C. W. Stortenbeker
Institute for Biological Field Research ITBON, Arnhem

Observations on the Population Dynamics
of the Red Locust, Nomadacris septemfasciata (Serville),

in its OQutbreak Areas

1967  Centre for Agricultural Publications and Documentation
Wageningen

v

Do Af



The author was awarded the degree of Doctor in Mathematics and Natural Science, State University,
Leyden, the Netherlands, on a thesis with the same title and contents.

© Centrefor Agricultural Publications and Documentation, Wageningen, 1967.

No part of this book may be reproduced and / or published in anyform by print, photoprint, microfilm
or by any other means, without written permission of the publisher.

VI



Acknowledgements

I wish to express my gratitude to Dr D. L. Gunn, who as a Director of the Inter-
national Red Locust Control Service initiated the research programme on the popu-
lation dynamics of Nomadaeris and who critically read the manuscript of this paper.
I also wish to thank his successor Mr C. pu PLEssis for his support and interest in the
work. I am very grateful to Dr P. M. Symmons for allowing me to make use of several
of his unpublished results and also for his valuable criticism of the successive stages
of the writing up. The same applies to Mr G. J. W. Dean, whom I want to thank in
particular for the many hours on safari and in the office, spent on discussing Noma-
dacris and its habits, discussions that helped much in seeing the problems more
clearly.

I am most grateful to the staff of the LR.L.C.S., several members of which I want
to mention in particular: Mr D, F. Vzsey FrrzGeraLp for his inspiring enthousiasm,
Dr A. R. W. Crosse UrcoTT and Mr T. MarujLo for being so research minded, Mr
R. R. ForrEsTER and Mr B. J. Evsser for inspiration derived from their great field
experience and Mr E. M. Reexs and his mechanical staff for patiently repairing and
maintaining the vehicles.

Most of all I am grateful to the many African staff members and in particular to
the African Locust Officer Lazarus THomas Meao, the Field assistant Lui Josern
MsaTo and the research scouts Lui, Meriano, Fungulia, Geuza, Oskar, Daudi,
Fideli, Modesti, Matthias and Jim, without whom I could have carried out only one-
tenth of the work,

I greatfully acknowledge the help 1 received from Dr E. Pinuey, National Museum
of Rhodesia, Bulawayo, who classified Odonata for me, and from Dr I. M. NEweLL,
University of California, who identified the various mites I found.

I wish to thank Dr P. T. Haskerr and his staff for their great hospitality and help-
fulness during my stay at the Anti Locust Research Centre, London.

I want to express my sincere gratitude to Professor Dr D. J. KueNen for his stimu-
lating interest in the work and for his valuable suggestions for improvements in the
manuscript.

I want to thank Dr A. D. Voire for his support, the ‘Bureau van de Hoofdingenieur’
of the Ministry of Agriculture for drawing the figures and PUDOC for publishing
this paper.

Finally I wish to thank my wife for her great help and support from start to finish.

vl



1

Contents

InTRODUCGTION

1.1
1.2
1.3

The Problem of the Red Locust

Life Cycle and Habitat
Literature

1.4 The Problems

MeTHODS AND MATERIALS

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

Population Assessments using a Land Rover or a Swamp Skipper
Catching of Adult Locusts

The Experimental Plots in Burnt-off Grassland

Egg-pod Assessments

Estimating the Incubation Success of Eggs and Egg-pods

Hopper Mortality Estimates

Predator Assessments

Phase Status of Populations Studied

FecunDITY OF THE POPULATIONS

3.1
3.2
3.3
34
3.5
3.6

Sex ratio

Mean Number of Egg-pods per Female
Mean Number of Eggs per Egg-pod
Factors Influencing the Fecundity
Viability of the Eggs

Mean Number of Viable Eggs per Parent

IncuBATION SUCCESS

4.1
4.2

4.3
4.4
4.5

Numerical Data

Predators and Parasites on Egg-pods
42,1 Rats
4.2.2  Mites

4.2.3  Scelio howardi

The Effect of Drought

The Effect of Waterlogging of the Soil
Discussion

[ o & I L RN L

12
12
i3
16
16
17
19
19

20
20
22
27
28
30
31

32
32
35
35
37
37
39
40
42



5 NaturaL MorTavLrry IN HoPPERS IN THE FIRST AND SEGOND INSTARS

5.1
5.2

5.3
3.4

Mortality Assessments

Predators on First and Second-Instar Hoppers
5.2.1 Asilidae (Diptera)

52,2 Odonata

5.2.3 Other Predators

Other Causes of Mortality

Hopper Mortalities and Predator Densities

6 NaturaL Mortarity IN LATER-INSTAR HOPPERS

6.1
6.2
6.3

Numerical Data
Birds
Other Causes of Mortality

7 NaturaL MORTALITY IN IMMATURE ADULTS DURING THE IJRY SEASON

7.1
7.2
7.3
7.4

I.R.L.C.S. Records 1953-1963
Birds
Other Causes of Mortality

Discussion. The Carrelation between Multiplication Rate and
Rainfall

8 DiFrERENCES IN IMPORTANCE OF THE QUTBREAK AREAS

8.1 Introduction
8.2 OQutbreak Centres in Central Rukwa
8.3 Vegetation Zones in Central Rukwa
8.4 Soil Profiles in Central Rukwa
8.5 Discussion

SUMMARY

SAMENVATTING

REFERENCES

48
48
53
53
60
75
77
78

83
83
84
84

86
86
89
90

92
100
100
102
104
163
107
110
112

114



1 Introduction

1.1 The Problem of the Red Locust

The Red Locust, Nomadacris septemfasciata (SERVILLE), has been a serious plague
during three pericds within the last hundred years. From 1847 to 1854 a plague
occurred in Zululand and Natal and in about 1892 Red Locust swarms invaded
Southern Rhodesia {now Rhodesia) and South Africa from the north (Faurg, 1935).
Origin and extent of these plagues are unknown. Again in 1930 swarms began to
spread out over Africa, eventually covering most of the continent to the south of the
equator, One swarm moved north into the Sudan and some swarms, almost certainly
of local origin, were seen in the flood plains of the Niger, the outbreak area of the
Migratory Locust, and around Lake Chad (Fig. 1.). The Red Locust is also known
in Madagascar.

