

wildlife expert.
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CHAETER FOUR S ;

RES ULTS

4.1 General Geoqraphical Distribution of

0. senegalensis in Nigeria
The area in which the occurrence of Q.

senegalensis was recorded during this study is

wide and comprised practically the whole Sahel,
Sudan and the northern Guinea savanna zones,

in the Plateau and southern Guinea zones, the
grasshopper appeared to occur only at thelr borders
with the Sudan and the northern Guinea zone
respectively. Table 1 represents the geographical
occurrence of the grasshopper as recorded by light
trap and sweep net catches, Hopper records are
included in this table and indicate that the
localities given are therefore those where normally,
or at certain seasons of the year, depending on
wheather, the habitats are occupied permanently

or only seasonally, populations of Q. senegalensis

may be found,
The distributional data (Table 2} and Figure
S show the limits of geographical distributlon of

0. senegalensls in Nigeria. — ,

]
L3
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Table 1: Geographical Occurrence of Qs sSenegalensjs in
Nigeria as indicated by Lighc trap ana sweep

net catches,

Locality Years of Collection Abundance Stage
Damasak 1983, 1985 XXX AH
Kukawa 1983, 1985 XXX AH
Ngala 1983, 1984, 1985 XXX AH
Maiduguri 1983, 1984, 1985 XX X AH
Marte 1983, 1984 XK X AH
Nguru 1984, 1986 XXX AH
Damaturu 1983, 1984, 19385 XX X AH
Potiskum 1983, 1984, 1985 XXX AH
Kari 1584, 1986 XXX AH
Sokoto 1983, 1984, 1985 X X X AH
Yelwa 1984, 1985 XXX AH
Zuru 1985 XXX AH
Gusau 1985, 1986 XXX AH
Katsina 1983, 1984, 1985, 1986 XX X AH
Funtua 1983, 1984,1985 XXX AH
Samaru 1983, 1984, 1985, 1986 XXX AH
Kaduna 1984, 1985 XX AH
Kotangora 1983, 1984, 1986 X X AH
Mokwa 1983, 1984, 1985 o o
Minna 1983, 1984, 1985 X A
Abuja 1983, 1986 o o
Kachia 1984, 1987 ] o

Kano 1983, 1984, 1985, 1986 XXX AH
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Table 1 (cont'd).

Locality Yedrs of collection Abundance stage
Gumel 1984, 1985 XXX AH
wudil 154, 1985 XX X AH
Hadejia 1985, 1986 XXX AH
Dambata 1984, 1987 XXX AH
Azare 1986, 1987 KA X Ard
Darazo 1985, 1986 XXX AH
Bauchi 1983, 1985, 1986 X X X AH
Gombe 1985, 1986 XXX AH
Biliri 1983, 1985 X X AH
Mubi 1983, 1984 xX A
Biu 1983, 1984 X A
Jalingo 1983, 1984 x A
Yola 1983, 1984, 1985 x A
Nimbia 1983, 1984, 1985 x K
Jos 1983, 1984, 1985, 1987 x A
Legend

XXX High populations recorded

XK Low populations recorded

x Few individuals especially adults

o No catches

A Adults

H Hoppers
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Table 2: Geographical distribution of Qedaleus seneqalensis
in Nigeria,

Locality April May June July Aug. Sept. Oct. Nov. Dec. Total
Damasak ** 0 0 3 12 27 156 457 17T 0 689
Kukawa** 0 0 3 20 29 211 373 24 0 660
Ngala* v U 2 27 24 131 188 11 0 383
Maidugurie+» 0 v 13 44 62 207 499 52 6 883
Marte* G 0 0 21 A7 89 147 16 0 320
Nguru* o 0 2 13 40 93 119 21 G 288
Damaturu* 0 o ) 7 37 124 203 13 U 384
Potiskume® G ¢ 6 24 43 147 201 1 o 438
Karie v G 13 35 54 164 121 13 4 404
Sokoto** u v 19 41 103 489 337 49 14 1052
Yelwa* 0 c 12 36 54 158 103 82 4 449
Zuru* 0 0 8 13 61 84 67 13 0 246
Gusau* o c 11 51 73 139 107 18 O 399
Katsina** U 0 18 43 117 513 347 23 0 1061
Funtua® 0 4 14 42 87 127 112 27 3 416
Samaru** o 10 33 98 131 3" 185 13 7 854
Kaduna* U U v 15 21 88 14 0 0 138
Kotangoras®® o O ¢ 16 27 143 23 1 0 213
Mokwa** 0] U V] o ¥ o U v O 0
Minaa** v v o G U 13 25 2 G 40
Abuja* U 0 0 U 0 0 0 7 0 ;|
Kachias+* o U 0 V) U U 0 0 0 U
Kano o u 12 42 93 187 433 67 9 843
Gumel-* o O 6 37 47 78 101 37 o 306
Wudils 0 o 8 29 32 83 127 16 0 295



Table 2 (contd;:

Locality
Hadejia*
Dambata*
Azare*
Darazo®*
Bauchis-*
Gombe*
Biliri-
Mubi-®
Biue
Jalingo**
Yolar*
Nimbias**

Jos. .

April May June July Aug Sept

0

o © © © © b © ¢© o

0

0

=

© O O © ©

**Light trap catches

4

v

o © ©o o ©

21
18
17
11
31
16

6

14

c © ©O

37
31
43
28
57
31

34

*Sweepnet catches

69
47
73
59
113
47
76
49

13

oct Nov
93 34
67 28
36 3
43 0
36 13
17 S
11 17
43 o
16 C
15 27
24 3
18 2
23 3

52

Dec

© © © o©

O & O o O & o O

Total
258
191
175
141
268
116
144
133

38
49
41
20
29
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The catch data for Q. senegalensis at different

sites in the Sahel, Sudan, Guinea gavanna and the
Plateau highlands are presented in Table 3 and Figure
6. The results clearly establish the occurrence of

Q. Senegalensis in high densities in the Sahel,Sudan

and Guinea savanna ecozones and the relatively low numbers
of the grasshopper in the Plateau and southern Guinea
savanna zones and the ureas south of latitude 1U°

North.

4.1.2 Weather Records during the Study Period:

The weather records for five years 1983 - 1987
for the representative stations of three ecozones are
given in Tables 4-8, These Tables show that the
climates of these areas differ greatliy with a prolonged
dry season in the Sahel and Sudan zones and a relatively
long rainy season in the Guinea savanna., The rainy
and dry seasons therefore constitute the main
differences between different times of the year.

In the Sahel and Sudan zones the rains begin in
May with a few showers. The shawers increase in
intensity until Auqust which is normally the wettest
month with average fiquresof more than 85mm and 146mm
respectively (Tables 4 and 5)¢ From August onwards,
there is a steady declire until october when the rains
normally ccase with annual mean precipitations of

228.2mm for the Sahel zone and 467.5mm for the Sudan
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ecological zones in 1983 - 1985,

Ecological zones

Sahel zone

Damasak

Kukawa

Sudan zone
Maiduqguri
Sokoto
Kano

Bauchi

Northern Guinea zone
Samaru

Kotangora

Southern Guinea zone

Mokwa

Minama

Plateau Highlands

Jos

Nimbia

Total

Numbers in brackets

Total

689

660

883
1052
843

268

10

20

5553

Number of Grasshoppers

Lighttrap

423
387
(40%)

641
732
511
143

(506.8)

637
124

(308.5)

40

(20)

27
2u
(23.5)

3685
66.4%

represent means.

The number of 0. senegalensis caught in the

Sweepnet

266
273
(268)

242
320
332
125

(254.8)

217
89
(153)

(0)

(1)
1868
33.6%
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Table 4: SUMMARY CF FIVE ¥EAR (1923-1387)CLIMATOLOSICAL DaTs ME~LZ FOR T+HE REPRE_ENTATIVE SITES
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zone (Table 9). The dry season lasts from oOct

May the following year.

Tables 6, 7 and B show that the rains st4

early as February with frequent showers in rnont

Guinea, “outhern Guinea and Pléteau zones. By

the mean precipitations have reached 9.4, 22.1
31.9mm respectively and maximum precipitations
registered in Auqust.

Although there are showp

the months of November to February the monthly

not exceed 4mm. The meéan annual precipitation

the order of 989.5mm for the northern quinea,

for the osuthern “uinea and 1503.259mm for the

zone (Table 9).

The dry period in these zones lasts from N
to mMmarche.
The temperature regimes of the respective

vary greatly at difterent seasons. The lowest

nf the year occur from November to February. A

harmattan ceases, the temperature rises steadil

May when most of the ecozones experience very h

temperatures. The «dvent of the rains causes a

temperature until Qctoker, when a second rise b

lasts until the harmattansgets in again (Tables

The relctive humidity is related to rainfe

study zones, the relative humidity falls sharply

ober till

rt as

hern
March

and

are

rs during

means do
are in
296, 5mm

lateau

ovember

ecozones
temperatures
fter the
y until
igh

fall in
rgins and
n - 8).
lls 1o ‘Ehe

y at the

end of rains with the onset of the dry season and

harmattan in November. The minimum is reached
February, March or April,

with the rains.

and then increases gri

The relative humidity at variou

in

}dually

s ecological
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Tarle 8: JSurrary of T“ive Year (<923 - *987) Climatolocical Tata lleans for thie Plateau Highlands (Jos, Mlango)

FY

Site * Jane ' Tere.e ' Eare ' Apr. ' FKay ' June ‘YJuly "Aug, ' Sept. 'Oct. ‘'liove ' Dece ‘'Ahnual' Mean
7983 - ~987

Rainfz211 (mo)

Jos el L 47 99.9 148« 27441 334.8 329,2 222,.8 9045 2a5 Ca0 1448,.8 220.7

I'iango 0.0 a7 2247 558 220.,8 287, 328,17 342.7 239.3 747 0.0 0.0 155747 129.8
Relative Humiditv (%)

Jos 39.7 35.4 54.8 7042 81e8 ubow, 98.2 97.5 93.6 760 55a7 4549 70.2

H;M.WRO umwlN ut.q 40.4 559 Ju.@ mw.m mliﬁ .ww.m QQ!U mmﬁw M@.m uhim MQ.J

Maxirum Tempe -0
Jes 28.56 20.8 31.0 32,5 28,8 2645 24,1 25.9 28,7 30«5 2644 275 28.4
Miango 28,2 29.9 305 3063 2743 2543 23.4 2247 24.2 2545 26a7 2646 2667
Minirmum Tenp. °%
Jos 11.3 4.3 15.8 164 13a7 13.8 13. 13, 12.9 1345 72 Be5 12.8

Fiango “Deo ‘2ed 1444 159 ‘el 23 - s S “2 .7 2,2 40,2 G, 0 “2,.8
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zones for the years 1983 - 1987 is recorded in Tables

& -8,

4.1.3 Grasshopper Populations in Relation to Climate:
Figure 7 shows the monthly fluctuation|in the

populations of the adults of Q. senegalensis |

to rainfall, temperature and relative humidity
grasshopper appeared to be more abundant when
maximum temperature was high, the relative hu*
low and precipitation low. These were the pre
conditions towards the end of rains in Septemhf
octnber. Low populations of the grasshopper «

recorded when the temperature was low, high re

humidity and high precipitations.

