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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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Tttty E Burnt grass

2 4 s s o Unhumt grass
.« 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
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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.
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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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the oocytes were in average at least 4 mm long (table 3). In very sparse populations
this 1s the only way of estimating the size of the egg-pod. Some idea about the reliability
of this method was obtained in November 1960 in North Rukwa by counting the
developing oocytes in 9 ovaria. This gave an estimate of 132 + 6 developing oocytes
in the first batch against 135 + 3 eggs per pod found in a sample of 18 egg-pods, dug
up in the experimental plot 2 weeks later.

Lrovyp {in RogErTsoN, 1954) found a large difference in size between the pods,
laid at first and at second oviposition in North Rukwa in 1954: on average 82 and
152 eggs per pod. In Central Rukwa RosErTsoN (l.c.) found an even lower average
for the first egg-pod, namely 49. In the 1960 breeding season the oocytes in the first
batch were in average 3 to 4 mm long when in part of the population some oocytes
began to show signs of degeneration. Corpora lutea appeared, which normally are
seen only after first oviposition and the contents of some of the oocytes got the bright
vellow flocculated appearance which is not uncommon during the development of the
third and later batches. Some signs of degeneration were seen in 39 %, of the females
and 18%, had a considerable number of degenerating eggs. The egg-pods that were
laid in the first oviposition were found to contain in average 135 + 3 eggs. The
development of the second batch was normal and in egg-pods of the second oviposi-
tion there were 152 + 3 eggs. The difference between the two means was highly
significant {t = 3.2, p << .003) {table 4). It seems likely that the reduction of the
mean number of eggs in the first pod was the result of the degeneration of a small
proportion of the oocytes, but the cause of this degeneration remained obscure, There
was no sign of any decrease in quality of the eggs when laid; eggs and pods laid by
females, caught in the plot just before first oviposition and transferred to tins with
sand or clay soil had a high incubation success. In 1959 the numbers of eggs per pod
of the first and the second oviposition did not differ significantly.

3.4 Factors Influencing the Fecundity

There are a number of factors which influence the mean number of egg-pods per
female and the fecundity of a population. The most important one is the average
longevity of the female locust afier the start of the rains, The general impression is that
usually the natural mortality is low all through adult life, until some time after the
start of the rains. Then there is a rapid increase in death rate and the population is
reduced to practically zero in a matter of weeks. For a number of reasons it is not
certain that the population curves, given in fig. 10, give the true picture for the
whole population.

In the first place assessments could not be carried out frequently enough and they
usually had standard deviations which were too high to be sure of the exact point at
which the mortality began. Secondly in 1959/60 and 1960/61 oviposition took place
over large parts of North Rukwa and the assessments could not be extended to cover
the entire area. A complete cover is important since there may be substantial shifts
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in the locust distribution. This was suspected to be the case in 1959/60, it certainly
happened in the 1960/61 oviposition season and in 1961/62 the parental population
shifted continuously,

In this last year the population assessments covered the entire oviposition area. A
sudden spectacular mortality was seen on 30th November and Ist December, a
mortality that coincided with a marked change in weather; a long period of wet and
cool conditions was interrupted by a short spell of dry and very hot weather. In the
Nziga sector hundreds of locusts were seen dead or dying and sick individuals could
be caught by hand. Marabu Stork (Lepiotilos crumeniferus) patrolied the area for days,
clearing up corpses. It could not be established what the cause of this mortality was.
On dissection the dying locusts were found to be free of parasites and their fat-bodies
had a normal appearance.

Lack of suitable breeding ground may have some influence on the number of egg-
pods per female, but only in years when an outbreak area is still wet and iis grass
unburnt at the end of the dry season, This may have been the case in 1962, when at
the end of the dry season most of North Rukwa was still under water and suitable
breeding ground was available only along the north-western fringe. Although
millions of locusts managed to find the breeding ground, they were almost certainly
less numerous than the April population had been, and there is just a small possibility
that lack of suitable breeding ground was a limiting factor that year.

There may be losses due to predation by the White-bellied Stork (Sphenarhynchus
abdimii) and the European Stork {Ciconia ciconia). At the start of the rains locusts
swarm out over the burnt grasslands, which offer little protection. Shortly afterwards
European and White-bellied Stork arrive in numbers on their southward migration.
At the same time the distribution, of all Storks becomes more closely associated with
the locust’s distribution. DEaN (l.c.) saw this in 1959 and his observations were
confirmed in subsequent years. In particular the White-bellied Stork was seen to
concentrate in burnt grasslands and to patrol oviposition areas consistently. Dean
estimated their numbers at about 400 in December 1959 and I counted over 700 in
December 1960. The next two seasons hardly any were seen and European Stork also
were far fewer in numbers. There is no doubt about it that the predation by these
birds is stepped up in this period, but the Red Locust is more agile than most other
Acridids and forms only part of the daily catch (Dran, l.c.}. The drop in numbers of
parents did not appear to be related to the activity of Stork.

The marsh owl (Asie capensis ) also catches more locusts when these remain in burnt
grassland overnight, but their numbers are too small to have any noticeable effect.
In 1959/60 Dean caught rats (Masiomps natalensis} in the plot during oviposition
peaks, but there were no remains of locusts in the stomach contents.

Females may be parasitised by larvae of the Tachinid fly, Ceracia nomadaeridis, and
this normally means sterilisation {CHaPMAN, 1962; STORTENBEKER, in preparation).
The percentage infestation appeared to be slightly higher in females than in males,
but the highest recorded percentage sterilisation was only 139, {Kabwe plain,
Mweru wa Ntipa, 1960/61), and the percentages for North Rukwa were lower: 1.5 9%,
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in 1958/59, 7.7 % in 1959/60, 4.0%, in 1960/61 and 0.3 % in 1961/62. All these figures
are based on dissection of hundreds of females.

Finally a reduction of the number of pods per female may occasionally result from
the breeding grounds being too dry. Laboratory experiments (Woobrow, 1965 b)
showed that some Red Locust fernales begin to reject a laying site when there is a dry
toplayer of more than 2 cm thick, and that no more females oviposit when it is over
6 cm thick, If there is no choice, however, after 3 or 4 days females will lay in the dry
soil or scatter their eggs. According to ALBREGHT {1956 a) in the field it may take a
week or ten days before they do so, but here the ovarial development is retarded. Thus,
if the natural mortality goes on while the oviposition is held up, drought could cause
a reduction in the mean number of egg-pods per female. This may have been the case
in 1959/60 when a period of dry weather split the second laying in two parts {fig. 9).

3.5 Viability of the Eggs

In the laboratory it regularly happens that egg-pods of Nomadacris are completely
sterile. Norris (1959) reported that, in particular females that had no imaginal
diapause, laid many sterile pods (up to 39 %,). In addition a considerable proportion
of the eggs in the fertile pods were not viable {up to 37 9%,).

In North Rukwa, however, sterile pods were never found and the percentage of not
viable eggs was very low, as could be seen from the high percentage of the eggs that
hatched, when the pods had optimum incubation conditions (1959/60). In 1960/61
and 1961/62 in the field, these conditions were far from optimal and hatching was
poor, but in incubation experiments a high percentage of the eggs hatched, so all
eggs were viable at time of laying (table 4).

Table 4. Not hatched egps, differentiated for stage of development at the moment of death

Area Breeding Origin of Number of Meanpercentageofeggs Total %,
season sample egg-pods of eggs not
examined not partly  fully hatched
devel. devel. devel.

North Rukwa  1959/60  lst + 2nd 34 6 0 0 6
oviposition
1960/61  1st pod, field 7 20 2 19 41
Ist pod, cages® 36 1 0 5 6
1961/62  1st pad, field il 1 0 0-993 1-100
1st pod, cages® 15 1 0 4 5
Kabwe plain  1960/61  2nd pod 31 4 0 5 9
(Mweru)

* Pods laid by fernales, that were caught in the field, just before oviposition and transferred to cages with sand
or spil from the experimental plot.
3 Incubation success varied from 0 to 999/, due to waterlogging of the soil (section 4.4).

30



3.6 Mean Number of Viable Eggs per Parent

The mean number of viable eggs per parent is the parameter that determines the
fecundity of a population. In table 5 this mean has been calculated per parent of the
original parental population and it is, therefore, based on the sex ratio as it was at the
start of the rains. For reasons of comparison the data collected in the Kabwe plain
{Mweru wa Ntipa} have been included, but the values for sex ratio and mean number
of egg-pods are not reliable, since the population was studied from the time of second
oviposition onwards only. At the moment of first oviposition the percentage females
may have been higher and, therefore, the mean number of pods per female is an
estimated minimum, based on the observation that the population died off very
slowly; even at time of the second hatching there still were scattered parents around.