The origin of the inital swarms that started these plagues remained a mystery,
until during the last outbreak the first swarms could be traced back to the marshy
grasslands of the Mweru wa Ntipa in Northern Rhodesia (now Zambia), where they
were first seen in 1927 and in 1928, and to swarms seen in 1930 in the grasslands of
the Rukwa Valley in western Tanganyika (now Tanzania) (Morant, 1947; Sym-

Fig. 1. Part of Africa covered by swarms during the
most recent plague of the Red Locust from 1930 to
1943, All recognised outbreak aveas are in the area
enclosed by the rectangle
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Fig. 2. The recognised outbreak areas of the Red Locust




mons, 1964). It was concluded that upsurges of the Red Locust start from well de-
fined and relatively small breeding areas, which were called outbreak areas. In
1941 the first control service was set up and in 1949 the present organisation, the
International Red Locust Control Service, was established in order to prevent the
formation of any further plagues at their source {Gunn, 1957, 1960). Besides the
Mweru wa Ntipa and the Rukwa Valley some more of these outbreak areas have
been recognised: the Tku plains, the flood plains in the Malagarasi drainage and the
flood plain in the southern part of the Wembere depression (Fig. 2). In 1962 minor
upsurges occurred in the Kafue flats in Zambia and in the flood plains round Lake
Chilwa in Nyassaland (now Malawi), and these areas are now included in the list of
recognised outbreak areas, which are under regular supervision and where occasion-
ally chemical control is required.

The most recent plague died down in the years 1940-45, leaving behind small and
scattered locust populations (Mossop [95]; Backrunp 1955a; Vesey FrrzGeEraLp,
1954, 1961), and solitary locusts can still be found in grasslands all over the invasion
area. It is only in the outbreak areas, however, that numbers fluctuate excessively
and that the Red Locust can breed up to swarm density. Several research workers
have studied the outbreak areas and in particular their vegetation. They found that
the areas have certain features in common, the ecological significance of which
remained chscure.

In 1933 the I.R.L.C.S. started a research project on the population dynamics of
the Red Locust and it was hoped that this research would ultimately lead to some
form of ecological control, At first, time was devoted to the development of a tech-
nique of assessing adult-locust populations, using a Land Rover (ScHEEPERS and
Gunn, 1958). This technique was examined more closely by Symmons, DEaN and
STORTENBEKER (1963). In 1959 research into the population dynamics of Nomadacris
began, in which P. M. Symmons concentrated on enumeration techniques and assess-
ments, with some assistance from G. J. W, Dean and me. In addition Dean worked
on predators, and I concentrated on parasites and diseases, In 1960 Dean, and in
1961 Symmons, took up work on different lines and until 1963, when the research
project had to be abandoned, the work was conducted by me. Both Symmons and
Dean kindly gave me permission to make use of some of their unpublished data.
Where this is the case, it is clearly indicated.

1.2 Life Cycle and Habitat

The Red Locust lives in a region with one wet and one dry season per year, the wet
season usually lasting from the beginning of November until May. The adults live
through the dry season in an immature state and maturation starts only with the
first rains. Oviposition follows in about two weeks and a few more egg-pods may be
laid at about two week intervals, until the parental population has died out com-
pletely. Incubation of the eggs usually lasts between 30 and 35 days and the nymphs
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{called hoppers) of one egg-pod hatch simultaneously. Then the hoppers go through
six or seven instars, until in February or March the imagines appear.

The recognised outbreak areas have been described in detail by Vesgy FirzGerarp
{1955 a), Backiunp (1953 b, 1956) and Guwnn (1955 a, 1956, 1960) and the
following descriptions can be brief. All outbreak arcas are extensive natural grasslands,
lying in depressions, and serving as basins for large catchment areas. Since the
drainage of each basin is either impeded or closed, the grasslands are subject to
prolonged flooding, which can last for several months into the dry season, On the
other hand, in the latter part of the dry season conditions usually become extremely
arid.

The Rukwa Valley, about 200 miles (320 km) long, is part of the African Rift Valley
system, lying io the east of, and running roughly parallel io Lake Tanganyika. The
deepest part of the valley is occupied by Lake Rukwa which forms the basin of the
large inland Rukwa-drainage system with a catchment area of 31.000 sq. miles
(80.000 km?®}. The lake has no outlet, loosing water entirely by evaporation. It is,
therefore, not surprising that the water is brackish ; a high content of sodium carbonate
makes it strongly alkaline. The lake is divided into two parts which are separated by
a ridge, formed by the delta of the Momba river {fig. 3}. The southern part of the
lake is deep. The northern part is shallow and has ne clear shore line; in periods of
years with high rainfall it spreads out over the surrounding grass plains, turning them
into semi-permanent swamps, as has been the case since 1962, On the other hand, in
series of dry years the northern lake may dry out completely, like it happened in
1953/54 and probably in 1949/50. Normally large parts of the grass plains, which
border the north lake mainly to the northwest and southwest, are flooded every year
for several months, largely as a result of local rainfall and overflow of the rivers that
drain the catchment area, and partly also by the spreading lake. During the dry
season the plains gradually dry up again and towards the end of the season water
is scarce.

The Mweru marsh, or Mweru wa Ntipa is a depression in the N.N.W. of Zambia
(formerly Northern Rhodesia}, lying to the east of Lake Mweru. Like the Rukwa,
the Mweru wa Ntipa is the basin of a closed drainage system, but its waters are less
alkaline. There is an area of open water surrounded by grass plains, mainly to the
north and west. The Malagarast outbreak area is fortued by a number of grass plains
in the eastern part of the drainage basin of the Malagarasi river, an area with strongly
impeded drainage, The fkx plains form a relatively small area about halfway be-
tween the Rukwa plains and the Malagarasi. It is an outbreak area of uncertain
importance, as in the past it may have been stocked regularly by swarms escaping
from the Rukwa plains. The Wembere depression, to the East of the Malagarasi and
North of Tabora in Central Tanzania, is an area with a more arid climate,
The northern part is a steppe. The southern part, the actual outbreak area, is a
grass plain, which usually becomes flooded in the wet season. It looses its water
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partly by drainage in northerly direction to Lake Kitangiri, via a channel which is
clogged up by vegetation, and partly by evaporation, Lake Chilwa Is the basin of a
closed drainage system on the border of Malawi (formerly Nyassaland) and Portugese
East Africa. In many aspects this area resembles the Rukwa. On the other hand the
Kafiue flats, to the north of Mazabuka in Zambia, resemble the plains in the Malagarasi
drainage. The Kafue flats are the most extensive of the many grasslands along the
course of the Kafue river,