4.1.4 Vveqgetational Changes during the Study

n relation
« The
the
idity
vailing

er and

lere

lative

eriod:

Although Keay (1953, 1959) mapped and des

vegetation of Nigeria over the years human ac

such as cultivation, bush burning, grazing and
felling for fuel and other uses, have greatly
the vegetation. The results of the seasonal s
survey of the three ecological zones under stu
given below. A list of all the plant species

is presented in Appendix 3,

4.1.4.1 Southern Guinea Zone:

Since very few migrant adult gedaleus gra
were found in the gputhern Guinea and Plateau
no habitats were studied in any detail with re
in

vegetation cover and composition. However,

cribed the
tivities
tree
modified
ampling

L

jy are

Tncountered

sshoppers
zones,
spect to

order to
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Figure 7 Monthly populations of O. Senegalensis in relation to the various climatic indices
(means of the representative stations of different zones 1983 - 1584).
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present a complete plcture, a brief descriptipn is
given of 4 habitat where 'he grasshoppers were
recorded in September to October 1984, A two-year

fallow land about five hectares which served a
field for cattle.was studied.
The vegetation types and their distribut

reflected the degree of human interference.

s grazing

fon

It

consisted of short trees and shrubs with herb?ceous species

and Gramineae underlayers representing fallow
in different stages of successional developmer
The dominant tree and shrub species were

oliveri, Annond senegalensis, Combretum hypop|

regrowth

ht.

Daniellia

linum,

C. ghasalense, Detarium macrocarpum, Terminal]

a macropectra,

Bridelia ferruginea, Entada africana, Stercull

a setigera,

Gardenia erubescens, Piliostigma thonningii, C

rossopteryx

febrifuga, Burkea africana, and Parinari

curatellifolia.

8

0of the herbaceous species, the most

found dare Urena lobata, Crotolaria confusa, T«

commonly

idax

procumbens, Sida urens, Spigelia anthelmia, Pd

ndlaka

involucrata, Desmodium velotinum,

Crotolaria dgenegalensis,

Indigofera bracteolata, Amaranthus spinosus, Jgomoae

aquatica, Solanum nodiflorum, Veronia nigritan

a,

Cassia tora, Sida linefolia, Cass!i mimgsoides

fddiuta.

o
=
w

dominant gramineae species found are

simplex, Brachiaria

jubata, Adropogon pseudapr

and Borreria

Loudetia

icus,

Kyllinga syuamulata, Pennisetum pedicellatum,

Sporobolus

pyraemidalis, Chloris pilgsa, Panicum flaviicol

2y




Michrochlpoa indica, Setaria anceps, Andropogon

Eragrostis tremula, E. aspera and Imperata cx!

66

gayanus,

indrica.

The rains started in March and by July tHh
and herbaceous layers were at various stages q
The vegetation cover was 90-100%. In Septembd
plants were fully grown and flowering. 1In Nov
grasses and herbs started to dry and lodge whi

shrubs e.qg. Cassia tora and C. mimosoides starp

e grass

f growth,
r the
ember, the

le the

ted flowering.

By January, the vegetation cover decreased to |50%. This
condition was maintained till the first showens of rain
came in February and March.
4.1.4,2 Northern Guinea Zone:

The northern Cuinea zone presented simildr
floral species composition as the southern guinea
zone, As a result of human interference, the |tree and
shrub components have been drastically reducedq, leaving
large expanses of open grasslands,

The dominant tree and shrub species inclyded

Isohberlinia doka, Uapaca togonensis, Terminalia

macropectra, Dachrostachys glomerqta, Piliosti

gma

thonningii, Gardenia erubescens, Terminalia avy

icennioides,

Monotes

kerstingii and Swartzia madagascarens

S e

The prevalent herbaceous plants were Urer

Crotolalia confusa, Tridax procumbens, Sida 1

)1a lobata,

neafolia,

Spigelia anthelmia, Pandiaka involucrata, Ama

anthus

spinosus, Solanum nodiflorum, Crotolaria seneg

alensis,

Euphorbia convolvuloides, Menechma ciliatum, lpomoae

aquatica and Vicoa letoclada.
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The dominant Cramineae association of the E

Northern guinea zomne were Pennisetum pedicellat#g,
Schizachyrum brevifolium, Andropogon pseudapricus,
Sporobolus pyramidalis, Brachiaria jubata, Pani maximum,
Ctenium newtonii, Avistida kerstingii, Chloris lo8a,

Hyparrhenia rufa, Lragrostis ciljaris, whm.
Imperata cylindrica, Setaria flgviicola and‘gxngfgg
pustulatus.

The seasonal vegetation changes is depandan# on
rainfall. In the Zaria area of the northern Guiﬁea savanna, the

rains start in April and by May the ephemeral plant species
dominated by Brachiaria sand Pandigka provided the initial

vegetation cover of 10-20% in the fallow lands nn? grazing
fields. This growth was restricted to dcpressionI and small

gullies. In the farm lands, the ephemeral plant sSpecies were

found more in the furrows and less on ridge tops. | In July

about 30 -~ 40% of the vegetative cover has been achieved by
the arrival of other colonizers which included nejtaceous
Tridax and Monechma species, i

In August, the ephemeral vegetative cover andhheight
had increased rapidly attaining full growth and a 70 - 100%

cover. ‘l

When the rains stopped in October, the grasacﬂ began to
dry up and by December the ephemeral vegetation hadldricd out
providing very little cover., 1n January, the effect of the
harmattan resulted in intensitve drying up and fragmentation
of the plants, leaving the ground bare until the arjival of

the rains.



e
|
|

Southern parts of the northern Guinea zone presented
somewhat different aspect in the duration of vegetation,
which by virtue of the early start and late stl ping of
rainfall, flush growth of vegetation was maintained

virtually throughout the year. The ephemeral v@getation
|
cover range between 50 - 80% from March till October.

Between November and February, it was 20-30%.

4.,1.,4.3 Sudan Zone: |
The distinct feature of the Sudan zone is %he

patchiness of the vegetation. Essentially, it ?s an

area of short grass, especially in the northern| stretches.
Rainfall in this zone is extremely unreliable and in some
areas may virtually fail, ‘

Trees are scarce and tne dominant species include

Acacia albida, A. arabica, Azadirachta indica,
singuana, Commiphora africana, Acacia seyvel, L

secundifiora, Acanthosperum hispidium, Cassia

Commel ina benghalensis, Crotolaria macrocalyx, Euphorbia

hirta, Triumpheta dubia, and Zonia glachidiata.

The Sudan zone has a complex of ephemeral Gramineae
species. The prevalent plants included Andropo us,
Pennisetum pedicellatum, Aristida adsenscionis,
kotschyna, Cenchrus biflorus, Cynodon dactylon,
longiflora and Eragrostis ciliaris.




o
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Like the habitats in the other ecozones, a flush of
vegetative growth followed the rain in June. In July the
ephemeral vegetation provided 30% cover. In August, ihe
vegetative cover increased to about 80% and the grass cover
was about 50% of the total vegetative cover. Blpoming and
fruiting by the ephemeral plants occurred in September.

The percentage bare ground got increased as| the

ephemeral plant species began to wither as the rain
stopped. In November and December, the drying up and

death of the vegetation was accelerated with the harmattan,

The vegetative cover was 20%. Owing to the pressure of
grazing the disintegration of the scanty dry ephemeral
vegetation proceeded at a much faster rate.

From January to May, the ground was virtually bare

and dotted by the stumps of grasses.

4,1.4,4 The Sahel Zone:
Jemi-desert conditions prevail in the Sahel zone.

Rainfall is very scanty and starts in June.

The vegetation is characterised by two tree species,

Acacia seyel and Commiphora africana. The comnonrst

grammineae were sparse steppe tussock grasses uhiFh

included Panicum turgidium, Lasiurus hirsutus, trﬁstlda

scutiflora.

Through out the year, vast expanses remain completely
bare, but became populated for some time after rains by

Fagoma arabica,Neurada procumbens and Aristida scutiflora
but chiefly by Tribulus alatus.
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4.2

4.2.1

Observations on the Grasshopper Populatioh

stages of

Seasonal Sequence of events in the life

seneqgalensis:

|
_—

Table 10 represents the occurrence of the

of 0. senegalensis observed during 1983-87.

Hatching of eggs was observed usually aft
first rains. In the northern Guinea zone the
started early (Table 6, and hatching of diapau
in the field were noticed early May whereas in
and Sahel zones where rains started late, (Tab
hatching were observed in June,

Nymphs were recorded in the fields in the
Guinea zone as early as May during the second
11) while in the Sudan and Sahel zZones they we
during the second and fourth weeks of June res
(Table 12 and 13). with the appearance of the
the field, the population fluctuations were lo
three ecological zones, peak pupulations were
August. The Nymphs were observed in the field
September,

Adults were observed in the flelds during
week of May in the northern Guinea zone, the
of June in the Sudan zone and first week of Ju
5ahel zone., Adults persisted until November wh
disappeared from the fields.

Copulation and mating were observed from
October.
few laying individuals were observed in July.
and most freguent laying period occurred in Au

september and this was less frequent in Octobe

Egg laying was seen from July to Octq

life stages

er the
rains

sing eggs
the Sudan

les4 and 5)

northern
week (Table
re recorded
pectively
nymphs in
we In the

reached in

B until

the last
last week
ly in the

bn they

july to
Dber. Very
The highest

gust and
r in the




Table 10t

Months of the Year

11

The occurrence and relative abundance of the
life stages of 0. senegalensis during the
various months,

Grasshopper Sta#es

_ Eggs Nymphs Adults
January XXX
February KXX
Marca XXX
April XXX
May AX X
June X AX X
July x XX x
August X XXX xx
September XXX XX XXX
October XXX XXX
November XXX X
December XXX
X = Low population
XX = High Population
xxx = Very High Population




Table 11:

Seasonal Populations of O. senegalen

Northern Guinea (Samaru) Zone during| 1986/87
Date . Green Brown - Total
Male Females| Tota Mg]e; Females tgtg# B + G|Nymphs
May |
24 0 0 0 0 . 3
N O 1 1 0 0 ! 1 4
June '
1 0 0 0 2 ‘2 2 (0]
8 3 2 2 0 0 5 T
15 2 2 b 1 0 1 4 3
22 0 2 2 0 1 1 3 0
29 3 0 3 0 3 3 3 0
July :
(Y 0 0 2 3 (5 5 5
13 4 2 6 0 7 7 13 7
20 0 1 1 4 K 8 9 10
27 4 3 7 1 7 F 15 4
August '
. 3 0 4 4 4 5 b 13 2
10 0 17 17 0 14 14 1 8
7T 21 31 52 3 1 14 66 16
24 5 27 32 6 10 1 48 7
N 3 4 7 14 5 1 26 4
Sept.
1 0 2 2 4 ¥ & 1 13 10
8 0 0 6 4 1 10 4
15 1 5 4 3 6 13 6
22 0 0 8 14 2 32 2
e 0 0 52 81 1535 133 L
Oct. '
1 1&5 = I;q k,%’ 62
8 5 16 q 19
15 0 2 2
22 5 4 52) 9
29 0 0 l
|
Nov. |
p) 0 3 5 3
12 4 3 3
Total 46 101 147 134 256 537

B
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Table 12: Seasonal Populations of U. Sunggglens4s in the
Sudan zone (Maldiguri) during 198&/8%.

