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ABSTRACT

Field and | aboratory studies on egg devel opnent,

survival and hatchling weight in L. mgratoria m grato-

rioides were nmade at Ngala (12°20'N, 14°10'E) and
Mai duguri  (11°53'N, 13°16'E) in the Lake Chad Basin |ocust

out break area.

During 1981 to 1985 data on eggpods were conpiled
for four seasons nanely, the rainy season (July to
Septenber); the harmattan (m d-Novenber to February); the
hot-dry season (March to m d-May) and the early rains

season (md-May to June),

In the field locusts were bred in open-bottoned
wooden franme cages in three soil habitats classified as

sandy, sandy-clay |oam and cl ayey.

In the | aboratory breeding occurred in cages provided
with predetermned soil/water m xtures for oviposition;
i ncubation tenperature ranged from 22 + 1°C to 40° z1°C.
The | aboratory study centred on the age of the fenmale in
relation to fecundity and the effects of nvisture —
including flood and drought —and al so of tenperature, on

egg devel oprent, survival and hatchling weight,

A total of 907 eggpods were obtained in the field

during the rainy season; these conprised 350 in sand



298 in clay and 259 in sandy-clay loam During the
harmattan 49 eggpods were obtained, 24 in clay,16 in sand
and nine in sandy-clay loam soils. During the hot-dry
season 35 eggpods were obtained; 16 of these occurred in
clay, 11 in sand and eight in sandy-clay loam S xteen
eggpods were obtained for the early rains seasons, eight
in clay, seven in sand and one in sandy-clay | oam

Egg devel opnent rate was inferred from i ncubation
period; it was fastest in the early rainy season when the
mean incubation period in sand was 9.5 days and corresponded
to the highest nmean air tenperature ranging from=29.8 Cto
36.2 C  Devel opnent rate was slowest during the harmattan;
I ncubation averaged 24 days in clay and coincided with the
| onest nean air tenperature ranging from 19.2°C to 25.6°C
Aver age devel oprment rates for the rainy season were inter-
nmedi ate to those for the seasons nenti oned above; the
rates coincided wth the internediate air tenperature
ranging from 24.6°C to 27.3°Cincubation |asted 13.6 days
in sand, 16,0 days in sandy-clay loamand 18.1 days in

the clayey soil.

Egg survival rate was inferred fromthe percentage
of eggpods that hatched in a given eggpod popul ati on. The

best survival rates were recorded during the rainy



i
season when 49.9% of 350 eggpods survived in sand, 25.1%
of 298 eggpods survived in clay and 16.6% of 259 eggpods
survived in sandy-clay |oam During the harmattan 11.4$
of 24 eggpods survived in the clayey habitat only and
during the early rains 29.2% of seven eggpods survived in
the sandy habitat only; eggs did not survive in any habitat

during the hot-dry season

Egg nortality factors under field conditions were
identified as predation, parasitism desiccation and
decay. These factors were seasonally influenced. Pr edat -
ion was the major nortality factor, particularly during
the rainy season; the major predatory suspects were |arvae

of coleoptera while a mte of the genus Al Il othronbi um was

a mnor predatory agent. The parasites conprised Scelio
afri canus Rermaudi ere, S. sudanensis Remaudi ere which
belong to the famly Scelionidae (Hynmenoptera) and an
unidentified wormof the famly Enchytraei dae. The two
parasitic groups caused mnor nortality in the rainy
season only. Desi ccation and decay, which were preval ent
during the drier and wetter seasons respectively, caused

little nortality.

Laboratory observations showed that the fenale

| ocust laid a maxi num of five eggpods, the mean being



2.9. The nunber of eggs per eggpod declined with the
age of the female but devel opnent and survival rates,
and al so hatchling weight, were independent of parenta
age.

Laboratory observations also indicated that devel op-
ment rate was influenced by soil noisture, including flood
and desiccation; wetter soil conditions and drought
retarded egg devel opnent. Devel opnent rate was al so
influenced by tenperature, 34 *1°C being the optinum at

whi ch the average incubation period was 10 days.

Eggs survived at tenperatures ranging from 22 =+ 1°C
to 38° + 1°C no egg survived at 40 + 1 °C. Survival was
higher in wetter soils but flood was detrinental. O der
eggs survived better in flood but pharates about to hatch
were highly susceptible. Drought was also detrinental to
survi val

Hat chl i ngs emerging from wetter soils were heavier

and had hi gher survival potentials.
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ABBREVIATIONS AND DEFINITIONS

Abnormal oviposition - Oviposition occurring not in the
soil but on floor or walls of breeding
cages,,

African migratory locust - Locusta migratoria
(Reiche and Fairmaire (Orthoptera :
Acrididae),

ALRC - The Anti-Locust Research Centre, London,

Arrested egg development - A halt in egg development controlled
directly by adverse external conditions
including drought and high temperature
and brought to an end when the condit-
ions improve; it is sometimes termed
quiescence,

Clutch size - Number of eggs per eggpod

Congregans - Transient forms of locusts changing from the
solitory to the gregorious phaose.

COPR - Centre for Qverseas Pest Research, London,

Earth plug - Reddish coating of the entire eggpod. It
comprises froth and adhering soil
particles,

Eggmass - The posterior end of locust eggpod where the clutch
of eggs are normally located,

Eggpod - The reproductive unit produced by the femole
locust at the end of oviposition;
it comprises the froth plug, the
eggmass and the earth plug.

Flood period (duration) - Number of days during which eggpods
are submerged under water.

Froth plug - The foamy anterior-most portion of the locust
eggpod. Tt contains no eggs.

Gregaria - The phase of locust characterized by gregarious
and migratory habitats; it is often
referred to as the "true locust.'



Hqtchling - The first 24 hours of the hopper life,

Tneubation period - Starting from the dote of oviposition
to the date of mass (or first)hatching.

Locusts - Species of grdsshoppers that are capable of
phase tronsformation and long distance
migrotion often leading to plagues,

tkass hatching - Hatching usually involving majority of the
eggs in an eggpod. Tt is, invariably, the
first hatching.

Quthreak area - a natural ecological region where comple~
C mentary spatiotemporal conditions permit
the mechdnism of phase polymorphism to lead
to o generclized locust plague upsurge.

Pharate - The vermiform, laorvel, stage of eqg development
in locusts and grasshoppers,

Phases. - Tndividuals of one and the same locust species
of which the morphological and behavioural
characters differ se much that they moay be
mistaken for different species,

Preflooding period -~ The interval between the day of
oviposition and the day on which immersion
under water commences. :

Rate of egg development - Tncubation period (duraflon of
lncubatlon)

Rate of egg survivel - PeFcentage egg hatch per eggpod, or’
percentage of eggpod.hatch per a given eggpod
p0pu1thon.

Segregans - Transient forms of locysts changing from gregox-
ious to solitary phase,

Selitaria ~ The phase of locust which behaves as the
relatively inactive, solitary grasshopper,
exhibiting little reaction to the presence
of other members of the population,

‘Transiens - The intermediate stages which occur during the
transformation from one phase of locust to
onother.



CHAPTER ONE

INTRODUCTION

Locusts and grasshoppers belong to the order Orthoptera
uhich consists of many taxa some of which are major pests of
agriculture ond grazing londs in mony ports of the world.

The most recent account of the classification of the order

is given by Kevon (1977) and it has been adopted by the
Centre for Overseas Pest Research (COPR), London, COPR
recognises the following suborders: Acridodea, Proscopiodea,

Tridactylodea and Tetrigodea (Anonymous, 1982),

Locusts, and most of the agriculturolly importont
grasshoppers, belong to the suborder Acridodea (Family:
Acrididae), and are recognisable by the big hind legs used
for jumping. Unlike grasshoppers, locusts have the habit
of changing their behaviour when they occur in large
numbers; in other words when in small numbers locusts live
solitarily like gruasshoppers but when their numbers increase,
locusts can become gregarious ond stay together in dense

groups,

Historical Background

Locusts, ond grasshoppers, might have appeared
during the course of evolution, hundreds of millions of

years before Homo sapiens ( Husain, 1963) and since

prehistoric times plagues of locusts have been feared as



2

the forerunners of famine and human suffering (Lean,
1931, 1936; Bullen, 1970}, For instance, in the Bible,

Chapter ten of the Book of Exodus presents a vivid

description of the locust plague that tormented Egypt

in 1491 BC (Bullen, 1970), i.e, some 3,477 years ago.

Another proof of man's ancient familiarity with
locusts is provided by the pointings and carvings in the
ancient monuments of Iraq, Mexico and also on tombs of
the 6th dynasty at Sagqara in Upper Egypt dating from
about 2,420 to 2,270BC (Husain, 1963; Hemming, 1974),
There is also record of locust plagues from Shantung

Province in China as early as 7078C and Rao (1960) has

stated that locust menace was mentioned in Sanskrit

( India) literature of the third ond forth centuries AD
as one of the six hazards to which the cultivator was
exposed,

Other historical records indicote thot locusts have
long presented agricultural problems in the Philippines,
the Middle East , North Africa as well as South-East
Europe (Lean, 1936; llaloff and Conners, 1964; Lieberman,
1970). As agriculture developed locusts, and grasshoppers,
became serious pests in the Soviet Union, India, South-
East Asia, Australia, South, Central and North America

as well as Africo (Husoin, 1963), The world-wide spread



of locusts menace led .Husain (1963) to declare that "there

is no stretch of land which is totally free from the
insects," Hemming (1974) has also stated that all conti-

nents of the world, except Amtartica, are still liable to

attock by locusts.

1.2 Hﬁdern Knowledge On Locusts

The foundation of knowledge on modern locust problems

was laid when Uvarov (1921) first propounded the
hypothesis which led to the "fundamental phase theory."
According to the theory locust species are extremely plastic
in their morphological characters and behaviour; and the
extreme forms may be so different that they were once

regarded as discrete taxa (Anonymous, (1966),

Two forms are recognised, nomely phase solitaria and
phase gregaria, Members of the phase solitoric behove os
relatively inactive, solitary grasshoppers, exhibiting
little reaction to the presence of other members of the
population. On the other hand, individuals of the phase
gregaria possess highly developed gregarious and migratory
habits; thus the immature stages march in massed hopper

bonds ond the odults migrate long distonces in dense sworms

(Lean, 1936).



The phase of o locust community depends on population

density (Uvorov, 1921), Therefore, a large number of
solitaria hoppers developing in a restricted environment
can become gregorious, Conversely a few hoppers of
gregarious individuvals developing in an unconfined space
may revert to the solitary status, There are also
transient forms which occur during the transformation from
one phase to the other and are defined as congregans, if
the change is from solitaria to gregaria, or as segregans,
if the change is moving in the reverse direction
(Anonymous, 1966), All acridid species capable of the

phase transformation described above are called locusts,

1.3 Séecies Of Locusts

Through the phase theory the tendency to consider
two phases of the same species as two different species
was eliminated, Since then subspecies and geographical
races hove been reliably identified, According to the
1966 publication of the Anti<Locust Research Centre, (ALRC)
based in London, there are eleven important taxa of locusts

common in Africa and Asia; these are presented below:

i) Schistocerfa gregaria (Forskal ), the desert locust;

ii) Nomadacris soptamfasciuta.(Serville), the red locust;

The Anacridiun species group, commonly called the



tree locusts, consists of:

iii) A. gegyptium (Linnaeus),

iv) A, wernerellum (Karny),

v) A, melaonorhodon grabafum (Walker); and
. melanorhodon melanorhodon (Walker);

>

vi)

The Locusta species group, commonly called the

migratory locusts comprises four subspecies, namely:

vii) L, migratoria migratorioides (Reiche and Fairmaire)

the African migratory locust,

viii) L, migratoria migratoric (Linnceus), the Asiatic

migratory locust,

ix) L, migratoria manilensis (Meigen), the Oriental

migratory locust, and

x) L. migratoria capito Saussure; and

xi) Locustana pardalina (Walker), the brown locust,

A brief account of the areas in Africa and Asia usually
invaded by the eleven taxu_liated above is given below,
beginning with S, gregarig, In the course of this account,
mention will be made of @ single prominent species in

South America,



S. gregaria: Most of the eorliest examples of

locust menace referred to 3, gregaria and its invasion
area (Fig.1) is estimated”at 28 million square kilometres,
aon area which is more than 20% of the total land surface
of the world: the damage it causes can affect 10% of the
world population (Anonymous, 1966; Hemming, 1974)., As
reported by the ALRC in 1966, the invasion area
encomposses a greot voriety of climotic zones from the

sea level up to an altitude of 30,000cm,

Although swarms of 3. gregoria have been recorded
from the sea level up to an altitude of 30,000cm,
breeding has only been known to occur in about half the
invasion area and rarely above 15,000cm (Anonymous, 1966).
2. gregorio hos no well-defined outbreck oreo to which
the genesis of a general;sed plague is restricted, This
situvation mitigates against economic monitoring of its
breeding activities and timely forecast of impending
population upsurges. Breeding only occurs in the rainy
season, but the breeding orec is restricted to the rela-
tively drier environments where the annuval rainfall is
usvolly between 50mm ond 200mm. (Anonymous, 1966). Tt
is known that rainfall in parts of the breeding areas
is unpredictable and may fail completely as was the

case during the 1983-84 drought in West Africa,
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Fig- 1: Maximum Recorded  Invasion
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LEGEND TO FIGS, 1 - 5

1. Morocco 32, Ghana
2. Algeria 33, Burkina Faso
3. Tunisia 34, Cote D'Ivoire
4, Libya 35, Liberia
5. Egypt 96, Sierra Leone
6. Israel 37, Guinea
7. Syria 38, Mali
8. Turkey 39, Senegambia
9. Iragq 40, Mauritania
10, Iran 41. Saharaoui Republic
11, USSR 42, Gabon
12, Afganistan 43, Congo
13, Pakistan 44, Angola
14, India 45, Zambia
15, China 46, Malawi
16, Nepal 47, Mozambigque
17. S. Arabia 48, Zimbabwe
18, Somalia 49, Botswana
19. Ethiopia 50. Namibia
20. Kenya 51, S. Africa
21. Uganda 52. Madagascar
22. Tanzania 53, S, Arabia
23, Zaire 54, France
24, Central Africa 55, Poland
25, Sudan 56, Italy
26, Chad 57. Mongolia
27. Cameroon 58, Korea
28, Nigeria 59, Japan
29. Niger 60. Philippines
30, Benin 61, Malaysia

31, Togo 62. Indonesia
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Another important species of the genus Schistocerca

is the South American locust, S. americana, which poses

the biggest threat to agriculture in Argentina

(Lieberman, 1970), Its main outbreak area is north-west
Argentina where it lives with S, gregaria, though the
invasion area extends to Paraguay, Bolivia, Brazil, Uruguay

and Chile (Lieberman, 1970).

N. septemfasciata:Plagues of this species can cover

nearly all of Africa, south of the Sahara; the last one
which started in 1930 ended in 1944 and covered the area
shown in Figure 2 (Anonymous, 1966). Six outbreck areas
of the species have been recognised (Fig,2); three in
Tanzania (22), two in Zambia (45) and one in Malawi (46),
Swarms have been ltnown to escape from the first five of
these, particularly the Rukwa Valley in Tanzania (22), In
1941 an internaotional orgonisotion, the Red Locust Control
Organisation, was established to survey and control
populations in the outbreok areas and since then there
have been no further plagues of the species.

Occasionally this species is also found in consider-
oble numbers in the outbreak area of the African

Migratory Locust in Mali (Anonymous, 1966).
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Anocridium species group: Data on this group are

scanty; the invesion area (Fig, 3) as reported by the

ALRC (1966) overlaps those of S, gregaria, N,

septemfasciata and L. migratoria migratorioides, though

members of the Anacridium species group prefer the

short grass country with scattered Acasia trees,

Some members of the group are known outside Africa,

A. melanorhodon melanorhodon and A. melanorhodon arabafum

have been reported in Saudi Arabia (53) and southern
Iran (10), while A, gegyptium has been found in countries
around the Mediterranean and the Middle East (Anonymous,

1966). A. wernerellum lives generally to the south of A,

melanorhodon melanorhodon though their areas overlap

considerably (Anonymous, 1966).

L. migratoria migratorioides: The last major plague

of the pest lasted from 1928 to 1941, and the invasion
area (Fig,4) stretched from Mauritania (40) in West
Africa to Tanzania (22) in the East, and from Sudan (25)

in the North to South Africo (51) Anonymous (1966).

Analyses of the data on the genesis of that plague

(Lean, 1931, 1936; Coleno, 1932; Zolotarevsky, 1934) led
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to the locotion of on outbreck orea of the subspecies
in the rain and river flood plains of the gentral delta
of the Niger River in Mali (38).

There are three main breeding periods each year in
the Mali outbreak area; the first on the rain flood plains
at the beginning of the rains in May, the second in the
surrounding drier Sahelian zone ot the end of the roins
in Auvgust-September, when the plains are normally
completely flooded and the third in both the rain and
the river flood plains as the land is exposed in the
receding floods (Davey, 1953; 1955; Popov, 1959; Anonymous
1966; Farrow, 1975). In 1948 an international organisat-
ion, TBe International African Migratory Locust
Orgunisation (OICMA*) was established in Mali to survey
and control populutiona of the subspecies in that outbreak
area,

Until the 1970s, the Mali outhreal: area was considered
the only important breeding ground for the African
Migratory Locust though interest in the Loke Chad region
of Nigeria (28), as a possible outbreok area, had existed

since the early 1930s (Popov, 1972),

*Orgaonisation Internationale Contre le Crigquet Migrateur
Africain,
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The most comprehensive investigation of the Lake

Chad area is that by Davey and Johnston (1956); they
described the locust as indigenous in the Borno State,
“where it may be found throughout the year in the loke-
shore habitats" (Popov, 1972). Popov (1972) has also
given a vivid description of the record of events which
eventually led to the declaration of the Loke Chad Basin .
as a second outbreak area of L. migratoria migratorioides.
Analysis of available data by Popov (1980) indicates that
from 1969 to 1980 preventive control operations against
the pest have been undertaken during eleven years in the

Lake Chad Basin,

Apart from the two recognised outbreak areas of Mali
(38) and the Lake Chad Basin, unpublished OICMA records
also indicate that Angola (44), Eastern Sudan (25) and
Madagqscar (52) provide very favourable breeding conditions

for L. migratoria migratorioides.

Of the three other important subspecies of the

migratory locust, L. migratoria capito is found in

Madagascar (Fig,4, 52), During plague, four-fifths of
the island is invaded, leav;ng only the humid coast free
(Tétefort and Muller, 1972), Tt is regarded as the most
important agricultural pest in Madagascar (52) where it

attacks crops such as rice and sugar cane,
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The distribution of L. migrotorio migrotorio is

shown in Figure 5. It extends from France (54) through
Polond (55), USSR (11), Chine (15), Mongolio (57) to
Japan (59); the subspecies olso destroys groin crops,
cabbage, cotton and fruit trees in Turkey (8), Iraq (9)

Iran (10) ond the surrounding countries.

L. migrotorio manilensis occurs in the Philippines

(60), Moloysia (61), Indonesia (62) and the neighbouring
islonds (Fig.5)., It is regorded as one of the most
importont ogriculturcl pests in the low-lying grosslonds
in Eastern Asic where it causes the greatest domage to
graminaceous crops including Zeo mays, Sorghum species

ond Oryza sativa (Roffey, 1979).

L. pardolina: This is the only acridid which regulorly
forms swarms in South Africa (Fig.4, 51), where it
constitutes a mojor threat to ogriculture (Foure ond
Marais, 1937; Lea, 1958; 1962; Botha, 1967). Almost half
of every year, that is from Moy - June to October-November,

is spent in the egg state in diapouse (Mothe'e, 1951).
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1.4 Economic Importance of Locusts

As already indicated the three most important

locusts in Africa are S. gregaria, N. septemfasciata

and L. migratoria migrotorioides. These cause damage

by eating the leaves, flowers, fruits, seeds, bark and
growing points of plants; in addition trees are known to
break down as a result of the sheer weight of roosting

swarms (Anonymous, 1966).

To quantify the economic status of an insect pest
is an extremely difficult task as reported by Husain(1963),
It may be easier in the case of stored grain pests,
Qhere the pre-storage and post-storage values of a
commodity can be worked out and the loss due to pests
determined; where grasshoppers attack a germinating crop,
seed and labour costs can be calculated and a loss
deduced; but where locusts devastate a vast area, covering
a variety of plants-wild plants, some of them weeds,
pastures, cultivated crops at different stages of growth,
forests or orchards - the task of making an accurate

calculation of economic loss is not always easy,

Uvarev first treated this intricate problem in 1951,

discussed it further in 1960 and estimated the average
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crop loss to locusts to be 100 million dollars per year,
His estimate was based on the finding that an adult
locust eats its own weight (about 2gm,) of food per day
and that a swarm of about 15km square contains approxi-
mately 1,000 million locusts., A population of this
magnitude will weigh approximately two million tons,
which represent the weight of vegetotion liable to be

destroyed daily by the swarm (Hussain, 1963).

To illustrate the economic importance of locusts

more or less quantifiably, data presented by the ALRC
in 1966 based on damage by S. gregoria in Africa, are
shown in Appendices | and 2, Emphasis is placed on the
value of crops damaged in Appendix 1; the situvation is
even more alarming if losses are considered in terms of

quantities of actual food or other crops destroyed

(Appendix 2),

Again it must be emphasised that such calculations
provide only rough estimates because it is difficult to
distinguish the portion of greenery of economic
importance eaten by the locust from that which consists
of valueless matter that is best destroyed,

The gravity of locust menace may be further
appreciated if cognizance is taken of the pest's ability

for long distance migration. During such migrations the
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swarms traverse internotional frontiers, descend ot
intervals to feed and to breed (Uvarov, 1921; Lean,1931;
1936; Bullen, 1970; Anonymous, 1984), The international
status of the locust problem led to the formation of
world-yide regional locust monitoring and research
organisations, particularly at the end of the last major

plagues in 1944,

Prominent among the organisations are the following:

i) The Grasshopper Research Section of the United
States Depoartment of Agriculture;
ii) The Locust Research Section of the Ministry of
Agriculture, United Arab Emirate;
iii) The Locust Control Department of Saudi Arabia; and
iv) The COPR of London, United Kingdom (formerly

known as the ALRC).

In Africa, the major organisations include:

i) The Desert Locust Control Organisation for
Eastern Africa (DLCOEA) based in Addis Ababa in
Ethiopia (Fig.4, 19);

ii) The International Red Locust Control Service
(IRLCS) at Mbala, Zambia (Fig.4, 45);

iii) The Organisation Commune de Lutte Antiacridienne
et de Lutte Antiaviaire (OCLALAV) based at Dakar

in Senegambia (Fig.4, 39); and
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iv) The Organisation Internationale Contre le
Criquet Migrateur Africoin (0ICMA) which

is based at Bamako in Mali (Fig.4, 38).

Inspite of the establishments of the locust control

organisations and the regular co-operation among them,

locust control operations have not always achieved the

expected results, For instance, according to Husain(1963),

inspite of well organised control measures, the United
States of America lost crops worth 10 million dollars

annvally to locusts during the period 1937 to 1949,

In the Lake Chad Basin outbreak area (Fig,6), Popov

(1980) has reviewed the available information on popula-

tion upsurges of L, migratoria migratorioides from 1969

to 1979 including the control measures taoken to arrest
the plagues. A chronological summary of these locust

mencce and control activities is provided below:

1969, October: Five to six bands of late instar hoppers
were controlled at Logomani near Ngala,

1970, October: Several bands of late instar hoppers and
concentrations of fledglings were observed
in the area around Logomani and Marte, Out
of the estimated 50,000 hectares infested
only 485 hectares were effectively treated
using 600 litres of Gammalin 20 and

controlling 100 infestations.
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197 1: Apparently calm,

1972 Bands and concentrations were controlled
in Mongonu - Dikwa areas in Nigeria and

also near Mora in Cameroon,

197 3: There wos a mojor outbreck as described
below:
August: Bands of second to fifth instars were

found and treated in Marte - Lassa
areas,

October: Despite the control measures taoken in
the previous months infestation spread
to the shores of Lake Chad, down the
River Yedseram valley and reached the
valleys of the Rivers Benue and Mayo
Kebbi where breeding occurred in
October and November,

November: Despite control operation, 37,000
hectares by OCLALAV alone, swarms
escaped moving downwind to the South,
Their fate was not ascertained,

1974, September: Preventive control was orgonised against
late hopper instars ond young adults
(fledglings) from South of Baga to

Lassa,
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November : In Gulumba district infestation of late
instar hoppers and fledglings were recorded
and controlled in an area of about 7,000km.2

December : Locust population in the river flood plains
at Bongor (Chad) rose to a maximum of
3,500/ha over an area estimated to be over
60 hectares.,

1975, Decembert Potentially dangerous hopper and adult
concentrations were recorded in Gulumba area
and a population density estimated at

3,675/ha was controlled over an area of

34 x 15km,

19763 Calm locust situation,

1977, October Density of 20,000 to 30,000/ha was recorded
D b
' Eacaewe ot Dikwa., A similor density was observed
and controlled ot Gulumba over on oreo of

10,000km.2 These coused 30% to 60% domage

to crops (the dry season Sorghum),

1978 ,November Outbreak occurred in Guiumbo district

to December : affecting 38 villages. Control was conducted

in December over 26,850 hectares and with
14,025 litres of assorted insecticides

vsing both ground and acerial means of control,
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1979, September: Oregarious groups were found at Gulumba
and Yagova (Cameroon) areas, 800
hectores of the Yagoua area were controlled

though no control was effected in Gulumba

area,

November: Breeding therefore occurred in Gulumba
area leading to production of transiti-
form individuals in the Amchoko~Amharas-

Jilbe areas in Gulumba district,

December: These were controlled by both ground and

air teams in December.

In all the yemrs, the major crops damaged were the

dry season guinea corn, Sorghum caudata Stapf and S.
clur};d Stqpf, irrigated maize, Zea mays Linnaeus, rice,
Oryza sativa Linnageus and wheat, Triticum species

(Anonymous, 1984).

Another preventive control ope;ation by OICMA,
involving both air and ground teams, was implemented
during May to July, 1980 (Alomenu, 1985). The operation
area (Fig.,7) covered Mayo Selbe, Gashaka, Serti, Mbamnga
and Gembu (on the Maombila Plateau), all of the Southern
Sardauna area of Gongola State of Nigeria as well as the

neighbouring towns ond villaoges in Cameroon, including
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Nkembe. According to the 1984 report of the Food and
Agriﬁp}furg Organisation (FAO), damage to crops, including
Z. éﬁiﬁ@ 0. sativa and Musa species, wos also observed in
areas of Nigeria and Comeraon lying between latitudes 5°N
and 10°N and longitude 5°E to 10°E,

A similar preventive control operation wos carried
outlbyPOICMA in Novembﬁy, 1982, aftgr fiY9 concentrations
of ﬁhi;d to fifth hopper instars and fledglings were
foupd,again in late October, in the Gulumba district of
Bornu State of Nigeria (Fig,6)+ Their densities ranged from
ubouf ;!QQO/hq to over 600,000/hq over dan area estimated
to be approximately 400 hectares. Again, the dry seasen
guinea corn, S. caudata and 3. gggié,wer; the major crops
attackaﬁ; damage ranging from about 10% to 80%. About
QOQTlit;gs of insecticides were qpplied using the exhaust

[ AL R

nossle sprayer (Anonymous, 1982).

oy - g e

 hfhuf E; ﬁiﬁfuforiu migraforioidés poses great threat

to agricultural crop and forage production advoncements in
thq‘Lake_Chad Basin is evident from the above account,
Dgsg%tﬁmtbg_gffgrfs made in the past to counter the 7~
damqgipg.effects of the activities of the pest in the region,
large populations of the ingepf are_obge;yed olmost yearly.
As stated earlier, in the event of « major piagua,-which'nﬁi

can originate from the Lake Chad Basin, the entire sub-

Saharan Africa will be liable to invasion by the locust,
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CHAPTER TWO

REVIEW OF LITERATURE

Locusts ond grasshoppers aore known to oviposit in
soil; once oviposition is completed, egg development and
survival (hatching) depend on many factors including the
following: noture of the soil (Choudhuri, 1954, 1956b;

- Popov, 1959; Uvarov, 1966; Wardhugh, 1973, 1977; Farrow,
1975); moisture and temperature (Popov, 1959; Hunter-Jones
1970a, 1970b; Pickford, 1970; Farrow, 1975); Predation and
parasitism (Greathead, 1958, 1963, 1966; Popov, 1959;
Farrow, 1975); and genetic factors(Norris, 1959; Papillon,
1960; Ashall and Ellis, 1962; Bernays, 1971a, 1971b). In
addition to the above factors, soil salinity, oxygen
supply and the eggs ability to withstand adverse conditions,
through the suspension of developmental processes, have
also been reported to influence egg development and
survival (Achillides, 1970; Hunter-Jones, 1970a).