The mean number of viable eggs per parent is not the number of eggs that actually
went into the ground, as larvae of Ceracia sterilised 7.7 9, 4.0 %, 0.3 9% and 13 %, of the
females respectively, thus reducing the number of viable eggs per parent to 74, 68,
105 and 64 respectively.

Table 5. Number of viable eggs laid per parent, as determined by various parameters

North Rukwa Kabwe®
1959/60 1960/61 1961/62 1960/61
percentage females at start of rains about 501 KXE 56 30
estimated mean number of egg-pods
per female 1.5 1.61 about 1.5 1.5-2,0
mean number of eggs per pod 114 144 133 152
Numbers of eggs per parent 86 77 112 80
mean percentage of eggs viable 94 94 95 al
percentage of females sterilised by Ceracia 7.7 40 0.3 13
Number of viable eggs laid per parent 74 68 105 64

1 The values of the Dfoage females and of the mean number of cgg-pods per female may not have been valid for
the population as a whole, since the data were collected in, and immediately around, the experimental plots enly.
* Data on the Kabwe population refer 1o the situation at the time of second oviposition.
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4 Incubation Success

The incubation success of eggs and egg-pods will be considered from the numerical
side first (4.1). Then the causes of the observed mortalities will be described,

4.1 Numerical Data

The 1959{60 season. In order to assess the incubation success of the egg-pods (cf. sec-
tion 2.5), Symmons laid out a subsidiary plot of 7000 sq.yds (5850 m?} inside the
square-mile plot. After the second oviposition he assessed the number of egg-pods in
this small area at about 5181, In a sample of 210 egg-pods from the whole plot I found
67 9%, to be of the first oviposition (section 3.2} ; assuming that this percentage was also
valid for the subsidiary plot, 346 of the 518 pods should have been ‘first’ pods. The
pods of the first oviposition hatched between 10th and 18th December and 382
hatched parties were found within the subsidiary plot. This suggested that the
hatching percentage of the egg-pods was high. There is no reason to suppose that the
hatching of the pods of the second oviposition was not equally successful.

The incubation success of the eggs in the pods was estimated in two ways. Sym-
mons counted numbers of hoppers in 27 hatched parties and got a mean size of
88 + 5 hoppers. I dug up 30 pods immediately after hatching and found that in
average 7 & 2 eggs did not produce a batching hopper. Compared to the estimated
tnean of 109 4+ 3 eggs in the first egg-pod, this gave an estimated mean size of hatching
party of 102 4 4, The true value was probably between 88 and 102 whichmeant that
the incubation success of the eggs in the egg-pod was between 81 and 94 %,.

I examined 242 egg-pods on natural enemies. Damage appeared to be slight, the
total destruction by mites and Scefio being less than 79, (tables 7 and 8). Thus the
incubation success of pods and eggs in the 1959/60 breeding season was almost
certainly high.

The 1960/61 season. In December 1960 Symmons examined the incubation success of
egg-pods in 1 samples strips of 5 yds (4.5 m) wide and in average (142 mile (0.68 km)
long. The mean egg-pod density over the entire plot had heen estimated at one egg-
pod per 8.9 sq. yds (7.1 m?), giving an expected number of egg-pods per sample strip
of 4116. Only 1635 hatched parties were found, {about 58%, of which were of the

* He examined five plough lines, finding 1, 2,9, 8, and 4 egg-pods respectively.
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first oviposition) and this suggested that oniy 39.7 % of the egg-pods hatched.

The incubation success of the eggs in the pods did not seem to be very high either.
Symmaons found a mean of 55 + 3 hoppers hatching per pod (16 pods), and I dug
up 13 pods from the first oviposition, finding that an average of 50 + 6 eggs had not
hatched, which substracted from the mean number of 135 4+ 3 eggs per pod gave a
mean size of haiched party of 85 £+ 7 hoppers. The viability of the eggs had heen
good, as was shown by the high hatching percentage of both egg-pods and eggs that
were incubated in moist soil in tins (table 4],

During incubation there had been a long and severe drought, which lasted from
25th November until 10th December. For the egg-pods of the first oviposition it fell in
the second half of their incubation period, those of the second oviposition had only
just been laid. In the Central Rukwa plains the drought was even more severe and
egg-pods, dug up by field officers, had all completely shriveled,

The small size of the hatching parties was beyond doubt but there were some ob-
servations which suggested that the hatching percentage of the egg-pods had been
underestimated. Firstly in a sample of 20 egg-pods, which I dug up 20th December,
when most of the first egg-pods should have hatched, only two pods were of the first
oviposition; one had partly hatched, the other had not, 509, of the eggs having dried
out, If over half of the first egg-pod had not hatched, many more than these two pods
should have been found. Secondly Symmons kept in moist cotton wool 26 egg-pods
from the second oviposition, dug up just before they were due to hatch, and all but
one hatched with some degree of success. Thirdly, immediately after the hatching of
the second egg-pod, Symmons ploughed 6 sample lines across the plot, finding only
2 not-hatched pods. This meant that about 3400 egg-pods remained in the plot, If
more than 60 % of the egg-pods of the second oviposition had not hatched, he should
have found at least 9 times as many unhatched pods {assuming that the not-hatched
pods of the first oviposition had all disintegrated by then, otherwise there should have
been even more}. Finally the ultimate assessment of the numbers of hoppers in the
third instar revealed the presence of more hoppers in the plot, but not significantly
more, than ever could have hatched if the 39.7 % hatching percentage of the egg-
pods had been right.

It thus appeared that the incubation success of the egg-pods had in fact been
considerably higher than the assessment suggested. In the sample strips many parties
probably had not been recognised as such, possibly because they were small and
scattered quickly in the sparse vegetation due to the strong winds.

On the other hand, when the hatching was over and the sample strips were examined
for hoppers, hardly any were found ; that is, if hatched parties were missed they died
all the same. Thus all we can say is that the hatching percentage of the egg-pods
almost certainly has been higher than the 39.7 9 that was recorded in the sample
strips.

The 1961]62 season. In each of the small plots used in the 1961/62 season the incuba-
tion success was estimated. The numbers of egg-pods had been counted in 6 sample

33



Table 6. Incubation success of egg-prds in the 1961162 experimental plots as estimated a. from numbers of
hatched parties counted in sample strips, and b, from the haiching percentage of marked egg-pods.

Plot 1 Plot 2 Plot 3

a. estimated number of egg-pods in
sample strips 432 3+ 45 2159 + 185 642 + 104
number of hatched parties
counted in sample strips 83 34 120
estimated percentage of egg-pods
hatched 19 2 19

5. number of egg-pods marked 31 21 19
number of egg-pods hatched 7 1 9
percentage of egg-pods hasched 231 5 47

1This group had been marked in an area 1o the North of plot I with a different vegetation. From the size of the
surviving population (table 11} it was clear that the hatching percentage in this plot had been higher than 23°fn.

lines of 0.1 mile long {160 m) and 0.05 mile (80 m]} apart. Incubation success of the
pods was assessed in two sample lines of 0.3 miles (480 m) long and 4 yards (3.6 m)
wide, laid out across the plot, (.12 mile (190 m) apart. In view of the experiences of
1960/61 it was the intention to search these strips twice a day, in order to lower the
chance of missing some of the hatched parties, but due to the difficult terrain condi-
tions slowing down transport, there could be only one inspection a day. A cross-check
on the incubation success of the pods was obtained from the group of egg-pods which
intentionally had been marked close to places where experimental plots were expected
to be laid out. This latter method gave higher estimates for incubation success of
egg-pods than the daily counts of hatching parties in the sample lines across the plots
(table 6). The percentage hatching was low in all plots, and this time it was not
caused by drought as in 1960/61, but it appeared to find its cause in waterlogging of
the soil.

The 1961/62 season was very wet, with heavy rainfall unusually early in the sea-
son. In the slightly lower-lying areas this caused temporary waterlogging or flooding
of the soil for periods of up to 10 days. In addition, there was heavy rain over the whole
catchment area and the annual flooding arrived two months earlier than usual,

The low incubation percentages in table 6 do not represent a valid average for the
whole of North Rukwa, as the plots and the sites of the marked pods all happened to
be in the area that was affected by the temporary flooding. Towards the north and
west hatching was very much better. On the whoale, however, there is no doubt that
in the southern part of the Tumba sector, where the majority of the first pods had
been laid, the incubation success of the pods was low,

The incubation success of the eggs in the pods that did hatch was high. In contrast
with the effect of drought, as seen the year before, flooding did not usually affect the
size of the hatched party; either a pod hatched well or it did not hatch at all. For
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estimating the mean size of a hatched party the plan was to use the marked egg-pods,
but the difficult conditions in the plains hindered transport so much that regular
mspection of the plastic cages was impossible. It was found that emerging hoppers
died quickly as a result of the hot conditions under the plastic cover, and that their
corpses were eaten by ants which seemed to consider the cages a welcome support
when building up their nests from the wet ground. Only 7 pods hatched just before an
inspection and five of these hatched well, producing an average of 114 hoppers
(minimum 100, maximum 132). The other two pods hatched only partly, giving 65
and 15 hoppers respectively. In another 21 cases not-marked pods were dug up just
after hatching and these had a mean of 6 + | not-hatched eggs, which, substracted
from the mean egg-pod size of 133 + 4, gave a mean size of 127 + 4 hoppers per
hatched party. Tn estimates of numbers of hoppers hatched in a plot, the average size
of a hatched party has been taken as 110,

Thus in the three breeding seasons hetween 1959 and 1962 the incubation success
varied; in 1959/60, when there was sufficient and well spread rain, the incubation
success was high for both egg-pods and eggs, in 1960/61, when there was a drought
during incubation, it was low for eggs in the pod, but possibly better for the egg-pods,
and finally, in 1961/62 in some parts of the plains, heavy rain caused waterlogging of
the soil and the incubation success was low for egg-pods, but usually high for the eggs
it the pod.