Date Green Brown ;otaé .
Males |Females | Total|Males|Females [Total B + GiNyapha
1
June |
15 2 2 0 0 ‘ 2 6
2 0 0 0 0 ‘ 3
29 0 0 2 7 9 Q 5
July I
o 0 Q 0 0 | 0 Q0
13 0 1 1 2 4 | 6 7 0
20 3 4 7 0 0 | 7 6
27 0 0 0 0 I 3
August
3 2 3 5 0 2 2 7 2
10 2 0 2 2 2 |2 4 4
17 0 Q 0 6 6 6 7
24 2 4 6 3 4 17 15 8
39 7 9 16 %) 3 11 27 10
Sept. |
2 33 21 Ll 6 1 7 51 4
9 1% 17 3 4 12 16 46 3
16 2 4 6 1< 8 26 3
23 2 0 2 9 6 1 17
30 0 (9] 13 14 27
Oct. !
7 0 0 " 48| 38
14 O 0 h3 Th g e 137
21 0 0 29 a7 1 116
24 12 2 20
Nov. \
5 0 th 14 14
12 1 10 H1 1
17 O 0
|
|
Total 58 63 121 187 277 &4 585

E—
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Table 13: Seasonal Populations of 0. senegalernsis in
the Sahel Zone (Damask) during 1984/85.
Date Green Brown Taetal
€ +'B{ MNywmphs
Males|Females|Total|Males| Females |Total
June
23 0 0 0 0
30 0 0 0 0
July
8 0 0 3 1 4 4 0
14 2 0 2 1 2 3 5 2
22 0 0 0 0 0
28 0 O 0 ] 3
August
5 0 2 2 5 0 3 5 5
i 0 0 0 4 4 4 10
18 0 0 0 0 3
25 1 0 1 0] 3 3 4
Sept.
1 0 0 7 2 9 9 T
8 0O 0 4 8 12 12 2
15 0 0 4 3 7 7
22 2 0 2 9 6 5 17
29 4 10 14 12 15 7 41
Oct.
6 8 12 20 9 13 2 42
15 1M 17 28 53 41 4 122
22 5 9 14 4y L2 1 105
30 0 0 13 19 2 32
Nov. ‘
6 0 0 5 5 5
13 0 0 2 2 4 4
18 O 0 0 0
Total 33 50 83 169 166 3J5 418




Sudan and Sahel zones, and extended to November in the

northern Guinea zone. 7The grasshoppers were |0
laying in groups.

The eggs laid from September remained in

bserved

the so0il

throughout the dry period until the arrival df rains the

following year.,

4,2.2 CSeasonal P'opulation density and fluct

Tables 11, 12 and 13 show the monthly p

tion:

ulatiens

of the adults and nymphs of Oedaleus grasshopper in the

Guinea, Sudan and Sahel zones respectively., Kelatively

low populations were recorded in all the zones
the first three mc..lhs courresponding wilh the
ithe rains. Then, there was a gradual populatl
which eventually culminated in a peak at the ¢
as reflected by the number of sweep-net and 11
catches, The decline in population was rapid,

in the northern Cuinea zor~, young nymphl
in the samples in May. There was a gradual in

population until Mid-June when there was a deg

during
start of

on build-up
arious zones,

ghti trap

were taken
crease in

line as

the nymphs turned to adults (Fi,. 8). 1In August, the

numbers of nymphs increased reaching a peak in

the middle

of the month and later decroased towards the end of the

mont. . In early Leplember another peak was no

ticeda

Adult grasshoppers maintained similar populations

during May to July. In August there was a relatively

rapid population build-up reaching a peak in tl

he fourth weck.,
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The numbers dropped drastically in September. |(In QOctober,

the highest population was recorded. The peak | was Teached

in the second week, Thereafter, there was a very rapid
decline in populaticn by the end of the month.

The two major peaks of adult and nymph population
(Fig. 8) suggest that there are probably two generations
in a year in the northern Guinea savanna ecozore.

Figure 9 represents the dynamics of popullation

fluctuations of the nymphs and adults of 0. senegalensis

in the Sudan ecclogical zone., The numbers of the nymphs
were low until August and September when peaF
population were recorded. Throughout June, July and
August, low and uniform adult populations were pbserved.
By the last week of August, there was a gradual| increase
which culminated in a pcak in the second week of September,
and a dec! 'ne at the end of the month. In QOctober, the
population fluctuation was high. The peak was recorded
in the third week followed by a decline in Novedber.
From the two peak populaticns recorded for |the
nymphs and adults, there is likely to be two generations
of the grasshoppers in a year in the Sudan zone.
The nymphs were taken in the samples in Jully in

the Sahel zone. The population remained low untlil

August when an appreciable increase in numbers reached
a peak during the second week. Then, the number dropped

progressively until September when they disappeared from
the field. |
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The adults of the grasshopper were taken in the

samples in July after which there was no major|fluctuations
in their populations (Fig. 10). From the fourth week of
August, a noticeable increase in numbers occurred,in
Ueptember and rising sharply in October, reaching the peak
in the fourth week, Decline in population followed in
November when the dry weatler became severe.
in the Sahel zone, the adults and nymphs %ttained
single peak populations indicating the possibility of onlv

one generation in the year,

The fluctuations in the population of 0. senegalensis

in all tne ecological zones were clearly associLted with

and related to the major climatic indices (ref.|Fig. 7).

4.2.% Green-Brown Polymorphism:

The mean weekly populations of each colour morph,
for both sexes of 0. senegalensis recorded in the ecological

zones are given in Tables 11, 12 and 13. These tables show

that a higher proportion of females than males re green,
In all the ecozones the brown and the green forms maintained
similar population levels. As the season progrebsed,
substantial numbers of green forms predominated,| reaching
their peak populations in August, September and {ctober
respectively in the CGuinea, Sudan and Sahel zones. |
They becume progressively rare as tue season developed.
Thereafter, there was preponderance of the brown forms

(Figures 11, 12 and 13).
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Fiqure 14 represents the relative abundanc
green and brown morphs in the thrae ecozones.

of 147 green and 390 brown forms were recorded |i

savanna zone and 121 green and 464 brown forms §i

o

zone, and 83 green und 335 brown forms in the S

At all the zones, the brouwn morph exceeded the

a ratio of 2.7 - 4 to 1, in all cases the diffe

2

highly significant, x 56.63, 103.2, and 225,

P>»L.001., The overall ratio was 3.4:1 (Table 14

1.244

S5ex Ratio:

-

The population fluctuition of 0. seneqgalen

i mean

e of the

total
n th2 Guinea

n the Sudan

hhel zone.,

green by

rences being

b respectively®

Je

sis in

Nigeria in 1983/84 was high. Grasshoppers caul

light trap and cweep-not methods were grouped ad

iexe A total of 2399 malzs and 347 females were

in the Sahel zone, 1472 males and 1178 females |

zone, and 469 males and 376 females in the Guine

These gave a tobal of 2,540 males and 1901 femald

the ecological “ones and an overall sex ratio of

which is significantly different from 1:1 at the

tevel (x° = 45.42) (Table 15).

r
]

4.2% Observations on Movement of 0. senegdlens

ht by the

rcording to

observed

n the Sudan
a zone,

s in all
1.2311

Us1%

is:

buring the study periods, spontaneous group
was not recorded in the daytime,
movement of adult populations by flight (miqgrati

on the records of grasshoppers at light traps an
observed changes of populations in the field,

l.Light trap catches were madc everyday for 2
after dusk and day jpopulations w re caught by th

method carried oul for 2-3 hours bpetween C9uU an

flight

The evidence on the

hn, was based

H on the

-3 hours

=3

sweep-net

i 1200 hour:-.
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Table 14: Number of the Green and Brown forms of
U, senegalensis recorded at the Guinea,
Sudan ang SEH.I Zones, |

Zones Brown Green agjég_
Guinea 390 147 2.7:1
Sudan LEL 121 3.8:1
Sahel 335 83 T: 1

TOTAL 1189 351 34bid




Table 15: Numbers of males and females of 0., senegalensis
recorded by light trap and sweep ne atc
the ecological zones. r

Zones liales Females Sex Ratlos Signilisancc
test (x<)
Sahel 399 347 1.15:1,00 3.62,|P< 0,05
Sudan 1472 1178 1.25:11,00 33.59,|P< 0.001
Guinea LYy 376 1.25:1,00 10,26, |P<0.001

TOTAL 2340 1501 1,23:11,00 45,42, |P<0,001




Mean populations of the grasshopper recorded at the
ecological zones in 1983/84 are presented in Table 3 and
Figure 15. About 66.4% and 33.6% of the total grasshoppers
recorded were caught by the light trap and sweep~net methods

respectively.

In September, 1986 light trap catches were made in
relation to the phases of the moon. All grasshoppers
captured and their maturity were recorded. The fhumbers
are plotted as histogram in Figure 16 and the maturity of
the females is given in Table 16. During the same period,
day populations were sampled by the sweepnet method and
the maturity records of the females is presented | in
Table 17.

Figure 16 showed that the grassho
increasing steadily at the light trap -
the 23rd when a maximum of 115 (64 mal

were caught and then decreasing rapi

A

none was recorded on the 30th. The ar
hoppers at the light trap from 12 Septi

coincided with the waning of the moon.

€Y

activity indicated by the arrival of tt
its height (from dusk till 2100 hours),
virtually absent.

Evidence that the grasshoppers caught at the|light
trap came from places outside the vicinity of the|light
trap was given by the Stages of maturity of the females
presented in lables 16 and 17. Those taken at the light

were distinct and more homogeneous, comprising full-grown sexudlly
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i Sweepnet catches ] populations of 0. Senegalensis at
the ecological zones.
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Table 16: Maturity records of females taken at light traps.
Development Immature Nature Total
Dates Fx FG# 1% 2% A Imm.| Mat.

12.9 2 1 (1) | (1)

14,9 5 (2) 0 0

159 3 2{1) 1(1)] o

16.9 2 1 [ (1)

17.9 2 0 (1) 0

19.9 7 6(1) 5(2)] 1(1)

20.9 7 5 2(2){ 2(1)

21.9 8 6 0

22.9 T 10(2) 3(1) (1) | ~

23.9 14 1129; 4L(2)] 2

24,9 11 14(3 51; 1

25.9 11 8 2(1) 1

26.9 7 4 3(2)) 3

28.9 6 2 1

29.9 5 1 2

Total 97 86 36 16 97 185

F* = CSoft bodied fledglings

FG* = Full grown hard bodied fledglings

1* = Adult with mature ovarioles

2% = Adults with mature egegs in the ovarieles
5% = Adults with mature eggs in the| oviduct

() = Nos. with red dots at the baselof ovarioles
indicating that laying has taken place.
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Table 17: Maturity records of females of day populations.

Development Immature Mature Total
Dates F#* Fg* |1+ 2% B lmm.| Mat.
12.9 2 2(1) (7) | 7(3)
14.9 1 5%23 6
15.9 1 1 3{1)| 5(4)
16,9 4 3 1 2 1
17.9 2 4(2)1 3(0)
20.9 3 4 2 1
21.9 3 9 (1) 1(2)
22.9 A 1 (31 1
23,9 N 3 1(3)
24,9 2 1 2(1)
25.9 7 4 2(1) 2{4)
26.9 9 3 |
28.9 1 1 (2)
29,9 1 4 1(4)
TOTAL L4 32 13 40 40 76 93
F¥ = OSoft bodied fledglings
FG* = Full grown hard bodied fledglings
1% = Adults with mature ovarioles
2% = Adults with mature eggs in the ovarioles
3* = Adults with mature eggs in the oviduct _
() = Nos. with red dots at the base of ovarioles

indicating that laying has taken plac%.
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immature adults and mature individuals in the|early

stages of maturation,

4,2.6 Observations on factors influencing cuécentrgtjon
and gregarisation of 0. senegalensis:

Two examples of different stages of concentration

and the onset of gregarisation were observed during this
study.

Several concentrations of adult grasshoppers were
recorded during August and September at the various
ecological zones. The sites where these observations
were made included patches of bare sandy grounps in
fallow lands, grazing fields and in cropped farms of
groundnut, maize and millet. Concentrations of adults
were also observed aL road sides and foot pathf.