To understand how the above factors affect egg
development and survival, it is important to have some

idea of the structure of the locust eggpod,
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2,1 e Of The Eggpod
Vivid descriptions of the eggpod and the egg of

L. migrotoriao migratorioides have been published (Chapman

and Robertson, 1958; Popov, 1959; Farrow, 1975). Each
description was based on varied numbers of eggpod samples,
most of which were obtained from females which were
obliged to lay in open-bottomed field cages. Invariably,
the eggpods are cylindrical, inclined at an angle between

10° and 30° from the vertical and reach a depth ranging
from S5cm to 9cm, Popov (1959) found majority of the

eggpods to be bowshaped,

All the authors agree that the eggpod consists of
three component parts, namelys: the froth plug, the egg
mass and the earth plug (Fig,8)., The froth plug is the
whitish, anteriormost (uppermost) portion of the eggpod;
it is’foamy and contains no eggs (Popov, 1959; Farrow,
1975). In the Mali outbreak area, Farrow (1975) has
reported that the length of the froth plug ranges from
20mm to 50mm., On the other hand, in the Rukwo Valley of
Tanzania, Chaopman and Robertson (1958) recorded @ range of

14mm  to 5Imm as the froth plug length in the some

subspecies, L, migratoria migratorioides.

Lying posterior to the froth plug is the egg mass,

which is the portion of the eggpod containing the eggs
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(Popov, 1959). Like that of the froth plug, the length
of the eggmass varies considerably, While in Mali

Farrow (1975) noted a length range of 20mm to 40mm, in
the Rukwo Valley of Tanzania, Chapman and Robertson(1958)

recorded a range of 24mm to 36mm for the same subspecies.

| The eggs are oval-shaped, with o length range of
5,5mm to 7,1mm (Chapman and Robertson, 1958), and they
are aligned in four parallel rows inclined diagonally
across the eggpod. In this way the future head of the
embryo always points upwards, even in eggpods where the
eggmass is virtually horizontal (Chapman and Robertson,

1958; Popov, 1959; Farrow, 1975),

The entire eggpod is clothed in o reddish froth,

quite distinct from the white froth forming the froth
plug (Popov, 1959), The froth cover does not only bind
egygs together but, when coated with the surrounding soil
particles at oviposition, forms a tough protective case
called the earth plug around the eggpod (Farrow, 1975),
The toughness of the earth plug depends on the nature

of the soil in which oviposition occurs; it probably
offers the best protection to the enclosed eggs in clayey

soils (Chapman and Robertson, 1958; Farrow, 1975).
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After oviposition, the abdomen is withdrawn and the

top 4mm to 5mm of the eggpod cavity is filled with
debris compacted by the action of the hind tibiae of the

female (Popov, 1959),

2,2 Fgctors Influencing Egg Development And Survivel:

A list of the factors aoffecting egg development and

survival in locusts has been given above and an aceount
of the first five is presented below, beginning with nature

of the soil,

2,2,1 Nature of the soil:t Zolotarevsky (1934) recorded

breeding swarms of L, migratoria capito in o wide range of

soils in the Madagascar and reported that no type of soil
was noticeably preferred by the subspecies for oviposition.
ngey and Johnston (1956) confirmed acridod plasticity in
L. migratoric migratorioides when they reported that in
northern Nigeria, along the Lake Chad, oviposition by the
subspecies %s not confined to any well marked sites or

even areas,

Despite the apparent wide range of ecological
tolerance by the subspecies it has been reported in the
Mali qutbrouk area (Uvarov, 1921; Popov, 1959) that
pref?rence is shown for specific sites; majority of females

of L. migratoria migratoricoides oviposit within a much
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more limited range of soil conditions than offered by

the environment as o whole, Choudhuri (1954) made

similar observation on L. migretoria migratoricides in
experiments conducted in the laboratories at the field
station of Imperial College, Again, Choudhuri (1956b)

reported that in Cyprus the Moroccan locust, Dociostaurus

maroccanus (Thunberg) shows preference for hard and firm
soil for oviposition, Also in Australia, Wardhaugh (1977)
has observed that apart from the mechanical obstructions,
such as roots, bulbs, corms and stones, soil compaction

also plays importaont role in the selection of oviposition
site by Chortoicetes terminifera (Walker), the Australian

plague locust,

Differences exist in the shope of eggpods and depth
of oviposition in L., migratoriac migratorioides; these

variations have been attributed to soil compaction and
moisture content (Popov, 1959; Uvarov, 1966; Farrow, 1975).
Hafez and Ibrahim (1958), on the other hand, studied the
egg aond nymphal stoges of Acrida pellucida Klug in Egypt
and reported that the length of oviposition hole (i.e.

the depth of oviposition) is related to the size of the

species.,

The depth of locust oviposition has been suggested

to confer some developmental and survival advantages to
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the eggs. For instance, in Queensland, Australia, Clark
et gl (1969) have reported that while 5mm of rainfall is

sufficient to stimulate embryonic development in eggs of

C. terminifera laid at 5cm, such rainfall is insufficient

to promote the plant growth necessary to sustain the
resultant hatchlings, On the other hand, eggs of the species
laid at o depth range of 8cm to 10cm require 25mm to 31mm
rainfall to satisfy minimum moisture requirements for
successful completion of embryonic development; this range

of rainfull is also sufficient for plant growth and

sustenance which, therefore, enhances hatchling survival

(Wardhaugh, 1973, 1977).

Similar relationships between depth of oviposition,

moisture requirement and egg development and survival in
C. terminifera have been published for Trangie, New South
Wales, Australio, (Biddiscombe et al, 1954), ond also for

Alice Springs area of Melbourne, Australia (Slatyer, 1962).

Popov, (1959) has given an account of the fregquency

of oviposition by L, migratoria migratorioides in six

soil types classified as coarse sand, fine sand, sandy
silt, silt, silty clay and heavy clay, in the Mali outbreak
area, He reported that more preference is shown for the
light clays and silts than for heavy clays and sands;

loose sands are completely avoided. His findings confirm

Choudhuri's (1954) observations that under laboratory
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conditions L. migratoric migratorioides shows marked
preference for the more compact soils while particle

size is of secondary importance, As noted earlier, Forrow
(1975) has noticed that in L, migratoria migratorioides
the earth plug and surrounding soil form an integral
hardened layer during incubation, particularly in the
claoyey soils, He therefore postulated that the hardened
layer probably offers protection to the eggped from

potential enemies ot a later stage of egg development,

Farrow (1975) observed further that the uptaoke of
water by the eggs depends on the availability of water to
the eggs but not on the percentage of soil water as
uvsually measured in the field, He emphasized that water
ovailaoble to eggs vories greatly omong soils, Clay soils
not only have @ higher proportion of non-available water,
but also retain more water during dry periods; the
preference for clay soils by L, migratoria migratorioides
for breeding during dry season (Farrow, 1975) underlines

this fﬂct.

It has already been stated that in the Mali outbreak
area L. migratoria migratorioides prefers lighter soils
for breeding during wetter periods (Farrow, 1975), By

the end of the (rainy) season, however, embryonic
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development is hampered because laying continues to occur
in lighter soils which have poor water retentive capacity

and vltimately permit egg desiccation (Farrow, 1975),

The relevance of soil type to egg development and

survival is further confirmed by the work of Decamps (1962)

in which he found that the eggs of L. migratoria migrator-

ioides survive dry conditions in Sahelion Mali when laid
in clay soils but that those laid in coarse sand die

quickly.

2.2,2 Soil moisture: As regard moisture requirements,
Shulov (1952) studied the development of S, gregarig in
the Jordan Valley, Israel, and observed that eggs of the
species are able to develop and hatch at a temperature
ranging from 20°C to §0°C if, during three to five days
following oviposition, they absorb sufficient "contact
water," Hamilton (1936), 1950) also reported the
necessity of contqct water in embryonic development of
S. gregaria and N, septemfasciata. He reported that

in S, gregoria newly depo;ited eggs and those which have
developed for four days under normal conditions, (moist
sand and temperature of 32,2°C) fail to hatch when
placed in an environment with 100% relative humidity,

In contrast, eggs which have developed for 10 days under
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the normal conditions mentioned above give a high percen-

tage hatch as do the control (period of incubation spent

in moist sand and at temperature of 32°.2C). These obser-
vations led Hamilton (1936, 1950) to suggest that it is
essential for the eggs, in the early stages of development,
to be in contact with moisture and that they are unable to
absorb the required amount of moisture from a humid
atmosphere. Chapman and Robertson (1958) confirmed the
need for contact water to the development of grasshopper
eggs; they pointed out that the egg length is proportional
to the_amount of moisture imbibed from the soil, Eggs that
develop in wetter soils olso produce heavier hatchlings

(Chapman and Robertson, 1958).

Studies on the viability of the eggs of L. pardalina

under semi-natural and laboratory conditions have shown
that the main cause of egg mortality is progressive
desiccation (Botha, 1967). Laboratory investigations on
egg development of S, gregaria in relation to moisture

also ;eveol that eggs do not develop either in extreme
water-logged or almost dry sand but that the intermediate
sand/water mixtures favour development and hatching
(Hunter~-Jones, 1964), Hunter-Jones (1964) observed further
that high moisture levels in the soil are detrimental to
egg development, presumably due to restricted supplies

of oxygen; the eggs of S, gregaria are not resistant to
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desiccation at any stage of development,

Similar observations were made on locusts by Haskell
(1960b) ,who reported that eggs loid by locusts contain
far less water than that required for development:
infgct, much less than the hopper which emerges from the
egd. .To ensure the viability of its offspring therefore,
the female must oviposit in moist soil from which the
developing embryo can take up sufficient water to ensure
normal growth, In dry soil, the eggs lose water and
produce less heavy hatchlings or in extreme cases die

altogether,

Exceptions to this generalisation include Salt's
(1952) report in Canada that the eggs of Melanoplus
bivittatus (Say) appear to be well adapted to withstand

desiccation during periods of severe drought,

Arrested development in eggs of L. migratoria
migratorioides has been reported by Popov (1959) and alse

by Decamps (1961) in the locust outbreak area of Mali,
Both authors are of the view that this phenomenon is
associated with the dry season which renders the soil
deficient in water content, This view has been enhanced
by the observation that eggs of the subspecies can
develop without dicpause provided a moist substrate is

available (Shulov, 1970). From this observation
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Shuloy (1970) inferred that arrested egg development in
L. migratoria migratorioides under field conditions can

be hampered since there is (in the field) “a considerable
latitude in moisture availability necessary to ensure

that eggs hatch successfully,"

Farrow (1975) also investigated factors affecting
egg development in L., migratoria migratorioides and
observed that during the retreating floods season of the
ovtbreak area in Mali, oviposition takes place in the
freely available moist soils near the line of retreating
floods, He reported that during the season embryonic
development is very slow due to the low soil temperatures,
Naverthaless the soils remain damp long enough for
sufficient water to be token up by the eggs for complete
development., Moisture is, therefore, never a limiting
factor in the retreating floods season and delayed egg
development due to lack of moisture is never observed

in the field during the season (Farrow, 1975).

On the other hand Farrow (1975) associated the
period just before the first rains with the driest soil
conditions, Intermittent drizzles at the start of the
rainy season provide insufficient soil moisture; conse-
quently Farrow (1975) observed that females confined to

cages during this period laoid eggpods in semi-dry soil,
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Though the females continue to lay at short intervals of
three to seven days no hatching occurs, indicating pod
accumulation in the ground, Large numbers of small
hatchlings were recorded between 30 to 40 days after
laying and Farrow (1975) attributed the delayed development
and the emergence of small hatchlings to insufficient soil

moisture,

Farrow (1975) noted further that at the end of the

rainy season there is progressive decrease in the number
of hatchlings and concluded that eggpods which are laid
by the end of the season do not receive enough moisture
to permit normal development., Most of the eggs of L.
migratoria migratorioides, therefore, do not survive the
dry season; and pods loid late in experimental cages were

killed by desiccation (Farrow, 1975),

The dependence of locust egg development and survival

on adequate soil moisture is further exemplified by
Popov}s (1959), report: he reported that in Mali, L.

migratoria migratorioides shows preference for soil that

is moist on the surface when the insect is exposed to a
variety of soil moisture conditions ranging from very
moist (but not water-logged) to surface dry (but not

completely dry) soils,
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2,2,3 Sail temperature: Soil temperature has also been

shown to be equally important in the development and
survival of the eggs of locusts, The effect of this factor
may be direct when itslimpa;t on egg incubation is observed,
or indirect when observations are made on aspects of the
biology of the hopper and thg adult in relation to

temperature (Hamilton, 1936),

Wardhaugh et al (1989) studied the relationship between
incubation period and soil ?emperature in Saqudi Arabia,
u;ing over 600 eggpods of S, gregaria, They observed that
incubation period varies from 26 days at 24°C to about 12
days at 37°C and concluded that the relationship is
opproximately linear at low temperatures, up to 30°C, with
an increase of about 0,5% in the mean daily development

rate for each degree rise in meon soil temperature,

Hamilton (1936, 1950) also investigated the effect

of soil temperature on the incubation period of 5.
gregaria in london while Shulov (1952) and Shulov and
Pener (1963) performed similar work in Jerusalem; the
results of their respective investigations confirm that
in S. gregaria there is a gradual reduction in the period

of incubation with rise of soil temperature.
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Differences in the shope and in the length of the
eggpods of C, terminifera have partly been attributed to
different temperatures and photoperiods to which the
female adult is subjected (Wardhaugh, 1973, 1977). Popov
(1959) made similar observations on L. migratoria

migratorioides in Mali and concluded that such differences

accord the eggs different degrees of protection from
natural enemies, While straighter eggpods ore more deeply
embeded in the soil and are therefore beyond the reach of
some of the natural enemies, curved eggpods ore nearer the
surface and consequently they ore easily accessible to

predators (Popov, 1959).

In the Canadian acridid, Camnulc pellucida (Scudder),
there must exist an optimum set of conditions under which
moximum emergence of hatchlings would occur(Pickford

1936). The optimum factors include early oviposition
in summer, when there is sufficient heat and moisture,to
permit normal embryonic growth prior to "“freeze-up" and
in winter,when also adequate snow cover is necessary, to
protect the eggs from the cold, Finally,during spring,
high temperature and maximum sunshine are required to
initiate further development and subsequoﬁt hatchings

(Pickford, 1966a, 1966b),
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Agoin Pickford (1970) investigoted the effects of

climatic factors on egg survival ond hatching in the

grasshopper, Melonoplus songuinipes (Fabriciuvs) in

Saoskotchewon, Conado, ond observed that during mid-summer,
sustained high temperctures cllow moximum pre-diapouse
development of the embryos before "freeze-up," and that
this in conjunction with ¢ worm eorly spring ensures eorly
hatch, On the other hand complete reversal of the weather
patterns, with constontly low temperotures, does not only
drostically reduce the number of eggpeds loid but also

prolongs incubation period ond reduces ability to hatch,

The results of laboratory investigations by Hamilton
(1936) at the Biological Department of St. Thomas's
Hospital, London, indicate that soil temperature range
of 26.7°C to 43.3°C is suvitable for embryonic development

in L. migratoria migrotorioides. Under constaont soil

temperature conditions the maximum averoge hoppers

hotching per pod (41.9%) occurs at 26.7°C. With a rise

in temperature to 32,2°C the average hatch drops drastically
to 28,1%; it drops further to 25,2% at 27.8°C aond to

14.4% ot 43,3°C. Furthermore, approximately 20% of the
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eggpods he studied gave no hatch at 43,3°% compared with
a mere 2 at both 26.7°C and 232.3°C.

Under alternating temperatures Hamilton (1936) reported
that the maximum average hatchling emergence per eggpod is
44, 4% gnd this occurs at o mean temperature of 25,1°C,

At mean temperatures of about 23,5°C and 29,8°C the maximum
average hatches per eggpod are 25,9% and 29,9% respectively,

He did not consider the differences between the results
under constant temperature and those under fluctuating
tampa;gtpres significant and suggested that the reduction

in hopper hotch per eggpod at unfavourable soil temperotures
might pe due to the effect of such temperatures on

embryonic development,

In o series of field experiments ot the Desert Locust

Research Station in Jeddoh, Soudi Arcbia, Wordhaugh et al
(1989)_arrived at a similar conclusion on embryonic
development of S. gregarig, i.e. "there is no systematic
difference between the effect of a steady temperature and
that of fluctuating temperature with the same mean valve."
They reported an incubation period ranging from 26 days

at 24°C to 12 days at 37°C,

 Similar relationships between soil temperature and

embryonic development in i. gregaria and €, terminifera
have been reported in India (Rao, 1942, 1960), in Tanzania

(Phipps, 1959), and in Australia (Wardhagh, 1977).
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In the Mali outbreck area Farrow (1975) has recorded
a quimgm incubation period of 46 days (ranging from 22
days) }n December/Jonvory at o mean cir temperature of
19°C and a minimum of 10 days (up to 14 days) in May at
a mean air temperature of 32°C for L., migratoria
migratorioides. Farrow (1975) suggested that extremes
in air temperature do not directly affect the survival
of the embryonic stage of the species becavuse maximum
soil temperatures (measured at 5cm) are reached in May
and June, when air temperature of 45°C is occasionally
exceeded for up to four hours per day, whilst minimum air
temperatures drop to less than 20°C in Januery. In both
cases qp_mortqlity attributable to extremes of temperature
was observed (Farrow, 1975). Temperoture, however,
affecﬁa egg survival indirectly because lower temperatures
pro;ong incubation and thereby enhance the chances of such
eggpods being found and attacked by natural enemies
(Farrow, 1975), Again in Mali Popov (1959) has also
repo;ted_that incubation in L. m;gzgjggig migratorioides
varigglfFom 33 to 21 days, the shortest period being

registered at higher temperatures in drier soils,

2.2,4 Predation and parasitism: Other factors reported

to affect the survivael potential of the eggs of

locusts and grasshoppers include
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egg paragites, egg predotors and scavengers (Stower et
g;, 1258; Popov, 1959; Greathead, 1963; 1966; Forrow,
1975).

All the above~mentioned authors agree that the genus
Scelio (Scelionidae: Hymenoptera) is confined to the

Acrididae as the only obligate egg parasite., About 95%
of the Scelio infestation reported in the Mali outbreak
area is caused by S. sudanensis Farriere; the remaining

5% is attributed to S. remaudiere Farriere, which appears

to be incidental on L, migratoria migratorioides though

it is common on Acrida turrita (Linnaceus) and Paracinema

tricolor nigerica Thunberg (Popov, 1959).

In oddition, Farrow (1975) has described how the

female adult of Scello burrows down through the froth

plug of L. migratoria migratoricides to oviposit in the

eggs of the latter; thus the larvae of the parasite
develop inside and destroy the affected host eggs. Usually
the anterior rows of the locust eggs are the ones
parasitised. However, owing to the regular orientation

of the host eggs in the eggpod, and also because the
embryo of the Scelio sp. tokes two to three weeks longer
than that of the host to develop, parasitisation of the
anterior eggs can block the exit of the emerging hoppers.
This results in the death of hatchlings emerging from the

non-parasitised posterior eggs (Popov, 1959; Farrow,1975).
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Though they are obligate egg parasites of L. migratoria
mi -aférioidas, Scelio never attack more than a small
portion of the host eggpods in Mali (Farrow, 1975).
Popov (1959), on the other hand, has reported that
"parasitisation of L, migratoria migratorioides eggs by
§ggiig is heavy, about 85%", in that outbreak area. He
asserts that in most cases parasitism is complete in L.
ﬁigratoria migratorioides though ﬁe agrees with Farrow
that in other acridids, such as P, tricolor nigerica and

A. turritg, the attack is only partial.

The remaining assemblage of insects attacking eggpods

of the Acridodea are predatory Diptera and Coleoptera
(Greathead, 1958, 1963). Among the Colepotera the

families Carabidae, Elateridae and Tenebrionidae are the

most important egg predators of L. migratoria migratoriocides

while the Asilidae, Drosophilidae, Phoridae and the
Trypetidae are the most important Dipterous predators,
Most of the predatory species in the above-mentioned
families are facultative (Popov, 1959; Greathead, 1963;

Farrow, 1975). The mite, Allothrombium sp. has also been

reported preying on eggs of L. migratoric migratorioides

and other grasshoppers in Eritrea, Ethiopia (Greathead,

1963); it attacks the anterior eggs only (Farrow, 1975).
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Larval stages of the fomilies mentioned above cause
greater damage to the hp;t egg; the larger carabid larvae
generally consume the entire eggmass before moving intq
the soil to pupate or to find more food (Earrow, 1975),
In contrast, larvae of smaller predatory species consume
the posterior tiers of.eggs, and leave the anterior ones

intact and these subsequently hatch (Popov, 1959; Farrow,

1975).

2.2.5 tic factors: In the outbreck area of Mali,

Popov (1959) has reported that while some eggs of L.

migratoria migratorioides develop and hatch normally, others
in the same eggpods, though viable and non-desiccated, fail
to develop. These eggs, he observed, undergo arrested
development, When Popov plucod some of the abnormal eggs

in moist sand, the majority hatched after 12 to 20 days;

in contrast, those kept in gir-dry sand became completely
desiccated in 10 to 15 days. Farrow (1975) also made

similar observation for eggs of L. migratoriao migratorioides

in Mali,

Ashall and Ellis (1962) have also reported that
there are infertile eggs in every eggpod of 3. gregariac
gollected in Ethiopio, Kenya, Saudi Arobio, Somalio and
the Yemen., The agove-montioned reports suggest that the

inability for such eggs to hatch could be due to genetic
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factors (or lack of fertilisation), There appears, there-
fore, to be some factors in the eggs themselves which

contribute to the survival potentiale °, =+

Bernays (1971a, 1971b) suggested differential
developmental variations in eggs of S, gregaria after

observing that in a group of successfully hatched eggs of
single femole, the dry weight of the serosol cuticle never
exccgdcd 5pg. From the some eggpod he recorded another
group of eggs in which the minimum dry weight of the
serosal_cuticles was 62pg, In the latter group the eggs
failed to hatch although they contained healthy larvae
vhich, apparently, were unable to break the serosal cuticle.
From these observations Bernays (1971b) postulated that
digestion of the serosal cuticles is probably pre-requisite
for hatching, In fact it has been suggested (Wiggleswor th,
1972)‘thut the serosal cuticle is responsible for the

toughness of the grasshopper egg.

Papillon (1960) found the eggs in the anterior and

medium sections of eggpods of 5. gregaria much more viable

than those from the posterior part, containing the
earliest laid eggs. In addition Popillon (1960) found
that hoppers hatching from the anterior section of the
eggpods are heavier than those from the posterior section.
In Pretoria, South Africa, Venter and Potgieter (1967)

made similor observotions on the brown locust, L.
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Eordaligﬁ and reported that there are differences between

eggs (and hoppers) from the anterior and the posterior
parts of eggpods of this species. There appears, therefore,
to be an existence of an inherent genetic or ecological
disconcord among eggs of the same eggpod which persists

even at the hopper stage of S, gregaria aond L, pardalina

(Papillon, 1960; Venter and Potgieter, 1967).

In conclusion, the heavier, more viable and earlier-
hatching anterior eggs produce larger hoppers which are
fitter for survival (Papillon, 1960), The females of
the two locusts, therefore, produce a gradient of hoppers,
the superior ones coming from the last laid eggs ond those
of inferior quality coming from the posterior part of the
eggpod containing the first loid eggs. These differences
may depend on two factors; namely, variations in the
amount of yolk in the eggs, a factor which may be dependent
on the arrangement of ovarioles in the ovary, and the
re;orption of yolk from some developing eggs during
adverse conditions (Venter and Potgieter, 1967)., The
examples on S, gregoria (ond probably those on L, pardalina)
might hold good for L. migratoria migratorioides because

the embryonic differentiation of the former has been found

to be similar to that of the latter (Roonwal, 1936).
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~ Laboratory studies by Norris (1959) have indicated
that in ﬂ. Qggtomfa!ciutu the rate of adult meturation
and the "sibling" status of the eggpods (whether first
or subsequent pods) play important roles in the eventual
viability of the eggs. She found that the great majority
of the first batch of laid eggpods are sterile, the
incidence of sterility being higher in the earliest
matur;ng groups than in the later maturing ones, These
observations led Norris (1959) to suggest that, pre-
spermatogenesis matings give rise to unfertilised eggs
and stprility in females which lay such eggs. In earlier
work on S. gregaria Norris (1952) reported that females
that mature over a long period lay fewer eggs per eggpod

than those that mature rapidly,

It has also been shown by Piclkford (1966b) in
Saskatch.uan,Canadu, that in C, pellucida adult age is not
a factor in egg viability though Tandka (1982) has
repc:?cd in Kyoto, Japan, that egg viability deceases

with the age of the female L. g}érutoria.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 . The Study Areg
3.1.1 The Loke Chad Basin outbreak area: Figure 6
shows the outbreak area of L., migratoria migretorioides
in the Lake Chad basin, The aorea is situated within

longitudes 10°E and 16°E, and latitudes 7°N and 14°N,

However, the main centre of the locust's activity is
much smaller and it stretches from the Gulumba district
in Nigeria to the Logonne - Chari river basin, around
Yagoua in Cameroon and Bongor in the Chad Republic

(Anonymous, 1984),

Physical features of the outbreak area consist

of flat plains broken in places by elevated sandy
grounds where villages are sited, The Camercon mount-
ains ond the Adamawa plateav run diogonally south-west
and act as the southern limit of the outbreck area
(Anonymous, 1984),

Several rivers, including the Yedseram, the
Logonne ond the Chari, droin into Loke Chad, which is
the northern limit of the outbreak area, Besides
creating ecologically favourable habitats for the
locust during the dry seasons, the river systems also

control the flood regimes of the Lake (Davey and
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Johnson, 1956; Anonymous, 1984), Since flood is the
major factor influencing the migratory and breeding
behaviours of the locust in the outbreck area (Davey

and Johnston, 1956), the area has been divided into three
zones according to the origin of the flood which occurs
in the plains, The three plains are the lake flood
plains, the rain flood plains and the river flood plains

(Iyiola and Diallo, 1974a, 1974b; Anonymous, 1984).,

The Lake flood plains: These are flooded annually

at the end of the rainy season, from October to Janvary,
by waters from Lake Chad, The area stretches from Kukawo-
Baga in Nigeria, through the northern tip of Comercon to
Karal in the Chad Republic (Fig.6). In the lake flood
plains, sand with shell deposits is found overlying the
clayey strata; this makes the plains favourable habitat
for the locust during the rainy season when high drainage
offered by the overlying sand makes the arec preferable
for breeding (Davey, 1956; Popov, 1980; Jago, per. comm).
According to Ajibola-Taylor (1973), the Lake flood plains
favour, at least, three generations of the locust annuvally,

including one dry season generation,

The dominant gross species in the lake flood plains
include Echinochloa pyramidelis Stapf, E. obtusiflora

Stapf, Vetiveria nigritana Stapf, Cyperus alopercuroides

Stapf, Cynodon dactylon (Linnaeus), Paspalidium geminatum
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(Forskal) and Dactyloctenium cegyptium Linnceus
(Anonymous, 1984),

The rain flood plains: These form the largest part

of the outbreak area, stretching northwards from Lassa,
through Gulumba, Maiduguri, Dikwa, Marte and Gamboru-Ngala
in Nigerio to Koral in Chad and extending southwords
through N'djamena to Yagoua/Bongor areas of the Cameroon/

Chad border (Anonymous, 1984),

The rain flood plains, unlike the lake flood plains,
are characterised by black clayey soil with low organic
content; the clay retains water for fairly long period
after the rains and, therefore, mokes the area a favourable
breeding ground for the locust during the dry seasons
(Davey and Johnston, 1956). 1In addition, the caopacity
to retain water maokes the clayey soil suitable for growing
the dry season sorghum, 35, durra ond S. caudata, and also
for the sprouting of wild grasses including Pennisetum
ramosum Schweinf; these grasses form part of the food
source for the locust during the dry seasons (Anonymous,
1984),

At the end of the rains, the lond dries up, and the
clay particles contract progressively, The contraction
leads to the formation of numerous lattices of deep

cracks which have been found to serve as hiding places
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for L. migratoria migratorioides and other grasshoppers
during periods of adverse temperatures (Anonymous, 1984),
For instance, during the hormottan season, the locusts
stay in the cracks at night and during the early mornings
when outside temperctures are generally lower than
temperatures in the cracks. They only come out to feed
later in the mornings and the aofterncons when higher
temperatures preveil, and retreat into the cracks again

when the outside temperatures fall sharply in the evenings.