The vegetation in all these areas is largely dependant on the type of drainage and on
the alkalinity of the water. The composition of the vegetation varies from outbreak
area to outbreak area, but three types of grassland can be recognised. {Vesey Firz-
GERALD, 1933 a, 1963 b). In the flood-plain grasslands, where rain water accumu-
lates for lengthy periods every vear, usually Echinochloa pyramidalis is the dominant
grass, frequently in mosaics, mainly with Gynodon dactylon. In places where the water
is more permanent and fresh, such as in water courses, Vossia euspidata is characteris-
tic; in the Mweru wa Ntipa there are also large beds of Cyperus papyrus. On higher
ground one finds the rain grasslands, where taller grasses like Hyparrhenia rufa and
Chloris geyana form mosaics with the shorter Gynodon dactylon and Cyperus longus. Finally
in grasslands that are almost annually flooded with alkaline water of the spreading
lake (the lake-shore grasslands around Lakes Rukwa and Chilwa), Sporobolus robustus
and Diplachne fusca are the main grasses, with Sporobolus spicatus colonising the lake bed
when it falls dry.

The adult locusts seem to favour the mosaics, where they roost in the tall grass, but
feed mainly in the shorter grasses which in the dry season remain green much longer
{DEax, 1963). The locusts share their habitat with a great variety of game, sometimes
in big herds, and with large numbers of birds, among which are obligatory and
facultative migrants.

The research on the population dynamics of Nomadacris was carried out mainly in
the plains that border Lake Rukwa to the north-west, the North Rukwa. These North
Rukwa grasslands cover an area of about 250 sq. miles (650 km?). They are enclosed by
open woodland., The vegetation consists largely of flood-plain grasslands with
fringes of lake-shore grassland along the brackish lake and of rain grassland along the
tree line (Vesey FrrzGeErarp, 1955 a; Backiunp, 1936; Dran, 1967 a). The
area is traversed by a number of riverlets and channels for local drainage and by the
Kavuu and Rungwa rivers, which bring in water from the Rukwa catchment area.
North Rukwa was chosen because it is a relatively small area, with reasonably uni-
form conditions over large parts of it, It usually has an appreciable locust population
and regularly requires control. In the experience of the LR.L.C.S. it is the most
variable and productive of all outbreak areas and the multiplication rate of its locust
populations (as taken from the parental population at the beginning of the rains to
the emergence of the filial population in February/March) is known to have been as
low as one, and probably as high as fifty times or more.
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Observations were also made in the Central Rukwa plains, an area of between 500
and 600 sq. miles (1300-1550 km?®) bordering Lake Rukwa to the south-west and
lying roughly 50 miles south-cast of North Rukwa. Its vegetation, which will be
described in detail in Chapter 8, is far less uniform than that of North Rukwa.

In addition to the work in the Rukwa Valley some observations were made in the
Kabwe plain in the Mweru wa Ntipa area and round the Uninji pans near Abercorn
{Zambia). The Kabwe plain covers about 7.5 square miles (19 km?) and lies in the
first of a number of small tectonic folds, to the north-west of the Mweru wa Ntipa
proper. The main Mweru wa Niipa plains were almost completely under water at the
time of observation and could not be used for research, but the Kabwe plain was dry,
It used to produce dense concentrations in the years when regular control campaigns
in the Mweru wa Ntipa area were required, but in October 1960 the Kabwe popu-
lation numbered only a few thousand locusts. The main grass is Hyparrfenia rufa and
there is Echinochloa pyramidalis along the drainage line, the Chiwia river, which is no
more than an indistinct depression along the southern edge of the plain. The Uninji
pans are two small depressions with swamp vegetation, roughly 6 miles to the south
of Abercorn. They are good examples of the type of depression called ‘dambo’ or
‘mbuga’; these can be found all over the central part of Africa and they usually
harbour a very small population of solitary Nomadacris.

1.3 Literature

In the past a number of authors have worked on problems connected to some degree
with the population dynamics of the Red Locust, both in the field and in the lahora-
tory. ALBrecHT (1956 a) and Cuaprman (1959 a) gave some data onsex ratio, Waloff
{1954) counted the numbers of ovarioles, RoBeErTsoN {1954) compared his own data
on mean number of eggs per pod with those of other authors and later (1958 a) gave
some more data on fecundity in the field. Norris (1959) published data on numbers
of eggs per pod and pods per female in laboratory populations and ALerecrT (1959)
studied the influence of crowding on the fertility of female Red Locusts.

SymMons and CARNEGIE (1959) demonstrated experimentally that locusts prefer
burnt grassland for oviposition and Woobprow (1963 a, b} worked both in the labora-
tory and in the field on egg laying behaviour and selection of laying sites. ALBREGHT
(1956 a) made some valuable observations on the effect of a drought on incubation of
eggs, which were followed by laboratory work on this subject by SmuLov and Pengr
{(in preparation).

MicHELMORE (1936) mentioned the larva of a Tachinid fly parasitising hoppers and
BreEDo (1947) recorded an Asilid species preying on young hoppers. Vesey Frrz-
Gerarp {1955 b) produced a check list of birds preying on hoppers and adults and
DEeanr (1964) supplemented this work by estimates of numbers and daily consumption
of some of these birds. Grarman (1962) described Ceracia nomadacridis as a parasite on
immature adults and reported their sterilising effect on females at time of maturation.
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Gunn {1935 a, 1956) suggested from historical surveys that a high lake level,
greatly extending the area flooded, results in poor breeding in the outbreak areas and
that low lake levels favoured the initiation of plagues. Symmons (1959} followed this
up with a detailed analysis of the infestation level of the locusts in relation to lake
level and rainfall. Comparison of eye witness accounts of lake level and of locust inci-
dence in the years 1936-1957 indeed confirmed Gunn’s suggestion that a high lake
Ievel coincides with a Jow population level of the locusts. For the period 1942-1956,
in which the lake level has fluctuated around a low mean, Symmons was able to
correlate the size of the infestation independently: (1) inversely with the mean of the
rainfall totals over the Rukwa valley and over the entire Rukwa catchment area in
the last but one wet season (highly significant negative regression}; (2) with the in-
festation level of the parent population (significant, positive regression) and {3) with
the total rainfall over the Rukwa Valley in the preceding months of October, No-
vember and December (positive regression, approaching significance).