In 1962/63 the breeding grounds were almost inaccessable and only little was
learned from a few inspections. A parental population of several million locusts
moved on to the only dry ground in North Rukwa’s north-eastern part and probably
laid there. Hatching was probably peor, which was thought to be the result of water-
logging of the soil. The water table was high and the heavy early rainfall must have
saturated the soil for prolonged periods.

4.2 Predators and Parasites on Egg-pods
4.2.1 Rats

On inspection of the marked egg-pods, about one wecek after they had been laid, it was
found that in some cases there was a slight depression where the egg-pod should have
been and the pod had disappeared. No more pods disappeared after the first week.
This looked very much like the work of rats and traps were put up close to the
groups of marked egg-pods. Near four of the groups 20 traps were put out at intervals
of 5 paces along four parallel lines 5 yds (4.3 m) apart. Dried fish, the local ‘daga’, was
used as bait, Because of shortage of traps these could be kept in one place for four
successive nights only 1. Consequently it is uniikely that the rat populations were trap-
ped out completely and the densities given in figure 11 must, therefore, be underesti-

* In plot 2 the traps had been there only for two nights when the area became flooded.
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mates. The results suggested some correlation between rat density and the percentage
of marked egg-pods that disappeared. In one place (Kasala) pods had been marked
along three parallel lines; one of the outer lines was about 50 paces away from the
middle one and there was a depression in between. Only along the two lines on one
side of this depression had egg-pods disappeared and only there were rats caught.

The approximate effect of rats on the total number of egg-pods in the Tumba
sector can be estimated from the rat densities in the ovipasition area. The catching
results suggested an average density of between 3 and 4 rats per 1000 sq. yds (836
m?}, These could have caused a loss of egg-pods of between 10 and 15 %,.

In the previous seasons Dean collected some data on rat densities in the experimen-
tal plots. In 1959/60 he estimated their density at 2.4 + 0.4 per 1000 sq. yds, a
population which could have reduced the total number of egg-pods by 6 to 10%,. In
the 1960/61 plot, in the same area as plot 1 in 1961/62, rats were virtually absent and
damage must have been negligable.

All specimens I caught in North Rukwa were of the species Mastomps natalensis, with
the exception of four unidentified grey black rats of a larger species, which was found
close to the tree line in the Kasala tree point sample anly. In the same area the only
shrew, of unknown species, was caught.
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4,2.2 DMites

Several Acarina species were found in egg-poeds, though not all of them preyed on the
eggs. Once a pod was infested the mites multiplied rapidly, but not all eggs were
destroyed at once and it was not uncommon to find hoppers hatching from an in-
fested pod. More often infection apparently occurred early in incubation, the damage
was then extensive and the few hoppers that hatched could not get out of the pod.

Dr. Newell {California University) provisionally identified the predatory species
as belonging to the genera Riizoglyphus and Anoetus (or possibly Histiostoma). Some
more genera were represented, but these are known either to be scavengers or to
specialise on fungl. They had probably been attracied by decaying eggs in already
infested pods or by fungi which are sometimes found to thrive on the froth enveloping
the egg-pod.

Damage done to the egg-pod population varied, but was never high {table 7). In
1959/60 and 1960/61 the percentage infestation was estimated in the experimental
plot only, In 1961/62 egg-pods were collected from all over the Tumba sector and
appreciable differences in infestation level were found, but the overall mean was of the
same order of magnitude as in the previous two years. In 1961 /62 samples suggested
that variation in mite density could be due to flooding conditions. On three parallel
lines {cf. section 3.2}, two miles apart, the infestation varied from 5 to 259%,. The
3%, was In the area of lowest level, subject to the longest flooding, whilst on river-
banks and other higher level areas that are flooded later and dry up earlier, the
percentage infestation was higher.

4,2.5  Scelio howardi

In a few cases locust egg-pods were found to be parasitised by larvae of the hymenop-
teran Scelio howardi Crawr. One larva makes its way into one locust egg, eats the
contents and pupates inside it. The egg looks normal but it is often darker in appear-
ance. Usually about half of the eggs in one egg-pod were parasitised and the other
half hatched, if the hoppers could make their way out. The Seelio imagines hatched a
few days after the hoppers. The percentage infestation was low (table 8). According to
Crausen (1940} Scelionidae that parasitise single-brooded hosts also have only one
generation per year, but most Scelionids have several generations per year and in the
Rukwa Valley Scelio howardi may have one or more grasshoppers as alternative hosts.

No other egg-pod or egg-desiroying agents have been found. If any other member of
the soil fauna had been destroying egg-pods on a considerable scale, some would have
been found in the act of destroying an egg-pod. On a few occasions nematodes or fungi
were found in an egg-pod, but these seemed to live either on the froth or on decaying
eggs and the healthy eggs had not been affected.
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4.3 The Effect of Drought

In the 1960/61 breeding season some field observations were made on the effect of
drought on incubating eggs and egg-peds. In the Central Rukwa area the dry spell
lasted for more than a fortnight and its effect was enhanced by the poor rainfall
preceding it: less than 2 in. (50 mm) in total, of which 1.5 in. (40 mm) fell in the two
days before the drought!. Egg-pods dug up by field officers all had dried out com-
pletely; the young hoppers appeared late and they were few in numbers. This
suggested that the egg-pods from the first oviposition had all been destroyed, and
those of the second oviposition at least for a large proportion.

In North Rukwa the drought lasted even longer (20 days with 0.2 in. {5 mm} rain
on the 15th day, but the preceding rainfall was much higher than in Central Rukwa
(8.2 in. or 208 mm) . All the same the soil must have been very dry for at least ten
days. At that time the pods of the first oviposition were in the last half of their incu-
bation. The pods of the second oviposition were laid during the first week of the
drought. Examination of egg-pods that were dug up on 12th December, gave no in-
dication of any ill effects on pods from the first oviposition, but those of the second
laying had dried out considerably, the yolk was very thick and it looked as if no de-
velopment was taking place.

The rains resumed on 15th December and T dug up a sample of 20 egg-pods on
20th December, Now all egg-pods of the second oviposition looked healthy and were
apparently developing normally. However, the majority of the egg-pods of the first
oviposition had hatched by then and these produced abnormally small numbers of
hoppers (section 4.1}. Nearly 41 9%, of the eggs did not hatch; about half of the not-
hatched eggs had not developed at all, but the others contained fully developed
hoppers (table 4), some partly out of the egg-skin. Data on the hatching of the second
egg-pod are not so detailed, but Symmons thought the hatching to be equally poor,
The drought probably also affected the incubation success of the egg-pods, but to
what extent did not become clear,

In the 1961/62 breeding season a small experiment was carried out on the effect of
drought on egg-pods (table 9). Female locusts were caught just before laying and
transferred to tins with soil from the experimental plot. They laid 37 egg-pods, but
later 4 pods had to be discarded as these were badly damaged by mites.

All tins were watered regularly, but either at the beginning or halfway through or
at the end of incubation, they were subjected to 10 days dry conditions; that is, the
soil was not watered and the 10 days were counted from the day the top soil had dried
out. These conditions were not strictly comparable to drought conditions in the field

1 Rainfall figures from Milepa station at the edge of the plains and at the foot of the escarp-
ment, where the amount of rain is usually higher than in the plains. In particular in the be-
ginning of the wet season rainfall can be very localised and readings from one single station
can be misleading. In this case eye-witness accounts confirmed the Milepa readings.