During a close examination of one site, about 100m
long and 27m wide in Katsina in August 1984, a varying
estimate oflJ;fh\:;;sshoppers per hectare was recorded.
Further examination revealed that the grasshoppers, were
largely composed of gravid females and mature Aales,
and a few cases of copulation were noted. GCreater numbers

of the females were ovipositing.

a potential factor observed likely to contribute towards

The aggregated laying behaviour of the fej:les was
bringing hoppers together from the time of hatching and
to continue to build up their numbers tor as long as

hatching from the laying site continued.
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4,3 Aspects of the general biology and life c

cle

of O, senegalensis

4.3.1 Number and duration of nymphal life and

the

effect of food plants on the rate of development:

Table 18 shows the number and duration of

nymphal

life of the Uedaleus grasshopper reared on different

species of food plants.
five nymphal instars with the exception of few
that were fed on sorghum which had six instar

The rates of development of the females w
Similar to those of the males but the males to

time to develop than the females, The least a

total duration of nymphal life of males was 43.

All the insects passefd through

(16%)

Etages.

re

pk less

verage

85 + 2.3

days and that of the females was 47.65 + 3.1 days for

insects reared on a combination of all the four food

plants.

The mean duration of nymphal life for insects

with five instars was 50.09 + 2.2 days for the
and 45,63 + 2.1 days for the males.
sorghum took more time to develop (63.57 + 2.4
the females and 58.25 + 1.7 days for the males)
those reared on millet, Cenchrus and Digitaria

females

Nymphs reared on

days for

than
respectively.

The difference arose as a result of the increase in the

number of instar:s.
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Further examination of Table 18 shows that
little variation in the duration of each instar
of the insects fed on the different food plants,
little variations exist between the lengths of

three inslars, but the last two instars, and esp

the last,were conslderably longer.

The weights

the food plants. The mules weighed less than th

3
-

h.3.

—_—

Fertility and recundity studies:

4.3.,2.1 Numbers of Ovarioles per females .ad th

there was

stadium

Also
the first
ecially

of the fledglings were not afflcted by

e females.

e

number of mature eggs in the oviduct of

U. sSenegalensis:

Table 19 presents the observations of field

dissecctions of mature females of U, senegalensis

taken

from light .Lrap catches (night -amples) and swee
catches (day samples), The results show that a
adult female Oedaleus grassnopper contained 40.5

ovarioles (range 8-42),

p net
?ature
1+ 2.4

Counts of mature eggs iun the oviduct of fe

les

from both the night and day populations gave a mean of

27.02 * 9,1 with a range of 12-39 eggs.

4.3.2.2 REffects of food plants on egg production and Adult

longevity:

Food plants appeared not to affect the sexual

maturation of (. senegalensis. Judging from the

period

of first oviposition, fledglings fed on sorghum took

longer time to mature (19.60 + 2.u4 days).

There

wiore
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slight variations between the pre-oviposition periods

of insects fed on Millet, Cenchrus and Digitaria

(Table 20). Fledglings fed on a combination |of millet,

Cenchrus and Digitaria had the least average pre-

oviposition period of 16.84 * 2.15 days.
Insects fed on Sorghum produced fewer number of

egg pods (2.41 + 0.41) than those fed on millet
(3.52 & 0.5), Digitaria (3.45 * 0.2 and| Cenchrus

(3.92 # 0,5). The variation in the number of| eggs per

pod produced by the insects fed on the differen. species
of food plants was not significant. The maximum number
of eggs per pod (28.87 + 2.21 eggs) was recorded from
insects reared on a combination of millet, Sorghum,
Digitaria and Cenchrus, while the least number (26.71 + 2,22
eggs) wa. recorded from Sorghum fed insects.
Adult longevity was not affected by food |[plants
even though the Insects reared on Sorghum had shorter
adult 1ife span (Table 20).
Uenerally the males were found to live longer than
the females. The longest life span of 26,52 + 3.66 days
was recorded for females and 29.42 + 2.71 days for males

reared on Millet.

b.3.2.3 Number of eggs per pod:

Table 21 represents the mean number of eggs per

pod from samples of the egg pods collected from the
field and tuose that were laid in caged experigents in
the laboratory. The maximum number of eggs regorded in

the field was 35 and the minimum was 12. The mean number
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In the labora

of eggs per pod was 26,80 % 2.2.
maximum and minimum number of eggs recorded wer

and 16 respectively, the mean number of eggs fp

pods being 27.4242.2. These values are close tt
mean number of 27.62 ¥ 91 eggs per female rucoL
a sample of 107 females containing mature eggs
oviducts(Table 19) and tae mean number of eggs
per pod by insects reared on different species

plants (Table 20).

101

tory the
e 32

r 50

o the
ded from
in thelr
producad

of food

4,%3,2.4 Effects of crowding on maturation, egg-

production and longFevity of femnales of

0. senegalensis:
Elies

As in the case of/eflect of food plants on

production and longevity (Table 20) the durati
pré=oviposition period was calculated as the n
days passed from tne day ol last moulting to ad
tne collection of tne first egyg-pod. In the cn
it was nol possible to calculate the pre-ovipos
of individuals, The overall value of maturatio
ther¢lore obtained from the period from ecdysis
five egg pods (i.e. an average of one per femal

been laid,

:

the egg

of the
ber of
ult until
owded cages
ition period
rate was
until

e) had

Table 22 shows tnat females reared in crowds

bec”me mature more quickly than females reared
isolation,
females was 16.87 + 2.05 days and that of the 1

insects was 21.38 * 2.31 days. Not only did th

The average maturation period for cr

]

in

~owd ed
olated
isolated
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" per female for 25 females in crowds of five mals

" mean number of 27.87 & 2,4 eggs, varying from 1(

o 4,3.3 Incubation Period of the Eggs of O, sene

103

insects lay more egg-pods, but they also lived fpr longer

periods. The average number of pods laid by 15 isolated

females was 4,38 + 0.5 compared with 3.46 y 0.4 pods

bs and

five females.

Twelve egg-pods examined from the crowded jnsects

containea 22 to 31 eggs with a mean of 28,24 + 2,2 egug

Eight pods from isolated females contained a
) to 30

- per pod,
. eggs per pod.

alensis

Results of the field cage and laboratory incubation

investigations prescnted in Table 23 show that the eggs

'ﬂ.of Qedaleus senegalensis took less time to hatch in

the field than in the lsboratory. Al Samaru, Kane, and

Maiduguri, the average incubatlion periods recordpd were

18.17 3 b.}, 16.98 +* 3.7 and 1?:84 :’_ 2.8 days re pectiVEIY.
These vary from 20.11 + 2,2 mean days recorded for 8 egg

pods in the laboratory in Samaru,

4,3.4 Morphometrics

4.3.4.1 Morphometrics of the adults of Green and
| Brown morphs of O. senegelensis:

Table 24 shows the mean and standard deviati

measurements of femur length (F), and elytron len

ons for

gth (E)

for samples of green and brown adult 0. senegaleg@is from

the three ecological zones, It can be seen that

there
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were no significant differences between the m asurements

three ecozones. Thus, the males could be regdrded as b=ing

|
or E/F ratios of the green and brown males f%ﬂl the
morphometrically homogenous.
There were also, no significant dirrcrcnﬂén between

the measurements or the E/F ratios of the green females

from the three zones and they also could equally be
described as being morphemetrically homogenous
The morphometrics of the brown females, hpwever,

in both space and time, Significant differences were

provided evidence of differences between populEtions
found in the means of some measurements and of |the E/F
ratios in the samples taken at the same and different

periods in the Sahel, Sudan, and Guinea zones (Table 24).

Also, significant differences exist between the females

of the green and brown morphs.,

G.3.4,2 Effect of rearing density on adult mothqgetiC'

and .eight: ‘
Adult morphometrics appeared not to be obviously
affected by the density at which the nymphal stages were
reared (Table 25). Females were however considerably

bigger than males.

4,3,4,3 Morphometrics of day and night populations:

Tables 26 and 27 represent the mean Elytr

Femur lengths wilh standard deviations of day and night

populations respectively of (, senegalensis collected at
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Tokle 24: Merphometries (mm) of sarples of greenm and trewn zorphs of . zeneralensis taken frem the various
wolegicsl zornes:  lugust - Cetcher, 1982
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Date
P,Lm. « 14
Aug, 22

Je
Aug, 30
Sept,?

S5ept,20
Septa25
Cct, 2
Cct. 10
Cct., 20

Oct. 30

3]
-
(2]

ra
.

S
.

74,064,472

14.7341.34
*40474" 409

25.0742.38

“4.8141,44
1444434.20

ac

\n

24

33

“4

ah
ra

ra
Y
(e}

wa.mmu

30.

e

437,94

Mﬂ.a...u.w.rﬂ. 20
-

30.3447,.72
-

il

17.904%.29
Amlhm”llwu

18.,2541,59

18,4841.34

18,2547+ 45
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|
various sites. These tables show that thereJ:as ——

ponding increase in the elytron lengths of y, and

|

|
n.ght populations of both sexes of the grasshopper from
August to September. Adult females caught in October

showed a decrease but male measurements remained at the

peak level, Furthermore, femur lengths varied with
elytron lengths, the ratio between the two not
altering markedly. ‘

when sexes werecompared separately, the &ay
populations consistently appeared to have snailer
mean values for both elytron and femur lengtni than
night populations. Table 28 shows that thereﬁuas -
significa®t differences between day and night}

populations,

|
4.4 Enemies of 0. senegalensis \

4.4.1 Invertebrate parasites and Predators of the

T

nymphs and adults of O, senegalensis: ‘

The invertebrate parasites and predators observed

atlacking and preying on the nymphs and adults |of

U. senegalensis are shown in Table 29, They are

considered under the following groups.

4.4,1.1 Insect Parasites:
Ihree dipterous flies belonging 10 two fam#lies were

found as common parasites of the nyaphs and adu#ts of the
Uedaleus grasshopper (Table 29), The larvae of these

parasites were found at the various stages of their




a~ples of C, senecalensis,

mm

Elytron (E)

Range

Femur (F)

Julmmnbluﬁ

._..mn.u@..-u.s P

37.8744.35

ﬂwoiqq L wmim\.v

18.55+1.17

\
Range (42,93 = “14.,07) (47,87 = *2,0) | 2.9 = 16,47) (17,0 = 20.11)
) ]
) {
!
.
Ratioc m\w himwnm -.-lwmu.m alﬂmu.... MOQNnM
Number of Insect
measured 364 384 379 302
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Table 29: Invertebrate enemies of the nymphs and adults
of OU. senegalensis.
ORDER/Family Parasites/Predators
Insect Parasites
DIPTERA
NEMESTRINIDAE oymmictus costatus
SARCOPHAG IDAE Sarcophaga scheomani! (Zumpt)
Blaesoxipha filipjevi (Kohd)
Parasitic mite
ACARINA
TROMB ICULIDAE kutrombidium sp.
Artnropod Predators
ARACHN IDA
SCORPIONIDAE
Scorpiones sp.
ARANLEIDA
ARANEAE
Argrope spe.
DIPTERA
ASILIDAE
Promachus sp.
ORTHUPTERA
MANT IDAE Empusa fasciata (Brulla)
Sphodromantis lineola (F)
HYMENOPTERA
FUMICIDAE Messor gallus Emery,
SPHECIDAL ophex aegyptius Lep.,




1

adults of the grasshopper.
examined had holes on the neck through which full

larvae escaped.

of the grasshopper by the parasites. Of the 3701

grasshopper sampled over the tnree years (1984 - 1

6.09% were attacked by the parasites., Uf these,

15
development inside the body cavity of the nymphs Lnd

Most of the dead grasshoppers

grown

Table 30 shows the percentage infestation

Uedaleus

986) ,

bymmictus

costatus accounted for 3,86%, bBlaesoxipha 0.,97% and

sarcophaga, O.73%.