Analysis of less detailed data for the Malagarasi outbreak area confirmed that the
first two correlations were also valid there (Gunn and Symmons, 1959). Finally SvyM-
mons (1962) analysed multiplication rates in relation to climate, using more detailed
data for the North Rukwa area in the period 1953-1962. He found a highly significant
inverse correlation between the multiplication rate {from the parents to the fledging
of the next generation} in one wet secason and the mean of the rain totals of the Rukwa
Valley and of the whole Rukwa catchment area in the previous wet season. Similar
connections hetween locust numbers and rainfall may exist for the Brown Locust,
Locustana pardaling (Lea, 1958) and the Australian plague Locust, Chorteiceles termini-
Sera (Casimir, 1962),

1.4 The Problems

The central problem of locust populations in the outbreak areas was therefore this:
what is the nature of the connection between the multiplication rate in one season
and the amount of rain in the previous season? This problem fell apart in two subsi-
diary problems. Firstly it was unknown exactly where mortalities occur in the locusts’
life cycle and how important these mortalities are quantitatively. VEsEY FITzGERALD's
check list of bird predators (1955 b) gave no indication as to the magnitude of their
effect, and Avsrecat’s work (1956 a) revealed only that drought could be fatal for
eggs, but not whether this could be anything more than of occasional importance.
Only Symmons’ work provided an indication, in that the apparent correlation
between rainfall and multiplication rate suggested that the really important reduc-
tion factor(s) are at work somewhere between the oviposition of the parents and the
emergence of the imagines of the filial population. In addition theoretical cansidera-
tions, such as given by ScHWERDTFEGER (1958} and GunN and Symmons (l.c.) make
it clear that the viclent fluctuations in locust populations from vear to year are likely
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to be caused by very few, but powerful factors.

Secondly there was the question of which of the factors that would be found to cause
severe reductions in numbers, could be correlated with the rainfall and how this
correlation could work.

Finally there was the problem of why the outbreak areas differ from one another
in their effectiveness as outbreak areas. A solution to this third problem could be of
great help in recognising potentia! outbreak areas, other than the known areas and in
estimating their danger level.

Underlying all this work was the basic question, whether there was any likelihood
of developing a method of ecological control. In the first two seasons the work focussed
entirely on the first problem. When the results appeared to suggest some answers and
time permitted, attention was also given to the second and the third question. Since
it gradually became more and more likely that a method of ecological control, if one
could be developed at all, would not be able to compare favourably with the success-
ful and relatively cheap methods of chemical control as in operation at present, in
1963 the research programme was closed down.

It can hardly be expected that the problems connected with the population dyna-
mics of an insect, that has only one generation per year, could be satisfactorily solved
in four years of research. This paper can in fact do no more than record the results of
the work and present some probable, or only possible, answers to the questions which
were formulated above.
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2 Methods and Materxials

2.1 Population Assessments using a Land Rover or a Swamp
Skipper

The technique of assessing adult locust populations with the help of a vehicle, which
is driven along straight and predetermined lines, has been described in detail else-
where (ScurEPERS and GUNN, 1958; Svmmons, DEAN and STorTENBEKER, 1963). An
observer counts the number of locusts which are flushed {7.e. caused to fly up) in front
of the vehicle in a strip estimated to be of the same width as a Land Rover which is
about 1.2 yard (1.1 m}, It was found that a very high percentage of the population
was flushed if one travelled more or less down wind at a speed of about 5 miles (8 km)
per hour, with air temperatures between 25° and 35° G and winds not exceeding
12 miles per hour (about 5 m/sec.}. The assessments were carried out along parallel
lines, the distance between the lines depending on the degree of clumpiness of the
locusts” distribution and the accuracy required. The reliability of the estimates was
analysed using a method derived from YaTes (1949).

When flooding prevented use of Land Rovers, assessments were carried out using a
Swamp Skipper, an amphibious vehicle capable of crossing swamps and rivers. The
observer was seated on a platform about 12 fi (3.5 m) above the ground and the
locusts flushed in front were counted through an inverted V-shaped frame, which
limited the view to a sirip of about 1.2 yard (1.1 m). On two occasions the flushing
qualities of this vehicle were compared with those of the Land Rover. It was con-
cluded that the two vehicles gave close estimates, provided the Swamp Skipper was
driven at an angle to the wind. The vehicle is slow and rather noisy and it was found
that when it was driven down wind, the locusts flew up too far ahead to be counted
accurately,

2.2 (Qatching of Adult Locusts

Catching of samples of adult locusts used to be done at dawn, African research scouts
with nets swept the tall grass which the locusts prefer as roosting sites. Very soon after
sunrise, however, the locusts warm up sufficiently to escape and the time available
is often too short for catching large samples. In addition, it appears that this method
does not give reliable data on the sex ratio. ALerecHT ([936 a) got a sharp rise in
percentage males during December (from 56 %, to 96 9,), but in January the ratio
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dropped back to 549%,. Crapman (1959) found values which fluctuated around
unity, but he also got a sharp increase in percentage males in November and Decem-
ber. In 1954 J.H. Lrovp (I.R.L.C.S. records) compared samples of locusts obtained
by catching at dawn and by collecting corpses after a conirol operation in North
Rukwa; a sample of 584 corpses contained 52 %, {emales against 38 %, in a sample of
382 locusts caught at dawn. Finally data collected by the author showed similar
discrepancies (table 1}.

Table 1. Percentage female locusts in samples collecled in 1959

Area Month Size of Percentage females
sample
in samples of living in samples
specimens collected collected after
at dawn spraying
Central Rukwa April/Nov, = 4000 43.8
July 3670 46.3
Aug. 216 44.4
Sept. 175 61.5
Wembere Sept. 392 40.7
258 50.4

In 1959 a more convenient method was adopted. In the Rukwa valley, at night the
air cools off considerably and the locusts become sufficiently lethargic to be picked off
the grass stems in the light of a Land Rover’s headlights. A vehicle was driven slowly
through the grass with a group of African research scouts walking ahead. This method
was found to provide adequate samples fairly quickly and for comparison samples
could be caught at various places during the same evening.

In order to check the reliability of this method, in November 1961 just before the
rains began, a sample was obtained one evening and the same population was then
sprayed the next morning at dawn. A sample of 585 locusts was caught on the 1st
November 1961 between 7.00 and 9.00 p.m. near Mwaze camp in North Rukwa in
an area of tall and dense grass, The next morning at 6.00 a.m. the same area was
sprayed from the air with DNC {dinitro-orthocresol) and 753 corpses were collected.
The results were very close:
catching : 48.1 £ 2.59%, females,
spraying i 483 4 2.59% females.