2 Rainfall records from Tumba station, which is situated away from the escarpments. Here
also readings were thought to be representative for the whole North Rukwa area.
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Table 8. Effect of desiccation of setl on incubation success of egg-pods and eggs laid in Rukiwa soil in biscuil tins

Number of Incubation success in
cgp-pods percentage hatched
egg-pods eggs
Dry period
a. early in incubation 8 100 78
b. halfway incubation 8 100 71
. towards end of incubation 9 89 77
a+hte 25 69 76
Control group 8 100 92

of course; the tins were kept outdoors under a cover which shielded them from rain
but allowed much of the sun to reach the soil. The average temperature of the soil,
however, must have been lower and the humidity of the air higher than is normal
during a drought in the field. On the whole, the effect of the dry conditions was small,
The incubation percentage of the egg-pods was hardly affected, but there was a small
reduction in the survival of the eggs in the pods. This reduction was almost entirely
caused by a large mortality among emerging hoppers, which died either half way out
of the egg or before first ecdysis. This appears to be characteristic of damage done by
drought. I't was also seen in a group of 34 egg-pods, which had been taken out of the
soil just after oviposition, had been transferred to moist cotton wool and then had
been subjected to a period of ‘drought’ of 3-8 days in dry cotton wool.

4.4 The Effect of Waterlogging of the Soil

Exceptionally heavy rainfall caused temporary waterlogging or flooding of the soil in
some parts of the Tumba sector during incubation in November 1961. The water
dried up or drained away again, but in several paris of North Rukwa the soil was
waterlogged for a period of several days to one week. This caused a considerable
mortality among egg-pods and the development of the surviving pods was slowed
down, incubation taking about 35 days compared to 30-31 days under normal con-
ditions (1959/60).

The destruction caused by the waterlogging is demonstrated m table 10, which
gives the hatching percentages in the groups of marked egg-pods (cf. section 4.1). The
not-hatched pods were dug up one week after the last hatching; all were found back.
Virtually all eggs contained apparently fully developed hoppers.

Submergence of the egg-pod may not always prevent hatching, as hoppers from
one of the marked pods emerged through 2 in. {3 cm) of standing water, but only half
of the hoppers managed to get out. This is probably a rare event.

Fig. 12 shows the Tumba sector with the density of laying for the egg-pods of the
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Table 10.  Effect of temporary waterlogging of the soil on survival of ege-pods in the field, North Rukwa, Tumba
sector, 1961]62

Group of marked egg-pods Number of egg-pods Hatched
in group?!
number percentage

North of plot 1 31 7 23

Near plot 2 15 1 7
Middle of Tumba plain 19 9 47
Kasala tree-line 11 5 45
Tumba tree-line 29 5 17
Control group of pods, kept in

sand in laboratory 17 17 100

! Pods destroyed by mites have heen excluded.
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Fig. 12, Effect of temporary waterlogging of the soil on egg-pod survival { Tumba plain, North Rukwa, 1961/62).
The egg-pod density was highest in the southern part where the lemporary waterlogging occurred, T hemajority of the
Fopper bands, however, was found in the northern part. The indicated egg-pod disiribution is an approximation based
on the distribution of the parents at the time of firs! oviposition and a superficial egg-pod survey. The relative soil levels
were estimaied from the depth of waler when the area was deeply flooded in April 1962, The disiribution of the

hopper bands was recorded by the spray pilots
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first oviposition, as it was estimated from the distribution of the parental population
during the peak of oviposition !, and confirmed by the results of the rather crude egg-
pod survey (section 3.2). The ground levels were estimated from depths of water at
the time of the assessment of the filial population, which assessment was carried out
by Swamp Skipper early in April 1962; they are, therefore, relative levels with the
water surface as criterion. Waterlogging of the soil by early rains is not necessarily
correlated with the relative soil levels, but in November 1961 the rainfall was well
spread. The areas of higher level drained off quickly, but in the lower lying areas the
water disappeared slowly. Superimposed on the estimated egg-pod distribution and
the ground levels, are the hopper bands seen and destroyed from the air in January,
February and March 1962 (pilot’s reports). The distribution. as seen [rom the air
confirmed observations on the ground. The effect of waterlogging is clearly demon-
strated; in the area of lowest egg-pod density, but high groundlevel, the incubation
success was highest. There is the possibility that this hopper distribution was the
result of displacement of bands from their nursery areas to the North, but this appears
extremely unlikely, in the first place because of the distances and secondly because
bands showed a significant preference for displacement to the West (Drax, 1967h).

In the Tumba sector the average incubation success of the egg-pods was probably
about 259, but this figure is not valid for North Rukwa as a whele. In the other areas
the incubation success of pods from the second and following ovipositions was appa-
rently high, judging from the size and density of the hopper populations seen from
the air.

The effect of waterlogging of the soil on egg-pods was simulated in two small ex-
periments. Females were caught just before ovipaosition and made to lay in biscuit tins
with soil from the experimental plot. Some of these egg-pods were taken out of the soil
immediately after laying and kept in moist cotton wool. In the second half of their
incubation period they were submerged for 1, 2 or 4 days. One day submergence
proved fatal for one of the three pods involved, 4 days under water was fatal for all
three pods. In the second experiment in two tins the soil was waterlogged for 3 days;
ali 5 pods hatched, but only 77 %, of the eggs produced a healthy hopper. In two other
tins the soil was kept waterlogged for 6 days; none of the 11 pods hatched.

4.5 Discussion

The observed differences in sex ratio (section 3.1) appeared to be real. The method
of catching-by-night was applied in various types of vegetation, both before and after
maturation had started and both during periods of oviposition and in between layings,
but it never gave the sharp rise in percentage males in November and December and

1 Assessment of 15th and 16th November; 34.2 miles {35.0 km) of scouting along 9 parallel
lines 0.5 mile (0.8 km) apart, over an area of 37.5 sq. miles (97.1 km?).
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the subsequent drop in January, as found by AvLereEcHT (1956 a), CHaPMaN (1959)
and myself with the catching-at-dawn method {chapter 2).

In most cases the sex ratio of the parental population at the start of maturation was
close to unity (table 2}. There were two exceptions to this; in November and Decem-
ber 1960 the North-Rukwa population consisted for only one-third of females. In
December of that same year the Kabwe-plain population also had a predominance of
males, but at the time of first oviposition this may have been different.

The sex ratio can differ from place to place within one outbreak area. This was
probably the case at the time of first oviposition in 1959, it certainly happened in the
1960/61 breeding season and it was also seen in 1961, both in the dry scason and after
the first oviposition (section 3.1). Secondly, the sex ratio of the parent population may
change due to the apparent higher death rate of females compared to males {fig. 8);
this finds its counterpart in experiences with laboratory populations (Norris, 1959).
For a reliable estimate of the sex ratio, therefore, one has to collect samples of locusts
prior to each oviposition and in various parts of an outhreak area.

The mean number of egg-pods per female (section 3.2) also can be accurately estima-
ted only on the basis of several successive population assessments, covering the entire
area that is occupied by the parental population. There often are substantial shifts in
distribution: in 1960/6] in the Kambangombe plains there was a slow shift of the
population to the north-east (observation by P. M. Symmons) and in 1961/62 the
parent population largely moved out of the Tumba plains after the first oviposition.
Only in 1961/62 the assessments covered the entire population and only for that year
the estimated mean number of pods is reliable. In 196061 the change in distribution
was a slow one and the assessments covered a rather self~contained part of the parent
population; thus the estimate for that season probably was close to the real value.
In 1959/60 a substantial shift of females possibly occurred before first oviposition, but
we do not know whether there was any migration after that, and the estimate for that
season may not be correct,

Work of several authors indicates that in the field Red Locust females tend to lay
about two egg-pods (RoeerTson, 1958a). Robertson’s own data, collected from 1952
to 1956 in Central Rukwa, showed large variations in numbers of pods per female
{2.3, 0.7, 3.1 and 0.9 repectively}, but these estimates were based on observations in a
relatively small part of the outbreak area and he did not allow for possible migrations
and for differential mortality of the sexes. His data are, therefore, not very reiiable.

The mean number of pods per female is closely linked with the longevity of the
parents after the start of the rains. Predators did not appear to be of much influence
and the survival of parents may largely depend on the occurrence of sudden changes
in weather. The spectacular mortality early in December 1961 did coincide with a
hot and dry spell, and in 1952/53 the number of parents went down abruptly at the
resumption of the rains following a severe drought that lasted from 8th to 315t Decem-
ber {ALBRECHT, 1956 a; RoBERTSON, 1.c.}.

There is a possibility that longevity is not only determined by abrupt changes in
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weather, but that it isalso predetermined by conditions during the preceding dryseason.
In the laboratory immature adults must be kept as dry as possible if they are torerain
alive (Norrss, personal communication). It could be that in the field wet conditions
lasting for many months into the dry season, weaken the resistance of adults against
sudden changes in weather in the following wet season, On the other hand, RoBerT-
soN (1954) recorded that in 1950 a long dry season had an adverse effect, females
producing cgg-pods with an average of only 49 eggs.

A parameter that is much easier to determine in the field is the mean number of eggs
per pod (section 3.3), and several authors have given information on this point.
Generally the number of eggs per egg-pod was found to be high in the phases solitaria
and transiens, but low in swarms (RoserTtson, l.c.}. In the laboratory crowding of
Nomadacris had a detrimental effect on the number of ovarioles; after two generations
the maximum had dropped from 196 to 153 and, in addition, the percentage of non-
functional ovarioles had increased (ALBrEcHT, Lc.).