During the rainy season, on the other hand, the clay
absorbs water ropidly, expands and blocks all the cracks
and air spaces; the result is that locust eggs and
hoppers are trapped and die of asphyxiation (Anonymous,
1984).

Among the most important graminoceous species in the
rain flood plains, according to the 1984 FAD report, are
Sorghum lanceolatum Stapf, Oryza longistaminata Chevelier,
Andropogon psevdopricus Stapf, Eragrostis barteri Hubbard

ond V. nigritana.

The river flood plains: These are found along the

following rivers: the Yedseram in Nigeria, the Logonne,
the Chari and the Mayo Kebi in Cameroon/Chad and the

Benve in Cameroon/Nigeria, Like the Laoke, most of the
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rivers normolly overflow their banks at the end of the
rains and therefore provide suitable breeding grounds for

the locust during the dry seasons.

The soil in the river flood plains is sandy and the
most importont grosses ore Eragrostis gongentica Steud,

E. bateri, A, pseudopricus, Cyperus species, P. ramosum

ond Brachioria ramosa (Linnaeus) Stapf (Anonymous, 1984),

Within the three flocd plains lie temperary marshes,

locally called fodomas, which are choracterized by several
species of Echinochloa which serve as the main food source
for the locust during the dry seasons (Davey and Johnston,

1956).

Climate: Neither detailed nor up to date meteorolo-
gical records are avoiloble for most of the centres of
activity of L, migratoric migraotorioides in the outbreak
area, Accounts of the general climatic factors in the
area have, however,been published (Lecoq, 1974; Darnhofer,
1976; Anonymous, 1977). Davey and Johnston (1956) compiled
data on the climatic factors for Maiduguri for 1931 to
1950, The records on Maiduguri, which are summarised
below, may be considered representative of the climatic
conditions in the outbreck orea since “there is little
doubt that climate is generally similar throughout the

Chad area” (Golding and Gwynn, 1940).
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Rainfall: At Maiduguri the rains begin with a few
showers in April aond heavy rains are abnormal before May;
in this month the average rainfall is about 30mm (Davey
and Johnston, 1956), The rains increase in both frequency
and intensity until August, which is the wettest month,
with the average ranging from 100mm to 200mm (Davey and
Johnston, 1956; Darnhofer, 1976; Anonymous, 1984), From
September onward there is a steady decline until October
when the rains normally cease in all areas north of
latitude 10°N; from November until the following April rain
falls only in exceptional years and only in small amounts

(Davey and Johnston, 1956; Popov, 1980; Anonymous, 1984),

Temperature: At lMaiduguri the lowest temperatures of

the yesr begin with the advent of the harmattan winds in
November and persist until Febrvary or early March
(Anonymous, 1984), During this period the average monthly
maximum temperature is about 32°C (Davey and Johnston,

1956; Anonymous, 1984), After the harmattan the temperature
rises steadily until May when the average monthly maximum
may be as high as 42°C by mid-May (Golding and Gwynn,1940).
The onset of the rains, in April/May, causes a fall in the
maximum temperature until September, when a second rise
begins and lasts until November when the harmattan sets

in again (Darnhofer, 1976).
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There is always a considerable difference between
day and night tempercatures (Davey and Johnston, 1956;
Anonymous, 1984) and Golding and Gwynn (1940) have recorded
a difference of 8.9°C ot Mongonu (Fig.6) in January. They
observed further that temperatures at localities along
the lake are often lower than those inland; and that the

range is wider in the more northernly parts,

Relative humidity: The average relative humidity ot
Maiduguri can be os high as 80% during the peak of the

rains in August; it falls sharply when the harmattan sets
in November and recches o minimum in either January or
February when the average raonges from 20% to 30% (Davey
and Johnston, 1956; Anonymous, 1984),

Winds: Records taken ot Maiduguri (on altitude of
about 34,8m above mean sea level) of wind speed and

direction represent the trends throughout the whole region
(Davey and Johnston, 1956), During December to March,

the wind direction is generally from north and north-east;
this is the harmattan, o dry, dust-laden wind. The winds
are variable in April, but from May to September the
prevailing wind direction is from the south and south-vest,
October, again, is a month of varioble winds until late

November, when the harmattan recommences. Thus for five
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months in each direction, north and south, the wind may

be regorded as almost constont (Davey and Johnston,1956).

The strongest winds blow at the beginning of the
wet season, A normol speed is from one to 10 knots but
speeds of 11 to 21 knots are also common; speeds of 22
to 33 knots are rare and occur, vsvally during or preceding
rains, as strong gusts lasting only a few minutes (Davey

and Johnston, 1956).

3.1.2 Experimental sites: The field studies were carried

out in the operational grounds of the Loke Chad research
institute at Ngala (12°20'N, 14°10'E)on the Nigeria-
Cameroon border, about 135km north-east of Maiduguri
(11°51*'N, 13°16'E). Ngala is located on one of the
elevated grounds in the transition zone between the lake
flood and the rain flood plains, Therefore, two of the
three soil habitats described by Davey and Johnston (1956)
(i.e. the light sand with silt, normally found along the
loke shores, and the heavy black clay, characteristic of
the rain flood plains) are available in the area as shown
in Figure 9. The area of sand and silt (site A) stretches
along the north-east of lNgala village through Geomboru in
Nigeria to Fotocol in Cameroon, Greater part of the
remaining area around Ngala is covered by the black clay
where the Laoke Chad research Institute performs most of

its research operations, This area was chosen as site C



-02=-

N
N
IGERIA /ﬂ\ CAME R OODN.
| Sy
.. " fa |
4 =
Al E
\ BE
Gamory
W ¢
Legend
ite 3 @ Residential areas.
Irrigated  field.
! @ iga ield
lf‘:r‘ al plots of
C Res. Inst.
N ] Site A A: Sondy habitat.
! I 8 :Sandy-Ciery habitat.
Ngd‘d C:Ciyey habitat.
H “Trunk road.
Maiduguri. 0 2 - A
[ L l L 1 1 l

Fig 9: Locations of The Experimental  Sites.



63
in the present work; it is an area of irrigated agricul-
tural land for the production of rice, O, sativa, wheat,
Triticum sp., barley, Hodeum sp., and varieties of sorghum,
Sorghum sp. and cowpecas, Vigna sp. (Anonymous, 1984); in
addition experiments on the above crops are carried out

in the clayey area (site C).

The third experimental area (site B), was sited in

the transition area between the sand/silt and the black
clay regimes. In this way the transition area between
the two major habitats served as a substitute for the
fadamas, This plan ensured that the three experimental
sites, the sand (site A), the sandy-clay loam (site B)
and the clay (site C) were located within a rodius of
approximately four kilometers and allowed easy collection

of data, using a Land Rover vehicle.

3.2 Field Study
The objectives of the field study were to investigate
seasonal egg development and survival for the three soil
habitats mentioned above. Therefore, a number of eggpods
was studied in each habitat with emphasis on duration of
incubation and percentage egg hatch., In addition, egg
mortality factors for each habitat were identified and

their effectiveness evaluated seasonally,
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In order to correlate different climatic regimes
and soil types with egg development and survival, data
on weather aond soil conditions in the study areac were

obtained for the period 1979 to 1983,

3.2.1 Annual seasons: l!onthly means of the data on

rainfall and air temperature were compiled for each season
namely, the rainy (cool-wet) season, lasting from July
till September; the harmattan (cold-dry) seasons, which
starts in November and ends in February; the hot-dry
season, covering March and mid-May and the early rains
(hot-moderately wet) season, which starts in mid-May and

ends in June,

3.2,2 Examination of soil properties: Two soil samples,
one at a depth of 5cm and the other at a depth of 10cm,
were made from each experimental site measuring 100nx 100m.
The depth range used is considered normal for oviposition
in L, migratoria migratorioides in several of its habitats
(Popov, 1959; Farrow, 1975), The samples were taken in
October, 1981, at the end of the rainy season, and each

was replicated thrice.

At each experimental site a one-metre wooden quadrat
was randomly placed. By means of a 20cm long iron

cylinder with o diameter of approximately 10ecm the soil

sample was taken in the centre of the qudrat after
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carefully removing all the litter from the spot to be
sampled, The length of the iron cylinder was subdivided

into four 5cm lengths.

The distal end of the cylinder was sharpened to
allow easy penetration into the soil as the proximal end
was topped with a piece of iron rod. When the cylinder
had penetrated 5cm into the soil it was gradually pulled
out and its contents transferred into a polythene bag,
After thoroughly cleaning the cylinder, it was sunk again,
on the same spot, to the 10cm mark and its contents
transferred into another polythene bag. The above procedure
was repeated thrice to obtein three rondom soil collections,
at 5¢cm and 10cm,from each experimental site, All the
samples were examined in the laboratory of the Soil

Science Department of the University of Maiduguri,

Estimation of soil particle size was done following

the procedure of Bouyoucos (1951), It is a sedimentation
procedure which uses a special type of hydrometer, the
ATMS No,152H, with the Bouyoucos scale in grams per litra
(Plate 1b). The instrument maokes it possible to directly
read the density of soil particles suspended in agueous

solution,
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Plate 1: Instruments for'collecting data on soil
humidity and pH, soil particle size and
soil temperature.

a) Demetra pat., 193478EM system soil tester
for humidity and pH,

b) ATMS No.152H Bouyoucos hydrometer for
soil particle size,

¢) Two soil thermometers for temperature at
depths of 5Scm (left) and 10em (right).
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Plate 1: Instruments fbrfcollecting data on soil
humidity and pH, soil particle size and
soil temperature.

a) Demetra pat, 193478EM system soil tester
for humidity and pH,

b) ATMS No.152H Bouyoucos hydrometer for
soil particle size,

c) Two soil thermometers for temperature at
depths of 5cm (left) and 10em (right).
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Soil compaction in the field was examined using a
penetrometer, an implement first described by Choudhuri
(1956a) and has since been used by other authors (Popov,
1959; Farrow, 1975). By studying the compactness of the
soil types an index of the obility of the locust's
ovipositor to penetrate each soil habitat was obtained
since the female locust penetrates less compact soil more
easily than it does in a more compact substrate(Farrow,

1975).

An improvised form of the penetrometer that was used

in this work is shown in Plate 2, It consists of a 60cm
long iron rod with a diameter of approximately lcm up to
the 15cm mark from the distal end. At the 15e¢m mark four
iron bars, each about 5cm long and with the same diameter
as the 60cm rod, are welded perpendicularly, These bars
provide a stopper system from which the penetrometric rod

topers gradvally to a pointed tip, The tapered end is
calibrated in centimeters. Another component of the
penetrometer is a 50gm steel weight with a hollow in the
centre so thot it can be roised to a desired point on the
iron rod and allowed to slide onto the stopper system,

To assess the soil compaction, the soil surface was

thoroughly cleared of all litter and the pointed (distal)

end of the penetrometer placed just on the bare surface,



Plate 2 :

A penetrometer, comprising a penetro-
metric rod with a stogper systom and
three steel ue:ghts of 200gm, 100gm
and 50gm respectively.
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The 50gm weight was raised by hand to the 50cm mark on
the rod and allowed to slide downwards; the impact of the
weight on the stopper system acted as a hammer, forcing
the distal end of the penetrometer into the soil, The
50gm weight was raised repeatedly and allowed to fall on
the stopper system until the distal end of the calibrated
rod penetrated the soil by 10em., The number of trials
needed to sink the penetrometer by 10cm was considered as
an' index of the compactness of the soil and therefore an
indication of how easy it would be for the locust to
oviposit in a particular soil type. Fifty samples were
made at each site on each of three occasions towards the
end of the rains in 1981 (late August to early September).
The results were compared statistically using analysis of

variance,

3.2,3 Procedure for oBtaining eggpods: The method whereby
adult locusts are kept in open-bottomed cages in the field

(Popov, 1959; Farrow, 1975) was adopted,

Cages: Open-bottomed wooden fraome cages (Plate 3a)
were used in each experimental site, each cage measuring
50cm wide and 50cm tall, All the four sides of the cage
consist of wiremesh to facilitate ventilation. The roof,
which is made of plywood, is provided with a centrally
placed window measuring 15cm by 15cm and covered by a

wiremesh lid hinged at a point by a nail,
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The 50gm weight was raised by hand to the 50cm mark on
the rod and allowed to slide downwards; the impact of the
weight on the stopper system acted as a hammer, forcing
the distal end of the penetrometer into the soil, The
50gm weight was raised repeatedly and allowed to fall on
the stopper system until the distal end of the calibrated
rod penetrated the soil by 10em, The number of trials
needed to sink the penetrometer by 10cm was considered as
an' index of the compactness of the soil and therefore an
indication of how easy it would be for the locust to
oviposit in a particular soil type. Fifty samples were
made at each site on each of three occasions towards the
end of the rains in 1981 (late August to early September).
The results were compared statistically using analysis of

variance,

3.2,3 Procedure for obtaining eggpods: The method whereby

adult locusts are kept in open-bottomed cages in the field

(Popov, 1959; Farrow, 1975) was adopted,

Cages: Open-bottomed wooden frame cages (Plate 3a)
were used in each experimental site, each cage measuring
50ecm wide and 50cm tall, All the four sides of the cage
consist of wiremesh to facilitate ventilation. The roof,
which is made of plywood, is provided with a centrally
placed window measuring 15cm by 15e¢m and covered by a

wiremesh lid hinged at a point by a nail,
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One could open the window by sliding the lid to «
side and in this way food supply and observation of the

locusts were accomplished through the window,

Confinement of males and females in same cages: Four

to six pairs of the adult L, migratoria migratorioides,

freshly captured in the field, were released into the cages.
The minimum and maximum numbers of locusts maintained in

each cage were eight and twelve respectively.

It is essential, however, to explain that the actual

number of locusts kept in a cage depended on the total
coptured ot a time, \lhen more locusts were captured, the
number of cages was increased in the sites, the reverse
procedure was adopted vhen few locusts were captured, In

this way a maximum of twelve locusts was kopt'in each cage,

It has been reported in L, migratoria migratorioides

and other locusts that crowded adults lay fewer eggs per
eggpod than those kept under less crowded conditions, and
that their offsprings develop gregarious features if
maintained under such crowded conditions (Norris, 1950, 1959,

1968; Hunter-Jones, 1958, 1966a; Popov, 1959). In addition,
the author has noticed that when adults of L. migratoria

migratorioides are crowded in a confinement they resort to
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cannibalism, The maximum of twelve individuals kept in

each cage, therefore, was decided on with the cbove

observations in mind,

Efforts were made to always keep some males in each

cage even if majority of the females showed signs of prior
oviposition, for it has been shown (Norris, 1968; Haskell,
1960a; Pickford, 1970) that in locusts, diminished sexval

contact reduces rate of egq production,

Prior to introducing them into the cages, the insects
were categorised by age into three groups namely, very
young adults, young adults and old adults, This is in
line with the system used by OICMA for estimating the age
of adult L. migratoria migratorioides in order to forecast
oviposition, The very young adult is characterised by @
soft cuticle, pale colour and nulliparity; members of
this group are the least mobile. The young adult has a
harder cuticle, deeper colour and is more mobile; both
parous and nulliparous individuals are present in this
group. The old adult has the hordest cuticle and the
deepest colouration; the morgins of the hind wings are
usually torn and the insect is definitely parous. The
rational for the above grouping was to share the age
groups fairly to the three experimental sites in order to

ensure timely oviposition at each site.
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All cages were normclly replenished with newly caught
locusts at on interval of five days. In the hot-dry and
the cold-dry (harmcttan) seasons, however, replenishment
wos carried out olmost daily becouse mortality raotes were

high among the insects in captivity,

Feeding the locust in co tivi The insects were
fed with a mixture of any of the available grass species

in the area though Sorghum lanceolotum and S. cethiopicum

feotured most prominently as these were the commonest
grass species in the study area in all the seasons. During
the dry periods these grass species thrived olong the
irrigotion canals in the operational fields of the Lake
Chad research station.

Tufts of the grasses were kept in Kilner bottles
containing some water and placed in the cages. The cages
vere secured in position by means of iron rods planted
on all sides and also by placing pieces of rock on them,
These precautions were essential to ensure the stability
of the coges in the event of o strong wind, The water
in the bottles served to maintain the succulence of the
grass feed ond also to provide humidity, particularly
during the drier seasons. Precaution was also taken to
ensure that too much feed ond water were not put in the

bottles as such conditions have been found to drown the
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conditions in the cages (Hunter-Jones, 1961, 1966a).

Fresh feed was supplied every other day when the

bottles were cleaned aond the water changed,

Confirmation of oviposition: The tips of the

ovipositors of all females were examined ecch morning

for evideﬁce of oviposition (i.e, dirt at the tips of
ovipositors), following the procedure of Norris (1959)

and Hunter-Jones (19660), Whenever evidence of oviposit-
ion was observed in a cage, all the insects {including

the males) were immediately transferred into o smoll
calice sac, the coge shifted to o new spot ond the insects

released into it.

After shifting the coge to a new spot a thorough

search was made for evidence of one or more eggpods, All
the litter in the orec demorcoted by the coge was core-
fully removed ond the soil surface graodually scroped of f,
using a knife {Popov, 1959; Farrow, 1975), Scraping had
' to be gradual to avoid damage to the eggpods. In some
cases no eggpods but empty oviposition trial holes were

found.

3.2.4 350il factors in relation to incubation: Twenty-

four hours after the first oviposition wos observed soil
temperatures were recorded ot depths of 5cm and 10cm vusing

two fixed soil thermometers {Plote 1c¢). The thermome ters
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were planted in the centre of each experimental site and

the readings made at 00,00hrs, 14,00hrs and 18,.00hrs

every other day,

Both soil humidity and soil pH were also recorded
at a depth of 10em 24 hours after the first oviposition

and repeated every other day at 14,00hrs.

Records were made using a "DEMETRA pat. 193478 EM
system Soil Tester" (Plate la). It is a 1écm long conical
equipment designed to read both soil humidity and soil pH
at a maximum depth of 10cm., The tester readily records
soil pH when it is pushed into the soil; about one minute
was allowed for stabilisation. In order to read the soil
humidity, a button on the side of the tester was pressed
and again about one minute was allowed for reading to

stabilise,

3.2,5 Estimation of incubation period and survival raote:
Eggpods detected were serially labelled with emphasis on

the date of detection, vhich was considered as the date

of oviposition (Norris, 1950, 1952, 1959, 1968; Hunter-

Jones, 1959; Popov, 1959). Plate 4 shows marked eggpods
in the sandy and the clayey habitats,

A record sheet was liept for each eggpod which was

deliberately left uncovered for five days, The reason for



a) Eggpods in sandy habitat : note absence of pools of
water,

b) Eggpods in clayey habitat: note presence of pools
of woterfwhiteg

Plate 4 : Eggpods covered with wiremesh cages in the
sandy and the clayey habitats,
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this procedure was to allow sometime for observation

on predation and parasitism. The eggpods were not left
uncovered for a longer period for fear of early hatch-
ing, @ sitvation which would have hampered verification

of the number of eggs per eggpod (the clutch size).

After the five-day period, the eggpod was covered
with o wirewesh cylinder (about 8cm wide, 20¢m long) as
recommended by Jago (per, comm.) and observed daily for
mass hatching (i.e. the first hatching). The date of
mass hatching was recorded as the end of incubation

period following the example of Farrow (1975),

The hatchlings were "knocked down" by spraying some
aerosol insecticide on them and all collections were

taken to the laboratory for counting,

Post-mass-hatching observation was continuved for
two more days during the early rains and the rainy
seasons, During the harmattan season, when low
temperatures prolong incubation (Farrow, 1975), the
post-mass-hatching observation was extended to four
days, The purpose of the post-mass-hatching observations
was to verify if there were late hatchings in the

eggpods (Jago, per. comm,),
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After the end of post-mass-hatching observotion,
the r;mains of the eggpods we;e dug up and examined,
Iusing a hond lens, Eggs which failed to hatch, includ-
ing those which looked viable, that is turgid ond
yellowish brown, were counted and discarded.

Survivel rote wos detefmined by asse;sing the
number of eggpods that produced hatchlings, irrespective
of the number, in o given eggpod population., In addition
survival was also assessed on the basis of the number

of eggs that hatched per individuol eggpods,

3.2.6 Assessment of egg mortality factors: To dassess

the roles played by egg predators ond porosites, eggpods
which failed to produce any hatchli#g, after the
expected period of incubation, were dug up for examinat-
ion. During the harmattan peried, when the rate of egg
development was slow (Farrow, 1975), a period of 30
days, including four days post-mass~hatching period was
adllowed for incubation after which the eggpod was dug
up. Throughout the rainy season a ?0-day period was
ollowed while a 10-day pefiod was allowed during the
hot-dry secason; cll periods included the post-moss-

hatching periods.
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In several cases the parasites could easily be seen
with the nuked eye. Such parasites were collected with
the remains of the eggpods for counting and identificat-
ion in the laboratory, Eggpods which could not be
traced vere assumed to have been removed by predators,
for predators are known to remove eggpods of locusts
through underground tunnels (Popov, per. comm).
Organisms found within or near eggpods were collected
ond identified either in OICMA laboratory or in the

British Museum (Natural History).

Similarly incidences of egg desiccation and decay
were recorded and assessed in populations of eggpods

and also in individual eggpods.

3.3 Laboratory Study

Laboratory study was necessary for two major
reasons: (i) to obtain data for those seasons (the
harmattan, the hot-dry season, and the early rains
season) vhen the rate of oviposition - wos poor in
the field, and (ii) to investigate the role of flood in

egg cdevelopment and survival,

The investigations consisted of three moin experi-

ments aimed at examining the followving:
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i) the effects of soil moisture and temperature

on egg development, egg survival and hatch-
ling weight,

ii) the influence of flood on egg development,
eqg survival and hatchling weight, and

iii) the role of drought on egg development, egg

survival and hatchling weight.

In order to obtain eggpods of comparable quality for the

obove experiments, preliminary work to determine the
effect of the female age on the quality of eggpod was
carried out,

Eggpods used in the experiments mentioned above were

obtained as outlined below.

3.3.1 General procedure for obtaining eggpods: Five or
six pairs ol freshly coptured adults of L. migratoria

migratorioides were kept in wooden frume mesh cages, which
were provided with oviposition aluminium tubes 13cm deep
and 4cm yide., The tubes were filled with predetermined
soil/vater mixture (treatment) to serve as oviposition

sites folloving the example of Hunter-Jones (1966a).

Breeding cage: A picture of the breeding cages used

is sho'n in Plate 3b, The cage is similar to the one

described earlier (Plate 3a) except for the following
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modifications., The height is 63cm, the additional 13cm

representing the depth (height) of the oviposition tubes.,
It is provided with a main floor which is made of plywood
and a false floor made of wiremesh, The false floor
which is about 13cm above the main floor has four to six
perforations, An oviposition tube was inserted in each
perforation in such a way that the tube rested on the
main floor while its open top barely protruded the false

floor,

In summary the cage consists of two chambers, an
vpper, larger chamber measuring 50cm x 50cm x 50cm and a
lower, smaller chamber measuring 50cm x 50em x 13cm, The
lower chamber contained the oviposition tubes while the
locusts were kept in the upper larger chamber. In front
of the upper chamber is a mesh door which may be opened
by sliding it upwards., The door rests on the edge of
the false floor leaving the front of the lower chamber
open so as to allow easy replacement of the oviposition
tubes, The two side walls of the cage are made of wire-
mesh to facilitate ventilation while the back and the

roof are made of plywood for support.

Confinement of the insects: A procedure similar to

the one described for the field study was adopted., The
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insects were fed daily on o mixture of Echinochloa pyramida-

lis and Cenchrus echinatus two specieé of grﬁss which have

been reported among others to be “correlated with faster

rates of growth, maturation and reproduction in L. migratoric

migratoricides®” (Ohabuike, 1979). The grcss§§ were easily
available at the initicl stoges of the experiments but as
the roins diminished they became rare in the field, The
two grasses were therefore cultivated in a pleot adjacent
to a garden of Penisetum sp. ond the three provided the
mixture for feeding the insects.

At five-day intervals all insects were temporarily

removed from the cages and the latter cleaned.

3.3.2 Preliminary study on eggpods laid in relation to

the age of the female: The advlt female of E:

migratoria migrotorinides is known to lay eggpods at

different stages of its life, The aim of this experiment
was to assess the qualitative differences between the
first ond subsequent eggpods laid by the same female in
order to decide which hatch of eggpods would be suitable
for subseaueﬁt experiments,

- Two fledglings comprising o male and o nulliparovs
female were released in a breeding cage supplied with an

oviposition tube contoining o standard soil/water mixture
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procedure of Hunter-Jones (1956, 1966a):

i) 230gm sond to 50ml tap woter;

ii) 230gm sand to 20ml tap water (experimental
standard soil);

iii) 230gm sand to 10ml tap water;
iv) 230gm sand to 5ml tap water;
v) 230agm sand to 1ml tap water; and

vi) 230gm sand to Oml tap water(air-dry sand),

The driest soil/water treatments (i.e. v and vi)
were rejected by the locust for oviposition, instead
oviposition occurred abnormally on the floor or on the
walls of the cages which were provided with these soils,
Furthermore, eggpods transferred from the standard soil
into the two driest soils desiccated completely, As a
result of‘the above observations, the two driest soils

were deleted from subsequent experiments.

Five to ten eggpods (replicates) which were

obtained in each of the four wetter soils (i,e. treat-
ments, i to iv) were incubated in o cooled incubator
(Baird and Tatlock model GA 216 4B000082) at 22° 4 1°C,
28° + 19¢, 28% 34° 41°C, and 34° 1+1°C in keeping with
the procedure of Norris (19572). In addition six to
eight egopods laid in the stundard soil (containing
20ml of water) and the wettest soil (containing 50ml

of water) were incwbated at both 38° +1°C and 40° +1°C,
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All the temperatures at which this experiment wos

conducted are within the range of soil temperatures in
the Lalce Chad Basin outbreck orec (Golding and Gwynn,

1940; Darnhofer, 1976).

It is necessory to make clarification on twe irregu-
larities that cou;d not be avoided in this experiment,
The 282ﬁ34ﬁifi°c treatment became necessary for the
folloving reuson; at the time the incubation temperature
wos raised from 28°C to 34°C there vere four to ten
éggpods 101& in the vorious soils which had incubated !
for two to four days ot the lower temperature (28°4+1°C),
The sitgation couvld not be avoided because there was,
then,“oqu ?nglingybatqr ovailcble ond eggpods were too |
scarce to Le discarded. This batch of egqapods were,
therefo;e, incuboted partly ot_289ij°c ond partly at
349¢1°9. Secondly, only the eggpods laid in the | |
standard and the wettest scoils were incuboted aut 38911°C

and 4002100 because several eggpods laid in the drier |

soils (?ii and v) desiccated even at o lower temperature
34°..1%c,

Eggpods which failed to hatch after the expiry
of the eipected period of incubation (this heppened
frequentLy_in the soil treatment iv, containing 5ml of
watgr)”u?re furthgr nmoistened with Z0ml of weter and

kept in the incubator.
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The method recommended by Hunter-Jones (1956, 1966a)was
adopted to trap the emerging hatchlings; @ piece of fine
wireme;hluns vsed to cover the top of the oviposition tube
containing eggpod, The wiremesh was secured in place by
means of a strong rubber band as shown in Plate 5,
Fresh haotchlings from each tube vere removed within
24 hourg of hatching, A random sample of 10 individuals
was made, the hatchlings were killed by cerosol insecticide
and weighed, Data collected included incubation period,
rate of egg survival ond hatchling weight; these were

examined stotistically by the analysis of variance.

Hatchlings, emerging from eggpods that were incubated
at 34ﬁt1é0 only, were reared te the second instar in Kilner
jors provided with the grass, C. echinatus. At the end of
the reoring experiment all hoppers were killed and counted.
The aim wvas to study the relationship between the weight
of the hctchling and its survivel potenticl to the second

hopper instor,

Wihen the cbove experiment was completed, an attempt
was made to find out how the scil moisture treatments tested
in the laboratory compared with the real field conditions,
For thi; purpose the soil tester (Plate la) used for the
fieldlgtudv was also used to measure the woter content in
the freshly prepared soil/water mixtures, The measurements

were repeated on alterncte days for 12 days when eggpods
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a) Tubes covered with wiremesh to trap hatchlings.

b) Fggpod deliberately exposed by digging slightly,

Plate 5 : Oviposition tubes containing eggpods.
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dt 34?3?00 vere expected to have hatched, In this way
it was p9f§§ble“to determine the chcﬁée#ﬂin.wdter lev;ié
that ogcu;red in the yurious soil /vater mixtures during

incubation at 34°41°C,

3.3.4 Eﬁépgiﬁent on the effects oé;flpod on_egqg
develonment, egg survival and batchling weight:

Five to ten eggpods laid in the experimental standard
soil (230gn/?0ml) were used for this experiment. At the
ages of zero, three, six ond nine days, during which the

eggpods yere incubated at 34°+1°C, they were flooded for

a period ranging from one to five doys, The date of
detection of an eggpod wos considered the date of
oviposition, that is age zero, on which the deduction of
the eggpod age was based (Shulov, 1970),

During flood, the oviposition tube containing the

eggpod was submerged under water contained in a desiccator

constantly kept closed except vhen eggpods were being

put in or being token out.