2.3 The Experimental Plots in Burnt-oft Grassland

Nomadacris prefers to lay in bare ground or in soil of which the grass cover has been
burnt {Symmons and CarNEGIE, 1959). Maturing locusts are known to move distances
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of 10 to 15 miles rowards burnt-off ground. In order to restrict the size of the area in
which laying takes place and in which subsequently hopper control may be required,
it had been the policy of the L.R.L.C.S. to protect the North Rukwa plains against
annual burning. For the population-dynamics research it was the intention to burn a
plot in the middle of the fire-protected plain which could act as a laying trap. This
had to be done late in the dry season in order to obtain the necessary clean burn. In
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.« s " w Trees
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T 9 1 2 3 4 5
- miles

Fig. 4. The North Rukwa plains with the experimental plots used in 1959160 and in 196061
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two of the three years, however, accidental fires burnt out large parts of the plain,

In the 1959/60 dry season the fire protection had been largely successful and the
central part of the plains was unburnt. In the middle of the Kambangombe sector
Symmons burnt a plot of 1 mile square (1.6 x 1.6 km), which acted as a laying trap for
about 2 million parents (fig. 4). The rest of the parental population (about 8 to 9
million) bred in the burnt N.E. part of the Kambangombe and the Kipangate
sectors, in the partition firebreaks, and in the western part of the Nziga sector.

The next year the fire protection was not successful and all grass was burnt, except
for most of the Tumba sector (fig. 4). Symmons laid out an experimental plot about
| mile (1.6 km) long and on average 0.5 mile (0.8 km) wide, between the edge of the
unburnyt grass and the Tumba river. A population of reasonable size gathered and
laid there. In that same 1960/61 season the author made some observations in the
Kabwe plain in the Mweru wa Ntipa region. All grass in this plain had been hurnt,
except for a few small patches, which acted as roosting sites for the parents and
around which most of the laying took place {fig. 3).

in the 1961 dry season fires burnt out the western half of North Rukwa. With the first
rains the entire parent population moved over to the Tumba sector for first oviposi-
tion. A number of small plots were laid out there: four in the area of first oviposition
(Tumba sector) and one in the southern Nziga sector where part of the second ovi-
position took place. Each of these plots measured 0.25 mile hy 0.3 mile (400 x 480 m)
and was divided into 3 parallel strips of 0.1 mile (160 m) wide each. One of the plots
in the Tumba sector became inaccessable before hatching started and the plot in the
Nziga sector became flooded during incubation and all egg-pods died. Thus in the
end only three plots could be used. Plot 4 in fig. 6 refers to the cage experiment
described in section 5.1.

N

unburnt grass
Trees
E= water

% TUMBA PLAIN
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PLOT g-
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"""" 160 yés
Fig. 5. Experimental plot in the Kabwe plain Fig. 6. Experimental plots in North Rukwa, 1961}
{ Muwern wa Ntipa) 1960/61 62. Legenda as in fig. 5
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2.4 Egg-pod Assessments

Density and distribution of egg-pods were assessed by ploughing sample lines at regu-
lar intervals across an experimental plot. This was done by a hand plough, which was
pulled by a Land Rover or a tractor and which ploughed a furrow of 3 to 4 in.
(7.5 - 10 cm) deep and 5 to 7 in. {12.5 - 17.5 cm} wide. The ploughed-up soil was
then examined by African scouts, who cut up the lumps of soil with ‘panga’s’. It was
found that the width of the furrow varied from place to place, depending mainly
on the type and the moisture content of the soil, and the furrow was measured in each
case. On several occasions Symmons checked examined parts of a plough line, but did
not find any more egg-pods. In November 1961 the author also made several checks,
but no missed egg-pods were found. It was concluded that virtually all pods in the
plough line were found, though perhaps a very small number of pods was destroyed
beyond recognition by the plough.

2.5 Estimating the Incubation Success of Eggs and Egg-pods

The Incubation success depends {a) on the proportion of the egg-pods that hatch and
(b) on the percentage of the eggs in the pod that produce a living and cmerging
hopper. Study of these two parameters, which are not necessarily correlated, was
based on the observation that hoppers, emerging from one pod, stay together and
are recognisable as one ‘hatched party’, usually until the next day. The phase-
transiens Red Locusts populations in the outbreak areas (section 2.8} scatter before
oviposition and high egg-pod densities like in egg-beds of swarms do not occur. Thus
the chance is small that hoppers from several egg-pods merge into one party.

The incubation success of the egg-pods was estimated in two ways. Symmons
sampled for egg-pods in a subsidiary plot (1959/60], or in several sample strips {1960/
61) within the experimental plot and estimated the number of egg-pods that had been
laid there. Then, during the period of hatching, the sample area was inspected daily
and the hatched groups were counted and killed with BHC-dust {(Benzene-hexachlo-
ride).

In 1960/61, however, doubt arose on the reliability of this technique under sorne
conditions, The next season the author marked egg-pods at laying, in various
parts of the plain. At first females found ovipositing at night were prevented from
escaping by placing a cylindrical plastic cage over them. Oviposition of the first and
the second pod, however, is usually concentrated in a few evenings and it was found
that only few pods could be marked in this way. So instead of looking for ovipositing
females, a great many locusts were caught early at night and the very fat females,
which appeared to be ready to oviposit, were selected and placed under plastic covers.
The next morning the females were dissected and when they had oviposited {over
90 %, did so the first night) the top soil was carefully scraped off with a knife until the
top of the froth plug was found. The pod was covered again with soil and a wire ring

16



of 8 inches diameter was placed around it with the pod in the centre. Each site was
marked with a long pole and a bundle of grass on top, Thus egg-pods were marked
in 7 places in various parts of the North Rukwa plains. Shortly before hatching was
expected, a plastic cylinder and lid were placed over the pod and it was inspected
daily. Emerged hoppers were killed with BHC-dust and counted. Not less than one
week after the last hatchings had been seen, the remaining pods were dug up.