In my own data on the number of eggs per pod, the state of gregariousness of the
females’ parents is clearly reflected. The highest averages were produced by the
solitary populations in the Kabwe plain and in the Uninji Pans (152 and 157) (table
3). The number of eggs per pod produced by North Rukwa populations were all
lower. In the 1958 dry season the immature adults formed many concentrations and
the mean number of eggs in pods produced by their offspring (114) was as low as in
the years around 1953, when the populations were large and dense. During the 1959
dry season adults were not numerous and there were few concentrations, and the
mean number of eggs in pods laid in November 1960 by the next generation were
notably higher (144). In 1960 the population had been very dense in the hopper stage,
but in the dry season adults lived rather scattered and there was a slight decrease in
numbers of eggs per pod in the 1961 parents (133). Finally, after an unsuccessful
hopper-control campaign, adults lived through the 1961 dry season in a few fairly
dense concentrations and the mean in the small sample that could be obtained in
November 1962 was lower again (109). The number of eggs per pod did not appear to
be influenced by the state of gregariousness of the parents themselves.

Thus, when parents are dense, their children produce fewer eggs per ped, but the
lowest mean I found was still nearly twice as high as the means given by various
authors for swarming locusts (RoBERTsON, l.c.). This demonstrates that Nomadacris
swarms may have a high reproductive potential at the moment of emigration from an
outbreak area. It confirms ALBREGHT’s conclusion (L.c.) that Nomadacris is most
dangerous when there is sudden concentrating of locusts that have had a low level of
gregariousness far a number of generations, as it is only in the second generation of
crowding that the number of eggs per pod decreases. From morphometrical data
{STORTENBEKER, in preparation) it appeared that swarms leave an outbreak area in
the phase transiens. It is likely, therefore, that this high reproductive potential will
help emigrating swarms in establishing a plague, but it will not be a factor of great
importance probably.
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The wviability of eggs hardly varied (section 3.5). When in the fieid for some reason
the number of eggs per pod was reduced (section 3.3), the viability of the eggs laid was
still high, This forms a contrast with experiences of Norris (1959) and ALBRECHT
(l.c.), that in the laboratory usually many egg-pods and eggs are not viable, percen-
tages of 20 to 30 %, being no exception.

The four parameters which determine the fecundity of Red Locust populations
would not allow very much higher multiplication rates in periods of dry years. Not
the viability, as in the described seasons of low multiplication rates it was very high;
not the sex ratio, since the percentage females can not be much higher than it was in
1961/62; not the number of eggs per pod, as in periods of dry years, with increasing
population densities, this number would decrease rather than increase, and finally
not to a very great extent the number of pods per female, as here an increase would
merely give an extension of the period during which egg-pods are laid and subse-
quently hoppers hatch. It would mean, therefore, that predators would be able to find
their prey during a longer period of time (cf. chapter 5.).

It is unlikely that between assessing the number of gravid females and finding the
egg-pods in the ground a reduction in numbers escaped attention. In two of the three
seasons the total number of egg-pods that had been laid in an experimental area (as
estimated from egg-pod sampling) could be compared with the number expected from
population assessments and estimates of the sex ratio at the times of oviposition. In
both 1960/61 and 1961/62 the total number of egg-pods, estimated to have been laid,
was very close to the estimate derived from egg-pod assessments (section 3.2). This
suggested that all females in fact laid their pods.

In the three breeding seasons between 1959 and 1962 the incubalion success of eggs
and egg-pods varied from very high to very poor. Predators were not responsible for
this; their effect was fairly constant. Rats (Mastomiys natalensis ) were probably respon-
sible for the destruction of some of the marked egg-pods (section 4.2.1). The observa-
tion that all destroyed pods disappeared in the first week of their existence, couid in-
dicate that rats can discover the pods only just after they have been laid, and that
their effect is restricted to a small part of the incubation period only. This appears
to be confirmed by the situation in 1954/55, when M. natalensis was abundant in the
Rukwa Valley,suchas to constitute a proper pest; the breeding of the Red Locust, howe-
ver, was very successful that year (table 34), The density of mite predators appeared
to be related to the level of the soil and this would indicate that they cannot
survive prolonged flooding.

Dessiccation and waterlogging of the soil were found to be the most effective
reduction factors during incubation. Drought was responsible for the poor hatching
in the plot in 1960/61, as was waterlogging in the next season. Egg-pods from females
that were transferred from the field to cages just before laying, hatched well when
given optimum moisture conditions (table 9).

Percolation in clay is extremely slow and temporary waterlogging of the topsoil can
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result from very heavy rainfall, even when the water table is several feet under the
surface, This was the case in November 196] and (according to LR.L.C.S. Council
minutes) possibly also in 1947 and 1948, when heavy rainfall early in the wet season
may have been the cause of poor hatching in the Milepa plains in Central Rukwa,

Temporary flooding and waterlogging is likely to affect mainly egg-pods in the
lower parts of the plains, which are on the whole extremely flat. In addition, rain-
fall is often of a patchy nature and only part of the breeding arca may he affected,
Consequently there will be a great variation in incubation success from place to place,
as was seen in 1961/62, when the hatching percentage of the egg-pods varied from 0
to 100%,.

A typical characteristic of damage done by water-logging appeared to be that egg-
pods either hatched well, or not at all (section 4.1). Eggs in not-hatched pods con-
tained what appeared to he fully developed hoppers that were unable to get out. This
was probably a result of oxygen deficiency during the incubation. Lack of oxygen
during the larval stage has been reported to have a similar effect on Calopteriz {(Odo-
nata) (ZAHNER, 1959). Eggs of Nomadacris are likely to be sensitive to waterlogging of
the soil, since they are not embedded in froth?, the froth plug being attached to, but
not continuous with the egg mass. Thus in waterlogged soil the egg-pod will for its
oxygen requirements be largely dependant on any air bubhles that are by chance in
contact with it.

In contrast with waterlogging a drought did not appear to affect the egg-pods as a
whole, but more the eggs in the pod, reducing the number of hatchlings per pod. In
November 1960 the effect of the drought on the hatching percentage of the egg-pods
remained uncertain, though weighing the arguments pro and contra, I would be
inclined to think that a large proportion of the pods hatched. When it is severe, a
drought will eventually destroy the egg-pods completely (as in 1952/53 and in 1960/
61 in Central Rukwa). Waterlogging may have a local effect only, but a drought is
more likely to affect the entire area. Not only the amount of rain is important, but
also the spread over the incubation period; in 1939/60 the incubation was successful
under conditions of moderate but fairly well-distributed rainfall, but in the next
season hatching was poor, when there was more but not so well-spread rain (fig. 10).

Several authors have studied the water uptake of Acridid eggs. Non-diapause eggs
like those of the Desert Locust (Schistocerca gregaria) take up an initial amount of water
within the first 24 hours after oviposition, but the main water uptake falls in the second
quarter of the incubation, when the eggs more than double their original weight
{SuurLov and Pener, 1963; HunTter Jones, 1964). If the eggs are unable to imbibe
the required minimum amount of water? the development is arrested, the eggs

! This is in contrast with eggs of many other Acrididae found in the Rukwa Valley {CHaP-
man and Rosertson, 19538), such as the eggs of Locusta migratoria migratorioides which have
been reported to survive flooding for some time (Uvarov, 1928).

? They normally take up considerably more waier than the minimum amount needed for
the completion of the development.
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remaining healthy and viable for up to 100 days provided they are kept at 1009,
humidity (Hussain, AEMAD and MatHUR, 1941; SHULOV and PENER, Lc.). At lower
%, R.H. the percentage hatching decreased rapidly. Of eggs that were transferred to
between 80 and 100%, R.H. with one third of their incubation completed, about
509 or more hatched; eggs that were given moist conditions during the first two-
thirds of their development had hatching percentages of 50 or more at a R H. as low
as 40 %,. SHuLov and PENER (in preparation) repeated these experiments with eggs
of the Red Locust and obtained somewhat similar results.

In the field, observations on the effect of drought confirmed these findings. The
egg-pods of the first oviposition were in the second half of their incubation when the
drought started. They probably had imbibed the required amount of water and their
development was not arrested as their incubation period was of normal length. The
humidity in the soil, however, must have been well under 1009 for several days and
this caused a reduction. in the number of eggs that hatched. The second egg-pods had
not yet imbibed the minimum amount of water when the drought started, the de-
velopment was arrested (resulting in an increase in incubation period by about 5 days),
the eggs lost water (the yolk was found to be very thick}, but on the resumption of the
rains the development started again and appeared to be normal for all eggs.