4.,4,1.2 Parasitic mite:

Trombiculid red mites were found as common
ectoparasites of the 4th = 5th instar nymphs and

adults of U. senegalensis. They were found attac

the wings, or to the skin at the base of the wing

wing pads.

nymphs) and adults (211 out of 1000) sampled were

z
v

L4.b,1, Artnropod Predators:

Lhe
hed to

or

A good number of the nymphs (307 out of 1017

infested.

Various arthropod predators recorded attacking and

preying on the nymphs and adults of the Oedaleus j

shown in Table 3%1.

frequently in association with hopper bands of th

instars.

est are

Most of these predators were recorded

1st = 4th

kmerging hoppers during hatching were edsy prey

to ants since they were not strong enough to escape.

In few occasions, the adults of the grasshopper w

observed being attacked by scorpions and mantids,

e
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-

Table 30: Percentage infestation of iie nymphs and adults of C. senegalensis by insect

tarasites, 1984 - 1985.

Dﬁl -

2 z @

] o o

. @ o 5

2 1] a2 g
o b B ol

ot Ol o)

: nm )

. . o m a5, b

Ne, of insects {0, ul Insects i 9

Year disse: ted dissected A 0
1984 1064 &7 | Ly 18 12
1985 1424 &4 £Q | 14 -
1986 1219 65 46 4 15

Tota 3701 216(6.09) i43(3.86) 36(0.97) 27(0.73)

Figures in braciiets represent persentage
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Table 31 gives the yearly records of the arthropod
f the 274

predators cobserved during the study period.

incidences of predation by the arthropods, Promachus sp.
|

was responsible for 21.09%, Scorpions 18.?8% and the

mantids 39.56% collectively. Sphex aegyptius and Messor
!
gallus accounted for 12,04% and 10.58% rcspecﬂively

while the spider Argrope sp. accounted for 4.7%%.
|

|
4,4,2 Vertebrate Predators of O. sanegalenqﬁg%

The vertebrate enemies of nymphs and adulLs of

U. senegalensis observed during the survey per'od were

numerous. IUnly those that were observed regularly
preying on}é;asshopper,and appeared to have considerable
influence on the population of the grasshopper pest are
presented here /Table %7), r

Large males and females of the rainbow lizrrd Agama
agama and three snake species; Psammophis sibilggs,
Mehelva crossii and Rhamphiophis oxyhnchus were egular
predators on Qedgleus senegalensis. The lizards were
always recorded at the egg-laying sites of the glasshopper

preying on ovipositing females, and at hatching #ites

|
preying on hoppers. [

Bufo regularis featured prominently as an e4ely of

the grasshopper and was the only nocturnal predaaor
recorded. They were observed feeding on adult grasshoppers
which were attracted to street lights. .

|
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fahle 32: Vertebrate Predators of the nymphs [and adults of
Cedalous senvnalensis,

t Rlssediniel LY I're w
REY TILT.
T,

Rainbow lLizard Aphjama agana

SERPENTES
African beauty spake -

Psammaphis sibilhns

File snake Mehelya crossii

Beaked snake Rhatphiophis oxyhynchus

AT URA
Ve ITAE
Pulo regularils
nYa
———
PO o ] D 4 | .:3
LoCl

Black buffalo wa#ver

Bubalornis albirastris

Village weaver }'locems cucculatus (L)

ALAULIDAG

Crested lark Corydus cristatus (L)

LALTTDAE

Great grey shrike| l.anlus excubitor (L)




Tahle 32 (Contd,)
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———PEEdRERS

SVURNTLAE

CoRVILAER

TERCTIDAL

(OUEAIE S B LAFVE S

AUIRETIDAR

JETMMITT AN

PAL DY T OGS

AT TTARTTDAR

Chestrut bellicd gtarling

Spreo pulcker {(Tuliler) R

Pled Crow Corvus afbus {(ouller)

Cayrmine bee cater Vercps nubhicus (Gmel.)

Abysinia {sencyal)|roller Coracias

abzsini cus

Red throated bee cdter lerops hulockft

White thpoated broe|eator =

lMerops albicolliig (Vieillet)

Cattle eqrets Ardegla ihis (1)

Great white heron figretta alla (L)

Abdims Stork Cilconip abdimii {(Licht)

Red tailed buzzard puteo augi.laria (Sal)

Rlack shoulidered kite Elaneus cacruleus
(Dasf,)




Table 22 {Contd)
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Swalle tajled kite
(L)
Chanting gawshawk -

Predators

Chelictinia riocourii

Meliepax metabatags (ileng)

Black kite !'ilwvus n

igrans (Dod).

Grasshopper buzzard Mustatur

rufipernis (Sund.))

Abysinlia tawny cagqgl

c Lgnila rapaxe




Nymerous species of birds were recorded

both the nymphs and adults of the grasshopper

(Table 32). It was particularly noticeable 1]

birds attacked and preyed on the grassh

preying on

hat the

hppers in

the more exposed habitats such as grazing fields,

fallow lands and road sides.

Table 33 presents the annual records an
predation by the vertebrates. Substantial n

the birds were recorded over the three years

The Carmine bee eater Merops nubicus was the

bird predator, They movedin small flocks of

and were observed at hatching sites, M. nubid
ilhe highest percentage predation of 11.2% foll

The

Abdims Stork Ciconia abdimii with 10.8%.

Buzzard Bustatur rufipennis and the Cattle egr

ibis accounted for 9,.,4% and 9.0% predation res

4.4.3 Parasites and Predators of the gggs of

Oedaleus senegalensis:

Insect parasites and predators were recor
most important natural enemies of the eggs of |

senegalensis. The observed parasites and pred

presented in Table 34 are grouped as below,

b.h.3.1 kgg Parasite:

Only one egg parasite was recorded during

bercentage

bers of

f study.

omuaonest

10-30

tus has

owed by
grasshopper
et Ardeola

pectively.

led as the
Dedaleus

tors

this study.

Adults of Scelio sudanenesis were caught as thTy deposited

their eggs on partially buried egg pods of O. S

enegalensis







at Katsina in September 1985. At Damask, two adult
5. sudanensis were also caught after they succ ssfully
deposited their eggs in Oedaleus egg-pod. Attempts to

rear the parasitic eggs failed.

4,4,3,2 Egg Predators:

The majority of the (Oedaleus egg-pod predators
observed were dipteroid and coleopteroid larva
(Table 34). These larvae invariably consumed all the
eggs in the pods leaving the pod cases intact.
Pupation often took place inside the pods. This was
the case with Xeramoepa. The predatory atlack by
Systoechus was characteristic in that after the eggs had
been consumed, the larvae left the pods throu;h large
holes at the base, Pupation then took place inside the
s0il beyond the egg=-pods. In the attacks by tqe meloid
larvae, eggs were not often consumed, but the firoth of
the pods. Ueveral Meloid pupae were collected within
the vicinity of the damaged egg pods.
Adults of two Isopteroids found attacking the egg-pods
of U. senegalensis were Microtermes and Odontotermes species.
In their mode of attack, nothing was left of both the
eggs and the pods. The incidences of attack wa? however

low and occurred in harvested millet fields,

Damage to egg-pods arising from the attacks by the
insect predators was relatively high in almost all the
sampling sectors (Table 35). Of the total of 2281 egg
pods examined, 37.66% were infested by the predators.
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Table 35: Fercentage infestation of ¢, senczalensis egg=-vods 3t the various sites

Total no, of wrber of Zgg ¥umber of Zgg - .
Site v Ezgq pods.  _ rods Intact fods Infested % Intestation
Zaria
funtua 275 57 29 32.25
Gusau
Ra um.wun.
llaradi 320 14 “79 55.94
}.aiduguri o )
DPamasak
Di%wu 723 442 321 41,02
rotiskum
Sozoto - ) T -
3/Kaxbi 347 204 “43 44,2
Bakura
¥ano . o -
Gume: 304 298¢ nd 37.5

. I R A F S

Gombe
3auchi 184 ~&7 S 9.2
g i3 . . s e e i
+aubi 127 xS € 4,72
Total 2281 1422 gso 37.56 ’
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Highest percentage predation was recorded at the Katsina
sector (55.94%) followed by Maiduguri and Sokoto sectors

with 43,02% and 41.2% respectively. i
Table 36 presents the incidencesof egg pr%dation
by the insects at different sectors, Of the |

859 damaged egg-pods,3 4 (41.21%) were destroyLd by
Pimelia senegalensis, 245 (28.52%) by sttgeggﬁg Spe,

120 (13.97%) by Xeramoeba sp., 61 (7.10%) hy S!omo hina sp.
33 (3.84%) by Mylabris sp., 23(2.68%) by Corj; SDPe sy

18 (2.10%) by Contipus, sp. and 5 (0.58%) by tr}e egg
parasite Scelio sudanensis. '



Table 33: Incicdernces of the insect prodators and prrasites of e3j pods of €, senegalensis
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e L 3 -
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w - © o wh * o A T Gy
A C 3 s - g Swt
_Site 2 oAl L_ 2 8 3l o a & 0
Caria
Gusau
Katsina
Maradi 18 43 37 9 €9 3 179(20,.34)
llaidugurl
eAaX a3 07 34 2 223 2 314(38,2)
Dikwa
Ffotiskum
Sokoto
5/Kebbi 29 22 7 74 243(*6,55)
Illela
Kano - }
Gumel 33 27 4 =«5{13.27)
Mnﬁwuﬂ ) . o ) - . . .
3auchi 8 € 3 17(1,98)
Yola
Mubi 4 2 €(0.,70)
Total 61(7.10) 245(28.52) 120(+3.97) 33(2.34) ~3(2.63) 28(2.20) 3:5(47.21) 5(0.58) 859

umbers in braciiets represent percerntage
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CHAPTER F1VE |

DISCUSS 10N

This study has centred on the population dynamics

of 0. senegalensis, on the characterisation of adult

populations using morphometric parameters; on the

identification of the natural enemies, and on fhe
biology of this grasshopper pest. These aspecis

therefore constitute the main body of the discussion.

0. senegalensis was recorded in all areas!north

of latitude 9°N (Fig. 5). These areas are within the

Sahel, Sudan and the northern one-third of the Guinea

savanna ecological zones of Nigeria. Although Golding
{1948) described the distribution of O. senagaansia

in Nigeria as being limited to areas nortn of 11°N,

results from the present study have shown that the
distribution of this grasshopper has considerab*y
increased. Golding (1934) and Newman (1937) attributed

this extended distribution of the grasshopper to¢ factors

which include extensive tree felling, bush burming,
cultivation, grazing and desert encroachment which
modified the natural vegetation into favourable habitat
for the grasshopper.

Higher densities of the U. senegalensis were recorded

in the Sudan and Sahel ecozones. The insect was observed

to be less frequent in the Southern Guinea zone Thera
only adults were recorded in low numbers in October and
November, i.,e. towards the end of each rainy seadon,

In addition, the absence of nymphal stages in the Southern



1

Guinea zone indicated that there was no local breeding
in the zme, and suggesf%that minority of individuals
of insects observed in the zone were migrants.

The distribution and monthly fluctuations the

population of O. senegalensis was related to rainfall,

temperature, and relative humidity (Fig. 7). These
findings are in agreement with the results earlier
investigations as reported for India by Ramchandra
and Cherian (1942), for Wales by Clark (1949), and for
Montan by Anderson and Wright (1952).
The distribution data of U. senegalensis in the
different ecozones (Table 2) shows that the adult
grasshoppers occurred in high densities and were widely

distributed throughout the Sahel, Sudan and the northern

Guinea zones. The distinct feature of these zones is
the patchiness of the vegetation which is being

essentlially comprised of short grass especially in the

northern stretches. 0. senegalensis has been shorn to
prefer semi-arid areas as habitats (Batten, 1969;
Amatobi, 1982). Fotentially, the Sahel, Sudan and the
northem Guinea zones therefore provide all the requisite
features of a well balanced food-shelter, oviposition

habitat for a grasshopper like 0. senegalensis (P ipps,

1968; Jerath, 1968; Anderson, 1964; Clark, 1947; d
Nefedov, 1936).