The incubation success of the eggs in the pod was estimated in three different ways,
Symmons quickly placed a net over just hatched parties and counted the hoppers,
after having killed them with a quick-acting insecticide. The author dug up a number
of pods just after hatching and counted the eggs that had not hatched and the hoppers
that had not managed to get out. The mean number of eggs that did not produce a
hatched hopper was substracted from the mean number of eggs per pod, and this gave
an estimate of the number of hatchlings per pod. With the first method it was likely
that some hoppers escaped attention, resulting in an underestimate of the size of the
hatched parties. The second method might have given an overestimate, since
some eggs may have been lost in the process of digging up the pod. The true figure,
therefore, was likely to have been in between the two estimates. In some cases I used
a third method. Hoppers have their first ecdysis immediately after emergence, or
sometimes when they are still in the ground. Often ants immediately start carrying
away the cast skins, occasionally even with a hopper still half inside it. In some areas,
however, there was little or no ant activity and the skins could be counted. This
method was tested in the Kabwe plain (Mweru wa Ntipa). Of 8 egg-pods the
mean number of skins cast was 132 + 5. From the same 8 pods an averageof 13 + 5
eggs had not hatched, which gave an estimated mean of (152 4 4} — (13 + 3) =
139 + 6 hoppers per hatched party. The marking of egg-pods introduced in 1961/62
offered a fourth method.

2.6 Hopper Mortality Estimates

Natural mortality of hoppers in the first and second instars was assessed by first
estimating the total number of hoppers that hatched in a plot and then, about three
weeks after the peak of hatching, assessing the population that had survived and had
by then entered the third instar. The estimate of the original hatching population was
deduced from sample data on the numbers of egg-pods in the plot and on the hatching
success of eggs and of egg-pods. The estimate of the remaining population was ob-
tained by drench spraying sample lines from the air with the quick acting contact
insecticide DNC. Hoppers died within 20 minutes, but after 10 minutes they were
already too sick to move,

Symmons arranged for the aircraft to spray a number of parallel sample lines across
his plots (1959/60 and 1960/61). He then placed wire rings, each enclosing one
square meter (1.2 sq. yds) every 5 paces and African scouts searched for corpses.

17



The efficiency of searching was tested by placing 20 rings with a known number of
corpses; 89.5 + 2.59, of the corpses were recovered in the time normally taken to
search a ring. The possibility of scavengers taking corpses between spraying and
searching, Symmons checked by placing a known number of corpses in rings before
searching began. Inspection at the end of searching showed that in the sample strips
no corpses disappeared, but scavenging by ants in the non-sprayed area was rapid.

In 1961/62 I laid out plots, which were divided into 3 parallel strips of 0.25 mile
{0.40 km) long and 0.10 mile (0.16 km) wide. When ail hoppers had entered the
second instar the aircraft laid several swaths of DNC along the middle of the outer
strip on the down-wind side and corpses were sampled in square-meter rings, which
were laid down at intervals of 15 paces along 6 parallel lines. About ten days later
the hoppers had all entered the third instar and a sample strip was sprayed in the
other outer strip of each plot. The middle strip acted as a barrier and was not used
for hopper mortality assessments.

In 1961/62 the rings were searched by teams of two scouts and each team was
tested for reliability by re-searching rings which they had searched without knowing
that a check would be made afterwards. In addition, scouts were made to search rings
with a known number of corpses; only 2 in 124 hopper corpses were not found, which
meant a higher efficiency than in the years before. However, searching conditions
were better since the plots were under about one foot {30 cm) of water and it is much
easier to see a hopper, when it is floating on the water than when it is lying amongst
the debris on dry soil. The possibility of corpses sinking to the bottom when falling in
the water was tested by dropping 20 corpses from grass-top level into a tin of water.
After 24 hours all corpses were still afloat,

In any case, after the spraying one half to one third of the corpses were found
clinging to the grass. Scavenging of floating corpses by catfish (Clarias mossambicus)
was known to take place and, every time that a plot was sprayed, two test rings were
placed, with a known number of corpses. Only one of the 60 corpses, that were laid
out, disappeared between the beginming and the end of searching,

On one occasion (Kabwe plain, Mweru wa Ntipa, January 1961} no aircrafi was
available for spraying and the surviving population had to be assessed by walking
through the grass and counting the hoppers. In general this is a very unreliable
method, but in this case it was the only possibility and the conditions were as fa-
vourable as they could be., The grass was very sparse and thin and only 3-4 inches
{7-10 cm) high. Hoppers were counted along parallel lines 15 yards apart and one
vard wide and the observer went forward step by step at a speed of about */; mile
(800 m) per hour, while moving the grass in the strip with a twig to disturb the hop-
pers. On two occasions counts were done, both times between 11.00 a.m. and 2.00
p.m. and under warm and sunny conditions and with little wind.
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2.7 Predator Assessments

The Red Locust was found to be preyed upon by a number of predators, mainly insects
and birds. Insect predators, like Asilidae and Odomata, were assessed in plots of
20 x 20 yards {18 x 18 m), which were traversed by a line of African scouts under
supervision, one arm length apart and walking slowly through the grass, One haif of
the square was traversed in one direction and the other half in the opposite direction.
In order to prevent counting the same insect twice, it was intended to catch every
predator, but usually some escaped. In the beginning every square was examined
twice but never were any Asilidae seen in the second traverse, The method was
thought to be less reliable for assessing Odonata, since these were seen to fly into the
plot. Thus it was possible that some predators were chased out of the plot without
being seen, but on the other hand there was a chance that a predator escaped capture
and was counted twice, though extreme care was taken to avoid this, On the whole it
is thought that the estimates were reasonably reliable,

Bird predators like Stork and Egret, were assessed from the air by counting the
birds and, if necessary, photographing the flocks as described by Dean (1964).
The Coucal population (Centropus superciliosus) was assessed in an approximate way
by counting birds sitting in, or flying up from the grass in strips of about 50 yards
(46 m} on either side of a scouting line. Dean attempted to assess numbers of Finch
lark (Eremopierix leucopareia}) and Quelia quelia centralis and Q). cordinalis, but as these
birds have an extremely fast and erratic flight in dense groups this was found to be
impossible. Since only few hoppers were found in stomachs of shot specimmens no
attempts were made to improve on the assessments. Bee eaters (Merops spp.) are very
difficult to assess as they have a very clumpy distribution, but they seem to prefer to
stay close to the trees and are not often seen in the middle of the plain.

2.8 Phase Status of Populations Studied

Locusts in swarms are different, both morphologically and behaviourally, from soli-
tary living specimens (Uvarov, 1928). There are many intermediate forms between
the solitary and the gregarious phase. The phase status is, therefore, usually described
with the help of a morphometrical criterion, such as the Elytron/Femur ratio (E/F).
For Nomadacris this ratio ranges from about 1.80 in the phase solitaria to about 2.15
in the phase gregaria (CaLLaway, in GunK o al., 1948),

A comparison of morphometrical data from various sources learnt that locusts in
swarms leaving an outbreak area are morphologically still in phase transiens and
reach the morphological phase gregaria only after a number of swarm generations
(STORTENBEKER, in preparation}. The present research was done largely on popu-
lations which were gregarious in behaviour, but the E/F ratio did not exceed 1.96. In
North Rukwa the EfF ratio varied from 1.90 to 1.96 and in 1960 the rather solitary
population in the Kabwe plain had a ratio of 1.87.
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3  Fecundity of the Populations

Four probably independent parameters determine the fecundity of a population: the

sex ratio, the mean number of pods per female, the mean number of eggs per pod, and

the viability of the eggs.