At the end of the flood treatment the.oviposition
tubesmguifb the eggpods), were renoved from the water
but rqtqéned in the incubator where the excess water
evapprate§ and qlso_drained from the hases and sides of
thgnfqbes. The oviposition tubes had their free ends
cOVered“ui%h wiremesh to prevent the escope of the

hatchlings as earlier shown (Plate £),
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Data compiled were incubation period, rate of
egy su:viycl and hatchling weight, The relationship
betweon‘drought period and the above survival
paraneters wvere examined stotistically by the analysis
of nu;tip}o correlation following the example by

Bruning and Kintz (1968),
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CHAPTER FOUR
RESULTS

4.1 Field Study

4,1,1, Annual Seasons: Observations on rainfall and air

temperature in the study area revealed four marked annual

seasons summarised in Figure 10 and described below.

Roiny (Cool-Wet) Secson: This season covered July
to September, with the mean air fémpefcture ranging from
24,6°C in Augu#t to 27.5°C wﬁich normally occurred in
September,

The season was churccterisedlbv hiéh freuuency and
intensity of the rﬁiﬁs with the peak invariably occurring
in Avgust., The totol ruinfull recorded in September (lote
rainy season) did not nofmclly differ much from that
recorded in June {early rainy season)}, though September
was wetter than June due to the effects of water accumulated
from the preceding months (JulQ and August), The avercge

monthly rainfall for the period of study was 139.3mm in

July, 166,3mm in August and 49.7mm in September,

Hermatton {Cool-dry) season: The period from mid-
November to February was the coldest and the driest with
mean air temperature ranging from 19.2°C in Jonuary to

25.6°C in November.
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Rainfall was practically nil ond any moisture

present in the soil depended solely on the water retentive
capability of the soil, Also characteristic of the season

were the dry, dusty North-Easterlies.

Hot-dry seoson: Durotion of this season was from Morch

to mid-May, The characteristic mean air temperature ranged
from 32,5°C to 35.8°C in March and May respectively,

Some rainfall was recorded, particularly in May, but
these showers merely wetted the surface of the soil for a
few hours only, the water rapidly evaporated by the
characteristic scorching sun of the season. During the
study period, rainfall recorded averaged 6,3mm in April

and 9.8mm in May,

Eorly rainy (hot-moderately wet) season: This season

lasted from mid-May till end of June. The mean air
temperature ranged from 29.8°C in June to 36.2°C in the
second forthnight of May.

The rains were heavier and also more frequent than

in the preceding season, the average for June being 51, 4mm.

4,1.2 Soil types: Examination of the physical

properties of the soil types in the three habitats gave

the results which are presented in Tables 1 and 2,
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Table 1: Particle size distribution in soil types at

5cm- a 0
Standard Percentage| Soil Textural
Sizes | Type Class
(mm) * Sand | Silt| Clay
Site A ot 5cm 0,02 to 2,0 | 94,6 | 0,0 5.4 Sand
Site A at 10em| 0,02 to 2,0 | 94,6 | 0,0 5.4 Sand
Site B at 5¢m | 0.002 to 0,02 | 59.0 |13,9| 27.1| Sandy-Clay
Loam
Site B at 10c¢m | 0,002 to 0,02 | 55,0 |12,9| 32,1| Sandy-Clay
Loam
Site C at 5em |<.,002 22,6 |11,8]| 65,6 Clay
Site C at 10cm |.002 19.4 |13,1] 67.5 Clay

*These are the universally accepted limits of the diumeter
of soil particle size (Black, 1965),

Table 2: Assessment of soil compactness: mean hommerings

required to penetrate soil by 10cin depth.

Replicate Sand Sandy-Clay Loam Clay
23.9 92.6 13.5

2 21,7 109.0 18,7

3 24,8 97. 8 12,8
Mean 23.5 99.8 14,0
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The composition of the soil particles was uniform

within a depth of 10cm in each habitat (Table 1). The
three soil types were, however, clearly distinct as

indicated by the mean percentage sand, silt and clay.

Soil compactness differed significantly (P < .05)
among the habitats as shown in Table 3.

Table 3: Analysis of variance (ANOVA) for soil

compaction.
Source SS df MS F P
Total 896,975,63 |449
Habitats 663,812,63 2 |331,906,.31 | 648,85 .05
Replicate 2,366.41 2 1,183.21 2,31 | NS
Habitat x 5,212.39 | 4| 1,303.10| 2.55| NS
Replicate
Error 225,584,20 |441 511,53 - -
Legend: SS = Sum of sqguares
df = degrees of freedom
MS = means squares; i.e. %%
F = the F ratios, i.e. MS habitats
MS error,
MS replicates MS habjtat x Replicate
MS error p MS error
P = level of significance

NS = not significant
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By applying the t test, it was confirmed that the
sandy-clay loam was the most compact soil; it differed
significantly from both the sond and the clay. In turn
the sandy habitat was more compact than the clayey
habitot, (P< 0,05, t=1,96, criticol difference between
the measures = 8,87; degrees of freedom = 441),

Dota on soil humidity (Tables 4a and 4b) show the
differences in water retentive capuacities of the three
soil types during the rainy season, The sandy-clay loam
had the hiahest water retentive capacity (mean humidity,
98,4%), followed by thc clay (94,3% humid) and the
soand (51,0% humid). The difference was not stotistically
significant between the sandy-clocy loam and the clayey
habitats, However, statistically different (P< .05) soil
humidities existed . between each of the two soil
types and the sand as shown in Table 4c.

It was observed that water seepage, during the
rainy seuason, was most ropid in the sandy habitat followed
by the sondy-clay loom hobitet; it wos least ropid in
the clayey habitat. The poor seepage in the sandy-clay
loam and the clayey habitats was indicated by the frequent
occurrence of pools of water in the two habitats during

the rainy seascon,

As o result of the poor seepoge in the sandy-clay

loam and the clayey habitats, eggpods in these areas were

often flooded during the rainy season as shown in Plate 4b,
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Table 40: Soil humidity, temperature and pH during the rainy season,

5 A N o} SANDY-CLAY LOAM Cc L A Y -
TENPERATURE (°C) TR TEMPERATURE (°C) oH | oFa | TEMPERATURE (°C) oH HuM
08HRS 12103 18HRS mmE 12HRS] OBHRS 12HRS 18HRS | OBHRS 12H0S |OBHRS 12H03 18HRS OBHRS! 1 2HRS
5 10 (35 io | s 10| 10 10 5 0] 5 0] 5 0| w0 ]|1wW]5 10 | 5 0|5 10 {1 10
Year| ., em | cf o e | cm cm cm cm cm | Em cm cm em | _€m | em | cm cm_} ¢m cm | €m | cm cm cm
1981 27.4(27.3(33;1({32.:6]29,6]29.7) 6.6 | 4B, 3|27,.4 27.3|33,3(32,1]{20.9]|231.2| 6.3(95.8(27,7({27,5{31,0(30.3|30.6{31.0/ 6.2 96.7
1982 28,3]27.8(32,932.7 29.4129.6| 6.7 |55, 8/28,9\28,1|33,9[32,3(29,1{30.4{ é.¢ $3.4)/28,1)28,7/32,1130:8]30,3|31,7| 6.4]99.3
1984 27.8l127.5|02.2132,8(90,3(29,7( 6.8 |48, 9(27,0(27,5/33,5102,2/28,8/030,7| 6,6)93.0|28,7|268,6]|32,0|3.0 0,7|31.2] 6.7 |99.2
Mean| 27.8|27.6(38.7|32,6(29.8129,7| 6.6 mﬂ.im 27.9127,6133,.6132.2129.6/30.8] 6.5)94,3]28,2|28,3|31,7|30,7130,5{31,3{,6.4(98.4
Sd [10.45/0,.2510,47]0,10 m.;w 0,06{0.10 [ 4,17 10,84{0,42{0,31]0.,10{1,14]/0.40/0,17|1,29|0,50|0,67{0,61{0,3710,2110,36/0.25(!,48
v | 0.14/0.04]0.15]|0.00|0.15(0.00(0.00 11,58 |0,47(0.12({0.00|0,00{0,86}0.11/0.,02}1,10]0,17|0,30|0,25|0.02{0.03{0.09(0,04 1,45
anw- 4b: ANOVA for soil humidity Table 4c: T _test for differo
: ¥ hetween soil types 2
ource SS o MS F &
Total 47,084,79(114 e = = Habitot Palrs wﬂ.Ou S8td,error) Critlea) diff. Caleulajed Conelu-
Habitats | 49,816,29| 2|21,908.15[126.78( 0.05 o Syeh)| of means | hetween moans MKH?::_E: xion
3 . ot, maan
Years 1,698,82( 2| 849,41 4,92 ns Sondy-Cloy |196af . {285 o
Hoblitats | 3 252 10| 4 §13.03] 4.70 P Loam 1,980 |- 3.02 5,98 (94.3-51,0)| Signi-
x Yeors - = 43,3 ficant
Error 18,317,58 |10 172.8] = - Sondy Vs.Clay|),980 | 2,98 5,90 (98,4-51,0)| Signi-
= 47 .4 ficont
Sandy-Cla -5
Loam' Vs, Llay[1.980 | 3.02 5.98 _ﬁmaw..xf.u: N3

lagend: 3d.

Standard deviotion, v = Variance

£ Hum = Soil humidity
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Soil temperature and soil pH were similar for all

habitats during all the seasons as may be seen in Table

40, for the roiny season; ond in Appendices 3,4 ond 5
for the harmqttan, the hot-dry and the early rains seasons
respectively.

The soil types also behaved differently during the
dry periods, The sand (Fig.?, Site A) was normally
rendered loose and powdery, ot leost, on the surfoce
(Plate 6) and sandy-clay loam (Fig,? Site B) formed a
hard pan (Plate 7) which was almost impenetrable to some
of the instruments used in the field (e.g. the soil
thermometer). The clay (Fig.?, Site C) on the other
hand, cracked, the extent of cracking increasing wikth
the duration_of the dry season., Characteristically,
numerous cracks, some minor others major, appeared on
the surfoce of the clayey habitat (Plate 8a)., With the
intensification of the dry conditions, particularly
during the hot-dry season, most of the minor cracks
become obli!erafed os they were filled by debris blown
about by the winds, The major cracks, on the other
hand, deepened and widened as the soil lost most of its
water and the soil particles shrank. A maximum depth
of 1.45m was measured on 17th March, 1981 at site C

(Fig.9). At the peak of. the crocking, therefore, the
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Plate 6 : Powdery surface of sandy habitat
during dry seasons.
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Plate 7 : Compact surface of sandy-clay loam habitat

during the dry seasons,



a) Numerous shallow cracks occurring immediately
after the rainy season,

b) Deep cracks during the peak of the dry seasons.

Plate 8 : Cracked surface of the clayoy'ﬁéh‘t&t_iL :
during the dry seasons,
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surfoce of the cloy soil oppeored to be mode of numerous
blocks of different shapes and sizes separated from each

other by wide gaps (Plote 8b),

4,1.3 Rate of egg development: The rate of egg develop-

ment was inferred from the duration of incubation.

Although data for the harmatton season (Appendices
6 to 16) and also for the eorly roins seasons (Appendices
17 to ?1) were not sufficient for meaoningful statistical
analyses, the following indications were evident: (i) Eggs
developed fastest during the eorly roins seoson, incubation
lasting an average of 9.5 days in sandy habitat., (ii) Eggs
developed slowest during the harmottan season, the average
incubation period being 24.0 days in clayey habitat,
(iii) Generally, the rate of egg development, during the
roiny seoson, wos intermediote between the rotes for the
early roins and the harmatton seasons, The mean incubation

periods for the raoiny season are given in Tgble 5.
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Table 5: Mean incubation periods during the rainy season

Year Sand Sandy-Clay Loam Clay
1981 13.2 15,2 17.6
1982 12,6 15.2 16,4
1984 14,9 7.5 20.4
X 13,6 16.0 18.1
SD 1.19 1,33 2,05
v 0,95 1,18 2.81

Egg development was fostest in the sandy hobitet, where
it lasted 13,6 days, it lasted 16 days in the sandy-clay
loom habitat and 18,1 days in the cloyey habitat., As may
be seen in Table 6, the inter-habitat and inter-onnual
differences in incubation periods were statistically

different (P< .05),

Table 6: Analysis of variance for incubation periods during

the rainy season,

Source SS df MS F P

Total 4,287,.57 | 290 — — i

Habitat 1,118, 91 2 | 557,96 54,81 .05

Years 354,14 21 177,07} 17,39 E:.OS

Hobitat x
-52,0 - -

¥ages 6 4 13.02) -1,28 NS
Error 2,869,.58 | 282 10,16 - =
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Comparison of the rates for the years gave the

results shown in Appendix 22, The differences were not
significant between 1981 and 1982 in sondy hubitut ond
also in sandy-clay loam habitct; egas however, developed
significantly faster in 1982 thon in 1981 in the clayey
habitat. In all hobitats egg development wcs faster

in 1981 than in 1984. Similarly egg development was

faster in 1982 than 1984 in all habitats,

The varionces shown in Table 5 {0.95 for sond,

1.18 for sandy-clay ond 2.8l for clay) indicate that
during the roiny secson, incubation periods varied most
widely in the clayey habitat; the periods were most
vhiform in the sondy hobitat, In the.field it wos
observed that incubotion periods for two eggpods laid
on the same doy in the clayey habitat sometimes differed
by two days {Appendix 23 to 25}, ot the initiol stagés
of the roiny season {July), ond by opproximately 15
doys {Appendix 28) at the peak of the rains (August),
In the sondy-clay loam habitot, the difference between
incubation periods of two eggpods laid on the some doy
ranged from one to four days (Appendix 26-28) while

the difference ranged from one to two doys in the sondy

habitat (Appendices 29 to 231),
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In general incubotion period was more uniform during
the beginning and the final stages of the rains (July and
September). Furthermore, incubation period wos generally
shorter in July, when the rains were yet to attain the
peak. Longer incubation periods coincided with the peck
of the roins, in August, ond as the rains declined, in

September, incubation periods were shorter once again

(Fig.11).
4,1.4 Rate of egg survival: The criterion for survival

was the successful emergence of pharates to the soil
surface at the end of incubation; (i.e. the appearance
of hatchlings). Egg survival was therefore determined
by assessing (i) the number of eggpods thet produced
hatchlings in the (eggpod) population obtained and (ii)
the number of hatchlings from individuol eggpods of the

same populations mentioned above.

_Eggpods in which hatchling occurred in the (egapod)

populctions obtained: By this procedure an eggpod was

considered to have survived (hatched) irrespective of
the number of hatchlings emerging from it., Table 7

summarised the results obtained.
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Table 73 Pexcentage eggpod survival (

E T -

Producin

. =

g hotchlings) per

gy

given eaqgpod populations

, EARLY RAINS
RAINY SEASON HARM.TTAN SEASON HOT-DRY SEASON SEASON
Hobitat | 1981]1982{1984|Mean | 1981-82|1982-83|1983-84 |1984-85] Mean| 19811982 |1983]1984|Mean | 1981] 1982 |piean
Sand 51,2153.9|44.6[49,9| 0.0 | 0.0 | 0.0 | 0.0 |0.0 | 0.0 |0.0{0.0]0.0l0.0 |25.0{33. 3]29.2
mgmﬁﬁn« 10.3)16.2|23,4[16,6 | 0,0 | 0,0 | 0.0 | 0.0 |0.0 | N0 |0.0}0.0]0.0l0.0 | 0.0 nol 0.0
oam
Clay 27.2|21.4{26,7/25.1 | 14,3 | 20,0 | 11,1 | 0.0 p1.4 |0.0 |0.0]0.0]0.0/0.0 | 0.0] 0c.0] 0.0

" Legend;

N.O, = Mo ovipesition
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During the study period, o total of 24 eggpods was
obtained in the cloyey habitoat for the harmattan season
(Appendices 13 to 16). Only 8.3% (2) of these survived,
Similarly, low survival rate was recorded during the early
roins seacsons; 29,2% (2) of the seven eggpods obtoined
(Appendices 17 to 18) did survive in the scndy habitat only,
Eggs did not sgrvive during the hot-dry seoson {Appendices
32 to 42), The rainy secson wos the most fovouroble period
for egg survival as shown in Appendices 29 to 31,

It is cléa; from Table ; tgct, of the three soil
habitots; the best results were obtained im the sandy one.
This observation is based on the distribution, by habitat
of the 907 egépﬁds obtainea.fdf fﬁe ruin? season study as
well as the raotes of survival in each habitat., In a total
of 350 eggpgds laid in"tha sondy habitat during the raeiny
season (Appe&dices 29 tbnél)ﬂthe survival rate ronged from
44,67 to 53,9%; the average rate was 4%.,9% (175). A total
of 298 9ggpods was obtained in the clayey hobitat during the
fﬁiny secson ;tudy (Appendiﬁés 23 to 25) and of these on
aQerage of 25,1% (75) survived, the range being 21.4% to 27.2%.
In the sandy-cloy loom habitat 259 eggpods were laid
.tAppéndiceS 26.to 28); én average of 16,6% (43) survived

while the range was 10, 3% to 23.4%.
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— e -

_"_ Inter-habitgt comparisons were made of the mean

survival rotes meptiopgd above, by using the z test.

The results are preseq?gd belgw. The averqge survival
rate in the sandy hubitﬁf (4?.91) was significantly higher
(P < .05, z= 13.32) than the average rate in the sondy
clay loam habitat (1%.6%). Survival rate in the sandy
habitat was olso significantly higher (Pg .05, z= 9,54)
than that %nu?hg_;luyey_hqbitat (25.1%)?Iand survival
roto.in the.clﬁvéy Eﬁbit;t Qﬁs signifléd;tly higher

(P .05, z= 3.54) than that in the sandy-clay loam

habitat.

‘Survival rate based on_the number of hatchlings from
Jndividval eggpods: The number of eggpods obtained for

sach soil habitat during the rainy season has already

been stated chove {(i.e., 350 for sand, 259 for sandy-clay

loam and 298 for clay),

- e om owdr o

:; The rates of egg survival in the individual eggpods
'wcrauﬁs;ﬁssed by tyg criteria: survival was assessed on
the basi?,?f pf;c?qtgge egg hatch per eggpod, alternatively
only eggpods producing 100% hafﬁh were considered to hove

survived,

e .

Table 8 summarises the results based on the first

survival criterion, The mean survival rates were 47,8%
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Table 8: Percentage eqq survival in the soil habitgts

during rainy season

Habitats o 19811 1982 | 1984 | Mecns
Sand 47,81 51,5 | 42.0 47,8
Sandy~Clay Loam 4,81 11.8 | 17,3 | 1.3
Clay 15,7 18,0 | 19.5 7.6

in sandy, 17.6% in clayey and 11,3% in aundy-cluy loom
habitats, = = - : |

Comparison of the above results, using analysis of
variance, showed significant differences (P ,05) between

hobitots only (Table 9).

Table 9: Analysis of variance for eggq survival during

rainy season

" Source . 5% df MS F P
Total .. . | 1,451,005.60 |866]
Habitats | 247,462.94| 2123,731.47| 88,95 .05
Years - . 326,94 2 163,47 0,121 ns
Habitats x 9,668,001 41| 2,417,00| 1.74]| ns
Years ' G e .
Error 1,193,547,60 { 868 1,391.08 -

. By means of 1 test, it was confirmed that the

sighificant differences existed between sandy and sandy-
~clay loam habitats and also between sandy and clayey
habitats; there was no significant difference between

sandy-clay loam and clayey habitats {Table 10).
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in egg survival between poirs of habitaots.

t (.05 | std.error| Criticel |Calculated
Habitat level) differences| differences| conclys ions
. G of meons between
Pairs with between
858d. f means mcu.ns
Sand Vs,
- .9 . 3 -
Sandy- 1,960 3.11 6.1 BB Significant
Cloy loam
Sand Vs,
" 1.960 |  3.02 5.9 30.2 Significent
Clay
Sandy- N
Cley loom 1.960 | 2,24 6.4 6.3 ot
Vs. Clay Significant
On the bosis of 100%Z hatch per eggpod, on average of

38.8% (126) of the 350 eggpods survived in the sandy habitat

(Appendices 29 to 31), 14.8% (44) of the 298 eggpods survived

in the clayey hobitot (Appendices 22 to 25) and 9.0% (23) of

the 259 eggpods survived in the sandy-clay loom habitat

(Appendices 26 to 28),

Again the differences were significant

(P=< .05) between (i) sondy ond sondy-cloy loom habitats

(Z=

12,96), (ii) sondy and clayey habitots (Z = 10,00) ond

also between sandy-clay loom and clayey hebitats (Z = -3,05).

These results complement those already stated obove

i,e. egg survivel is significantly higher in the sandy

habitat than in both sondy-cloy loam ond clayey hobitats.

1
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4.1,5 Relative importance of e tality factors: As

shown in Table 11, four egg mortolity factors were
recorded in the field; they are predotion, porasitism,
desiccation and decay, The relative importonce of these
factors was assessed on the bosis of three porameters,
nomely seasonal and habitat occurrence, number of eggpods
damaged and damage within individual eggpods. Results of
the ossessments ore presented below, beginning with

predation,

Predation: Predation was determined by two criterio:

the more conspicuous of these was the disappeorance of
morked eggpods (when dug up for examination) after the
expiry of the expected period of incubation; the second
criterion was the porticl disappearance of individuol
eggpods,

Predation was the most importont egg mortality factor
in the field., It occurred in all seasons and in oll habitats,
except the sandy-clay hobitat during the hot-dry season.

It was most freguent during the rainy season when
the maximum number of missing eggpods wos recorded for
each habitot, For instonce, 64,3% (167) of the 259 eggpods
disappeared from the sandy-clay loam hobitat (Appendices

26 to 28), 28.6% (115) of the 298 eggpods were missing from the
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Table 11: Percentcge eggpod damage due to mortality factors.
SAND SANDY-CLAY LOAM CLAY
PARASITISM PARASITISM PARASITISM
SCE. | ©Nc. IPRED |DEsI |DEC., |SCE {ENC. |PRED |DESI |DEC |[SCE |‘enc. |PRED | DESI | DEC
”ﬂm.-.—{_ M.ﬂ“ﬁ: N-@ Noo M&.mv Nc” u@.ﬁ mbo UQN Qh.ow d._oN moo Nnm NQN 8-& W.N ..\wm.&
*0.4) (1.5)[(9.8)] (4.4) [€6. 1) {(1.3)] (2.5)] (5.1)] (6.2)](1.3)] (0.9)] (4.1)] (2.9)f (2.3)] (4.0)
Harmattan 0.0 |lo.0 {37.1i62.9 0,0} 00| 0,0} 8,3|91.7 ]| 0,0 0,0 (0,0 |67.4 32.6| 0.0
Season (0.0)] (0.0) {(10.6] (10.6){(0.0){ (0.0)] (0.0)|(14.4)| (14.4)| (0,0)| (0.0)£0.0) (23.9) (23.9) (0.0)
Hot-Dry 0.0] o.o} 0.0)93.8) 6.3| 0,0 0,0 (25,0}(75.0| 0,0} 0,0]0,0 )23.8]|76.3]| 0.0
Season (0.0)] (0.0)} (0.0)] (12.5) (12.5)] (0.0)| (0.0){(250)(25.0)| (0.0)| (0,0)X0.0) K20.6)(20.6)](0.0)
Eorly Rains 0.0 0.0 |25.0|75.0{ 0,0 0,0{ 0,0 [1086.0} 0,0} 0,0] 0.0 |0.0 )36.7|63.3| 0.0
Season (0.0)} (0.0){(36.4) [236.4) | (0 0)|(0.0)] (0.0)| ( - )| (0.0){(0.0)| (0.0)(0.0) v;;wu (4.7) |(0.0)
Legend: SCE = Scelig infestation
ENC, = Enchytroddinfestation
PRED.= Predation
DESI = Desiccation
DEC = Decay

*Figures in brackets represent standard deviations,
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clayey habitat (Appendices 23 to 25) ond 25.9% (91) of the

350 eggpods were missing from the sondy habitat (Appendices
29 to 31),

During the hormattepr,predotion was most frecuent in
the clayey habitat where it occounted for the loss of 672.4%
(15) of 24 eggpods (Appendices 13 to 16). It was responsi-
ble for the loss of 37.5% (6) of 16 eggpods in the sondy
habitat (Appendices 6 to 9) and also for the loss of 11.1%
{1) of nine eggpods in the sandy-clay loom habitat
(Appendices 10 to 12),

During the hot-dry season predotion accounted for
the loss of 257 (2) of eight eggpods in the sondy-clay loam
hebitat (Appendices 36 to 38) and it was responsible for
the loss of 25% (4) of 16 eggpods in the clayey habitat
(Appendices 39 teo 42),

As already stated, predotion did not affect any of
the 11 eggpods laid in the sandy habitat during the hot-
dry season {Appendices 32 to 35),

Predation caused the loss of 37,5% (3) of eight eggpods
in the clavey hobitot during the eorly raoins season
(Appendices 20 to 21), ond it was responsible for the
disappeurdnce of a single eggpod laid in the sandy-clay
loom habitat during the seaseon (Appendix 19). ODuring |
the same season 28,67 (2) of seven eggpods were lost to

predation in the sondy habitot (Appendices 17 to 18).
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were fregquently found in the vicinity of the eggpods when

the lotter were dug up for examination, The larvae were

. suspected to be predatory on the locust's eggpods. Of the
- Jorvae of the Carubida;, one genus, resembling Pistichis,
was mast prominent.'l_ -

Parositism: Porasitism occurred in the rainy season
only; during the season it was registered in oll the three
s;il gubito;; (Teble 11), ~

Porasitism wos eosily recognised by two digtinguishing
features: parasitised eggs contained the developing parasite
which.ﬁhungad the chorocteristic yellowish colour of the
normal locust egg to dark brown; alternatively the parasite
.had emerged leaving un.ehpty ;gg shell with on exit hole,.

Two parasitic groupslwéré observed. Group one
comprised twe hymenopteroUs species belonging to the family

Scelionidae, i.e. Scelio africanus Farriere and $. sudanensis

Forriere. OGroup two comprised an vnidentified worm belonging
to the family Enchytraeidae, |

Cnly ﬁ Qmaii.number of eggpods wos infested by the
'paraaiies. Together the two groups infested a mean of 14,3%
(5})0{ the 350 eggpods in th;.suﬁdy habita{ ﬁuring the rainy
séﬁsﬁn. fﬁef"infésted 10.7%(28) of the 259 eggpods in the
s;n&y;clay loam habitat and 10,04 (30} of the 298 eggpods

in the clayey habitat,
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Ofltbe 9207 eggpods obtauined during the rainy season

study, the Scelio species infested an average of 5% (je 45)

while the worm infested 6.6%.(i.e. 40).

The difference in incidence of parasitism was not

significont between sdndy-clay loam habitat and clayey
habitat, but it was significant between sandy ond clavey

habitats (Z = 2.39, P < ,05),

DRI K I

Infestation by S. africonus and 5, sudanensis coused

Ifotol or partial mortqlity as shown in Table 12,

In the sundy habitot purtiqi hurasitisation by Scelio
caused mortality ranging from-}.I% (Appendix 29, No,169)
to 84;1%”(fepgndig 30, No.71).T Similar wide ranges of
Scelio in?estation also occurred in the gthex two

.
]

hobitats as shown in Appendices 23 to 28, - j

Total and partial damage to eqgpods weg olso
associcted with nemotode infestation (Table 12) although
the inecidence of total mortality caused by the nemotode

was less frequent than that by Scelio species,

Partial infestation by nematodes sometimes coused
as low as 1.4% egg mortality (Appendix 29, No.5)., In
heavily infested eggpods it wos not possible to ascertain

the egg survival rote as the remains of such eagpods

identification of individual eggs.