In contrast only few adult presence and no nymphal
stages were recorded in the southern Guinea zone and the

grasshoppers were completely absent from areas south of
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this zone. These areas experienced early and prolonged

periods of rainfall,.resulting in relatively high

humidity and dense vegetation growth all through the

year. The major factors which were apparently

responsible for the absence of the Oedaleus seneg

lensis

in these zone were the weather and vegetation.
The occurrence and distribution of 0. senegalensis
Nigeria therefore appears to follow a well defined

ecological zcnation on a north-south transect. Th

is no doubt therefore that any major differences in

the grasshopper population and distribution in Nig
reflects the varied climatic and vegetation condit

of the ecological zones.

in

ere

eria

lons

Observations on the timing of the occurrence of

the life stages of O, senegalensis in the field have

practical ecOlogical considerations, It is expectﬁd

that from May in the Guinea zone, and June in the

Sahel and sSudan zones, adequate rainfall would result

in mass hatching of the grasshoppéer eggs to produce

nymphs. Such early rainfall also encourages farmens

to plant crops, such as guinea corn and millet, attacks

by the nymphs of the grasshopper on the vulnerable

seedlines, are to be expected. Furthermore, towards

the end of the rainy season (September to Uctober)

out-

breaks of the adult grasshoppers occur in the field:

the insects feed on maturing and matured late crops,

and occasionally completely defoliate the plants and

eat up the seeds (Hergat, 1975; Cheke, Fishpool and

Forrest, 1980). Thus different phases (Solitaria and
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gregaria phases) of the grasshoppe. disrupt farming
during the planting and harvesting seasons

respectively.
Similar seasonal population fluctuations of

Q. senegalensis were recorded in the three ecdological

zones. The recorded densities varied from fﬁw
individuals at the beginning of the rainy se#son
to dense concentrations of hopper bands, and
aggregations of adults at the rains (Tables11, 12
and 13). Although comparisons based on the numbers

of grasshoppers collected can rarely be Jjustified

(Davey and Johnston, 1966) the monthly differences

in the grasshopper numbers observed during this

study were large enough to reflect the favourable

conditions prevailing in the various ecozones

Furthermore, Tables 11 and 12 suggest the existence

of two seasonal populations of nymphs whose later

emergence as adults gave rise to the two peak |periods

of abundance (Figs. 8, 9).
bvidence from the two peak populations recorded

in the Guinea and Sudan zones indicates that

U. senepalensis nas two annual generations in these

zones, This observation agrees with the two ual
generations recorded elsewhere in West Africa Davey

et al., 1959; Saravia, 1962; Bhatia and Ahluwa ia, 1966).
However, in the Sahel zone where the rainfall is of

shorter duration, the appearance of U. senegalensis in
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in the field was late; only one peak populatlion,
indicating one annual generation was recorded. -
This finding reinforces the generalisation that the
distribution and number of generaticns of | ; '

0. senegalensis are related to rainfall (Fig) 7);

In the present study, the observation of the

.

green morph predominating at the middle of the rainy
season 1s in agreement with Faure (1932), Herz and
Imms (1337}, Albrecht (1965) and Rowell (1371), who
showed that humidity was most single factor in
predisposing experimental populations in favdur of

the green morph. However, towards the end off the

rains the brown morph predominated and excee

green morph by a ratic of %3:1. This numarica
: superiority of the brown morph over this peri
been attributed to the green morph changes to
after exposure to light (Abushama and El-Khid
The male grasshoppers consistently outn
the females throughout the study period (Tabl
This disproportion, however would not necessa
seen to reflect a preponderance of males, but
as Davey and Johnston (1956) cbserved, result

the inherent ability of the females to migrat

that after a movement out of a particular habi
the remaining grasshoppers were often nearly
Furthermore, Merton (1959) suggested that one possible

explanation for the small but real excess of mples

over female grasshoppers, was that ovipositing females;?awé”

were over-looked in the searches, or missed in|sweeping
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being at ground level. The male preponderance

U. senegalensis could also be attributed to t

shorter life span of the female grasshoppers
observed during inis investigation.

The evidence from this study on the migr

movement of the adults of 0. senegalensis was
on the records of the grasshoppers caught by t

sweepnet and light traps, and the observed di

he

atory

based
he

fferences

in the stages of sexual maturity of the females.

The total number of grasshoppers caught in the
ecological zones by light traps (night populat
was consistently higher than the number caught
the sweepnet method (day population).

The stages of maturity of the females of

three
ions)

by

the

night population indicated that the grasshoppers came

from outside the vicinity of the light trap.
the maturity of the night and day populations

the grasshopper was compared, the day populati

on

When
of

was

heterogenous, comprising mostly of fullgrown immature

and mature adults. When the morphometrics of

populations were considered, the day populati
consistently had smaller mean values for both
and femur lengths than the night population.

findings indicated the difference in their spa
origin. It seems unlikely therefore that the
grasshoppers caught at light traps were merely

local individuals attracted from the immediate

the two

0Elytron

These

tigl

resident

vicinity
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rather they represented a migration passing through

the area (Jago, 1979). Migration of O. senegalensis

has been reported by other workers in sever other

countries. Popov (1975) indicated that 0. s|negalensis

migrated from the south at the beginning of j:e wet

season with the progression of the Intercontinental
Convergence Zone (ITCZ) and returned with the
latter's retreat. Lecoq (1978) described how a

population of OU. senegalensis changed during the

course of a season and how numerous adults disappeared
from his study areas in Upper Volta. He condluded
that their departure was part of adaptive migration
which was related to the ITCZ. Tue large population
of U. senegalensis recorded in Nigeria in 1976 (Bindra,

1977) was suspected to be immigrants from the Maradi

and Zinder regions of Niger (Oyidi, 1977; Cheke,

Fishpool and Forrest, 1980).
Morpnometric characterisation of the adult

populations of 0. senegalensis yielded very interesting

results, Brown and green males from the three ecozones

were morphometrically similar. Also adult green

females from the ecozones were similar with respect
to the elytran and femur measurements. The absence
of any difference in these groups of insects was a
reflection of the homogeneity of the populations.
However, the marked significant differences in the
elytron and femur length ratios between the day and

night populations, and the relatively high elytron
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and femur length value of the night population

indicate that U. senegalensis exists in both

solitaria and gregaria phases,

Several direct observations were made on
concentrations of gravid females ovipositing alt
the same site, This group laying would result in
high pod densities at the laying sites. Although
Popov (1980) did not witness any group laying by

O. senegalensis, they however observed aggregated

distribution of egg-pods and attributed the high
egg-pod densities to the consequence of a succissicn

of individuals selecting similar suitable ovipositing
sites, Whether or not this assertion holds,
aggregated distribution of egg-pods is likely to
contribute to bringing hoppers together for the time

of hatching. For this phenomenon to result in

aggregation or gregarisation as indicated by Fopov
(1980), depends on the number and density of hoppers
in relation to the structure of the food-shelte

habitat .
The life cycle of O. senegalensis is not b sically

different from that of other Acridids (Antoniou, 1973;
Uvarov, 1966; Clarke, 196%). The rate of the
development of the females was similar to that of
the males; five nymphal instars with a duration of
45.62 + 21 days and 50.09 + 2.2 days for the males

and females respectively. The little variation
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between the lengths of the first four instars an

the considerably higher variation in the last tho

instars was expected, as it was common to most
Acrididae (Uvarov, 1966).

Food plants did not affect the rate of deve
and the duration of nymphal instars. All the f

plant species tested in this experiment occurre

the three ecological zones in abundance and read
available in the field during the relevant peri

0. senegalensis occurrence (May-September).

d

lopment

our

d in

ily
of

However,

insects reared on sorghum passed through six nymphal

instars and took longer time to develop. This

as

in agreement with Woodhead and Bernays (1977, 1978)

who showed that the palatability of sorghum inc
with nge of the plant and attributed this to th
decreasing amounts of Cyanide and phenolic acid
the plants produce as they grow older,
Fertility and fecundity studies showed that

adult female Oedaleus senegalensis an average of

40.51 + 2.4 ovarioles. It was expected therefor
that an average female grasshopper would produc
40 eggs at a time.
the oviducts of gravid females gave a mean of 27
eggs. Purthermore the mean number of eggs per p
samples from the field and those laid in the lab
were 26.86 and 27.42 respectively, thus confirmi
not all ovarioles produce eggs at the same time

1986) L]

eased

that

e

about

However, counts of mature eggs in

62 + Ja1
od of
oratory
ng that

(Anene,
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The variation in tne number of egg pods and
the number of eggs per pod produced by insects reared
on different species of food plants was not significant,
although those insects fed on sorghum produced
significantly less number of egg pods (Table 20).
Table 22 indicated tnat not only did isolated females
laid more egg-pods, but also lived for longer pjriods

(Table 23), Obviously, the considerably greaten

number of egg~pods produced was a reflection of [the
longer life span., Also, there was no signific
difference between the number of eggs in the eg
pods of isolated and crowded groups, but densit
affected the average egg-pod production by each

female. OSimilar results were obtained for Urnithacris

turbida (Antoniou, 1973) and Zonocerus variegatu

(McCaffery, Cook, Page and Perfect, 1968). it has
been shown that crowding and the presence of males

stimulated oocyte development in Schistocerca gregaria

and Locusta migratoria (Higham and Lusis, 1962;

Higham and Haskell, 1964).

The natural enemies of U. senegalensis obseryed

during this investigation were numerous and appeared
to have important implication in relation to the control

of this serious pest of cereal crops in Nigeria,

However, only those that were encountered regularly
and appeared to influence the population of the

grasshopper pest would be discussed.
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Three dipterous flies were common parasites of

the nymphs and adults, accounting for 5.6% of the

total population sampled (n = 3701). These parasites

were found to be more prevalent where there waF

increase in numbers of tne grasshopper, especlially

when the gravid females aggregated for oviposi

ion.

Adults of these parasitoids were reared from dead

female grasshoppers. A low incidence of attacks

was recorded among hoppers of the 4th - 5th instars,

These parasites nhave been recorded attacking other

acridid grasshoppers and appeared not to be specific

in their choice of hosts and distribution.

Khalifa (1966) recorded $. costatus on Schistogerca

gregaria in southern Ethiopia. In the Sudan, Wood

(1933) recorded B. filipjevi on Locusta migrataria and

S. gregaria. In Kussia and Central Asia, B. filipjevi

was recorded on L. migratoria (ulsifiev, 1929;

Rukavishnikov, 1930), Dempster (1957), and GreJthead

(1958) recorded these parasitoids on Dociostaurus

maroccanus in Cyprus, and 5. gregaria in easterh

Africa respectively. In Nigeria, Taylor (1964)

reported B, filipjevi as a parasite of ZonoceruL

variegatus, and, Bindra and Amatobi (1981) recorded

sarcophaga scheomani attacking Krausaria angulifera.

It is clear that the percentage attack by t
insect parasites of nymphs and adults of the QOed

grasshopper was low, nowever, the additional pan

hese
aleus

asitic
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and predatory effects on the eggs (Popov, 1940;

Anene and Vajime, 1988a) and predatory destruction

of nymphs and adults (Anene and VaJime 1988b)]

are

expected to reduce the population of the grasshopper.

No estimate of the percentage mortalityl|of

U. senegalensis by the attacks of the red mites was

made, but it is highly probably that their attacks

would adversely affect the vigour and reprodyctive

| potential of the grasshopper. This inferenc

is a

- parallel to Dempsters (1957) suggestion that fheavy

infestation could jeopardise the final moult |of the

hoppers.