3.1

Sex Raitio

Parental populations are assessed as a whole, If one wants to know the fecundity

of such a population one must know the sex ratio, Samples taken from various
outbhreak areas of Nomadacris showed considerable differences in percentage females

(table 2).

Table 2. Percentage females in samples from populations in various areas

Area Year
North Rukwa 1959
1960
1961
Central Rukwa 1959
1962
Wembere 1959
Kabwe plain 1960

(Mweru wa Ntipa)

Origin of sample

Experimental plot
Experimental plot

Hopper concentrations *

Immature adults
concentration 1
concentration 2

Parent population®

Immature adults

Immature adults
Swarms

Sparse population
at 2nd oviposition

Time of
collecting

November
December
November
December
February

August

November
Ist December
14th December
15th January
July
August
September
September
September
December

Size of
samiple

=
>

300
560
1210
79
3000

1011
1089
5236
3484
116
39
3670
216
175
54
258
245

Percentage
females!

about 50

about 25
336
22
52,7

38.9%
60.4
56.4
41.2
31

about 15%
46.3%
44*
61%
31
50%
29

! Samples were obtained by catching at night, except for those marked with *, which were collected afier spraying

operations.

% In the 1960/61 experimental plot.
* Samplss collected over entire ovipasition area.
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The sex ratio of the parental population that gathered around the 1958/60 plot has
not been assessed accurately, but just after the start of the rains large numbers of
locusts were caught for a cage experiment. In the beginning about equal numbers of
males and females were obtained. Just before the first oviposition, however, it became
increasingly difficult to obtain the required number of females and the sex ratio
dropped to about one female in four locusts caught. Later experience showed that the
method of catching at night gives reliable results and thus the females either must
have moved away from the experimental plot and oviposited elsewhere, or they died,
but there was no evidence of such a high mortality.

In November 1960 several samples were taken during two weeks around the first
oviposition. Differences in the sex ratio at various distances from the area of burnt
grass suggested that females moved to their oviposition sites from more than a mile
away, but that males did not move that far {Deax and STORTENBEKER, in DU PLESsIs,
1960}. The overall mean percentage females appeared to be lower than in 1959 and
it dropped towards the second oviposition.

In the 1961/62 season there were again strong indications of differential behaviour
of the sexes. Around the end of October there were some light showers and maturation
started only slowly {cf. fig. 9). Sex ratio and average length of oocytes in samples,
taken between 3rd and 7th November, at a number of points between the main locust
concentrations and the burnt-off grassland, showed that the males moved ahead and
that of the fernales the more rapidly maturing individuals moved first (fig. 7). When

[ Grass
Trees

Locust concentration at start
of the rains

[==] migration seen when concentration
scattered

% Females in 8ampies

B Average length of odcytes

KAMBANGOMBE PLAIN

&

]
3
D

Fig. 7. North Rukwa, 2nd - 10th November 1961. Large-scale movement of individual locusis towards the burnt
grass west of the Tumba river after the start of the maturation ; percentages females and state of maturation in samples
taken at various points, The data for 10th - 20th November reflect the situation after the migration
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Fig. B, Percenluges females in samples. North Rukwa, 1961

on the 7th November the rains began properly, a mass movement towards the west
was observed. Subsequent samples taken in the main concentrations along the Tumba
river contained 56 9 females, which is very close to the mean of the values in all
samples collected between 10th and 20th November (57 %,).

The sex ratio’s in two large samples taken earlier that year from two concentrations
about 10 miles apart (North Rukwa, August 1961) indicate that even before matu-
ration considerable differences can occur within one outbreak area.

In November and December 1961 samples were taken from all over the area of
oviposition and differential mortality between the sexes was apparent (fig. 8). Addi-
tional proof was obtained when during a sudden wave of mortality on 30th November
1960, just before second oviposition, 69 out of a sample of 96 corpses were found to be
females.

3.2 Mean Number of Egg-pods per Female

In order to assess the mean number of egg-pods per female, one has to know the size
of the parental population and the sex ratio at the times of successive layings, The
state of maturation and the dates of laying were known from regular dissection of
samples of 20 females, as illustrated for 1959/60 and 1961/62 in fig. 9.

In November 1959 the first population assessment was made on 4th November,
revealing the presence of 2.8 million parents around the plot. Oviposition started a

few days later, reaching a peak around the 9th. Just before second oviposition the
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population had dropped to 1.3 million. About 40 9% of the females had laid a second
pod when there was a period of rather dry weather (which does not show very well in
the Tumba rain records, fig. 9), and the second oviposition was interrupted for about
a week until 4th December; then only 0.16 million locusts remained. Numbers
dropped further to 90,000 just before the third oviposition !,

The drop in percentage females and the drawn-out second oviposition made it
very difficult to calculate the expected number of egg-pods in the experimental plot.
Symmons carried out an intensive egg-pod survey after the second laying and esti-
mated the total number of peds in the plot at 420,000 -+ 30,000. I examined the stage
of development of 210 pods and found 134 of them to be of the first oviposition and
67 of the second, whilst of 9 pods the time of laying was uncertain. Thus 67 %, was
of the first laying, and for the population around the plot the mean number of pods
per female was about 1.5.