Table 12:

Percentcge eagpod d

estructio

S AND SANDY-CLAY LOAM C L A Y

SCELIO ENCHYTRAEIDAE SCEL IO ENCHYTRAEIDAE SCELIO ENCHYTRA IDAE

Partial]| Totaol nu»wnu otal Particl} Total Partial|Total Partial |Total Partial |Total
1981 | 25,0(3)}75,0(9) |46.7(7) |53.3(8)|20,0(1) 80.0(4)| 50.0(2)] 50.0(2)| 50.0(2)| 50.0(2)! 50.0(7)|50.0(7'
1982 | 37.5(3) Sq.ﬂ& 28.6(2) 71.4(5)|75.0(3)(25.0(1)| 60.0(3){40.0(2) | 50.0(1) | 50.0(1)| 25.0(1) {75.0(3'
1984 { 20,0(1)}80.0(4) |50,0(2) }50.0(2)|33.3(1)|66.7(2)| 50.0(2)}50.0(2) | 0.0(0) {100.0(2){75.0(3) |25.0(1
Totals | 82,5(7)| 217.5018){125.3(11)|74.7(15){ 128.3(5) | 1717(7)| 160.0(7)} 140.0(6) | 100,0( 3)|200,0(5){150.001) [150,0( 1"
% Mean | 27.5 725 41,8 58,2 42,8 57,2 53,3 46,7 33,3 66,7 50,0 50,0
(2,3) |(6.0) (3.7) |(5.0) | (1.7) | (2.3) | (2.3) | (2.0) (1,0) | (1,7) {3.7) | (3.7)

Legend: Actual numbers in brackets
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Desiccation: In desiccated eggs the yolk retoined

its charocteristic yellowish colour but it was loose in
the egg cose which peeled off easily., The yolk wos oily
when touched, brittle and fragmented easily under pressure.

Desiccation occurred in all seasons and in all
habitats except one, the sandy-clay loam, where the single
eggpod laid wos removed by predators (Teble 11).

Despite its wide distribution, desiccation cannot be
considered o major mortality foctor under field conditions
since it occurred in a2 small number of eggpods in each
habitat, During the rainy season, 11.2% (29) of the 259
eggpods were desiccated in the sandy-clay loam area

(Appendices 26 to 28), 8.7% (26) of the 798 eggpods were
desiccated in the clayey habitat (Appendices 23 to 25)

while desiccation affected 7.2% (25) of the 350 eggpods
in the sondy habitat (Appendices 29 to 31).

Most of the desiccation in the rainy seeson was
registered in mid-July and September, that is before aond
after the peak of the rains,

During the harmattan, oviposition was generally low
and the mojority of oviposition in the sandy ond the
sondy-cloy loom haobitots were found in cbnormal locotions.
Such eggpods were laid on the soil surface, on the cage

walls or in the grass feed (Appendices 6 to 12).
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Desiccation in the abnormally laid eggpods was, therefore,
the direct result of exposure and may not give a true
indicotion of what actually occurs under notural conditions.
However, it wos observed that most of the 2?4 eggpods in the
clayey habitot were properly loid (Appendices 13 to 16) and

37.5% (9) of these desiccated.

During the hot-dry seoson clmost cll the desiccoted
eggpods were also loid abnormally (Appendices 22 to 42),

During the early roins secson, seven eggpods were
laid in the sandy habitot (Appendices 17 to 18). Of the
seven eggpods 75% (5) desiccoted and one of the desiccated
eggpods was laid abnormally.

Eight properly loid eggpods were obtoined in the
clayey soil during the early rains season (Appendices 20

to 21) and 62.5% (5) of these were desiccated (Table 11).

As shown in Table 13 desiccation sometimes caused
partial destruction, porticularly during the rainy
season, but total egg mortality was also common and
occurred mainly in the drier seasons. In the roiny season
pertiol eggpod destruction by desiccotion ranged from

10.8% (Appendix 28, No.9) to 96.2% (Appendix 26, No.3).



Table

1£

13: Percentage eggpod destruction by desiécation
during rainy season,

SAND SANDY-CLAY LOAM C L AY
Partial]l Total [Partial | Total Partial| Total
1981 37.5(3) ] 62.5(5) | 7.1(1) | 92,9(13)|10,0(1) | 90,0(9)
1982 0.0(0) [100.0(14)| 5.9(1) | 94.1(16)| 7.7(1) | 92.3(12)
1984 0.0(0) {100,0(3) | 50.0(1) | 50.0(1) { 0.0(0) {100,0(4)
Total 37.5(3) | 262,5(22) 63.0(3) |237,0(30)| 17.7(2) |282, 3(25)
% Mean 2.9 87.5 21,0 79.0 5.9 94,1
(1.0) | (7.3) (1) (10,0) | (0.7) [(8.3)
Legend: Figures in brackets are actual numbers of
eggpods; those outside brackets ore percentages.
Dgcay:In decay infested eggpods, the eggs were dork brown

or black and the yolk could not be easily separated from
the egg shell, Furthermore, decayed eggs stuck to each
other,

In terms of distribution, decay wos the least

important egg mortality factor os shown in Taoble 11,

Apart from one example in the sandy habitat during
the hot-dry season (Appendix 32), all the decoy infested
eggpods occurred during the rainy season (Appendices 23
to 31), particularly in July/August when the rains were

intensive,



Of the 298 eggpods obtained in the cloyey habitat
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during the rainy season, 28,4% (85) were decay infested;

12.9% (49) of the 2350 eggpods were decoy infested in the

sandy habitat and 5.0% (13) of the 259 eggpods were decay

infested in the sandy-clay loaom habitot,

Decay caused partiol or total destruction in infested

eggpods as shown in Table 14,

Partial eggpod destruction

Table 14: Percentage eggpod destruction by decay during

rainy season,

SAND SAND-CLAY LOAM CLAY
Partial Total | Pertial | Total |Porticl| Totel
1981 40,0(14)| 60.0(21) | 0,0(0) |100,0(5)]|21.1(8)|78.9(20)
1982 | 10.0(1) | 90.0(9) | 0.0(0) [100,0(4)| 7.1(4)]|92,.9(26)
1984 50,0(4) | 50.0(4) |33.3(1) | 66.7(2)|16.7(3) |83.3(15)
Totol [100.0(19) |200.0(34) | 33.3(1) |266.7(11)45,0(130)255.1(71)
% Mean| 323,3(6.3)] 66.7(11.3)|11.1(0.3){88.9(37) |15.0(3.7)| 85.0(237)

Legend: Figures in braockets ore actual numbers of egg-
pods, those outside brockets are percentages.

wos sometimes as low as 1.1% (Appendix 29, No.8) but it could

also be as high as 84,6X (Appendix 25, No.7).

The incidence of totol eggpod destruction by decay was

most prevalent in the clayey habitat where it occurred in

85% (71) of the 84 decay infested eggpods.
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Totol destruction of eggpods by decoy olso occurred
in 66.0% (35) of the 52 decay infested eggpods in the sandy
habitat, while it occurred in 88,94 (11) of the 12 decay

infested eggpods in the sondy-clay loam habitat.

4,2 Laboratory Study

4.2,1 Prelimipnory study on eggpods laid in relotion to

Eh. age of the femole: Results of the preliminarv

study on eggpod laid in relation to the female age are

summarised in Table 15,

Table 15: Quality of eggpods laid in relation to female

age.
Eggpod batch lst 2nd | 3rd | 4th 5th
Mean intervals between - 5.9 6.6 6.8 10.0

ovipositions (days)

Mean eggs/pod(Clutch size) | 66.2 | 54,8 | 42,5 29.3 | 21.0

Mean days of incubation 10,2 | 10.5)10.3{10.3 | 10.0

Mean % egg hotch 90.6 | 84,4 |89.5|85.7 | 90.5
(Survival)

Mean hatchling 9.6 9.8|10,0] 9.5 | 10.0

Weight (Mg.)
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&;ﬁﬁér of ovibésition;ggr fémale and interval betweeﬁ

successive eqggpods: The female L. migratoria migratoricides

in captivity laid a moximum of five eggpods, the overoge
being 2.9. Interval between successive ovipositions

ranged from an average of 5.9 days, between the first and

sccond ovipositions, 6.6 days; between the second and
third, 6.8 days, betwsen third ond fourth, ord 10 between

the fourth and fifth ovipositions,

Duration of incubation in sibling egapods: The

incubation period, signifying rate of egg developmaent,
averoged the some (obout 10 days) irrespective of the
sibling status of the eggpods; the range being nine to 11

days,

... Number of eggs in sibling eggpods: The number of egas

Eerﬂgggpod”(thg size of egg_clutch) declined with the age
of the femcle porent, Generally thg Jargest egg clutch
Qccur:edwén“fhe first.gggpod while the smallest was
;egistered.iﬁ the last; The size of egg clutch also
varied a greut"qe?% from one femole to another, ranging
from 36 to 96 eQgs, | -

ﬁgg;“;¥wggg_survivdl and“wéjght of hatchlings in

sibling egqgpods: The rate of egg survival (percentage

egg hatch) ranged from 84.4% to 90.6% while the hatchling
weight ranged from 9,6mg to 10,0mg. Both puarameters were

independent of the sibling stotus of the eggpod.
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4,2.2 The effects of soil moisture and temperature on egg

development, eag survival and hatchling weight,

. The results of the‘above study are summarised in Table
16, As may be recalled, the two driest soils, containing
Iml and Oml of water, were eventually deleted since they
were rejected by the locust for oviposition, and eggpods
transferred into them failed to hatch at 28°21°¢,

Tn the soil containing 5ml of water, a mean of 37,.8%
survival mte was registered at 28°%1°C, However, at 22°C,

280-34°C and 34°%1°C eggpods laid in this soil failed to

hatch within the expected period of incubation. When such
eggpods were moistened wi?h 20ml of water after the expiry
of the expected incubatiop period, some of them eventually
hotched, The period of incubation was prolonged, the
survivol rote reduced and the hatchling weight lowered
(Table 16).

Only the eggpods loid_in the soils containing 50ml of
water and 20ml of water were incubated at both38°%1°C and
A0%%1°C, The resuvlts of incubation in the two wetter soils

showed poor eggpod survival and inferior hatchling weight

at 38°%1°C, Survivel did not occur at 40°t1°C, Invariably,
eggpods incubated at 38°%1°C and 40°%1°C, and failed to
hatch, contained well developed pharates which, apparently,

were unable to emerge to the soil surface., Such pharates were
abnormally small and weiched 20% to 50% less than those in
the standord soil, Phorotes which managed to emerge from

such eggpods were smoll and were usvally found dead on

| E £ 1) 1 yithin 24 ) ¢ .




Table 16: Effects of soil mois
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ture and temperature on egg development,

egg survival and hatchling weight.
B MEAN % ECC . ol YEAN INCUBATION PERIOD(DAYS)| VEAN HATCHLING WETGHT (MG)
Temperature (°C) 22 | 28 |oesos| 34 | 38| 40} 22 | 26 sa0d] o4 | 38 | 4d 22 | 28 [28-%4| 34 } 01K
i 230gn/50m1 | 56.4|96.2|98.1|97.9|4.3|0.0) 0.3 17.0l13.810.5]12.0| -|10.7] 9.9]11.0]10.7}5.3 -
Soil/W
il/Water | oo o /oon1 |95,9|99.4|94.7|92,3)5.110:0 27 0| 14.3]12.010.0|11.0| - |12.4{10.9|11.0]10.9)8.7
Mixtures 230gn/10ml 36,3/87.8|68.6 69.0 27.6|14,5[12.7 10.2 8.4 9.4| 7.9 8.8
230gn/ 5ml 6.3|37.8(19.5 28.4 50.0|14.5{28.2|21.3 7.6| 5.8 6.4|10.1
; » *»e » R * *» * % e » -8 #iH
230gm/1ml 0.0 - -
230gm/Oml 0.0 - -
*One eggpod moistened, after incubating for 29 days vithout hatching, it eventually
rnwormm 21 days after addition of water - 1.€. days incubation
** Egg ods were moistened (at 34°C) after they were incubated for at least 15 days
without hatching.

#»# Eggpods were moistened after they w

ere incubated for 11 day

s without hatching.
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It is also worthy of note that both the wettest and

the standord soils remained moist by the 13th day of
incubation when the eggpods were examined.

In view of the reasons given above, only eggpods
laid in_spils containing 50ml, 20ml and 10ml of water

ond iﬂ?”b??Qd ot 2201';,_r gg?c, 28°C-34°C and 34°C were

examined statisticolly and the results of the analyses

are ovutlined below.

Y

e e St e e syt e e S b R e L

The inflience of 5011 m01sture und temperatura on

rate of cqq development: As in the field study, rate of

egg development was inferred from the duration of
incubation. Table 17 gives a summury oF the results
obtulned while Table 18 shows thut s;gnlfxcant

. - -

differences existed between periods oF incubation due

_to so:l mo;sture, 5011 temperature qnd also due to the

I weE—

interactions between the two sail factors (P< , 05).

Table 17h E??;zf;mof soil moisture und ;_ﬁ erdature
o on zate of egq development(lncubation period)

T Ly

INCUBATION TEMPERATURE (+1°c)

TREATMENT * | o
(Soil/Witer Mixture) |  22° "?8°f““ 28%-34° | 34
230 gm/50m) 30. 3 Days| 17.0Days| 13.8Days| 10, 5Days
230gn/20m1 . | 27.0 = }14.3 v [12.0 «}10.0*
g ToR | 27,8 v |iass 2.7 % )10.3 -
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Toble 18; Aﬁqli;isf;f_v;rigac;f¥d;fEHEQQEEEOn periods
in relotion to soil moisture and temperature

.

Saurce ss df M8 F P
Total -+~ 3,810,99 68 . - -
Soil/Mater . 9,64 2 . 4,82 . 8,03 .05

Temperature 3,707.%96 3 1,235?99 2,059, 98 .05

Soil/Water x 59.73 | 6 9,96 16.60 | .05
Temperature '

Error 33.66 Y4 0,60 - -

.. As may be seen in Appendix 43, incubotion lasted

significantly longer (p=< .OS)_%n“ﬁggpqu in contact with
50@1_0? ygfafnthan in those képt iﬁ tﬁ?ustandard soil
;hieﬁ contqined 20ml of water, The implication islthat
rate of egg devg}opment was significantly slower in the
wetter soil, HThis reéult rocufred at all tested tempera-

tures.

LA

Similorly, the rate of development was slower
(P < .05) in the soil containing 50ml of water than in
the driest soil tested, which contained 10ml of water,

Again the result recurred ot almost all the temperatures

test?d.

S . e e A S

That egg development is slower in wetter soils,
as the q?gyelresults_iq@;FQfg,"gas howqye;, contrasted
'bg the”regu;fs of the comparisoﬁ bet@gén the standard
- soil qndhfhe driest soil tested (Appeqﬁix 43), Betwean
thqlfgo-§9%}§1 egg.development was significantly faster

in the:stqndqrd soil, which is wetter, at 22%% 1°C and

also at 280-_-340i 1°C (p=< .05): the dJdifferences were
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not significant at the other two temperotures, namely

28%+ 1°C and 34°+ 1°c,

The effects of incubation temperature on the rate
of agg development are also detailed in Appendix 43,
Irrespective of the wetness of the soil the eggs developed

ot a slover rote at lower témPeratures.

P ™ . — e

Tests for the effécta of interaction between soil
- moisture and incubation temperature, Lsing the F test,
gave thg‘f?l}owing indications, (i] Tﬁe resylts were
signifi;qnfly higher (P<.001) in thq wptte§t soil thqn
in the standard soil (F = 33.67; df = 3,57). This implies
that thg ipteructions of the wettest soil and tha tested
temperatures delayed fhg_:gta of qggudeveIOpment more
than‘did.similar interactions betwee; the standord soil
and the temperatures (ii) A similar result wos obtained
~ between the wettest soil and:the.soilhcohtﬁining 10ml

:af ;atq?; th}ﬁltime the value of F was 1§:%§ 99§_this
was ;%gnffisggtm(?é;.Oﬂttldf = 3,57). Tﬁese results
complement ihe eurlier'dnei i.e. rote of egg development
is faster in drier soils than in wetter ones.
 The effects of the iﬂteragfions were, however, not
signif%cﬁyt between the stundar§ 50%1 and the soil

containing 10ml of water (F =-0,55),

Ahinsh

w1
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Influence of soil moistyre and temperdture on rate of

eqg survival:

Since the two prpcedg;gs.fq; detg;min?ng sgrvivﬂl gave
similar results %;r thé field dufﬁ; oaly one of them was
adopted for assessing survin}_;qtegwf;om fhg labpratory
dgfq;“?hat is rqtg;_of egg su;viQGIIwere derivé@dfrom the
perﬁentoge.egg hatch per eggpod. Thg'rgﬁults are
summorised in Table ??, ;t‘ig evident in Table 20 ?hnt
soil moisture, soil tempefature and also interact%qn of
the two factors influenced egg survival signif icantly

(_Ps .05 ).

S A -

Table 19: EEEE;;; of"soil moisturé ﬁha témpégéiégg_;h

rate of egg survival {Percentage eqg hatch

INCUBATION TEMPERATURE (+ 1°C)
TREATMENT |
(Seil/tigter Mixth 227 28° 128%-340 34°
230gm/50m1 56,44 | 96.2% )} 98.1% | 97.9%
230gm/20ml 95,941 99.4% | 94.7% 92.3%
230gm/10ml 36.3,187.8% | 68.6% | 69.0%

Table 20: Analysis of variance for rate of egg survival
in relotion to soil moisture and soil temperature

Source S5 df M5 F P
Total ... . 46,096.41} 70 - - -
Soil Mater 11,576.3% 2% 5,788,20 | 20.20 | < .05
Temperature ?,453.83§ 31 3,151,28 11,00 | = .05

Soil/Mater x 8,157,281 61 1,359.55 4,74 i< 05
Temperature : :

Exror 16,908,911 59 286, 59 - -
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As shown in Appendix 44, except at 22°11°C, the
egy survival rates were.similqr in both the wettest soil,
containing 50@1 of water, and the standard soil, containing
20ml of woter, At 22°31?C, however, egq survivel wos
significantly lower (P<.05) in the wettest soil,

Between the wettest and the driest soils, egg survival
rates were similar at 28°i1°C only, At the other tested
tgmperotures, surviyul was significantly better (P<,05)
in the wettest soil. The_above results were complemented
by the results of the comparison between the s tandard soil
and the driest soil tested: rate of egg survévul was

significantly higher (P<.05) in the wetter(standard)soil.

The influence of temperature on rate of survival i;

also shown in Appendix 44, Egg survival was lower (PS.05)

at lowest temperature, 22°11°C, than at 28°t1°C, in all

soils except the standard one; in this soil the rates were
similar at the two temperatures., The comparisons between
incubation at 22°%1°C and 28°-34°%1°C and also between
22°%1°C and 34°%1°%¢ gave results similar to the above.
Survival rates at 28°X1°C and 282-34°%1°C were
generally similar.oxcept in the driest tested soil, contain-
ing 10ml of water. Tn this soil egg survival was better
(PS.,05) at the lower temperature, 28°%1°C, Similar

results were obtained from the comparison between
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28°£1°C and 34°%1°C; thot is survivael rotes were similar
at the two temperatures in all soils except the driest
soil where survival was higher at the lower temperature,
28°21%¢.

The results showed no significant differences between
survival rates at 28°-34°%1°C and 34°%1°C (Appendix 44).

With 3 and 59 degrees of freedom, tests for effects of
interactions (F test) between soil moisture and the tested
temperatures gave the-following results, The differences
were significant (PQ.OO'I_)_ between the wettest soil and the
driest soils (F=7.24), containing 50ml and 20ml of water
respectively, Similurly,.the differences were significant
(PE§.001) between the standard and the driest soils
(F=6,93). However, the differences were not significant

between the wettest and the driest soils, F being 0,89,

Inferred from the results of the F test are: (i)
when lower temperatures of 22°C or 28°C interacted with
the wettest soil, egg sury}vul rates were inferior to the
rates obtained when such temperatures interacted with the
;tandord soil; (ii) the reverse was true when higher
temperature, 28q-34°fl°§ or 34°31°C, interacted with the
two soil moisture conditions; (iii) interaction between
the standard soil and the incubation temperatures produced
higher egg survival rates than were produced by the inter-

action between the driest soil and similar temperatures.
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Influence of soil moisture and temperature on

hatchling weight:

A summary of the results is given in Table 21, and as
indicated in Table 22, hatchling weights were influenced

by soil moisture treatments only,

Table 21: Effects of soil moisture and temperature on
weight (mg) of hotchlings.

INCUBATION TEMPERATURES (Fq19C)
TREATMENT R .
[Soil/Water 22° 2g° 28°-34° 38
Mixture)
230gm/50m1 10.7 9.9 11.0 10.7
230gm/20mL \ 12.4 10.9 11.0 10.9
230gm/10ml 8.4 9.4 7.9 8.8

Table 22: Analysis of varionce for hatchling weight ip
relation to so0il moisture ond temperature

Source S5 | dF MS F p
Total . 214,41 169 — . .
" Soil/Water 91.44 | 2 1 45,72 | 25.12 .05
Temperature 13.96 | 3 4,65 2.55 ns
Soil/Water x 3.49 1 6 | o0.58 ] o0.32 ns
Temperature :
Error 105,52 |58 1,82 - -

Further analysis of the data (Appendix 45).shoved
that hatchlings weighed significantly less (P .05} in the

wettest soil than in the standord soil at both 22°Z1°C and
28°+1°C; the difforences were not significant when the

temperoture was roised to 282~34°*1°C ond 34°51°C,
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Hotchling weights in the wettest soil were also
superior to those in the driest sovil at all temperatures
except 28°iT?C; at this temperature the weights were

similar in the two soil moisture treatments,

Similarly, hutchlings emerging from the standard
soil were significantly heavier (P%.05) than those from

_the driest soil,

R

_ meC9r;g1qtion between.the weighfé of hatchlings and
tﬁeir survival potential, to thew§gsgn§'h?pper instar,
gave fhe follqying results: the ﬁuffélafﬁon co-efficient
{r) wés 6;84 and this wos significoant (P&;,OQ]{uf =”6.32,
d f = 17). The analysis was based on data given iﬁ

Appendix 46.-1

The results imply that under similar redring condit-
" ions heavier hatchlings lhave significantly higher survival
potential than less heavy hatchlings,

... The duration of the first hopper instor ranged from

five to seven doys aos shown in Appendix 46,

Eomgdiiggn of the humidities of the artificiallv prepared gail

moisture treotments and the soil humidities recorded in the

field: Humidities of the ;oil/water miMtures, from the
time they were freshly prepared to the expected end of

incubation ot 34°%¥1°C, are shown in Figure 12.
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The wettest soil, containing 50ml of water, wos
waterlogged when freshly prepared since the_soil tester
recordgd over ]00% humidity. The excess water dripped
q#F gfodbuilf a§ the soil settled down in the oviposition
?9?9:’”Thg'd:ippipg_geased by the second day although the _
top soil still appeared moist, By the sixth day of incuba-
tion the top 2c¢cm to 3cm was dry dnd had caked., By doy
jéﬁ:?he" hotching was expected,mfhé'soil was about 29%
. humia. Two days after hatching might have occurred (day
12), the soil was about 18% humid. o “
| The standard soil (cnntaining 20m1.of wﬂfer) wa s
”ﬁbout 90% humid  when fre;hly prepored, IThe su;fucqlwas
JFXHPY day twq{”and the top soil, though firm,bg;s.not
chéd; The stondard soil was about 18% humid by day 10

and about 10% humid by day 12,

‘_m.”The soillgppfgining 10ml of water, when freshly
prepured, wos ébout 58% humid. The rate of water loss
was very rapid up to day‘§i;ugffg; Hh;;b_the rate declined
Pﬂ?i?_by day 10 {when hqfching.gﬁs exﬁeﬁted), the soil
was practically dry, The top soil was loose and never
caked. )

Similarly the soils copfaihing either 5ml or iml of
wate;'rgmgipgd }qqse“ppwder{_ané both were completely dry

by day six and two respectively,
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4.2.3 The effects of flood on rate of eqqg development,

egg syrvival and hatchling weight,

The resvlts are summorised in Toble 23.

Table 23:; Effects of flood on eqq development, survival

and hatchling veight,

- TREATMENTS ” M i Mean
oo : Ne. of Mean 4 eanozerlod Hatchling
Pre ~Flooding{Days of | E d Eg : i :
Egrind(Duys? ElZo!in ggpods| S99, | Incubation| Weight(iig)
0 7 10 0.6 14,0 9,2
0 2 8 1.4 14,0 7.7
0 3 6 0.0 - _
3 1 7 75,9 14,3 11,3
3 3 60.9 15.4 1.7
'3 3 6 8.5 16.5 1.4
6 1 5 96. 6 132 12,4
6 2 6 69,2 16.8 11,8
é 3 8 15.4 19.0 11,2
6 5 5 - 21.0 7.2
9 1 10 12,9 14.3 11.0
9 5 0.0 - -
9 5 0.0 - -
230gm/20ml - 8 92.3 10,0 10,9
(Control}

" Effect of flood on rote of egg development:

A summary

of the results is given in Table 24, Further anolysis of

the dota, as may be seen in Table 25, show that both the

preflooding period and the duration of flood itself influenced

egg development rote significantly (P .05); interaction
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between preflooding and flood durations hed no signi-

ficant effect on rate of the egg development.

Table 24: The effect of flood on rate of eqqg
development (Incubation period: Days)

DURATION OF FLOOD (DAYS)
Pre~Flooding
Period(Days) 1 2 3
o  } o0 14,0 -
L R | 14.3 . 15.4 16,5
e 1 2 16,8 19.0
9 4.3 - -

-

Table 25: Analysis of variance for incubgtion period in
“« 7 relation to flood,

Source 55 df MS F P
Totol TR 136.4} 34 - — —_
Pre-Flooding Period 20,9 2 10.45 ] 12,74 0B
Duration of Flood 91.6 2 45,78 | 55,83 .05
Pre~Flood. x Duration

of Flood | 2,51 4 0.631 0.77 ns
Error 21.4) 26 0.82 - -

Tests for differences between the various means {shown
in Table 24) gave the results provided in Appendix 47; these

results are presented below,

[ . e e s s w e caiam o e d e s P - -

Effect of preflooding period: The differences were not
significant between o zero-day preflooding period and a

three-day preflooding period if the flood lasted one day
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only, But if the flood lasted two days, incubation was
significantly longer inHeggpo§§ that were given a three-
dqy prgflgoding f;gqtment; thot is rate of egg develop-
ment was QigﬁifiﬁdntiQ slover in eggpods treatad to a
fhraefday prgf}o?q;pg“pgriodf Similur_results were
obtained in the comparisop mode between o zero-doy pre~
flooding period and a six~doy pre-flooding period.

Between a three-day preflooding period end o six-

day preflooding period, egg development‘ygs Fqster,_
(P&S.Q5) ;n the latter if_flopd lusted one day only,
However; if the flood lasted two or three days, then the
rote of d?velppment was foster ip the shorter preflooding

condition,

PR

In general, therefore, younger eggs with shorter
preflooding period developed faster thon older eggs with

longer preflooding period,

Effect of duration of flood: Flood generally

prolonged incubation as seen in Table 23 and longer
duration of flood prolonged incubat}on correspondingly
longer (Table 24), o

_ If eggpods were flqoded immediafely after oviposition
(i.a.‘eggpods with zero-duy preflooding period) the rate
of egg_deyelopment was th? same whether the flood lasted
one day or two days {Appendix 47), However, if the

preflooding period was three or six days, the rate of
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PEgm§9y:“ qupods expgriencing one day flood aiso
deveioped fa;%ér (P< ,05) than eggpods experiencing
- three doy; floo@ irrespective of the length of the pre-
floocding period, o
Simiiurlf,{éggpodslF%ooded for twoldays developed
significantly foster (Pié.Oﬁ?_Fbgq those flooded for
th;ee”days whether the prefléoding.péridd was thrée'or
six aayé;‘

R L

Effect of flood on rate of égg survival: The results

are summarised in Tgble 26, Both preflooding period and
duration of flood affected the level of egg”survivul
significantly (P<.05) as shown in Table 27. In addition,

interactions between preflooding period and duration of

flood also gave significontly different results,
Table 26: The effect of flood on rote of .egg survival
' (Percentage egg hatch)

DURATION OF FLOOD (DAYS)
Pre-Flooding
Period (Days) g 2 3
0 0.6 1.4 0,0
3 75.9 60.9 8.5
L 96.6 69.2 15.4
9 12,9 0.0 0.0
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Table 27: Analysis of variqnce for egg survival rate

in relation to flood,

Socurce 58 df MS F P
Total . .... ...... [107,132.33] 81 - - -
Pre~-Flooding Period 43,183.18 3116,061,06] 54,97 r;.OE
Duration of Flood 13,550.43 2§6,775.22}23.19 |=<.05
Pre~Flood. x Duration

of Flood 24f947'22 61 4,157,.87|14,23 EQ.QS
Error 20,451,501 70 292. 16 - -

... Tests for differences between the means of egg

survival gave the results summorised in Appendix 48 and

interpreted as follows.