Effective as drought and waterlogging occasionally may be, they are factors that have
the character of a calamity rather than of a regular occurrence. There may be one
exception to this; in a series of very wet years the lake may expand and eventually
cover the plains, leaving a narrow fringe of grassland along the edge of the woodland
and in some subsidiary plains only. At the end of the dry season the water table there
will be close to the surface and only moderate November rains could saturate the soil.
This may be a major factor in keeping the locusts down in periods of high lake level,
even in a productive area like North Rukwa.

Basing conclusions on three years of research only, it appears that large mortalitics
during incubation occur only incidentally and that the factor responsible for the
correlation between multiplication rate and the rainfall in the previous season,
operates elsewhere in the life cycle of Nomadacris.
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5  Natural Mortality in Hoppers in the First and
Second Instars

5.1 Mortality Assessments

In the gregarious phase Red Locust hoppers go through six and in the solitary phase
through seven instars {BurneTT, 1951). In the phase-transiens populations, as nor-
mally found in the outbreak areas, a variable proportion of the hoppers pass through
six instars and the rest through seven or exceptionally eight {STORTENBEKER, in prepa-
ration). The duration of the successive instars varies somewhat, but in the field the
first and the second instar were taken to last about ten days each.

In laboratory populations of Nemadacris and other Acrididae often high mortality
rates occur early in hopper life from as yet unknown causes (SPraDBERY, 1959). In
the field a similar mortality had never been observed, but in order to check this,
assessments were made of the populations that survived after the first two instars. This
point in the hopper life was chosen for two reasons. Firstly band formation usually
becomes manifest in the third or later instars and this gives very clumpy distributions
and high standard errors in the assessments. Secondly at the end of the second instar
the corpse of a hopper is no longer so small as to be easily missed. Estimates of the
natural mortality were obtained as described in chapter 2.

The 1959]60 season. In the 1953/60 experimental plot an estimated total of 0.94 X
(420,000 + 30,000} x 95 = 37,500,000 + 2,700,000 hoppers had hatched, in which
0.94 represents the percentage of the egg-pods that hatched 1, 420,000 js the estimated
total number of egg-pods in the plot?, and 95 is the estimated mean number of
hoppers hatched from one pod3. For the 0.94 and the 95 no standard errors can be
given, but it is thought that these estimates were near enough not to affect the
standard error of 2.7 million seriously.

Twenty six days after first hatching Symmons assessed the surviving population.
After drench-spraying sample strips with DNC, he counted over 16,000 corpses in
nearly 6000 square meter rings, which meant that in the whole plot 8,3 3 (.5 million
hoppers were still alive. Thus (37.5 4+ 2.7) — (8.5 £ 0.5) = 29.0 + 2.8 million hop-
pers had died between emergence and the third instar, or 77 % of the population.

! Based on Svmmons' estimate that virtually all pods must have hatched (section 4.1),
corrected for losses caused by mites (table 7).

* Estimated from egg-pods found in 12 plough lines of 1 mile (1.6 km} long and 0.2 mile
{322 m} apart, laid out in a grid.

3 The mean of two independant estimates (section 4.1).
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The 1966/61 season. In the 1960/61 experimental plot a total numberof 0.397 x (157,568
+ 12,751} x 70 = 4,382,000 -+ 354,300 hoppers had hatched. This figure must be
corrected for egg-pod destruction caused by mites {table 7}, which brings the total
down to about 4.16 million hoppers. The number of egg-pods in the plot had been
estimated by Symmons?; the number of hatchlings per pod is the mean of two in-
dependant estimates, and 0.397 represents the percentage of the egg-pods that had
hatched, but as has been said above (section 4.1), this percentage probably was an
under-estimate.

When the hoppers were in the third and fourth instar, Symmons drench-sprayed a
number of sample lines across the plot and searched 880 square meter rings. He found
3300 corpses and this indicated a surviving hopper population of about 4.49 million.
This was more (but not significantly more} than there ever had been if the 39.7 9
hatching of the egg-pods had been correct. Whatever happened, we do not know which
percentage of the hopper population died, that is, if there was any considerable mor-
tality at all.

Also in the 1960/61 breeding season, the author carried out two mortality assess-
ments in the Kabwe plain in the Mweru wa Ntipa (chapter 2). Hatching in the small
plot (fig. 5} took place between 8th and 11th January 1961. Three times per day the
hatched parties were counted and then scattered. On 8th, 9th and 10th January
38 egg-pods hatched, giving a total of 38 x (118 £ 10) 2 = 4484 + 380 hoppers. On
the morning of 11th January the population was assessed at 2953 + 591 hoppers.
Thus 1531 4 703 hoppers had died (about 34 %,).

On 11th January another 9 egg-pods hatched, which brought the population at
(2953 -+ 591) ++ 9 x (118 4 10) = 4015 + 598. A final assessment on 13th January
gave an estimated population of only 785 + 137 hoppers ®. During the second mor-
tality period of 2 days, therefore, 3230 + 620 hoppers died (about 80 %,). The overall
mortality in five days had been 47 x (118 1+ 10) — (785 4 137) = 4761 - 490 or
86 9, of the population.

The 1961[62 season. During the 1961/62 breeding season I tried to assess the mortality
in separate plots in four different places (chapter 2, fig. 6). In three of these plots the
survivors were assessed after the first instar and then again after the second instar,
and in the fourth plot only after the first instar. Hatching of the first egg-pod began
16th December and showed a peak from 17th to 19th. Since little second oviposition
had taken place in the Tumba sector the hopper population in the plots was fairly
uniform in age. The first series of assessments was carried out on 2nd, 4th and 5th
January when between 91 and 989, of the hoppers had entered the second instar,

1 Estimate based on egg-pods found along 11 parallel plough lines, of in average 0.42
(0.67 km) long and 0.1 mile (0.16 km) apart,

2 Mean number of hoppers hatching from 10 pods.

3 Assessment carried out along 12 parallel lines, 1 vard {0.91 m) wide and 15 yards {13.7 m)
apart.
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and the second series on 11th, 13th and 14th January when between 84 and 92 %, of
the hoppers had reached the third instar.

All data on numbers of egg-pods, hatching percentages and surviving hoppers in
the plots are given in table 11. In 1961/62 once again the method of estimating
the hatching percentage of the egg-pods, by counting the number of hatched
parties in sample strips, gave under-estimates. Two weeks after hatching there
were many more hoppers in the plots, than there ever could have been according
to the number of hatched parties seen. Thus the estimate of the hatched population
had to be based on the hatching percentages in the groups of marked egg-pods, but
for plot | even that figure was an obvious under-estimate. The marked egg-pods near
this plot had been on the other side of a channel on lower-level ground and they
suffered badly from the temporary waterlogging. Thus the southern part of plot 1
couid not be used for assessing the hopper mortality in the first instar, but the estimate
of the hopper population, present on 4th January in that part of the plot, was used to
calculate the hopper population that was present on that same day in the other,
northern part of the plot. This population was then assessed 13th January and so the
mortality could be estimated over a period of 9 days during the second instar.

In plot 2 the numbers of egg-pods in the two parts of the plot were very similar and
50 were the numbers of hatched parties, This plot suffered from prolonged water-
logging of the soil, and the hatching was extremely poor: the number of hatched
parties accounted for only 1.6 %, of the estimated number of pods in the sample strips
and of the 21 marked egg-pods only 1 hatched (59%,) (table 6). Consequently, the
total number of hoppers, hatching in the plot was smaller than in any of the other
plots, though the egg-pod density had been highest. In plot 3 the hatching parties
accounted for 18 to 199, of the egg-pods; the group of marked egg-pods gave a
hatching percentage of 47 {9 out of 19 egg-pods).

Finally a mortality assessment could be made during an experiment by Dean, who
studied band formation at very high hatching density {plot 4). He made hundreds of
females lay their second egg-pod in a cage built over 10 x 10 ft (3 x 3 m) of burnt
grassland in the Nziga sector. There had been virtually no laying within 0.5 mile
{0.8 km) of the cage. The hoppers hatched on 1st and 2nd January 1962 and on 12th
January the survivors were sprayed with DNC, when they were in their second instar;
133 corpses were found in 52 wire rings of 1 m2,1aid out in the 2000 sq.yds (1670 m?)
which the cage population occupied by then. The same day the cage area was dug up
and the remains of 100 successfully hatched pods were found. It is almost certain that
originally the number of pods was much higher and it is suspected that rats destroyed
a large proportion of the pods.