Similarly, although the frequency of attEcks by

the arthropod predaters on Q. senegalensis ny

phs was

low over the study period, the observations indicate

the potential importance of arthropods particularly

Promachus sp, Scorpions, and mantids in the biocontrol

of 0. tenegalens.s. Cheke, Fishpool and Forrest (1980)

observed Promachus sp. and Messor gallus as predators

on Q. senegalensis in Niger, and Amatobi (1982) recorded

preying mantis, mites, web building spiders ard ants aS'

arthropod enemies of the grasshopper in Nigeria.

Among the vertebrates, lizards, toads, snakes and

birds were observed as regular predators of t

and adults of the grasshopper. At several lo

nymphs

cgtions,

lizards were observed at oviposition sites preying on

laying females, and at hatching sites feeding

Jo]
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emerging hoppers. Undoubtedly, predation by these
lizards would exert considerable adverse influence

on the number of eggs laid, and the proportian of

hoppers developing into adults,

Several species of birds were undoubted#y the

most numerous and regular predators on 0. senegalensis,

A similar range of bird predators of the grasghopper
has been reported for India by Bhatia and Ahluwalia
(1967) and for Niger by Cheke, Fishpool and Fprrest
(1980). Dempster (1957) observed several speties

of birds feeding on D. maroccanus in Cyprus but
reported that the birds were not numerous enngh to

influence effective control of the grasshopper.

In Nigeria too, birds have been reported (Davey and

Johnsan, 1956) to have the greatest effect in reducing

the population of L. migratoria. Another repokt showed
that birds were more effective in reducing the numbers
of grasshopper nymphs than adults in the country
(Amatobi, 1982). There is no doubt therefore that

the effects of all these birds on grasshopper

populations would be considerable, especially when
they assemble in the neighbourhood of oviposition
sites during egg laying and emergence of hoppers
during hatching. The Sahel and Savanna zones of
Nigeria possess peculiar ecological conditions that

support vast concentrations of flocks of birds of
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many species (Uavey et al., Loc. cit.). Althou
gquantitative estimute of the actual reduction i
numbers of this grasshopper pest was made over

study period, it was apparent that the numerous

gh no
n

the

bird

species observed feeding on the pest would affect

the population drastically. Therefore, more de

studies are required to ascertain the role of b
as biocontrol agents in the Sahel and savanna z
of Nigeria,
Prospection for the enemies of the eggs of
Uedaleus grasshopper showed that insects were tli
major and most abundant parasites and predators
vahel, Judan and Guinea zones, destroying them r

by direct attack, but also by damaging the pods

tailed
irds

pnes

the

e

in the
3ot only

and

thus permitting dessication, and entry of bacteria,

moulds and nematods (Stower, Popov and

Greathead

, 1958).

It was also observed that most of these insect

emies

depended on the eggs of U. senegalensis and othe

acridids for their development (Lempster, 1957;

Greathead, 1958, 1963).

recorded, Fimelia senegalensis, oystoechus and X

species were the most important in reducing the

number of tne (Cedaleus senegalensis.

Of all the predatory sp

The only t

clies
eramoeba
yotential

rue egg

parasite observed during this study was !icelio sudanensis

and was recorded from only two sites.

As U, senegalensis spends the greater part

its life in the egg stage in the soil (batten, 1¢
it is not surprising that these egg parasites and

predaters would be extremely important during thi

f

€9)

s period,
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There was a positive correlation between the

incidence of these egg enemies and the number and

density of the egg-pods of U. senegalensis. There

were exceptionally heavy attacks and destructi¢n

in the sec¢tors where the egg-pods were abundant,

and there was a drop in the incidence of attac

following a decrease in the number of the egg~pods.

The predators appeared to be more prevalent in [the

drier and more northerly parts of the Sudan and

Sahel zones of Nigeria.

Undoubtedly, destruction by these parasitegs

and predators would exert a considerable inrlu:Ece

on the number of the egg-pods, and ultimately

population of O, senegalensis. It is desirable

the

L

therefore, to carry out more detai.ed studies oh the

bio~ecology of these egg parasites and predatorf and

other netural enemies of this grasshopper to scr
out the mogt promising species and assess their

bio=control potentials,

[€ el




CHAPTER 51X

SUMMARY AND CONCLUS 1ON

The distribution, ecology and biology of Oedaleus

senegalensis in Nigeria were investigated.

|
Thne results show that the known distribution of

O. senegalensis in Nigeria has considerably incr ased,

being extended and limited to areas north of Latitude

9°N. This extended distribution was as a result

of the

natural vegetation having experienced human interference

over a considerable period through cultivation, settlement,

bush burning, grazing and tree felling for firewpod, hence

providing favourable habitats for grasshoppers.

The grasshopper occurrence and distribution

stud ies

show that there were varying numbers and densities at the

various ecozones, 0, senegalensis occurred in high numbers

in the Sahel, Sudan, and northern Guinea savanna

zZones.

In the Plateau and suuthern Guinea savanna zones, the

absence of the nymphal stages of the grasshopper

indicated

that there was no local breeding. The presence of few

adult grasshoppers observed towards the end of ti

during October and November suggested migration.

e rains

Weather records show that therewas a rainy season in

which all tne rains fall and a dry season during
there was little or no rain at all. The climates
ecozones diffemdstrongly in temperature regime an

in precipitation. More significant differences &

which
of the
d more

)etween

the ecozones were observed in the monthly and seasonal

distribution of precipitation.
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Ubservations on the monthly fluctuations iL the

population of the O. senegalensis at the differ
shinwed
/ that adult grasshoppers occurred

ecozones
densities and were widely distributed throughou
Gahel, Sudan and northern Guinea savanna zones.
areas have been observed as being mildly or not

ephemeral grasslands. Furthermore, results hav

1

nt

n high
the
These

wooded,

shown

that the monthly grasshopper population was related to

rainfall, temperature and relative humidity. 0.
senegalensis was more abundant when precipi

was low, relative humidity low, and temperature
On the contrary, only few adult presence and no
Stages were recorded in Plateau and southern Gui
zones ,and the grasshopper was absent from areas
this zone., These areas experiencedearly and pro
periods of rainfall resulting in relatively low
nigh humidity and dense vegetation growth which
did not

Oedaleus grasshopper.

any major difference

favour the occurrence and survival of 1

There is no doubt therefor

in the grasshopper populat.

tation
high.
nympnal

nea sSavanna
south of
longed

temperature,

Lhe
re that

lon and

distribution reflectsthe varied climatic and vegetation

conditions of the ecological zones.

Hesults from field observations of the life

stages of

the grassnopper indicated that hatching of diapau

[ U I

"isually after the first rains in May in th

savanna zone, and i, June in the Sahel and Sudan

Subsequently, the ensuing nymphs prepunderated ti

1sing eggs
Guinea
zones.

11 August
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or September when they matured into adults, 1
persisted in the fields until November or Decd
they firally disappeared, Copulation and matin
observed from July to August and September to
while egqg laying occurred from July to Octobeng
highest and most f{requent egqg laying occurred
August and September, and these eqggs remained
soil thrcughout the dry period, until the arri
rains the following year.

Similar seasonal population fluctuatiocns
grasshopper were recorded in the three ecologi
studied. The fluctuations varied between few
at the beginning of the rainy seasaq,and dense
tions of hoppers, and aggregation of adults,wh
peak population during an?! towards the end of
respectively. Then a decline in population fo
Scasonal vegetational changes reflected on the
popul ations of the gedaleus grasshoppers which
on it for their food and shelter.

I'ne two seasonal populations of the nymph
later emergence as adults resulted in two peak
of abundance of the adults indicated that this
has two annual generations in Nigeria.

The

green and brown morphs of Q.

mber

cal

the adults

when

g wrre

October

« The

during

in the

val of the

of the

Zones
individuals
concentra-
ich attained
the rains
1lowed,
seasonal

depended

5 whose
periods

grasshopper

S svnegdletsis
maintained similar low populations at the begimning of

Lhe rains.

By the middle of the season, howev$r, the green
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morrh became preponderant and attained its pepk

population , followed by a decline, With the fdecline

in the pojpulation of the green morph, the brown morph

gradually predominated. with very high populatipn which

reached the peak in October In all the ecclogifal zones.

The brown morph in the three ecozones exceeded

the green

by a ratio of 2.7 - 4 to 1, and in all cases, the

differences were highly significant, ¥ o 56.63, 103.2,

and 223.5 respectivoly, P»C.001. The overall

ratio was 3.4}1

The male grasshoppers outnumbered the females with a

sex rutio of 1.23:1 which was significantly different

-
from 1:%1 at the L.1% level (x° = 45.42). This

disproportion,

however did not necessarily reflect a preponderance of

males but rather, arose as a result of migratory and

repreoductive habits of females which predisposed them

from being caught.

Lvidence of the movement of adults of Q. $enegalensis

populations by flight was based on the records |of

grasshoppers caught by the sweepnet method (da
and 11 jht traps (night populations), and the o
differences in the stages of sexual maturity o
Thos~ taken at the light traps were distinct a
homogenous, comprising full grown immature adu
mature individuals in the early stages of matu
Furthermore, morphometrics of the two popul:cti
that day population consistently had smaller n
for both ¢lytron and femur lengths than night

population. It was unlikely that the night

population)
served

the females,
d more

ts and
ation.
ns showed

an values
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samples of the grasshopper were merely resident local

individuals attracted to light from the immediate vicinity.
Several direct observations were made of concentrations

of gravid females ovipositing at the same time.  This

group laying would result in high pod densities and this

was a potential factor likely to contribute toerds

bringing hoppers together in bands at the time of

hatching. |

The rate of development of the females of U.

senegalensis was similar to that of the males. | The

insects passed through five nymphal instars with a

duration of 45.63 + 2.1 and 50.09 # 2.2 days for the

males and females respectively. The weight of ﬁhe
fledglings, rate of development and duration of
the nymphal instars were not affected by the f plants.

Adult female O. senegalensis contained an average

of 40,51 + 2.4 ovarloles, It was therefore expected that

a female grasshopper would produce an average of 40 eggs

at a time, Contrarily, counts of mature eggs in the

oviducts of gravid females gave a mean of 27.62 # 9.1

eggs, Furthermore, the mean number of eggs per pod of
Samples from the field and those laid in the

laboratory were 26.86 + 2.2 and 27.42 + 2.2 eggs respectively.

These observations indicated that not all ovarioles produced

eggs at the same time,

Food plants did not affect the sexual maturation and
adult longevity of O. senegalensis, even though the males

lived longer than the females. Females reared under crowded
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conditions matured more quickly than those reared in

isolation. Females reared in isolation not only

produced more egg pods than the crowded ones, b

also lived for longer periods. Adult morphome tr

not affected by the density at which the nymphs

ut

ics were

were reared,

The incubation period of the eggs of the Qéggleus

grasshopper in the field ranged between 16,98 +

4,3 days, and in the laboratory, it was

18.17 *

20.11 + 2.2 days.

found betwd

No significant difference yas

elytron and femur measurements, or the E/F rat

the green and brown males, and the green females
three ecozones. These populations could be desc
being morphometrically homogenous. The measurem
the brown females however provided evidence of d

between the populations from the ecozones, Alsd

3.7 and

en the
ios of
from the
ribed as
ents of

ifferences

significant

differences existed between the green and brown
females,

Corresponding increase was observed in the
lengths of day and night populations of both sex
the grasshopper from August to September, Also

lengths varied with elytron lengths. When the s

dimorphic

elytron
es of
the femur

exes were

compared separately, the day populations consist
had smaller mean values for both elytron and fem
lengths than night populations, indicating the ex
of significant morphometric differences between

populations.