Effect of preflooding period: The rate of egg

'.$uryivul was significantly lower (P:;.??) in younger
gggP9d§ with ;ho;tgr pFeflooding period, Fo; instance,
in eggpods Qith a'zeroﬂdcy preflooding period, flood
;qgting one dgy‘o;_mo;g Rroﬁugedﬂ;ignificantly lower
rate of egg survival than in oldéf.egapods with a three-

day preflooding period flooded for comparable durations,

Similorly, the rate of egg survival in eggpods

with o three-day preflooding period wos generally lower

than the rate in older eggpods with a six-day pre-

D

flooding period when treated to similar durations of

flood,
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It must,'however, be noted that despite the
generally higher rate of egg survival in older eggpods
(with longer preflooding periods) the oldest eggpods
in the experiment, with @ nine-day preflooding period,
registered signifiguntly lower rate of egg survival
(P< .05) than did younger eggpods with either a three~
day or a six-day preflooding period. In fact,hatchings
did not occur in eggpods with o pine-doy preflooding
period if the flood lasted two or more days, eventhough
eggpods with a six~day preflooding peried did hatch after

flood lasting five days (Tabhle 23),

Effect of duration of flood: The results(Appendix

48) olso indicate that egg survivaol rote was higher
(P=<.05) in eggpods treated to shorter periods of flood
irrespective of the age of the eggpod prior to the
commencement of the flood (i.e. the preflooding period},
For instance, in both the eggpods with a three-day
preflooding period and a six-day preflooding period thq
egg survival rate was higher if the flood lasted.one day
than if it losted two days. Similorly, flood lasting
three doys caused greater egg mortality in eggpods thot
were three or six days old than did flood lasting two

days.,
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Clearly, all the results of the F test complement
the resulta obtained in eorlier onolyses. In other
words, egg survival is higher in older eggpods, with

longer preflooding period;'dnd longer duration of flood

cavses higher rate of egg mortality.

Effect of flood on hatchling weight (mg ): The

results are given in Toble 28, Indications are that
differences in hatchling weight were attributable to
preflooding periods only as shown in Table 29,

Table 28: The effect of flood on weight of hatchlings(mg)

N DURATION OF FLOOD (DAYS)
PRE-FLOODING PERIOD{pAYs) | 1 2 3
o 7 {e2l 7.7 -
3 13.3 | 1.7 11.4
6 12.4 | 11.8 11.3

Toble 29: Anolysis of variance for hotchling weight
A in relatiog to flood,

- Source $$ af | us | F | P
Total 108.34 | 34 —~ — -
Pre-Flooding Period 26.34 13,17 | 4.45 |€0.05
Duration of Flood 0.13 0.07 { 0,03 ns

 Pre-Flood Duration 4.93 4 1.23 10,42 ns
of Flood -1
Error - 76,94 | 26 2,961 -~ -
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}  Effects of preflooding periods: Eggpods subjected

te o zéfﬁ-day preflooding condition produced significontly
less heavy hatchlinga.than eggpods.allowed a three-day
preflooding condition if.both groups of eggpodi wer;
.floodga for either one day or two (Appendix 49). Similerly,
_gggppd;lthqt were f;ooded, either far one or two &ays,
immedi&teiy éftef ovipasition, produced lighter hatchlings
than eggpods”f}aoded_for the same durations after a pre-

flooding period of six days;

The differences in hatchling weighfs from preflooding
periods of three and six days were not significant

irrespective of the durcution of flood.

It is inferred from the above tﬁdt hat;hlings
.emerging from eggpods flooded as soon”qﬁ_they were laid
yeighed significantly less thon hatchlings which emerged
ffoh older eggpods, experiencing three or six days pre-

flooding treatment.

Comparisons between the syrvival indicators in the

flood treatments and those in the contrel: A comparison

of the results in the flood and the control treatments

{Table 23) is presented below,

Rate of egg survival: | The rate in the control
(92,3%) was not significantly different from thot in the

eggpods flooded for one day after a six-day preflooding
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period 96,.6% (t§.0.62, df = 11)., ' Similarly, tAé
difference was not significant between the control and
one day flooding after o‘three-duy preflooding period,
75.9% (t= 1,13, d § 12). . ~ Flooding for two days
after a six-day preflooding period produced significantly
lpwer rate of egg survival ?9.2%, than the control 92,3%
(t = 3.62, df = 12, P<.05). The inference is that flood
regimes lasting two days or more ore detrimental to the
survival potenticl of the eggs of the locust even if

the flood commenced six days after oviposition.

Hatchling weight: The weights in the flooded eggpods

(9.2mg to 12,4mg)} were not significantly different from
those in the control, 10.%mg, Statistical comporisons
were not mode for the control and the flood treatments

which produced 7.2mg or 7.7mg due to inadequate data,

4,2,4 The effects of drought on_egg development, egg
survival and hatchling weight.

A summary of the data on the oabove experiment is
given in Table 30, The results of correlation analysis
(Table 31), following the example of Bruning and Kintz

(1968), indicate strong relationships between the poirs
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that between the drought period and hatchling weight was
~0,89: all the relationships were highly significant

(P .001 or P<.01) as shown in Table 31,

The above results are interpreted as follows:

()Tncubation prolonged as the drought lasted longer (Table
50), hence the positivelfo?relation °°‘°ffi°i§ﬂ?{_3?“
terms of rate of egg develorment the above statement
implies that longéf .ﬁariods of drought retarded the rate
of egg development.

(idThe rote of egg survival decreased os the drought
prolonged and this expla%gg the negative correlut;op.
Fgfafficipnt._ Eggpgdf kept under drought for 21 days

produced no hatchling.

(tiiThe hatchling weight declined with the prolongation
qf_the_drought period, hence the negative correlation
co~efficient,

In addition to examining the effects of drought
on the rate of egg devglppment, the rate of egg survival
gnd the weight of the resultant hatchlings, the
?f;qtionships between fh? ?h;ee survival parameters
were clso examined. Agngﬁown ianuble 31 the relation-

ships were also very strong (P .01 or P<,001),
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(P<.01) or P<.001). ° The range of hatchling
weight, 10,7mg to 10.3mg, produced under drought periods
of three to 11 days did not differ significantly from
the weight in the control, 10,9mg. Thirteen to 19
days drought, however, produced hatchlings whose weights,
6.8mg to 5.7mg, were significantly less (P< .01 or < ,001)

than those from the control, 10,.9mg.
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CHAPTER FIVE

DISCUSSION

It is evident in this work that in the Lake Chad

Basin outbreak areqa, egg development, survival and hatch-

ling weight in L, migratoric migrotoriocides are influenced

by environmenta} factors. The principal ones are soil

type, soil moisture ~including flood ond drought conditipnsﬁ
soil tempercature, predation gnd parasitism, Other factors
inc;ude decuy and desiccation, which will be trected in
connection with flood and drought reSpectively.“ These
factors, porticulorly the principal ones, ore influenced

by seasonal regimes in the outbreak darea. The discussion
examines the impactlof_jhese factors on the rate of egqg
development, survival and hatchling weight in the light

of field and laboratory observations,

It would have been ideal to obtain comporotive
info;mation qh the three soil types in the laboratory
study. However, certain practical difficulties hampered
trials with the sandy-clay loam and the clayey soils:
the particles of the two soil types, when in con?uct with
water, quickly ubsorbgd it and prevented seepage. When
more water wds added the soils formed a thick paste

~which could not be conveniently used to fill theo
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Ca

ovipasition tubes. In addition, it was impossible to
remove the two soil.types from the tubes when the.neea
arase, Beccusé of the difficulties outlined above only
the sandy soil wos fogpd_convepient fpr the laboratory
study. Nevertheless most of the inferences made from
the loboratory findings are appliceble to ?he other two

soil types; this moy be seen as the discussion progresses.

- Rate of egg development may be inferred from changes
in weight of the eggpod during incubation as hos been
demonstrated by NgrQbmgh (1?70). This procedure involves
regular remchl of tﬁe eggpod for weighing during the
period of incubation and it is more suited for luborutoff

work involving o few eggpods at a time,

A more generally applied profedure is f;.deduce the
.Irate.of egg development from fhg duration of ;ncpbation
(Rao, 1942; Richards, 1953; Poﬁov, 1955, 195&; De;;mps,
:  1931; Pickford, 1966a, 1966b, 1970; Farrow, 1975){ This
- procedure is ;uitqble_fpr both field and laboratéry

" observations as it allows data collection on several
 ; eggpods at the some time, “Fu;fhe?mq;e, #he'secqnd
procedure avoids handling of the eggpods. For these

reasons the second method was adopted in this work.
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Rate of egg development was qutest in sandy
habi;qﬁ_and sloyest in clayey habitat (Table 5) during
the r§iny seoson when breeding octivity wos at its
peak, The Fqst“:qte af.egg development in the sandy
habitat is ottributed to the tendency for that habitat
to be less sodden (Tuble.4q), In other words eggs

develop faster in drier soils than in wetter ones.

| The fluctuutions in rate of egg development, from
fast at the beginning of the rqins iq July, to slpw
at thg peak in August, and agoin to faét‘ ﬁf fhe gnd
of.fhe rains in September (Fig,11), provide evidence
in support uf“the rgtarding effect of sodden éoil ﬁn
eqg development. Tn addition, the finding thot rate
of egg development was most yniform in sandy hqbitat
during the rainy season con also be attributed to the
effects of soil moisture. In thg g;aygy_and the sandy~-
F}Qy loum hab;tats some eggpods were submerged while
others 1aid on the same day in the same habitat were
in relqt;yely drier pqrtions pf the habitat (Plgte 4b).
Consequenfly, these eggpods experienced different soil
moisture levels during iqubqtjon and therefore
developed at different rate; as indicated by the

variances in Table 5.
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Thaf.eggs develop foster in relotively drier

soils receives further support from the laboratory

observations as shown in Appendix 43,

Similar findings on the influence of soil moisture'
on rate of egg development have been made in Mali by
Popov (1959); he observed thot the shortest incubation

period of 22 to 24 deys in L., migratoria migratorioides

occurs in the driest soil, Conversely, eggpocds in the
wettest soil have the longest incubation period, 28
to 30 days. Laboratory observations by Ewer (1977) on

the locust further support the present finding.

Observations on the role of Flﬁod on egg deyelop—
ment also highlight the negative impoct of sodden soil
qgﬁflgqé generally proloﬁged incubation (Tabe 23);
this was mﬁ;é so in élder eggpods {i.e. eggpods with

longer preflooding periods),

Delayed hatching under flood condition is
qttrisuted to suspension of developmenfﬁQ;fing tﬁe
flood.since locust ond g{?sshpppgr eggs are kngwp to
sqrviye adverse conditions, including flood,'gy ?his

mecH;nism(Achillides, 1970: Hunter-Jones, 1970q),.

The longer delay in emergence observed in the
clder eggpods suggests that reéumpfion of normal i

development, after a period of floed, is slowex in

AR
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older eggpods. In other words, ip q}der eggpods,
gpﬁtaiqing eggys yith more advanced embryonicldévelop;
ment, fﬁe fesump;iohﬂof development is longer. This
probably explains thq high ond low rotes of svurvivol
in eggpods flooded for six and niﬁe days respectively

{Table 26).

~ Farrow (1975) qndlegr.(1979) have observed that
oxygen is an important limiting fdctor in sodden soils
and flooded cqnditions because drier envirqnmggﬁ;
ephqnce oxygen supply and thereby promote faste; r&fé
of egg development, On the other hand, flood and
sodden soils prevent, or at least retard, rate of
oxygen supply.to eggs; thereby reducing rote of develop-
ment (Farrow, 1975).

- Ewer {197%9) has reported furthér that during
flood the froth plug of the locust eggpod acts as a
Pqthwqy for oxygen supply to the eggs. In the
present study, since egg mortality was high under‘?
flood cqnditions,“fherg is clear indication thuﬁ this
function of the froth plug cannot be reliable in
L. migratoria migratoricides undg; flood lasting 24
hours or more, This is particularly true if the flood

commences immediotely ofter oviposition os the high
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mprfclity in fhe eggpoés with zero-doy preflooding
period indicates (Tublg Zg): ‘Similarly, the froth plug
does not appear to effgctively act as «a pothwoy for
oxygen supply to pharates about to attoain the hatchling
stage, |

_ Therelurg.indiéétiépf élso to shoy that the rate of
egg development is_retgfﬂedbby excessively dry soil
9qnditions. Fox instanqﬁ,_the laboratory study has
;hown that incubation_period_runges_from 12,4 days to 32.5
dayg under droughtuperi?d ranging from three to 19 days
respectively {Table 30).”_The longest mean incubation
period, 32,5 days, for.ﬁfogght lasting 19 doys, is just
more than threeﬂtimes the mean incubation period in the
;bontrol trectment, which is ;10 days (Table 30).

e Retarded egg development due to drought appears to
E; a common feature in acridids. Apart from reports of

it im L. migratoria migratorioides in Mali (Popov, 1959;

pecamps, 1961f 1962; Farrbw}'19?5), it has also been
opse?ved in ﬂ; bivittatus in Canada (Salt! 1?49, 1952},
in S, aregeria (Hunter-Jones, 1964) and in L, pardalina
" in South Africa (Botha, 19;7)._ |

el
e

In some orders of insects, retorded development

resulting from drought has been reported in larvae of
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Tipula oleracea Linnaeus and T, paludosa Linnaeus -
{Diptera) in Northumberland (Loughlin, 1958; Milne

et al, 1965; Meats, 1968),

' The reports cited above agree that the prolonged

dévelopment is dve to inadequate supply of moisture,
_'As.regards temperature, there.is cleor.eviéende

of its dominant role in egg development although few
data weré chtained fq; the eorly roins and the harmattan
seasons. The shortest incubation periods, 10 and 9 days
(Appendices 17 and 18), werelreéistered duriné the
early rains season; these coincided with thg highe;t _
range of mean air tempercture, 29,2°C to 38.2°C.(Fig;]0).
.COnv;rsely, the longest meaon incubation period,dgrived
from Appendices 23 to 25, wos 24 days ond it coincided
with the 1owastlfange of mean ai}”femperature, 19.2%

to 25.6°C, of the harmattan season (Fig, 10),

Rates of development“;eggxdgd'in fhe three hgbitats
(i.e. sond, sondy-clay loam and ;10y) Fof the rqiny
season avercaged 13.6 days, 16,0 days ung 18{] dgys
respectively (Table 5)., Clearly, the incubation
periods for the rainy season are intermedicte to those
obseryed ﬁuring the early rains and the harmattan_
seasons and they corfeSpond to intermediate temperature
of the ;a?ny sedson which ranged from 24.6°C to 27.5°C,

{Fig. 10)1.
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?THe air.temperatureg correlate positively wifh
soil,.temperqfures os shown in Table 4 and also in
Appgnd;ces g, 4_apd 5. Furthermore, positive ;orrelu-
Ifion befﬁéén air ond.soil temperatures has been .0. ._\ 
Feliaply g%tnblished_unﬂ_for this reason dir temperature,
rather fhun soil femper&fure, is often used as thé
basis for forecosting locust eggmdgyalopmepf_in the
field (Popov, 1958, 1959; Decamps, 1962; Farrow, 1975).
Hatcﬁlings did not emerge aufing the Hot;dry
season, therefore, it was not possible tq”qsce;tQin_I _“
;.incubqtionlperiod_for that season. However, indications
.f;;m the lubbfatory study (Table 16) are that thg range
af_averaga ai: tﬁmpgyatu;a dyring the season, 32,5°C to
._35'8°C' is within the rahge tolerated by eggs of_thei
locust. Foxr instonce, incubation ranged from_SQ.S days
at 22°11°C to 10,0 days ot 34°%1°C, yhich is .the_ '
optimum for the present study. The temperature range
for the hot-dry season olso encompusses the temperature
reported by Darnhofer (1972) as the optimum {33°C) for
egg development in the locust in the same outbreck area,
It is possible, therefore, that dﬁé to high temberatures,
the fastest rate of egg deV°1°PW9"t”¢9"”9°°93_eriPQ
the_hot-dry season provided other fcctoré, including

moisture conditions are favourable.



160
~ During the laboratory study,.the few hatcﬂlings
that survived at 38°%1°C emerged after slightlyulonger
period of incubation (11 to lZ_duyg)_qsﬂ;hown in Table
]6. Dgluyeq.emergence and complete failure to emerge

ot temperatures superior to the optimum have also heen

gbge;ygé in L. migratoric migratorioides and N. septera- |
fasciata (Homilton, 1936, 1950; Waloff, 1963; Pickford,

+ 1970; Hunter-Jones, 1?799): Similarly, delayed emergence
ot temperatures higher than the optimum has beep

| reported in 3. gregaria by Hunter-Qongs (1970b); he
__qttribqted the phenomenon to incomplete embryqni§

development dictoted by excessive temperature.

In the present study, however, all the eggs which

failed to hatch at 38°%1°C contained apparently well-
developed phurufes. The failure to emerge, therefore,
is not likely to be due to incomplete embryonic
development hut to other factors ;uch as excessive heat,
Thigs tempera?ure differences are gqcountable qu

variations in seasoncl rotes of egg development.

The above observation is in agreement with those

cbtained in Mali on L. migratoria migratorioides

(Popov, 1959; Decomps, 1961, 1962; Farrow, 1975},
Hamilfon (1936) has also made a similar observation on

the locust under laboratory conditions and has reported



161
thot incubation peried ronges from 23.6 days at 26,6°¢C

to 10,1 days at 43.300. Other reports on S. gregario

and N, septemfasciato confirm that incubatien period in
lécbsts decreases as the environmental temperature rises
IE (Ha@ilton,_1936 , 1950; Rao, 1942, 1960; Nardhm@h gi al,
1969; Hunter-Jones, 1970b),

What remains to be explained is the factoer
responsible for the inter-hobitat dif ferences in rate of
Yo 1¢] development_dgring fhg_roiny season. As shown in
Table 4a, differences in the soil temperatures cre not
TSignificqnt during the rainy season, The minox )
q%scrgpancies in the soil temperatures, therefore, connot
uccodnt fo: the variations in rotes of egqq deyglqgmgnti

recorded in the three hobitats during the rainy sedason,

In the writer's opinion soil moisture accounts for such
inter-habitat differences in the rate of egg development

during the season,

As may be recalled, the criterion for the determi-

nation of survival is the emergence qf the phara#e to
fhe_;pél surface at the end of incubation (i.e. thé
appearance of the hatchling). Twe procedures‘wgre-'
adaptgd forlas§e§sing thelsurvival rate: firstly,

survival rate Quslﬁased on the number of eggpods Producing

hotchlings, irrespective of the number, in ¢ given
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eggpod population; secondly, survival rate was assessed
on the basis of the number of hatchlings from individual

eggpods of the same populations mentioned above.

Both procedures have been widely applied by
acridologists (Davies, 1952; Fortescue-Foulkes; 1953;
Popov, 1958, 1959; Hunter-Jones, 1961; Waloff, 1963;
Uvarov, 1966; Farrow, 1975); the general consensus is
that the two procedures are complementary rather than

alternatives.

The rainy season was the most favourable breeding

period for L. migratoria migratorioides in the Laoke Chad

Basin outbreak area as indicated by the number of eggpods
obtained during the season. (Appendices 23 to 21). This
observation is in agreement with those made in previous
reports for the outbreak area (Davey and Johnston, 1956;
Popov, 1972, 1980; Iyiola and Diaello, 1974a, 1974b;
Darnhofer, 1976; Anonymous, 1984), Similar relationship
between oviposition by the locust and roiny season has
also been established in the Mali outbreck area (Popov,

1959; Decamps, 1961, 1962; Farrow, 1975).

During the (rainy) season, egg survival raotes
differed among habitats; the rate was highest in the

sandy habitat and lowest in the sandy-~clay loam habitat
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(Tables 7 to 10).

.hT THengobservations agree with those of P0p0v<?959,
]?7?,_1?80};_Fq;;0y (1975)_upd‘Anonymous (1984), who
attribute the.vufio¥ions in survival rates partly to
differences_in qufh prqviposition in the soil types.
They explain further that the depth of oviposition is
influenced by physical propertips ?F_thg soil, Fgr .
instance, Popov (1959) has observed.tﬁat in Mali eggpods
- laid in Qery c0m§act soils are often curved intg a bow
shape; they §lunt and are almost horizontal to the
soil surface. Such eggpods.are greatly affected by
fluctuations in clima?is_fagtqrs;.in addition fbey are
relatively closer to surface of the soil and qre.
fherefore, mo§t accessible to predator;\and parasites
(Popov, 1959). Observations in the pre;ent study agree
with Popov]s.since the sandy-clay loam habitat_yqs fhgn
most compact (Table 2) and the lowest egg survivcl rate
was registered in thot hobitat as shown in Tables 7 and

- 8,

Conversely, the sandy habitat and the clayey

habitat were less compact and therefore they pormited
deeper oviposition, which protects the eggpods from
predators and porasites and from fluctuations in climatic

factors, Consequently, egg survival rates were higher



164 -

in the sandy and the clayey habitats than in the sandy-
clay habitat. | ',fﬁ@. AR

Between the sandy habitat and the clayey habitat,'
rate of survival wos higher in the former. This
observation is oscribed to differenceslin soil moi&ture

retentive capacities of the two soil types and predation.

It has been suggested that during ovip?siFion,_soil
parti;les adhere to the surface of the eggbod to forh qQ
protective coating called the earth plug (Farrow, 1975),
99?199_i02959fi°"1 the earth plug hardens and as o result
its pfdteﬁtive function fo thé enclosed eggs qQainst
field mortalitylfaqtqrs,%ngluding”prgdutors, improves.
The protection offered ﬁy the edrfh“plug is beliéQed to
.be best in clayey and sandy-clay loam.hqbituts_??cqusa

 of the capacity for particles of these soil types.to

stick together (Farrow, 1975; Fwer, 1977),

R

The protection suggested cbove does not receive

support from observations in the present study since
egg mortolity was higher in beth the sandy-clay loam
hobitet and in the clayey habitaot than in the sondy

habitat (Tables 7 and 8).

Another property of the soil is its moisture |
retentive capdcity, which has also been found to influence
egg survival in locusts (Norris, 1959; Anonymous, 1984),

I .
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Farrow (1975) has also reported that in Mali soils
that retain adequate water during the dry seaseons

enhance survival of eggs of L. migratoria migratoricides,

 Observations in the presenf study aéree withlfhe
above observotions. During the hormottan egg survivel
occurred in the clayey habitat only, albeit low level
of survival, as shown in Appendices 13 to 15, _Eggs;
sprv%yg in thg cloyey soil duréng the hormotton bgcuuse
despite prolonged iﬁcubction, mean of 24,0 doys,_the
soil remains moist qu thqueggs to imbibg the vater

required for the completion of'development.

Comparable results were obtained under loboratery
conditions wheq’ot 22°%1%%, eggpods laidlip_?he soils
containing 50ml, 20ml and 10ml of water hotchéd ufferl.
.30.3 days, 27.0 days and 27.8 doys respectivgiyl__l_” f
(Table IS).” Despite the prolonged incubation the fﬁree
soils remained moist for imbibition to occur qnd ?he
result was successfu;_gmgfggnqewof hutchling§. Qn fhe
other hand, eggpods laid in the s&il contﬁining'5@1 of
water failed to produce hatchlings ot the same temperature,
229+1°C, until sufficient water was replenished, Ffor
instance, one eqgpod moistened after 29 days, at
229%119C, hatched 21 days later; incubation therefore
lasted 50 days. This observation is similar to that

made in the Mali outbreak area by Farrow (1975).
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.During the early rains season, the occasional
light-showers may wet the soil sufficiently to promote
oviposition as wasupbsqrygd for the ;andy and the clayey
habitats {Appendices 14 ond 15, 17 and 18), However,
the soils do not remaein moist for long und_the eggs hqve
tg develop r?pidly in order to survive (qurow,“1?75).
In the present work the rapid egg development in the_
sandy habitat i; ;ﬂdicuted by fhe.shortest incubation
periody, 10 days and 9 days {Appendices 17 and 18)

recorded during the (early rains) season.

That the rapid development wos possible in the
sandy habitat during the early roins season presupposes
ovailobility of moisture since it hos already been shown

ERCE L

that lack of moisture retards egg developmenf rate,

flIn the clayey soil, however, total egg mortality
was registered during the early rains season. IT@i;_i;
otfri?gtgd to non-availability of moisture to fhe_eggs
leading to.retﬁrded development which consequently
resulted in mortclity.l S;milur observations were mode

by Farrow (1975} in the Mali outbreak darea.

That total egg mortality occurred in the clayey
habitat during the eorly rains”sga§9n_suggests‘quther
that evidencg of oviposition in that habitat dgr%ng the

season does not always imply successful breeding.
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The discussion, so far, has focused on the role
of soil moisture during the drier seasons, when water
is generally a limiting factor to egg survival in the
field, Indications from the field work are that soil
.ﬁoisturelcan cause high egg mortolity during the”:finy
season as w9111 _For.inftange, desPite the apparently
similar deep ovipositions in both the sandy and .i:he._
clayey hobitats, survival rate wos highe;_ip_t?e former
(Table 7 to.IO). The higher moisture content pf_the
éiuyey habitat (Table 4) is suggested to have played a
dgminant role inlthe higher mortality in that thitat;
In thé same way the high rate of mortality registered
in the sundy-cluy‘;oam hab;tat may also be part}x due
to moisture content of that soil., The suggestign is
supported by the observation that sedden soil anc flood

are generally detrimentol to egg survival,

The folg of flood in egg survival is important
and intrigqing. The ability of eggs to temporgf?ly
suspend deve}opment under adverse conditions,lsuch as
flood, is one of the mechanisms for egg survivq;
_(Hpnter~Jongs, 19?0a). ‘Suspension of development -
implies a non-fatul reduction in dé;eﬁaence oh ;gygen

supply from the environment,
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Contrary to the above interpretation, eggs of the

" locust in the Lake Chad Basin area have been shown to

be qqulg to unduhﬁ; su;pgnd dependence on oxygen supply
as high mortalities were recorded after the apparent
critical period (Table 26).

. Floods are also known to crecte insanitary
envirﬁnmental conditions oround the eggs (Ewer, 1979).
Eggs flooded for long periods are thergforgﬁexppsgd to
insonitary conditions which also lead to high mortolity.
Mortality rate is lower in older eggpods since eggs in
guch eggpods have better developed protective §he;1
which protects them from the insanitary environment

(Jahn, 1935; Hartley, 1961),

_ In thq presqntustudy, the high mortality rate in
eggpods with nine-day prefloading period (Table 26)
apparently controdicts the reportsmof 4qhq“(l?§§?!
Hartley (19gj) and Ewer (1979). The apparent contradict-
ion may Be explained as follows. Eggpods incubated
ut.34?11°C, at which thg flood experiment wasua;so
performed,'hafched after an average incubation period
quTO days, TheFQfPFff_399P°d5 flooded nine days
after oviposition were actually flooded when the
hotchling were about to emerge, Thp; thflggq.shells

of the nine-day old eggpods no longer contained

embryos but fully developed pharates about to emerge.
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It aoppears therefore that in L. migratoria migratorioides

themphurate is very_susceptible to flood; the pharate
appears more susceptible than the embryo, paorticularly

embryo tged six days,

[

~ As regards the role of the froth plug in egg
survival during floed, Ewer (1979) has reported that it

. dcts as a pothway for oxygen supply to the eggs wheﬁ
submérged. Evidence in the present study does not
. support the observation by Ewer (1979) since high egg

mortality occurred in the flooded eggpods.