Unfortunately in 1961/62 there was an exceptionally early band formation, in which
both the gregarious history of the parents and the unusually rapid growth of the grass,
and consequent early manifestation of the mosaic, played a part. The clumpy distri-
bution resulted in a disproportionally high number of zero’s, relatively few counts
from one to ten and a few high and very high counts, which greatly influenced the
total. As an example the frequencies of counts in four assessments are given in table 12.
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Table 12. Frequencies of numbers of hopper corpses per m® in 180 samples. Hopper survival assessmenis in 4
experimentel plots in North Rukwa 1961(62

Number of Frequencies
hoppers
per m? plot 1-1 plot 2-1 plot 3-1 plot 3-2
0 78 103 75 102
1 19 23 26 22
2 20 15 i6 14
3 14 9 16 9
4 6 5 4 3
5 6 2 5 Z
6 5 5 4 1
7 1 3 3 3
8 2 1 3
9 2 3 2 1
10 3 1 2 1
11 2
12 2 1 1
13 2 2 2
14 4 2 2 1
15 2 1 11 |
16 2 1
17 1 2
18 I
19 1 1
20 i 2 2
21 1 1
22 1 1
24 1 1
25 1
27 1 1
29 1
30 1

w W
Go —
— N

36 1

38 1

40 1 1

43 1
46 1
48 1

50 1 1 1
52 i
53 i

35 1

56 1 1\

wWeegm oW

R s G0 RO = =1
-

— — —

— —

93
110
200
205
505 i
Total number of
«orpscs in 180 samples 830 446 1495 1341

_—




The counts obvicusly do not follow a Poisson distribution and with the exception of
one case, they do not {it a log-normal distribution either. An additional difficulty in
the latter tvpe of distribution is that one cannot attach any meaning to the zero
counts, unless one assumes that they represent a density of between zero and one, but
this gives an over-estimate. Apparently there is no statistical model, which fits this
type of distribution and it is extremely difficult to attach any limits of confidence to these
hopper-population estimates. All that can be said is that according to the observers
impression the 180 samples did seem to give a fair representation of the distribution
and the density of hoppers in each plot. The estimated populations in table 11 are
hased on the artithmetic mean of the counts. In total nine cases resulted in which the
mortality among first and second-instar hoppers could be estimated.

In all three years, therefore, there was a considerable mortality during the first and
second instar in at least one of the experimental areas. In section 5.4 the daily
mortality rates will be compared with the densities of various predators.

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

The first and only mention of a Robberfly as a natural enemy of Nemadacris hoppers
was by BreEpo (1947), who reported Alcimus sp. preying on hoppers in the Mweru wa
Ntipa.

Asilidae are known as voracious predators on insects and some of the larger species
have been reported to live primarily on Acridid hoppers and adults {Crausen, 1940;.
Hosby (1936) analysed the diet of a number of Asilidae, caught with their prey by
Swynnerton in S. Rhodesia and he found that Alcimus setifemoratus and Philodicus
supmnertoni fed primarily on Acridids, while in the diet of Philodicus nigripes Hyme-
nopterans were about as prominent as Acridids. LEr {1958) studied the effect of the
Asilid Sienopogon poreus on populations of the Acridids Caliptamus sp. and Doctostaurus
sp. in Kazakhstan and he concluded that this Asilid is abie to reduce the populations
of these Acridids by 40-60 9%,

Very little is known on the biology of Asilidae in general. According to CLAUSEN
(l.c.) some species lay in decaying wood, others on grass or in the soil. The incubation
period is short, at any rate for those species in which it has been studied. The larvae
of Asilidae live in decaying wood or in the soil. The vermiform free pupa moves to the
surface just prior to the emergence of the adults.

Clausen also states that larvae of some, not specified, species feed on locust eggs.
Stower, Porov and GreaTHEAD (1958) did find Asilid larvae in or near egg-pods of
the Desert Locust, but there was no evidence of any damage to the eggs.

In the Rukwa Valley larvae of Asilidae certainly do not feed on locusts eggs, possibly
because they are active at another time of the year. Adults, however, showed a clear
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Table 13.  The prey of Asilidae in areas of different hopper densities

Prey Hoppers of Nomadacri. Hoppers of Nemadacris
and other Acrididae absent, of other Acrididae
abundant! not abundant ?

Nomadacris hoppers 17

Other Acrididae hoppers 3 3

Diptera 1 1

Lepidoptera 1

Odonata 1 4

Coleoptera 2

Other 1

b Asilidae collected with prey in North Rukwa, i960/6[ and 1961/’62 and in the Kabwe plain (Mweruwa Niipa)
in ]960[61.
2 Asilidae collected with prey around the Uninji Pans (ncar Abercorn, Zambia) in 1960 j &1,

preference in their diet for Acridid hoppers, when these were available.

Two Asilid species were found to be dominant in both the North Rukwa plains
and the Mweru wa Ntipa: Omnatius variabilis ENGEL and Philodicus nigripes RIGARDO.
Both species are of medium size, measuring from 16 to 21 mm and they catch Noma-~
dacris hoppers when these are in the first and second instar, that is up to a maximum
length of 12-15 mm. On rare occasions Philodicus was seen to take a third-instar hop-
per. Hoppers in the first two instars are available as prey over a period of normally
3 to 7 weeks, somewhere between 15th December and 15th February. During this
period Acridid hoppers formed over 80 % of the prey (table 13). In the grass around
the Uninji Pans near Abercorn Acridid hoppers were far from abundant, but they
still made up nearly half of the diet. Qutside the period in which small hoppers were

Table 14. Distribution of Asilidae in relation lo ike abundance of hoppers. Nerth Rukwa, 1959/601

Area Date of State of grass Hoppers Asilidae per
assessment at start of the 1000:sq. yds
rains {836 m?)

Experimental plot

Kambangombe plain 15th December burnt very dense, 12,1
1st + 2nd
instars
Idem 17tk January burnt few ist -+ i.8
2nd instars,
mostly 3rd +
4th instars
Grass immediately
around plot idem unburnt none ) 0
Short grass 2 miles
south of plot idem burnt none 0

* Based on unpublished data collected by G. J. W. Dean.
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present, the Asilidae were seen feeding mostly on Tabanidae and small Lepidoptera,
but no detailed data on tiis were collected.

The distribution of Asilidae in an area appeared to be correlated with the distribu-
tlon of their prey. This was first seen in 1959/60 in North Rukwa (table 14). Another
example was found in the Uninji Pans in 1960/61 (fig. 13).

A slow adaptation of the density distribution of Asilidae to that of the hoppers was
apparent from assessments made in North Rukwa between 10th December 1960, the
date of first hatching, and 3rd February 196!, when virtually all hoppers were past
the second instar (table 15).

An example of Asilidae, actively concentrating in a small area with high prey
density was seen in the Mweru wa Ntipa in January 1961, As described above (chap-
ter 2 and 5.1} concentrated hatching of hoppers took place in a small area of about
190 < 160 yds {173 x 146 m). After three days the numbers of Asilidae had gone
up considerably and on the 6th day after the first hatching their density had increased

per 0,1 mile A
70 ~

X———=-3 Asilldce
*———=s Grasshoppers

BO -

50 -

2Q

1o

ol R

EOF g B

T T 1 T T T 1 T T 1 T T T T T 1
.2 .4 .6 ,B 1,0 1,2 1,4 1,6
miles of scouting line
Fig, 13. Distribution of Acridid heppers (@ @) and of Asilidae (% - - - X) along a L.6 mile (2.6 km)
long fransect, in the larger of the Uningi Pans. A represents the numbers recorded every 0.1 mile (0.16 km) on 17tk
Fanuary 1961, and B gives the situation along the same transect one month later { 14th February)

55



Table 5. Changes in distribution of Asilidae as compared with the hopper distribution. Novih Rukwa, 1960(61

Hopper Asilidae per 1000 sq.yds (836 m?)
density
14th Dec. 20th Dec. 5th Jan, 3rd Febr.
1 Area of experimental
plot of the year before Low 14.0 6.0
2 Experimental plot
1960461 Mediam 0.2 0.7 1.4 5.0
3 Midway between
1. and 2, Low 1.7 2.1 2.5
4 Trans Valley firebreak Low 9.4 3.5

by fifteen times. At the same time the mortality among young hoppers showed a
progressive increase (fig. 14). Also on the morning of the 13th December three
assessments of Asilid densities were made outside the plot. While in the plot there were
8.3 Asilids per 1000 sq.yds, 40 vds to the south-west, where few hoppers hatched,
there were only 2.9 Asilids, 200 yds to the south-west there were no Asilids at all, but at
a distance of 400 yds the density was the same as in the rest of the plain, about 0.6
Asilids per 1000 sq.yds. This suggested that Asilidae had moved into the plot from a
strip of between 200 and 400 yds around it. On a superficial inspection of the whole
Kabwe plain it was found that Red Locust hoppers were confined to the northern half,
where the Asilid density was 0.6 per 1,000 sq. yds, and that in the southern half

number of

happers Asilidae

in plat per 100G 5q.yds

5000 10

4000 H8

3000 46

2000 44

1000 42

7 o8 T e Toae Tt T a2 T oas
january 1961

Fig. 14.  Numbers of Red Locust hoppers, known to have hatched (@ - -- . - @) and those estimated io have survived
1 @), compared to the density of Asilidae (@ - - - - ®). Experimental plot Kabwe plain, Fanuary 1961
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only very few hoppers of other Acridids were present and here no Asilidae were seen.