Ently

istence

r

the two
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Phree dipterous flies belonging to family

Nemestrinidae and oarcophagidae were observed ag$ comuon

parasites of the nymphs and adults of 0. sene alensis.
The larvae of these parasites were found at thelr various
stages of development inside the body cavity of|the
grasshoppers. Trombiculid red mites were common ecto-
parasites of the 4th - 5th instar nymphs and the adults
of the grasshopper. They were found attached to the

wings, or to the skin at the base of the wings ,or wing

pads,
Various arthropod predators of the nymphs d adults

of the O. senegalensis included Promachus sp., Mantids,

Scorpions, Sphex aegytius and Messor gallus.

The vertebrate enemies of nymphs and adults of

O. senegalensis observed during the survey We€re numerous,

Large males and females of the rainbow lizard Agama agama

and three snake species were regular predators of the

grasshopper. They were regularly observed at egg

laying sites, preying on ovipositing females, and at

hatching sites,preying on emerging hoppers.,
Birds were probably the most important and |conspicuous

predators of the grasshopper, accounting for 90.79% of

predation recorded over the study period, Since the

birds were present throughout the life of the grasshopper,

their depredations especially during the nymphal stages

of the insect would affect the numerical fluctuation of

this pest.
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Insect parasites and predators were observed as

serious enemies of the eggs of 0. senegalensis in Nigeria.

They occurred in relatively high numbers at all the

|
ecological zones, and the percentage occurrence|

|
positively correlated with the number of egg p_*s.

It is apparent that these insects . '  exert c¢nsiderable

influence on the number of the egg pods and hcn%e cn the

population of O. senegalensis. It is desirable

therefore to carry out more detailed studies on the

bio-ecology of these egg parasites and predators, and

other natural enemies of this grasshopper pest, to

screen out the most promising species and ascesd

bio~-control potentials, I

their
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Appendix 1b: METEOROLOGICAL DATA MEANS FCR KUKAWA 1983 - 1987,

— e —— - S i - — - —— - - — e —— . ———

s -5 S —

Yez> Jan. Feb, Mar, Apr, mm% June July Aug, Sept, Oct. Nov. Dec., >mmﬂww
- - e e e Y 1. T ) e , .

16£3 € 00 00 00 3,25 L47.25 . t5.75 20.5 5,75 00 =y 2l5.25

184 00 00 00 00 10,25 28 £3.5 108 50.25 3.25 00 00 263,25
o 15t oC 0 00 00 3 22.75 40 85.25 32.5 11.5 00 00  197.25

1286 co 00 00 C0 5.5 15.7 61 81.25 28.5 18.75 00 co 210.7

TSE7 00 GO 00 00 6,25 18.25  63.25 1.5 28 10.5 00 00 21745

Relative Humidity (%)

1283 10 6 b 1 1 25 Ll 60 68 52 37 18 20

1084 11 12 10 8 22 L7 62 65 57 28 22 18

19&5 1 U 12 10 26 50 62 67 L3 26 18 18

1056 12 13 13 10 25 LG €0 69 59 37 20 17

1€27 10 12 11 g 22 3k 58 62 L8 2 1L 20

Maximum Temperature (°C)

1¢383 32 35 36 39 43 L0 36 35 32 33 32 30
158, 21 36 37 LO L. 38 35 36 3 36 33 30
1985 32 33 36 L2 LS 37 3 32 33 34 32 31
15C6 30 33 36 38 L2 L 39 37 3L 36 32 30
1287 33 3 37 LO L3 38 35 33 33 34 3L 32
Minimum Temperature (°C)
1253 13 18 22 2L 25 23 22 2 21 15 15 13
1GE&EL, 12 u 20 22 28 P 22 23 “8 22 18 g
195 11 13 24 2 25 2l 23 20 22 z1 1€ 13
163 12 17 22 25 26 2h 23 23 20 22 17 A
1587 12 1k 19 2, 26 23 22 22 20 21 17 14



orendix 2a: METEOROLOGICAL DATA MEANS FCR MAIDUGURI: 1983 - 1987

Annual
Year Jan, Feb. Mar, Apr, May June July Aug, Sent, oct, Nov. Dec, Total
Rainfall
1083 Q0 00 0o (09 18.25 30 55+25 182.5 &i,25 5,25 co 09 35545
N  [530 00 20 00 00 32.5 75. 160,75 155 52.5 00 00 00 525,25
. 1585 00 00 00 00 LO 130 155 159 97.5 00 00 0 575,
1286 Co 00 00 00 8.75 83.00 126.25 164.5 82,75 3.25 00 0% 165,25
1087 00 Co 00 co 39,25 61 125,0 116,25 66,7 6.75 00 00 112,0
Relative Humidity (%)
198 16 13 16 16 Lé 71 71 79 73 23 23 20
1684 20 16 18 2L L8 62 71 67 L1 39 17 20
19€5 18 Uk 27 17 Ll €5 79 80 70 33 2l 21
1206 19 13 1 18 L2 57 76 Th 74 L8 28 18
198 16 12 21 12 3S 58 71 76 68 39 18 15
Maximum Temperature (°C)
1663 28 32 32 38 39 35 32 30 32 34 33 31
1c8L 27 3 27 38 36 34 32 32 33 a4 33 27
1¢85 31 29 34 36 38 3k 8 31 31 33 33 28
1266 28 34 37 L0 35 31 31 2 34 22 27
267 30 33 36 38 39 b 32 30 3 35 33 23
Minimum Temperature ﬁonu
1¢C3 13 18 18 23 25 23 22 21 21 18 1< 13
1234 11 1L 13 23 23 21 1% 20 2C 19 14 11
1508 13 1% 23 2L 25 2 19 24 21 18 16
1-C¢ 12 7 21 2l 24 23 21 21 21 29 17 13
1927 13 16 21 23 25 2l 23 21 22 21 16 12



Appendix 2b: I'ZTZORCLCGICAL DATA MTANS FOR SCHOTC: 1983 - 4587
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T Y e — S o
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e l\mm o .\u Vew Ui Olﬂm lUl\lm Eleiasd -0 il 20 .U 00 me.w
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lwm ..\.._'u.-w ﬂO ”..”_. UU Womlm

Pelative Humidity

2983 18 18 2 2 49 5 7 7643 79 215 i3 2455
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AppendlXx 3j: METEURULUGILICAL DATA MFANS FUR SAMARU; 1903 - 1907

. 165
, Annual
Vear Jan, Feb, Mar. Aopr, May June July Aug, Sept, Oct, Nov, Dec, otal
Rainfall (mm)
1583 00 00 00 00 73 74 107 259 e3 27 00 00 606
128 - CO 00 5 30 oQ L 174 158 189 30 00 oC 709
1665 Co 00 33 00 104 142 313 256 163 32 oo co 10290
96— 00— 00— 00— 6 59 g2 2%t 322 207 78 00 00 ™58
1087 00 00 00 00 136 146 227 268 102 L3 00 090 822
Relative Humidity (%)
158 18 11 1% 18 51 el 75 75 68 30 17 16
1084 1 11 21 37 60 62 71 70 71 55 23 22
1265 16 11 20 25 55 eg 81 75 73 39 23 23
1586 20 18 28 35 50 €3 75 76 71 clL 31 2L
1287 20 11 21 20 37 68 72 78 70 L4S 22 22
Maximum Temperature e
1983 2l 32 33 38 35 32 29 28 30 32 32 31
198l 28 31 36 35 32 32 29 30 ic 3 31 ~ L
1785 31 30 35 35 3k 30 28 29 29 31 32 2
19E6 30 35 3 38 3 30 2% 29 29 31 12 o
1687 31 33 35 36 37 31 30 29 3 31 32 5C
Minimum Temnperature b o
1283 b 18 17 2C 22 20 23 18 18 1L 13 13
108L 12 15 21 23 21 21 12 20 1< 1S 1. 13
1285 1 1 =1 22 22 15 17 16 15 16 13 B
16E6 13 16 9 21 22 21 20 13 1G 18 th HE.
1287 13 16 20 22 22 21 20 20 =0 18 13 13
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Appendix 4o: OSummary of Five Year (1983-87) Climatological Data Means For Southern Guinea
Cevamna (Minna and Mckwa)

Site uine Feb. Mar, Apri. May June Julé Aug. ..W.U._u. Cet. Nove. Dec, Total
g° 371 Kain Fall (mm)

Minna Ced 6.4 12.7 5%.2 122.2 o . 251.7 281.5 121.6 6.1 2.5 1269.1
9% 18

Mokwa oot b4 315 69.8 1%1.2 170.,2 263.6 289.2 228B.7 119.0 2.7 11 1323.4

Relative Humidi

Minna Doel 31.7 40.4 55.2 73.6 . T6. 66, 49. 44,3

Mokwa Sie? 3.4 52.8 70.9 61.6 84,9 81,6 82,4 36, 76. 55.7 34.5
Max, Tem. (°¢)

Minna Hie3 36.4 36,9 348 32.5 2 25.0 2B.4 O 314 34,2 B4.8

Mokwa 7 TN 37.4 37,86 37.4 33.9 32.3 30.8 30,0 31,7 31.5 3.0 34.1

Minna PrY 22.2 24,1 244 23,3 21,5 213 19.2  19.%

Mokwa 1540 19.0 23.2 4.8 23,1 218 216 173 143




1

67

o lendix T Plant srecies found In the Cedaleus
grasshopper habitets in|the three

-

Ecozones under study.

Southern Cuinea Zorne:

Fallow

fleld habitats (Mirna) Trees and

Ximenia americnna

larinari solvanidra

Grewin iloga

1. b . .- | -2
larkias elap:rrtoniana

Fhoya seneralensis

Sterculia setirera

I!'raria picta

i.itrapgyna Ineruis

Vitex doniana

"erbaceous |lants:

Yorreria radinta

Sidae rtomhifolia

Pyntis suavolins

lNesmodium hirtum

81da ovata

~

Cretolaria senepalensi

5

Diocorea durmentorum

Reerhiavia 4iffuza

Friosema areseum

Jpomoae arertusrata

Vicoa letocladaa

land, Grazing

Shrulls:




lepidagothis collina

fGruminease Flants:

Andarorocan schirensis

Rotlibhwoellia exaltata

‘wonarrhen:a rufa

Tazpalum orticulare

Nactylocteun aeoptium

Ootaria ancerns

“aricscus alternifol ius

Sclerdia africana

worrhastrem hipinoatom

tragrostis pilosa

,orthern Guinea Zorne Shrubs and

NDaniellia oliveri

pecmodium velotinum

Maytenus sengalensis

'annoa undulata

Trichilia emetica

Ficus i;rneus

I'reria picta.
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Trees




"erbaceous Flants:

Indijofera capitata

lepidagathis collina

lLippria chevalieri

Tephrosia bracteolata

Sida urens

S5ida ovata

Heoporia dulin

(Ndenlandia herbacea

Pipphytum peteraionun

‘e pramineae Plants:

andropoyron schivensis

l eudetia simplex

Prachiaria kotschyna

irarrostis tremula

Digitaria horizontaslis
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The Sudan and Sahel zones:

Dalbergia latifolia

Haerua ohlongifolia

Zimenla americana

Sclerncaryva birrea

Trees and

Lhrubs
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erbaceous PMants:

Turguiaria tomeniosa

Striga hermontheca

Triumpheta dubia

Marremia lzﬁdpntqlg

Fuphorbia polvchnemnidps

Corchorus 15}19n5

Calotropis procera

womincae Plantss

A ’!:r‘u(-i;\,’:_‘.tncl’nia

Acalypr

rpachigria yantholeuca

Dipitaria acnminatissima
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APPENDIX €

breeding Cape