Thg most practical significance of flood;”pg?haps,
is its possible °PP1;9qtf?F”9§w° control strategy.
Hunter-Jones(1970a) has ;eported that Flooding_ggg
Figlds with woter, such as practiggd on %ff;99?°§“f°rm“
}ﬁﬂﬁﬁy_hPS_beeﬂ Useq for the control of locusfﬁ gnd
Qrasshoppers in Chino, 1In the Lake Chad Basin{.geq§ant_

farmers in the Chad Republic have controlled populations

of the cricket; Gryllotalpa spp; by flooding the%r

farms during the 1986 farming season (Ohabuike, per.
commy). Flood has also been used to control popqutions
of the lepidopterous bollworm, Heliothis zeg Linngeus in
leqhgma.a§”rgpqrted by Young and Price (1968), Similor
repoits have also been published on H. zea by DBarber “

and Dicke (1939), Blonchard (1942) and Hordwick (1965),

1
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In summary flood in the outbreak area must be on

important egg mortality factor in L. migratoria

migratorioides and could be exploited as a useful tool

in the control of the pest: not only hove observed
mortclity rates been high but there is the additional
advantage of the flood plains being submerged at least

once a year,

Laboratory observations on the effects of drought
point to the need for sufficient soil moisture in egg
survival, As.muy be recalled, the experimental drought
comprised oviposition in soil containing 5ml of woter
and incubation temperature of 34°1°C; the soil was
approximately 30% humid when freshly prepared and was
apparently, totally dry six days thereafter (Figf12).
It implies, therefore, that the drought-treoted eggpods
had q;c§§§.to sqil mqistpre Uﬁtil six dqys after
oviposition. However, it is not certain if the eggs
were able to imbibe water under thg.d:ought coqditiqns
since water uptake by eggs of the subspecies depepds
mainly on the woter availability to the eggs but not |
solely on the soil hpmidity as vsvally measured in the
field (Farrow, 1975}, In other words, soil humidity
may be rg050ﬁably highnip the‘fig;d_but the water

content may not be necessarily accessible to the eggs;
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~ Furthermore, it is doubtful whether adequate
'wufer.uptake would have occurred even if water wos
qccessible fo the eggs during the first six days follow-
lng oviposition, when the soil humidity ranged bet;eéﬁ
approximately 30%Z and 2% (Fig.12). The doubt expressed
above is supported by the findings that, in L,

migratoria migratorioides ond S. gregaria, water uptoke

dqe; not occur during the first two days followipg
oviposition; not even in sufficiently moist soil, In
both loqusts, app?9°iﬁb%°_"???r 9ptakg only 0CCUTS
during the fifth day after oviposition (SHuiov and
Pener, 195?, 1963;: Hunter-Jones, 1964;_Bernuys, 1979)f
fIIn'qﬁdifiqn, Wordhaugh (1970) hos observed that although.
<;iven ageccess to sufficient water, appreciable imbibition
dogs not occur in eggs of 3. gregaria until the? are
five days old, It is possible that the relationship
between the eggs of L. migratoria migratorioides and
s0il moisture is similar to that between eggs of

3. gregaria ond soil moisture_as described_ubpye s;pce;
the embryonic development of the two.locusts has heen

found to be similor (Roonwall, 1936).
It is possible, therefore, thot none of the
drought-trected eggs obsorbed appreciable quantity of

moisture until woter was replenished., Nevertheless,
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the writer is of the opinion thot the moisture in the
soil (prior to water replenishment) prevented or at
least retarded, water loss from the eggs during the
first five days following oviposition; from six to
eleven days, when the soil was virtually dry (Fig,12),
moisture content of the earth plug was the mojor
barrier to excessive evaporetion from the eggs. These
explain the high survival rates under drought lasting
three to eleven doys, 98.2% to 78,4% respectively
(Table 30), which are statistically the same as the

rote in the control treatment (Toble 23).

The high survival rates cited above suggest a
certain degree of drought tolerance in the eggs of L,

migratoric migratorioides, This contrasts the reports

thot eggs of the locust ore highly susceptible to
drought (Hamilton,1936; Roonwall, 1936; Popov, 1959;
Shulov and Pener, 1959; Shulov, 1970; Farrow, 1975;
Anonymous, 1984),

The apparent contradiction between the present
finding and those cited above can be attributed to the
humidity of the oviposition medium used in the present
study (20 when freshly prepared). It is possible that
high egg survival rates occurred in drought lasting
three to eleven days because such eggs were in contact

with humid environment which retarded the rate of

evaporation from the eggs.
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it is apparent, therefoie, fhat as iong as eqgas
of the sub-species are kept in reasonably moist soil,
they will remain viable, even if they are unable to
imbibe water, and hatch eventually when adequate | '
mPiftQFﬁ i; P;ovided. Thgugqggestion receives support
from tﬁe laboratory observations by Shulev (1970) who
kept egas of the locust in "harely wet” soil for 35
weeks and recorded hutching.yhen they were eventuuliy
transferred into wetter soil,

Drought lasting 13 to 21 doys was detrimental to
egg survival as it produced a survival rate ronging
from 21?‘% to“Oﬁ_respectiyely qublel30) compared with ‘

92,3% survival in the standard soil as éhown in Table 23,

It is inferred from the above observations that
as drought i"t°"SiFi°§r\fh?_??ffh_P;UQ! covering the
egqs fFig.B); dries up progressiveiy and begins |
absorbing moisture from the enclosed eggs.‘_pnﬁeylthe
gxperimentcl drought conditions, 13 days appear to.Ee
the criticel period at which high eag mortality due

to desiccation occurs.

”The egg of L. miorqtoria migrqtgzig;dggyas nét;d.
in euflier reports, is therefore not drought
resistant. The finding is fgrthfrﬂsgppg;ted by the
high rate ofzegg mortality in fﬁe dbAOrmally ldia ego~

pods during the field study (Appendices 6 to 19), Tt
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may be recalled that in abnormal oviposition, the egg-
pod wos laid on the walls of the breeding cage or on

?he floqr ggd the eggs were therefore subject to high
évaporation.

Nrought couses egg mortality directly through
desiccation fﬁ;hallland Fllis, 1?62; Anonymous, 1984).
Tn dGSiccdteJ eggs thé yolk.maintains its characteristic

yellowish colour but it shrinks and lies freely in the

eqg shell.

Tn this work eggpods were considered desiccated

irraspective of the number of eggs offected per eggpod..

That incidence of drought causes egg desiccation

in L. migrotorio migratorioides is supported by the facf
thot most of the desiccated eggpods observed in the
field_during the roiny season occurred before or after
the peak of the rains prpenﬂices 27 to 28). Furthermore,
desiccation was thg mqﬁt iWPQ?tQ"t_mQrtality,fQthr

dyring the drier seasons; namely, tbe harmatfqn, the
hot-dry and the early rains seasons (Tab;e_l1).l It is
necessary to emphasize, however, that most of the B
desiccation recorded during the drier seasons was the

direct result of abnormal oviposition.
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“v”‘"Thgwefuct impact of desiccation under field
cﬁndifio#s;HQQen in thelprasent study, is not easy to
ﬂqantify.as some of the eggpods destroyed by predators
mightwﬁdve contained some desiccated eggs. During the
rainy season only_q"feu_gggppds contained desiccuted

eggs in all hobitutsf _qnd some of the affectéd ;ggpods
produced hatchlings (Appendicgs_?? tgraj):__lnmthg dry
seasons, as noted above, the actual numbeflof:;ggpods
hobtained was too small to offer reliable information
(Appendices 6 to 20),

- .It.is the opinion.of the writer thﬁt desicecation

is a minor facteor of eqg mo;tqlity ju#gipg frqm.thei:;:ﬁ
small number of eggpods affected during the roiny s;déon,
when breeding was at the peak. The present findings
agree with Popov's (1959) in Mali,

The role of decay in egg survival was apparent
during the rainy season only (Table 11). In decayed
eggs,_qplike desichted ones, the yolk turned brown to
black and it.wus.insepnrable from the egg shell, 1In
addition decayed eggs often §tqck”?ogefher and it was
impossible to ascertain_the nqﬁbér.' fh?zcriterion for
determining decayed eggpod did_nothtgke_into"accopnt the
number of egas infocted; that is eggpods wére considered
decuygi.f ., irrespective of the number of eggs

infected,
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fhe inéidenqqmgf-decay appears to be related to
ggi;’pgisty;g_gontent. For this reason, the cloyey
habitat, because of its higher humidity (Table 4),
registered more cases of_dgcgy ;?fgsfgd_eggpod§ thun B
. the sandy habitat, The low pr0portion.of decay infested
eggpods in the sandx~cluy loam hqbitgﬁwcggtyeﬁiqtg‘the
qﬁgve sqggestion ;ince that habitat wa# u; humid a#
the clayey habitat {(Table 4)., The discreponcy is
oscribable tq_the_high ;ncidencg of predotion in thé
sundy-Cia; loam habitat. It is possible that most of
the eggpods removed by Prfdf??f? ip_the_;andy-clqy;-;;

loam habitat were decay infested but they could not be

qUCIn‘l‘i‘F ied-

N

N The importance of decay on egg mo;ta}ify,“fhgrgfqre,
cannqt be evaluated vith certainty, Field obsérvofions,
however, indicate that decay cannot be an important
egg mo;tglity_fccto; os some of.the few infested

aggpods produced hatchlings (Appendices 23 to 31).

The above conclusion is in line wﬁ$h that made by
where
Popov (1959) for the Mali outbreak area/ he has reported

that decay and other factors, such as desiccation, are

insignificant egg mortality factors. ' D
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) Th; role of soil temperature on egg survival rate
is complgg qnd ;ntiwately linked with availability of
soil moisture and incubotion period, Laboratory
observations in the prgsgnt_stuﬁy have shown that the
rate in the stondard soil was unaffected by temperature
ranging from 22°51°C to the optimum; 34°%1°%¢ {Tubla 1?): |
Thiq pbservation if ascribed to ovailability of sufficient
soil moisture during incubation at all.thgwtqstgd .
temperatures, ineluding 22°*+1°C at which incuvbation
lasted as long as 27 days (Table 17). It is concluded,
therefore, that ideq?ical_;qtes of egg syrvivul were
possible ut.the QPove temperatures becouse of fuvourq?le

moisture conditions prevailing in the stondard soil ot

all the temperatures.

However, soil moisture and incubation period become

irrelevant te egg gy:vival at temperatures higher than
the optimum as incr?ased mortality due to overheating
occurred {(Table 1;)1 At 380;1?6, 4.3% and 5.1% egg
gprvival occurred ;p eggpods incubated in soil with SOTI
and 20ml of water respectively, The remgip%ng”95.7ﬁ.qnﬁ
94,9% died despite the 15% and 8% humidities recorded in
respective soils ot the end of incubation (12 and 1}
days respectively), 1In addition to the poor rate of
survival at 38°%1°C, most of the hatchlings died shortly

after emergence, Also, even though the two soils ware
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about 12% and 7% humid after 12 days, total egg mortality
was registered at 40°21°C (Table 16),

That hatchlings die shortly after emergence at

temperatures exceeding the optimum hos also been

reported in §, gregaria by Shulov (1970),

Even though excessive temperature is detrimental

to egg survival, as shown cbove, it is doubtful if

mortality due to such temperatures ﬁsbgignificunt under
f;;;g_gonditions. This is because extremely high
femperatures}.such as 42,6°C, which occur during the
hot~dry qnd_fhaﬂggrly rdins seasons in the Loke Chad
Basin outbreck orea, last a few hours only during thg
day, This observufion is in agreement with that made )
by Farrow (1975) in Mali: he reported that though maximum
soil temperature, at Scm dapth,_i; qbpgt {Q.E?C in May
anﬁﬂana, it_lqsts‘about 4 hours per day and therefore

cannot directly cause egg mortality,

Contrary to thesituation at temperutures exceeding

the optimqm,_ut vary_lou temperatures, such as 22%£19c.

’

inadequate soil moisture facilitates mortality, This

explains why mortality wos 100% in nine eggpods maintcined
at 22°%1°% in soil containing 5ml oF water after 29

days incubation, Furthermore, high egg mortality(43,7%)
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occurred in the soil kept moist with 10ml of water at
fhe_game_229il°ci the remaining 36.3% produced hatch~
lings (Toble 1;5. Additionol evidence of the role of
soil moisture at 1oy_tempe;uturgs is apparent from them
very poor survival rate (6.3%) recorded in the single egg-
pod kept in contact with 5Sml qfluute;.at'2?éilécf This
eggpod was further moistened with 20ml of water aft?r o
incubating for 29 days without producing hatchlings., The
eggpod eventually‘efodupadlthe 6f3% su:vival rate 21
days after the water replenishment, that is after an
incubation period of‘50 days (Table 16).. It is clear}y
evident thot at low temperotures deficient moisture in_
the soil with 5m1{ or even with_IOml, of water can be a
critical factor in egg svrvival,

The above conclusion is supported by the finding in
the field, that du;ipg thg harmattan eggs survived only
in the clayey habitat (Appendices 13 to 15), which is
the only habitat with reusonqble humidity (Davey and
Jphqsgn, 1956, Iyiala and Dialle, 1974a, 1974b;

Anonymous, 1984).

o=

Although at low temperatures deficient soil moisture
causes high egg mortality, too much soil moisture, not
only flooded soil, is equolly detrimental to egg survival

at such temperatures. This inference derives support
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from Table 19 where at 22°21°C eggpods in contact with
50ml of water produced 56,4% survival rate as against

95,9% in eggpods kept in soil with 20ml of water,

Predation, probably, i:pgost important egg mortolity
foctor in the fie}d;_Predation was énferred from complete
or portial disappeorance of eggpods., As shown in Tab;g.ﬂ
11, predation occurred in all seasons and in all habitats;
its greatest impact was noticed during the rainy season
when it was commonest in sandy-clay loam habitat and
least commoen in sandy habitat,

Popov (1959) has made similar observations for the

locust in the Mali ocutbreok area,

It was not possible to identify most of the predatory
agents as such organisms left the spot after removing the
eggpods (Popov, 1959). The only agent reliobly identified

is the mite, Allothrombium,which has also been reported

in eggpods of the‘locust in Eritrea , Ethiopia
{Greathead, 1983)._ However, Allothrombium does not
appear to be an important egg morfu}ity factor in the
Lake Chad Basin areo since it attacked only a faw

anterior eggs per eggpod,

The major cause of eggpod disoppearance in the field
has been attributed to subterranian larvae of coleopterous

families including Carabidoe, Elateridae, and
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Tenebrionidae (Popov, per. comm.), According to Popov
the larvoe reach the eggpods through underground tunnels.

Three families of Coleoptera, that is Corabidae,
Elateridae (Pyropherinae) ond Meloidce, were found in the
vicinity of several missing eggpods during the course of
the present study. Among the Corabidae one prominent genus
resembling Disticus was identified, It is possible that
the above-named Coleoptera was responsible for the
disappearance of most of the eggpods through underground
tunnels as suggested by Popov {(per comm. ).

Predation on eggpods of locusts, including L,.migratoric

migratorioides and §, gregaris, has also been attributed

to lorvoe of dipterous families such as Asilidoe, Drosophi-
lidoe, Phoridoe and Trypedidoe (Hynes, 1947; Grecthead,
1958, 1963; Stower et al, 1958; Popov, 1959; Ashall and
Fllis 1962; Farrow, 1975), 1In the present study predacious
fliptera were not registered.

Two grovps of eqgg porosites, the hymenopterous Scelio
group, comprising 5. aofriconus and 3. sudanensis, and an
unidentified enchytraeid group, were encountered in this
work as shown in Toble 11.

The genus Scelio is considered the only obligate egg
parasite of Acrididae ond it has been reported in egg-

pods of 5. gregaria in the Eritrean province of Ethiopia
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(Stower et al, 1958; Greaothead, 1963, 1966). In the Mali
outbreak orea, two species of the genus, 3. sudanensis and

S. remaudiere, hove been reported in eggpods of L.migrotorio

migratorioides (Popov, 1959; Farrow, 1975). Popov (1959)

observed that S. sudanensis is more destructive, occuring

in 95% of the Scelio infested eggpods while 5. remaudiere

is responsible for the remoining 5% infestction.

In the Lake Chad Basin outbreck area, the present
study has shown that S, gfriconus is o more important
parasite since it was responsible for 75.4% of the Scelio
infestotion while 3, sudanensis accounted for 24,6% of
the Scelio infestation.

No report on Scelio infestation in L. migratoria

migratorioides in the Loke Chad Basin outbreak area has

been published prior to the present one.

Similarly, there is no documented report of enchytroeid

infestation on eggpods of L. migrotoria migraotoricides

either for the Mali or for the Loke Chad Basin outbreak
orea prior to this work.

In general, parositism was o minor egg mortality
factor in the field. 1In contrast to the lorge ouantity
of eggpods damoged by predotors (Table 1l1), parasitic

Scelio and enchytraeids infested o small average of 5% and
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6.6% respectively of the 907 eggpods obtained during the
I o . , _
rainy sedason, In addition, some of the infested eggpods

observed were only partially destroyed as some of the

eggs in such eggpods produced hatchlings (Taoble 12).

At this stoge it is essential thot the pottern of
dcelio infestation be brief;y explained. The gravid
pargsifg is carried about under the wings of the femole
- ioéﬁ;f:and starts depositing its eggs into_thp;elof.the
locust os soon as the lotter completes ovipositing o
(Greathead, 1963,MT?66). The parositic Scelio reachﬁs the
host's eggs by peng?rq?iqg_thelf;oth p}ug of the eggpod
u;th its extended ovipositor, dnd one porasitic egg is,”
introduced into each egg of the h°3t"nTh? most dnterjor
eggg‘ip_the locqst}s_eggpods {Fig.8) are the firsf,_and
sometimes the only, to be parasitised by $gelio spp. while

the posterior eggs develop normally {Greathead, 1958,

1963),

According to Popov (1959)Iand Farrow.(1975}, after
normal embryonic ﬂevglqpmpnt! the_resultant hqtchlingg
from the eggs lying posterior to the Scelio infested portion
of the host's eggpod are trapped since their normal pathway
fg thq sqil su;Facg is occupred by the parasites, Trapping
is enhanced since the parusite's eggs take tyohtq three

weeks longer than those of the locust to complete



184 -

- development (Popov, 1959), Stower et al (1958) haye

also observed similar trapping of hatchlings of §,

-

gregaria in eggpods partially infested by the dipterous

stgmorhina lunata Fabriclus in Eritred province of

Ethiopia,

.. The successful hatchling emergence in partially
puru#itisgd eggpods observed in_the present study contrasts
the reports cited'qbove. ,Th?_?PP?r°P?‘F9"?F?¢i°?i°"
betyeeﬁuthemp;g;ent“qbseqution and those mentioned
obove may be explaiped in terms of soil type;_pravailigg
in fhe respactiyq“stqﬁy_qrgasﬂbegau;e"soil type has been

found to influence hatchling emergence in L, migratoria

migratorioides ond S, gregaria (Ewer, 1977). Although

the above reports do not indicate the soil types in the
respective study areas, it is possible that the 59§l”
types ure_pgt.simi}ur“tq_thoge in the Lake Chad Basin'
outbreak greo. The inference is supported by_the fact
that the clay in Lake Chad Basin cracks and Ever (1977}
has observed that cracks provide pharates of the |

subspecies with “"escape route"™ to the soil surface,

As regords hatchling weight, laboratory observations
ipdicqte fhat so1l moisture is_the major dotgrmihing )
factor (Tabie 22):” Heavier hatchlings are produced fram
wetter soils (Appendix 45). The negative correlation

(r =~0.89, t =-5,14, d.f, = 7, P<0.01) batween drought
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period and hatchling weight (Table 31) confirm$ the
dependence of hatchling weight on soil moisture; an
observation which is in line with that published for

S. gregaria (Hunter-Jones, 1964),

It.is implic%t in the above pbsg;yﬂ?%enf thq?
hatchlings emerging from clayey habitat during the
harmattan and those from sandy habitat during the ea;lx
rains sedason are 11&91¥,F?,??19h }q;s_thqnlruiny season
hqtthings. This interpretation egploins the increase

in the number of small adults of L. migratoria migratoriocides

observed in the lake Chad Basin outbreak orea as the dry
conditions intensify (Anonymous, 1984)Ignd_agrge§ with
similor findings by Farrow (1975) in the Mali outbreak

ared,

Since bigger adults are commoner in the rainy
season (Farrow, 1975; Anonymous, 1984), when both the
egg and the hopper stages are spent in wetter conditions,

it seems that in this locust the adult size id

i wom

dependent on the soil moisture in which the egg develops.

There is indication thot hotchling weight has

survival valuve. The positive correlation between

+

hatchling weight and survivel rate (r = 0,84, t = 6,32,

d.f, = 17, P< .001, extracted from Appendix 46), to the

second hopper instar, attests to this inference; that
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is heavier hatchlings stond better chdhces of reaching

the second hopper inster and ultimately to the adult

Sta ge .

N Cannibalism is a common phenomenon in locusts,

inclpding those in the Lake Chad Basin outbreak Q:eq;“%?“ﬁ
occurs:during both the hoppgr_und adult stages, part;culquy
undgrjg;gwded gonditions (Norris, 1950, 1952). Again, it

is reusonablé toidssume that Bigge;_qnd heqyier individpals
are more effi;ignt_cannibuls than smaller ones; they may

therefore survive ot the expense of the smaller hatchlings.

In conclusion, L. mig;g_g;ig~mig;gig;;gidgg lives in
an ecological syste@_ghgraptgrised by complex interactions
between qlimatic factors, edaphic factors and pthe:_
factors such as predators qnﬂ pq?qsitgg. Interactions
among the;g fqgtors_ond their impoct on egg development,
jts survival and haichling”weight i"“?he”l°°95t are
influenced_by sea§on91 phanges._ To ensure continval

survival in this complex ecosystem, the locust must evolve

some adaptive mechanisms.

For instance, eggs of the locust are susceptible to
drought, therefore major breeding coincides with the
rainy season. ‘The eggs ore also susceptible to flood cnd

therefore oviposition and successful development usually
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occur in.glevated breeding_grounds whigh‘u;e_sundigr
and less prone to flooding., Water is not o limiting
factor during the rainy season, therefore, hatchlings

ottain the maximum possible weight, which endows them

with high survival potentials,

The locust breeds mainly during the rainy season
utilis;ng breed?ng sites ghich enhance deep ovipq;%fion.
Deep oviposition is believed tquqcco;d the eggs some
protectiop”f;qm mo;tulity factors, including notural -
enemies, particularly predators,_whish'ppsg_fhe grectest
danger to the locgstis“eggs during incubation, To
further ensure contiﬁuul survivol_of the }oc9§t_in ifs”“
environment it ov}pos%ts_pq;g‘thqnﬂqqce in its life time
and.thg eggpod.coptqins several eggs, Moreover, 0;1
eggpods, irrespect?ve of the female age, hove identical

survival potential.

As.the.;qins diminish and the grounds become drier,
the locust breeds mainly in the more hgmid_clayey habitat;
and with the_intens?ficqtion of the dry conditions,
?rgeding is rgstr%c#ed to thg wetter sandy.;gil§_ulong
the Lake and the :iyef valleys, following the flooding

and receding patterns,



188

By the above behavioural patterns, L. migratoria

migratorioides ensures its perpertual existence in the

Loke Chad Basin outbreck orea, It is, therefore,
imperative thet relioble forecasting on its population
fluctuations, bosed on effective ond economical survey
programmes is made., It is in the light of this need that
some parameters crucial to the implementation of campaigns

against the pest are highlighted below,

Since breeding occurs mainly during the rainy
season, it is important to carry out extensive locust
surveys during this season with special emphasis on the
elevated sandy areas where optimal soil conditions favour
rapid egg development and high survival rate. As the
rains decline and the floods recede, the above observations
can be extented to the lower clayey areas, and with the
intensification of the dry conditions, to the vicinity
of the lake and the river banks where wetter soil conditions
prevoil,

It is important to stress that the breeding grounds
mentioned above have been found to be infested with
orgunisms which serve as predators or parasites of the
locust's eggs. Whether these natural enemies can be of
use in the control of the pest is beyond the scope of
this study, It is suggested that predation and parasitism

require further study.
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Appendix 1: Estimates of financial losses caused
by S. gregoria,

Value of Crops
Year Country destroyed(£ Sterling)
1926-1934 India 400,000 per yeoar
19281929 Kenya 300,000 per year
1953 Somalia . 600,000 per year
1954-1955 Morocco 4,500,000 per year
. - o {in 1 season)

19491957 FAD estimate 1,500,000 ‘per yedar

for only 12 out of | T, 1955 oyer

40 offected count- | ¢ 445 oo

ries ! !

Appendix 2: Estimgte of economic loss of actual food
to_ 5. gregaria

Amount of Crop
Year Country eoten by locusts
1944 Libya 7 million grope vines
1954 Sudan 55,000 tons of groins
1957 Senegal 16,000 tons of millet.
2,000 tons of other crops
1957 Guinea 6,000 tons of oranges
1958 Ethiopia | 167,000 tons of grain ..
1962 India 10,000 acres of cotten
valvedat £300,000,
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Appendix 4: 30il humidity, temperature ond pH in the hot-dry season:

S A N D SANDY-CLAY LDAM C L A Y
Temperature nonv pH :ﬂz Temperature (°C) pH Iﬂz Temperature (°C) pH :mx
081Ky 12HK S 10111tS mm... u_mu OBHRS 12HRS 18HRS | PRS n_mw 08HR 12HRS 184S mmu pmm
Yeor]| 5 0|5 0] 5 W [1w|10|S5 10| 5 1091 5 10} 0] 10| 5 0] 5 1015 101 10| 10
cm cm cm cm co cm cm cm cm cm .Im.._l..l__llmhl.lm.P cm S cm nml..]bbl. em gm cm em em
1981 31,3131,8144,2143.8(43,0(43,0( 7,0( 0.0{30,6130,8/43,7| 44,0/42,8143,0] 7.0| 0.0|29,8|31,4|41,7(42.0(42.8 42,0 7.0( 0.0
1982/ 30,0)31,2143,2|44,1143,7142,9| 7.0| 0.0(30,3/31,0(41,5/43,6{41,5/43,0] 7.0/ 0,0(31,3|31.0}41,3/41.0/41.4[41.6 7.0} 0.0
19831 30.5/29,943,0143,0/43,3]43,8| 7,0| 0.0(29,9|31.3/42.2[42,8[29.7/42.3] 7.0{ 0.0/30.3130.8 43,'2143,7143,.6143.0| 7,0| 0.0
1984/ 30,2(30,541,7(44.3142,8]41,1] 7.0| 0,0/30.8]31.0]|40.9] 43.1]41.8 43.4| 7.0| 0.0(30,3(30,5(42,8(42.5(43,1(43.3( 7.0{ 0.0
X [30.5{30.8(43.0/43.8]143,2142,7| 7.0/ 0,0/30.4]31.0(42,1]43,4[41.5(43,0( 7.0/ 0.0{30.4{30.9 42,3(42.3(42.7(42.7| 2.0/ 0,0
54 10,5710.72|1,03(0,57|0,39(1,14(0,00(0,00(0,39{0,21]1,21]0,53|1,29]0,53/0,000,00 1,03)0,3810,93§1,12)0,94|0,76(0,00)0,00
v 0.25/0,39/0,79/0.25/0.12/0,98{0,00/0.00|0.12{0.023]|1,09|0.21(1,25/0.21(0.00 o.o&Lo.mo 0.11]0,65/0,95/0,67(0.44)0,00/0.,00
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Appendix §; Soil humidity, tempe rature and pH in eorly roins season.

s A N D SANDY-CLAY LOAM C LAY
T © b ° % - o 1
emperature ("C) pH | HUM Tempezature (“c) pH | HUM enperature (°C) oH | HUM

8 o8 | 12 . 12
08HRS 12RS | 18HRS 08| 12| o8mRs 12HRS | ers | Jas| virs| osHRs 12HRS | 1BHRS 08¢ | HRs

uSmEmassmsmams_o_omamsmsas
cm cm cm

Yeor| cm | em | em | em | €0 | €% cm | €m | em em | em | em | em | em | cm i cm cm eam | em ] em | em

1981] 29,8 |31.4 43,841, 3[41.1 40.0| 6.7(35.3|31.2 30,7(42.0|41,3 39.7139.7] 6.3|42. 31,0{31.0/35.0 15,7|37.7|38.1| 6.7 £6.0

" L

1982| 31.1[31.1]4),.2{40.0 40.9/39,8]| &.7|28.¢6 50.9|%0,1]38.7 37.1]40,2|40.) 6.1|57.5(30.8 31,3/96,7|35,3|38.2 17.3| 6,7(60.0

% | 30.5]31,3]42.5 41.1/40.7(39.9| 6.7 32,0131,1]30.4]40.4 39.2(40,0(39.9| 6.2 49,8(30,8/31.2|35.9 35.5/38,0|37.7| 6.7(63.0
<3 10.92/|0.21]1.84/0,35{0,42]0, 14 0.00|4.740.21{0.42|2,33|2,97 0,35/0,28|0,14{10.8%0.35 0,21{1.20}0.28|0.3510.57 0.00|4.24

v 10.42/0,02(1.67 0.06]/0.09{0.01|0.00 11.220,02{0.09}2.72 4.41|0,06|0,04{0.01 uwbo#o.oo_o.ow 0.72/0.04|0,06]0.16 0.00}9.00




Appendix 6: Egg development and survival in sand during 1981-82 harnattan season:

- MORTALTTY FACTORS
Tiass| Incub. % | PARASITISM . -
Date {No. | t40¢.] Period 2nd | Eggs * Pred.t Des, {Dec. Remarxks
, (bays) | Hat: /Pod |Hateh | Sce [Enc. | j
9.12 ¢ 1 0 - - 17 0.0 + Soil surface
2| ¢ - - _ 0.0 .
161 3| © N R Z | olo + .
27-1 1 4 0 - - 15 0.0 + Scil surface
18-21 5 0 - - 6 0.0 + Among feed
Totals 0 Q 2 | 3 0
ﬁ % 0.0 | 0.0 | 40.0 60.0( 0.0
Legend: 1) Date = Date of oviposition

2} No. = Serial number of eggpod

mw Mass Hatchs = Hass Hatching

4) Incub, Period = Incubation period

mw 2nd Hat. = Subsequent hatching

é) Eggs/Pod = Eggs per eggpod (Clutch size)

7) % Hatch = ¥ egg survival per eggpod

mw Sce, = thphnww:wma*n*woa

2) Enc. - um:nmﬁﬁmnwmmuamnmwnﬁuo:

aow Pred. = Predation

11) Des. = Desiccation

12) Dec. = Decay -
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Appendix 7: Egg development and survival in sond during 1982-83 harmatton season:

g : zowH»TMa& FACTORS
I b. ‘ ARASITISM
Date No. TR vmmmon Znd Eggs % 2 Pred.| Des.| Dec. Remarks
Hat.| (pays) Hat, | /Pod | Hateh | Sce |ENC

942-82 1 0 - - 23 0.0 + In feed
12-12-82 2 0 - - - 0.0 - MNormal Laying
16-12-82 3 0 - - 11 0.0 + In feed

Totals| O 0 1 2. 0
% 0.0 | 0.0 |33.3 66,710.0

Appendix 8: Egg development and survival in sand during 1983-84 harmattan season:

MORTALITY FACTORS
| Mass | Incub. | 2nd- PARASITISM . 1
Date Hat Period I“* Eggs * Remarks
*| (Days) ) \vmm Hatch Sce |{Enc
23-11-83 1 0 - - - 0.0
29-11-83 2 0 - - 17" 0.0 In feed
3 0 - - -~ 0.0
12-01-84 4 0 - - 12 0.0 In feed
Totals| O 0
“ O-O O!O
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Appendix 9: Egg development and survival in sand during 1984-85 harmatton seasoni
MORTALITY FACTORS
ass | Incub.| 2nd | E9OS < PARASITISM | _ _
Date to. Period Pred Des.| Dec. R k
Hat, ﬁmm<wu Hat. | /Pod Hatch | Sce |ENC. 4 i emares
4-12-84 1 0 - - - 0.0 + Eggs broken
13-12-84 2 0 - - 5 0.0 - 50il surface
12-1-85 3 0 - - 18 0.0 + S0il surface
22-1-85 4 0 - - - 0.0 +
Totals| O 0 1 3 0
o % 0.0 | 0.0] 25.0 75,0 10.0
Appendix 10: Egg development and survival in_sandy-clay loam duripng 1291=
harmattan season:
MORTALITY FACTOR
: Mass| Incub, |2nd | E o PARASTTISM
Date No. : n 993 / Pred. |D D
. Hat. mmwww@ Hat.| /Pocd |Hatch Sce |Enc.. red. [Des. | Tacs RN
5-12-81 | 1 0 - - - 0.0 +
27-1-82| 2 0 - B 13 0.0 + On wall of cage
6-2-82| 3 0 - - 21 0.0 - A\mong feed
18-2-82 | 4 0 - - - 0,0 +
Totals| O 0 1 3 0
% 0.0| 0.0 25.0 75.0]0.0
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ment..and survival in

sandy-clay loam during 1982-83

harmattan sedson:
- MORTALITY FACTORS
Date No., ﬂM“w mmmmm. w“mr wwwm :Lﬂnr vM“”UMw“MJI Pred.| Desd Nec. Remarks
21-11-82 1 0 - - - 0.0 - 50il surface
27-11-82 2 0 - - - 0.0 + S50il surface
Totals| O 0 0 2|1 O
% 0,0| 0.0 0.0 _ﬂoo 0.0

Appendix 122 Egg develo

pment and surviva

1 in sondy=cla

m@ﬂﬂozu
MORTALITY FACTORS o
liass] T e PARASITISM
e 1 K0 B ] Fgus | M1 pred.|Des.| Dec. | Remarks
*| (Days) | Hot- Pod | jjatch | Sce BN
29-.11-83 1 0 - - 17 0.0 + In feed
11-12-83 | 2 0 - - - | 0.0 + On cage wall
13-1-84 3 0 - - 32 0.0 - In feed
Totals| O 0 0 3 0
% 0,0 | 0.0 0.0 (100 0.0

1984-85: No ovipositio

clay loam.

n in sandy-
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Appendix 13: E development and survival in clay during 1981-82 hermattan season:
) ) MORTALITY FACTORS
. ass | Incub. | 2nd | Eggs g PARASITISM _
Date tle. | Hat. wouwoA st | 7Pod tch | SeelEnc Pred | Des.| Dec. Remarks
8-12-81 1 0 - - - 0,0 +
2 1 20 - 56 - + About 55 desiccated

10-1-82 3 0 - - - 0,0 + Frogmented
18-1-82 4 0 - - - 0,0 - o

2-2-82 5 o] - - a3 0.0 + Desiccated
15-2-82 6 0 - - 8 0.0 + In feed
22-2-82 7 0 - - - 0.0 +

Totals] O o} 3 4 0
% 0.0| 0.0|42.9 57.1 0.0
Appendix 14: Egg development and survival in clay during 1982-83 harmattan season:
[Trsob MORTALITY FACTORS
Tiass | Incub. | 2nd | Eggs o PARASITI
Date Ne. 3 99 4 - Pred.| Des.|Dec. Remarks
Hate _Mmmw.ww Hat, | /Pod |Hatch | Sce Enc..

18-11-82 1 4 27 0 - 0,0 + Partial dat

1-12-82 2 0 - - 31 0,0 + oowwo”n*wmo otten
iz AR AN R ,,

16-1-83 | 5 0 - - - 0.0 . ® Soil surface

Totals | O 3 210
A 0.0 0.0 | 60.0 |40,0{0.0
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Appendix: 15: Egg development and survival in clay during 1983-84 harmattan season:
, MORTAL ITY FACTORS
tass |Tncub Egas | % | PARASITISM
Dat No. JBe | 2nd D
' Hat. [Period| uat, | /Pod [Hatch| Sce lEoc Pred.| Des. |Dec. | Remarks

16-11-831} 1 0 - - - 0,0 +
17-11-83]| 2 12 25 0 - - +
21-11-83| 3 0 - - - 0.0 +

2.12-83| 4 0 - - - 0,0 .
21-12-83| 5 0 - - - 0.0 + In feed

11-1-84| & 0 - - - 0.0 +

19-1-84| 7 0 - - i 0,0 +

22-1-84| 8 0 - - - 0.0 + On cage woll

28-1-84 9 0 - - - 0.0 +

Totals 0 0 6 3 0
A 0.0 | 0.0 66.7 | 33.3/0.0

Appendix 16¢ Egg developmen

t and survival in cloy du

ring 1984-85 harmattan season:

MORTALITY FACTORS
g P 1
Date No, LM“u wuwaw 2nd | Foas % >w>wmqtmz Pred.| Des.| Dec. Remarks
* | (Days) Hat.| /Pod| Hatch | Sce Enc -

13-12-84] 1| © . |l -1 o0 ’

14-1-85 2 0 - - - 0.0 -

23-1-85| 3 | © - - i 0.0 N

Totals 0 0 3 0 0
2 | 0.0 | 00| ™0|[0.0]0.0




Appendix 17: Egg develo
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pment and survival in sand during 1981 early rains season:

MORTALITY FACTORS
Date No. — wnmwww m“u wwmnx 3 PARASET 11 Pred.) Des.|Dec. Rem rks
Hate | (naye) . Hatch | Sce | Enc
13-6 1 0 - 0 - 0.0 EY
16-6 2 0 - - - 0.0 +
16-6 3 0 - 0 - 0.0 - Soil suface
21=6 4 3 9 0 11 27 .3 + 8 dry
Totol 0 0 2 - 0
% 0.0! 0.0} 50.0 50.0{ 0.0
Appendix 18: Egg development and survival in sand during 1982 early rains season:
zom_brm_x th_wa
Mass! Incub. E % ARASITISM )
Date | No e 2nd ggs P
. P . red. | Des.| Dec. Remark s
Hat. «MM“M%# Hat. /Pod |Hatch | Sce 'Enc
21-6 1 0 - ” - 24 0.0 - Dry
26-6 2 7 10 it O 19 | 36.8 - Rest dry
3| 0 - | o 14 | 0.0 * 14 dry
Total 0 0 0 310
% 0.0! 0,0 | 0.0 100 | 0.0
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Appendix 21: Egg development and survivol in clay during 1982 early roins season:

MORTALITY FACTORS

Mass | Incub. | 2nd | Eggs 4 PARASITISM
: .| Des. .
Date | No. Hat. Period Hat.| /Pod |Hotch | Sce ] Emc Pred.|Des. | Dec Remarks
(Days)
14-6 ] 0 - - - 0.0 + Normal oviposition
22-6 2 0 - - - 0.0 + Normal oviposition
23.6 3 0 " - 10 0.0 + Normal ovipasition
26-6 4 0 - - - 0.0 + Normal oviposition
26-6 5 0 - - - 0.0 - Normal oviposition
Totals| O 0 1 3 0
% 0.0 | 0,0 40,0| 60,0} 0,0
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Appendix 22: Tests for differences between mean incubation

Dperieds in soand, sandy-clay loam ond clayey

1. Sand Vs, Clay{Critical Diff, = 0,44 x 1,96 = 0.86)

13.6 - 18,1 = =4,5 (Significant)

2. Sand Vs, Sapdy-Clay Loam (Critical Diff, =0.57 x 1,96=1,12)

13,6 - 16,0 = -2.4 (Significant)

3. Sandy-Clay Loom Vs, Clay(Critical Diff,=0,63x1,96 = 1,23)

16,0 - 18,1 = -1,9 {Significant)

Between years:

1, 1981 Vs, 1982 (Critical Diff, = 0,42 x 1.%96 = 0,82)

Sand : 13.2 - 12,6 = 0.6{(not significant;
Sapndy-Clay Loam 1 15,2 - 15,2 = 0,0{not significont
Clay : 17,6 - 16.4 = 1.7(significant)

2. 1931 vs, 1984 (Critical Diff. = 0.51 x 1.96 = 1,0)

Sand " : 13,2 - 14,9 =-1.7 (Significant)
Sandy~Clay Loam : 15,2 -« 17,5 =-2,3 (significant)
Clay s 17,6 « 20.4 ==2.8 {significant)

3. 1982 Vs, 1984 (Critical Diff, = 0,53 x 1,96 = 1,0)

12,6 - 14,9 = -2.3 (Significant)
15,2 - 17.5 = -2;3 (Significant)
16,4 - 20,4 = ~4,0 (Significant)

Sand -
Sandy=-Clay Loam
Clay

i n

T T T )
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MORTALITY FACTORS
Date| No. ”Mwm Wmmmww 2nd” | Eggs % v}wbmmqmml
“ 1 (Days) Hat. | /Pod| Hatch Sce £ nc Pred.] Des.) Dec. Remarks
26 1§ - - " O-O -
27 0 - - 63 0.0 + 63 Scelio
28 0 - - - G.0 +
4.8} 29 0 - - - 0.0 +
7-8}1 30 | 33 24 - 35 | 100.0
3 0 - 2 - 0,0 +
32 0 - - - 0.0 +
3175 27 1 76 | 100.0
5-8| 34 0 - - - 0.0 +
35 0 - - - G.0 +
36 0 - - - 0,0 +
11283 37 0 - - - 0.0 + .
13-8{ 38 0 - - - 0.0 +
17-8} 39 0 - - - 0,0 +
40 0 - - - G.0 +
41 | 88 24 o 8% | 100.0
42 § 52 13 1 53 | 100,0
43 7 19 0 A9 14,3 + 42 Scelio
19-8] 44 0 - - - 0.0 + -
22-8) 45 0 - - - 0.0 +
1 46 0 - - - 0,0 -
23-8] 47 0 - - - 0.0 -
45 0 - - - 0.0 X
49 0 - - - 0.0 +
50 0 ~ - - 0,0 +
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MORTALITY FACTORS

Moss PARASITISM.

NDate

W,mo .

Hat,

Z2nd
Hat

g
~”
(2]
= of

£\

Sca.

Enc

Pred.

Des,

Dec,

Remortks

27-85

e - 288

2-9

119
12-9

51
)

FA
Lyl

63
54
55
56
57
58
59

61
62
43
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66
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69
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MORTALITY FACTORS -~
4 PARASITISM : .
Date { Mo, | . 0" W“mmww ond | Eggs | %
Hot. ( y| Hat. /Pod | Hatch Sce| Enc. { Pred.{ Des. | Dec. Remarks
H 0 - - - 0.0 +

79 0 - - 17 0.0 +

80 0 - - - 0.0 +

) 23 12 0 23 100.0
14-9 ] 52 0 - - - 0.0 +

3 0 - - - 0.0 +

a4 0 - - - . G,0 +

8% 0 - - - 0.0 + ;

e 0 - - - 1M 0.0 +

o7 0 - - - 0.0 +

g5l 0O - - - 0.0 +

89t 73 13 i 74 100,00
18.¢ 90 0 - - 23 0.0 +*

21 55 12 0 55 100.0

92 0 - - - 0.0 +

93 0 - - - 0.0 ¥

04 0 - - 19 0.0 +

251 42 11 0 ‘- - +
19-9; %6{ O - - &3 D.0 +

07 60 12 0 60 100,0

28 0 - - - 0.0 +

99 0 - - = 0.0 +

100§ -0 - - - 0.0

1011 68 12 0 68 ) 100.0] o .

o2l 0 - - - 0.0 +

103 0 - - - 0.0 +

104 0 - - - 0.0 +
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Appendix 30: Egg development and survival in sand during 1982 rai
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Between temperatures:

245 : |

N oA R D . i

1,

22°C vs, 28°C (Critical Piff.= .27 x 2.00 = 0,54)

230gr/506L : 30.3 ~ 17.0 = 13,3 (sigrificant)
230gr/20m1 ¢ 27,0 ~ 14,3 = 12,7 (significant) _ |
230gm/10ml : 27.8 - 14,5 = 13,9 (significant) | ;

22°¢C Vs. 28°/34°C(Critical Niff, = .27 x 2.00 = 0,54)

230gm/50ml = 30,3 - 13,8
230gm/20m1 : 27.0 - 12,0
230gm/10ml : 27,8 - 12,7

16.5 (Sigﬁificanfg
15.0 (significont
15.1 (significant)

wonu

22°C Vs, 34°C (Critical Niff, = ,24 x 2.00 = 0,48)

230gn/50iL : 30,3 - 10,5 = 19,8 (significant)
230gm/20ml : 27.0 - 10,0 = 17,0 (significant)
230gn/10m) : 27.8 ~ 10.3 = 17,5 (signif icant)

289C Vs, 28°/34°C {Critieal Diff, = ,30x2.00 = 0,60)

230gm/50mL : 17;0 - 13,8

= 3.2 (significont)
230gm/20mL - 14,3 - 12,0 = 2,3 {significant)
230gn/10m) : 14,5 - 12,7 = 1,8 {significant)

28°C Vs, 34°C (Criticel Diff, = ,27x2,00 = 0,54)

230gm/50n1 : 17:0 - 10,5

= 6,5 fsignificant)
230t /2061 ¢ 14,3 - 10,0 = 4,3 {signhificant)
= 4,2 (significont)

230gm/10ml : 14,5 - 10,3

T &,

28°/34°C Vs, 34°C{Critical Qiff.= 26x2.00 = 0,52
3.3 (significant)
2.0 (significant)
2.4 (significant)

230gm/50im1 + 13.8 -~ 10.5
2830gm/20m! : 12.0 - 10,0
230gm/10ml : 12.7 - 10,3

nH
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Appendix 443 The role of soil moistuie and temperature
opn rote of egg survival,

t (P« .05 ot 59 degrees of freedom) = 2,00

Between soil moistures

1. 230gm/50m) Vs, 230gm/20ml(Critical Diff.=4.71x2,00=9,42)

-39.5 {(significant)
«3.2 (not significont)

At 22°C : 56.4 - 95.9
At 28°C : 96.2 - 99.4
At 289/34°C : 98,1 - 94,7 = 3.4 (not significant)
At 34°C : 97.9 - 92,3 = 5,6 (not significont)

1l

-

2l

2. 230gm/50ml Vs. 230om/10mi{Critical Diff,=5.03x2,00=10.06)
20,1 {(significant)
8.4 ( not significont)

At 22°C : 56.4 - 36.3
At 28°C : 96,2 - 87.8
At 289/34°C : 98,1 - 68.6 = 29,5 (significant)
At 34°C ; 57.9 ~ 69,0 = 28,9 (significant)

Y

"

3. 230gm/20ml Vs, 230gm/10ml{Critical Diff, =5, 20x2.00=10, 40)

At 22°C : 95,9 - 36,3 s 59,6 (significant)
At 28°C : 99.4 - 87.8 = 11,6 (significant)

At 289/34°C ¢ 94,7 - 68,6 = 26,1(significont)
At 34°C : 92.3 - 69,0 = 23,1 (significant)

L]
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Between temperatures

1.

22°C Vs, 28°C (Critical Dif

f,=5,87 x 2,00 = 11,74)

230gm/50m). :
2309m/90n1 s
230gm/10ml -

2R
b0
t 1
N3

@ AN
nun

-39.8 (significant)
- 3.5 (not 'significant)
-51,5 (significant)

22°C Vs. 28°/34°C(Critical

230gm/50mL =

56.4 - 98.1 =
230gn/20ml : 95.9 - 94.7 =
230gn/10ml : 36.3 = 68.6 =

22°C vs. 34°C(Critical Diff

Diff, =6.03 x 2,00=12,06)

-41,7 (significant)
1.2 (not 'significant)
-32.3 (significant)

o« = 4,99 x 2.00=9.98)

50m1 97.9
5%9""/’2021 : 3808 - 3503
2%0gm/10m] - 36 3 - 69.0

nun

28°C vs. 28°/34°C (Critical

-41,5 1f1ca
3.6 { gnsxgnz 1cant)
-32.7 (significant)

Diff,=6.77 x 2,00=13,56)

-1.9 (hot significant)

230gm/50ml : 96,2 - 98,1 =

230gm/20ml ; 99.4 - 94.7 = 4.7 (not' 'significant)
230gm/10ml1 3 87.8 - 68,6 = 19,2 (significant)
28°C Vs, 34°C (Critical Diff,=5.87 x g.QQ = 11,74)

230gm/50ml : 96,2 - 97.9
230gm/20i1 + 99.4 - 92,3
230gn/10ml : 87.8 - 69,0

28°/34°C Vs, 34°C (Critical

1.7 fnot significant)
7.1 (not significant)
8.

18.8 (significant)

Diff.=6,03 x 2,00=12,06)

230gm/50ml : 98,1 - 97,9
230gm/20ml : 94.7 - 92.3

2aogm/10n1 : 68,6 - 69.0

0.2 (not szgnxfxcant;
2.4 (not significant

~0.4 (not significant)
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Appendix 45: The rele of soil meoisture and temperature ;
on hatchling weight, X

P a0 e

t+ {P£ .05 at 58 degrees of Freedom) = 2,00

N T L I S

etween soil moistures

———

-

1. 230gm/50ml Vs, 230qm/20m)l{Critical Diff.=0, 38x2,00=0.76)

At 22°C : 10.7 - 12,4 = -1,7 (significant)
At 28°C -3 9.9 - 10,9 = -1,0 {significont)
At 289/34°C : 11,0 « 11,0 = 0,0 (not significant)

At 34°C + 10,7 -« 10.9 ~0,2 {not significant)

2. 230agm/50ml Vs, 230gm/1Oml{Critical Piff.=0,40x2,00=0,80)
At 22°C : 10,7 - 8,4 = 2,3 (Significant)
At 23°C__; 2,9 « 9,4 = 0,5 {not significant)

At 28°9/34°C ¢ 11,0 -~ 7.9 = 3,1 {Significant)
At 34°C ¢ 10.7 -~ 8,8 = 1.9 (significant)

3. 230gm/20ml Vs, 230gm/10ml{Critiecal Niff,=0,41x2,00=0,82)
At 22°C : 12,4 ~ 8,4 = 4,0 (significant)
At 26°C .3 10.9 ~ 9.4 = 1.5 (significant)

At 289/34°C : 11,0 - 7.9= 3,1 (significdnt)
At 34°C : 10,9 - 8.8 = 2,1 {significant)
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Appendix 46: Survival of hatchling (incubation of 34°%1°C) to second hopper instoxr
Treatments| . . .230gm/50ml | .. 230gm/20pl 230gm/10ml.: - | 230gn/5ml
Hatchling|% 2nd| 1st Tnst. Hatchling|® 2nd|1st Tnst. Hatchling| % -2nd|1st Tnst.| Hatchs % 2nd | 1st
UT ( Ylg )| Tnstor Duration | WT ( 1ig)|Instor Duration | WT ( mg )| Instor buration | WT(L1ig
13.7 78.7 6 days 11.7 80,0 5 days .5 40,0 | 6 days i 4
2.4 79.2 7 days 11.0 60,0 | 7 days 10,4 26,7 | 7 days 10.0
TheD 62,5 6 days 14.7 92.3 | 7 days 6.6 23.3 | 6 days 10,2
1.7 56.3 | 6 days 9.8 64.1 | 7 days 4.4 14.2| 6 days
8.1 33.3 7 days 11.4 75,0 | 6 days 6.9 31.3| 6 days
7.5 40.0 | 7 days
X 10.9 62,0 6.4 11.0 68.6 | 6.5 7.6 i 6.2 10.6| 64.8] 6.0
Sd N.dm 18,92 0.55 mumN 18.14| 0.84 2.41 P92 0.45 0,93 10,25( 0.0
v 3.79 286,23 0.24 4,67 274,13] 0,58 4,63 72.50 0.16 0.58| 70,06 0.0

Legend: 1st Inst. = 1st instar
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Appendix 471 The. effect of flood on ;g{e“of 2aq development:
t (P<.05 at 26 degrees of freedom) = 2,06

Between preflooding periods.

1. 0-Day Vs, 3-days (Critical Diff,=2.06 x 0,57 = 1,17)

L]

1-day flosd : 14,0 = 14,3 ~0.3 (no% ‘significant)
2-day floéod : 14,0 ~ 15,4 -1.4 (significant)
3-day flood : - - -

"o

2. O-Pay Vs, 6-days (Critical Diff.=2.06 x 0.57=1.17)

l-doy flo6d : 14,0 = 13,2 = 0.8 (pot significant)
2-day fleéd : 14,0 - 16,8 = -2.8 (significant}
3-day flood : - - -~

A 1

LR

3, . 3-days Vs. 6-doys(Critical Diff.=2.06 x 0,32 = 0,66)

laddy flood : 14,3 - 132 = 1.1 (Significont)
2-ddy flesd : 15,4 - 16,8 = -1.4 (significant)
3-day flood : 16,5 - 19,0 = 2.5 {significant)

[ o cw o - T

Between durations of flood

1, l-day Vs. 2-days{Critical Diff,=2,06 x 0,33=0,68) .
O-~day Pre-flooding : 14,0 - 14.0 0.0 {not significant)

3-day Pre-flooding : 14.3 - 15,4 =-1,1 (significant)
6~day Pre-flooding ¢ 13,2 - 16,8 = -3,6(significant)

2, l-day Vs, 3-doys(Critical Diff,=2,06 x 0.42 = 0,87)

O~.day Pro=fleoding :
3~day Prewflooding : 14 3 - 16 5

6~day Pre~flooding : 13,2 - 19,0

significant)

2.2 (
5.8 (significant)

|

3. 2-days Vs, 3~doys(Critical Diff.=2.06 x 0.41 = 0,84)

O-day Preé~flooding : -«
3-ddy Pre~flooding : 15.4 - 16 5
6=day Pre-flooding : 16,8 - 19,9

1 1 (significont)
~3.1 (significant)
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Appendix 48: The e Iggt of flgg on ;utg of eaq survival

3.

t (P g .05 at 70 degrees of freedon) = 2,00 i
looding periods B ]
O-day Vs, 8-days(Critical Diff.=2,00x5,23 = 10,45)

1 day floéd : 0,6 - 75.9
2 days fleod ¢+ 1,4 - 60,9
3 days flood : 0.0 - 8.5

-75.3 (significant) .
-59.5 (significant)
- 8.5 (not significont)

Wonu

i

O-day Vs. 6—dqys(Criticql Diff, =2.00 x 5.30=10,60)
1 day flood : 0.6 = 96,6 = 96,0 (significant)
2 days f1&6d : 1.4 - 69,2 = -67.8 (significant)
3 days flood : 0,0 - 15,4 = .15,4 (significant)

O-day VQ%_Q-QQXS (Crificql Diff. =2*00§5L§§ = 10;45)

1 day flodd 0.6 - 12.9 = -12.3 (significant)
2 days flood : 1.4 « Q.0 = 1.4 (not significent)
3 days flood : 0,0 - 0,0 =

0.0 (not significant)

3-day Va 6-day§ (Critical Diff,=2,00 x 5,48 = 11,0)

i
[,

1 doy flood : 75,9 - 96,6 = 20,7 {s;gnlflcunt)
2 doys flaod : 60.9 - 69,2 = < 8.2 (hot significant)
3 days flood : 8,5 - 15,4 = 6.9 (not significant)

S-dqysf Vs, 9-days[Critica1 Diff,=2,00x5,41 = 10,81)

e

1 day fleod : 75.9 - 12,9 = 63.0 (éighiflcunt)
2 days flood : 60.9 - 0.0 = 69.9 (significant)
3 days fleod : 8,5 - 0.0 = 8.5

{not significant)

6-dgg Vs, 9-days {Critical Diff, =2 00x5 =

PRSI

83.7 (significant)

1 day flesd” : 96.6 « 12,9 =
2 days fleod : 60.9 ~ 0.0 = 69,9 (Significant)
3 days flood s 15.4 - 0.0 = 15,4 (significant)
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Between durations of flood:

1.

-

|
i I
| ; |
l I |
| |

Vs, -duzs(Criticol Diff.=2.00 x 4,53 = 9,07) j

T-day

O~ddy Pfa;fiébdiﬁg s 0,6 ~ 1,4 = 20,8 (not significant)
3-day Pra-flésding : 75.9 « 60.9 = 15,0 (significant)
é-ddy Pra-flooding : 96.6 ~ 69.2 = 27.4 (significant)
9-day Pre-flooding : 12,9 - 0,0 = 12,9 (significant)
I-day Vs. 3-days {Criticol Diff, = 2,00x4,63 = 9,26)

O-ddy Pre-flooding : 0,6 - 0.0 = 0,6 (not significant)
3-day Pre-flooding : 75.9 - 8.5 = 67.4 (significant)
b-day Pro-flooding : 96,6 ~ 15,4 = 81,2 (significant)
9-day Pre-flooding : 12,9 - 0,0 =

LI ]

2-days Vs, 3-days (Critical Diff.

12,9 (significunt)

=2,00 x 4,74 m 9,49}

O=day
3-day
é~day
9~day

Pre~flooding :-1;4 -
Pré~flooding :60.9 -
Pre~flooding :69.2 -
Pre~flooding : 0,0 -

1.4 (not significant)
52.4 (significant)
53,8 (significant)
0.0 (not significant)

wunn
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Appendix 49: The effect of flood on_hatchling weight(mg).

Between preflooding period

t‘(Pg .05 at 26 degrees of Freedom) = 2,06

R W

- 3-day flood : 11,4 - 11,3

_—

O-day Vs. 3-days (Critical Diff.=2,06x 1.1 = 2,24)

loday flood ¢+ 9,2 < 13,3 = 24,1 (Significant) |
2-ddy f188d : 7.7 - 11,7 = -4,0 {significant)
3-day flood: - :

Qudgy Vs, 6-days (Critical Diff,=2,06 x 1,1 =2,24) |

PR )

l<day flood : 9.2 - 12.4
2-ddy flood : 7.7 - 11,8
3-day flood : «

3.2 Esighificunt
significant

-Te

3-days Vs. 6~doys(Critical Diff, =2,06 x 0.61 = 1,26)

0.9 { not significant)
0.1 (not significant)
0.1 (not significant)

I-ddy flood : 13,3 ~ 12,4
2-day fleed : 11;7 - 11.8

[ I |
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