In the 1960(61 season the experimental plot was part of a large burnt area along the
contact line between burnt and unburnt grass. It was, therefore, difficult to estimate
the parental population that laid inside the plot. Just before the first oviposition Dean
and I carried out 8.5 miles of scouting in an area of 6.8 sq. miles, which covered the
plot and the area of adjacent unburnt grass from which females were likely to move
to the plot for oviposition. An average count of 4.45 1 .33 locusts per 0.1 mile of
scouting indicated a parental population of 408,500 1+ 30,300,

The mortality curve, based on seven successive assessments by Symmons in a 30
square rnile area (fig. 10) indicated that at the time of the second oviposition about
809, of the original population remained and that less than 12 %, survived until the
time of the third laying,

The percentage females was only 339, at the start of aviposition and dropped to
22 9, towards the second laying. A long drought followed and when the third pod was
laid the remaining population had largely moved away from the plot, so that most
laying took place further north. Thus the expected number of pods in the plot was:
.33 x (408,500 £ 30,300} + .22 x .80 x (408,300 + 30,300) = 206,650 + 15,430
of which 65 %, from the first oviposition. At the first egg-pod search Symmons found
a very high density of pods along the southern edge: of all pods found in 12 sample
lines 22.5 9%, were from the most southern line. In order to obtain a more uniform pod
density he excluded the southern margin from his experimental plot. Thus approxi-
mately 77.39%, of the population, estimated to have been around at the time of
oviposition, had laid in the plot as it then became, which brings the expected number
of pods down to 160,200 + 12,000. 1 estimated sterilisation by Ceracia larvae at 49
and thus the final estimate was 153,800 4+ 11,500 egg-pods expected to have been
laid in the plot.

1 The assessments were carried out by P. M. Symmons, The estimates were based on
18.3, 14.6, 18.9 and 6.8 miles (29.4, 23.5, 30.4 and 10.9 km) of scouting along parallel
lines, covering an area of 9 sq. miles (23.3 km?).
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Symmons’ assessment, based on the number of egg-pods found in 12 sample lines
of 0.5 mile (0.8 km) each, and carried out afier the second oviposition, gave an esti-
mated total of 157.568 -+ 12.751 pods {later assessments showed that in the plot
probably about 3500 egg-pods had been laid in the third oviposition). Microscopical
examination suggested that about 60 %, of the pods were of the first oviposition. Thus
in the area of the experimental plot the mean number of egg-pods per female was
approximately 1.5 when the estimate is based on the population assessments and sex
ratio’s, and 1.7 when it is based on the ratio of egg-pods of the first and of the second
oviposition as found in the plot. These are slight underestimates, as the third laying
has been ignored.

In the 196162 season a number of small plots were laid out and not one large plot, as
in the years before. In previous years there had been indications that the multipli-
cation rate from parents to filial population might vary considerably from place to
place within one outbreak area. Results from one plot might, therefore, be misleading.
Thus five plots were laid out within the burnt western half of the North Rukwa plains.
It was impossible to relate numbers of pods found in the plots to the parental popu-
lation, but a rather crude egg-pod survey was made in the area, where the first and
some of the second oviposition had taken place. Samples were taken along 4 parallel
lines 2 miles apart. Every 0.5 mile (0.8 km), 0.1 mile {0.16 km) of plough line was
examined for egg-pods. The average number of pods per 0.1 mile in the sample lines
was 4.9, 4.5, 3.5 and 2.5 respectively, giving an over-all average of 3.8 pods per 0.1
mile sample and a crude estimate of about 7 million egg-pods in the area of first ovi-
position,

From population assessments and sex-ratio estimates the number of egg-pods in
that same area could be calculated to be 7.41 million, as 11.75 million parents 1, 56 %,
of which were females, produced 6.58 million egg-pods in the first oviposition, and
2.78 million parents?, 309, of which were females?, laid 0.83 million second egg-
pods. Sterilisation of females by Ceracia larvae was negligable, but in view of later
findings the total of 7.41 million should be corrected for damage done by predators
between laying and egg-pod survey {estimated at between, 109, and 15 9%, ; see section
4.2.1). This brings the expected total number of egg-pods down to between 6.30 and
6.67 million.

On data obtained in the Tumba sector only, one would have estimated the mean
number of pods per female at about 1.1, But after the first oviposition the majority of
the females moved out of the Tumba sector and laid their second egg-pod in areas to

1 Based on 34.2 miles (55.1 km) of scouting along 9 parallel lines, .5 mile (0.8 km) apart,
over an area of 37.5 sq. miles (97.1 km?).

& Based on [7.6 miles (28.3 km) of scouting along 5 parallel lines, 1 mile (1.6 km) apart, aver
37.5 sq. miles (97.1 km?),

? Thepercentage at the time of the second oviposition for the N. Rukwa populationas awhole
was 42 (fig. B), but many females had moved out of the Tumba sector, probably because
the grass had grown very tall there,
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the north-north-west and west-south-west. For the whole of the North Rukwa (to the
west of the Tumba river), population and sex-ratio assessments at the times of succes-
sive layings gave total numbers of 7.8, 3.8 and 0.4 million egg-pods from first, second
and third ovipositions respectivelyl. That meant a total of 12.0 million pods from the
original 7.8 million females, which is 2 mean number of about 1.5 egg-pods per
female.

Thus in the three breeding seasons the mean number of egg-pods per female was
estimated at about 1.5, between 1.5 and 1.7, and at 1.5 respectively. The estimate for
1961/62 was based on data from the entire North-Rukwa population, but the estimates
for the two earlier years were valid for the populations around the experimental plots
only. In view of the shifts in populations as described in section 3.1, it is thought that
in particular the 1959/60 estimate may have been different from the true value for the
population as a whole.

3.3 Mean Number of Eggs per Egg-pod

Acridids are characterised by large numbers of ovarioles and tropical species have
greater numbers than temperate ones. WaLorr {1964) recorded 85 4 83 ovarioles for
Nomadacris, but ALBrecHT (1956 b) found a female with 185 and one with 194
ovarioles, LLoyp (in RoeerTson, 1954} found one egg-pod with 195 eggs and I got
several egg-pods with more than 170 eggs.

In North Rukwa the average numbers of eggs per pod were obtained by counting
the numbers of eggs in the pods, but in the Mweru wa Ntipa and in the Uninji Pans
estimates had to be based on counts of the developing ovarioles which was done when

1 The three population assessments were based on 80,8 miles (130.1 km) of scouting over an
area of 105 sq. miles {2719 kmn?), on 59.6 miles (95.9 km) of scouting over 84 sq. miles
(217.6 km®) and on 15.1 miles (23.3 km) aver 32 sq. miles (82.9km?),

Table 3. Mean numbers of eggs per pod

Area Year  Origin of sample  Size of  Mean Minimum  Maximum
sample
North Rukwa 1959 Ist and 2nd 84 114 + 2 61 169
oviposition

1960  same 42 144 £ 5 83 181
1961 same 16 133 + 4 100 163
1962 1st oviposition 5 109 103 117

Kabwe plain

(Mweru wa Ntipa) 1960  2Znd oviposition 18 152 4 4 109 178

Uninji Pans

(near Abercorn) 1961 Ist oviposition 7 157 114 178
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