The following observations give some indications as to the biology of Omaatius and
Philodicus in the Rukwa Valley. Adults appeared in numbers only a few weeks after the
first rains, well before the hatching of the hoppers (fig. 13). They were at their peak
density during about the same period that hoppers go through the instars that arc
suitable as prey. In January their numbers appeared to go down and at the end of
February and in March few were seen any more. Web-building spiders and Anisoptera
{Odonata) appeared to be their main natural enemies.

Copulation was seen from a few weeks after appearance of the adults onwards. The
cggs are presumably laid in the soil of the Rukwa grasslands; firstly, around the end of
December 1961 the Tumba plain became progressively flooded (plot 1 first, plot 3 later),
and there was a gradual decrease in numbers of Asilidae there which coincided with
an increase in numbers in the dry Nziga plain (table 16}. Secondly, 19th-21st Decem-
ber 1960, that is only few weeks after the appearance of the Asilidae, assessments were
made at six poinfs in the Tumba and Kambangombe plains; the different Asilid
densities appeared to be related with the hopper distribution in the previous season,

date of first hateching

numbers /1000 sq. yds

25 - -
.
20
L]
-
-
*s
15 -
-
a
. a
10 . .
L]
L]
siart of rains . hd
5 - L] [ Y
xe
x x
- L xX x
X X
x
. x ® x
x *¥x X X
OF Xe L » x
T T 1 T T T Y T T 3 T T T 1
26 3 5 10 k-2 20 25 30 5 10 15 20 25 30
november december

Fig. 15, Appearance of Asilidae (X %) and Anisoptera (@ @) at the start of the rains. North Rukwa, 1961
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Table 16. Changes in distribution of Asilidae. North Rukwa 1961162

Asilidae per 1000 sq.yds (836 m?)

5 Dec. 18 Dec. 29 Dec. 9 Jan. 12 Jan,
Tumba plain
plot 1 2.5 1.8 0
plot 2 1.3 1.7 3.3 1.0
Nziga plain 2.5 4.2

Table 17. Asilid densities early in the rainy season, compared with hopper densities in the previous breeding season,
North Rukiwa, I9th-215st December 1960

Area Hopper density in the Asilidae per 1000 sq.yds
1959/60 breeding
5€2500

Bank of the Tumba river zera 0

Area of experimental plot 1959/60 very high 14.0

Experimental plot 1560/61 zero 0.7

Trans-Valley firebreak very high 9.4

Nziga plain very low 1.7

Middle of Tumba plain Zero 0

Table 18.  Relative abundance of Omnatius variabilis and Philodicus nigripes in various areas?!

Area Number of  Omnalius Philodicus
Asilidae in %, in %
caught

North Rukwa 1960/61 Exp.plot Dec.-Jan. 23 56 44

Near treeline, late Jan. 45 98 2
1961/62 41 98 2
1962/63 0 — —

Kabwe plain  1960/61 19 68 32

Tku plains 1960/61 ) 15 80 20

Uninji Pans  1960/61 55 2 98

1 No data are available for the [959/60 breeding season, but both species were abundant.
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19539/60 (table 17} 1. This inferred local breeding of Asilidae, not immigration from
the forest.

Philodicus and Omnatius differed in relative abundance from year to year and area
to area (table 18). In 1961/62 the only specimen of Philodicus was caught just before the
rains began and Omnatius was only seen several weeks later. The 1960/61 rains had
been heavy and large parts of North Rukwa were under water for several months,
The 1961/62 rains were even heavier and virtually the whole of North Rukwa
remained under water until the 1962 rains started. During the 1962/63 season no
specimens of cither of the species were seen. Thus it would appear that prolonged
annual flooding is unfavourable for both species, in particular for Philodicus.

Two observations gave some direct information on the daily consumption of Asili-
dae. Oncein a cage a specimen of P. nigripes was seen to take about 20 minutes for
sucking out a first-instar hopper and, secondly on a two-hours traverse through
the Nziga plains which area had a medium dense hopper population, 16 O. variabilis
were seen, of which four were in the process of consuming a hopper. This would
suggest that an Asilid takes one hopper per 80 minutes, or about 9 hoppers per 12 hour
day.

Asilidae, therefore, were active predators on Red Locust hoppers. They were at op-
timum density at the right time {fig. 15}, they were more often than other predators
seen to catch hoppers, these formed the major part of their menu, their distribution
showed great similarity with that of their prey, they were even seen to concentrate
actively in spots with a high hopper density and finally their density level appeared

! Later on, the distribution of the Asilids adapted itself to the hopper distribution in
1960/61 (table I5).

Table 19.  Approximate density levels of Asilidae in December and Fanuary in different breeding areas

Area Breeding season Density per 1000 sq.yds?
North Rukwa 1959/60 6
1960/61 5
196162 1.5
1962763 0.1
Central Rukwa 1959/60 0
1960/61 0
Mweru wa Ntipa 1960/61 0.32
Iku plains 1960761 3
Uninji Pans 1960/61 1.3
196162 0.3

' Meanr of all samples in the periad that first and second-instar happers of Nomadacris were present in areas where
the grass had been burnt before the rains.

1 Mean of samples taken in the Kabwe perimeter plain and along the western fringe of the Mweru wa Ntipa
proper.
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to be high enough to make them a mortality factor of some importance.

However, in the Central Rukwa plains hardly any Asilidae were seen and in the
North Rukwa area their numbers decreased to virtually zero in the course of the last
two years which were very wet (table 19). In addition, in 1939/60 they could not
really have caused the death of 28 million hoppers in 36 days, though their numbers
were high; this would have mcant a daily consumption of about 50 hoppers per
Asilid. Although Hurr (1962) reports that consumption can be rapid (Epwarbps,
1883, watched one Asilid catch and eat 8 Geometrid moths in 20 minutes), it appeared
unlikely that medium-sized Asilidae like Omnativs and Philodicus would have so
great an appetite.

5.2.2 QOdonata

Prey. During the rainy season (donata (both Zygoptera and Anisoptera) are among
the most abundant insects in the outbreak areas. Occasionally Anisoptera were seen to
make dashes at groups of just emerged hoppers, but they rarely seemed to catch any.
At the same time Asilidae were found to feed largely on hoppers, and at first attention
was focussed onthesepredators, However, during the 1960/61 breeding season it became
evident that, on their own, Asilidae could not cause the recorded hopper mortalities
and it was decided to make a closer study of other possible predators and in particular
of the Odonata.

It is well known that capture of flying prey is the normal feeding behaviour of
dragonflies. However, a number of observations have been recorded which suggest
that capture of sitting prey is not uncommon (CorseT, 1962). This is particularly so
for members of the sub-family Zygoptera which have been described to take settled
Aphids from plants {T0Ompar, 1910)* and Coleoptera larvae from leaves of bushes
(Corzper, 1960}, The Anisoptera are said to specialise on prey flying overhead, but
capture of resting prey has also been observed and Corzeer (l.c.) is of the opinion that
this is more common than is generally thought. In the compound eye of Anisoptera
the facets in the upper half are usually larger than in the lower half, and there is a
gradual transition in size ; In some libellulids there Is a narrow zone of transition, often
showing up as a nearly straight horizontal line. It has been suggested (Exner, 1891)1
that the upper part of the eye is used for flying prey and the lower part for perceiving
the form of sitting prey.

In the North Rukwa plains the abundant Zygoptera? are Enallagma subtile Ris and
Agriocnemis extlis SELys {Coenagriidae), very small and fragile insects of about 20 mm
long, and Lestes pallides Rambur and Ceriagrion glabrum (Burmester) {Lestidae)
which are about 40 to 50 mm long. The smaller species are often seen flying up and

* Quoted from Corset (1962).
* T am greatly indebted to Dr E. PiNeEY of the National Museum of Rhodesia, Bulawayo,
for naming all Zygoptera and Anisoptera species I collected,
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down grass sterns and their behaviour suggests that they normally capture sitting prey,
but they are too small and too fragile to master prey of the size and strength of a first-
instar hopper and they probably feed on very small insects up to the size of a mos-
quito. L. pallidus and C, glabrum, however, appear to be big enough to catch at least
a first-instar hopper and they also seem to search for their prey in the grass. Between
1939 and 1961 these bigger species formed only a small part of the population, but in
the 1961/62 season their numbers increased considerably; all but two of the twenty-
twa specimens caught with their prey were collected in that season, in which there
were few hoppers.
Their choice of prey was as follows:

Lepidoptera 13
Diptera (mosquito’s) 6
Arachnoidea 1
Unidentified 2

Acridids did not appear on the diet and indeed none of the victims approached
a first-instar Red Locust hopper in size. The Anisoptera on the other hand, were found
to have a preference for Acridid hoppers, when these were present {table 20). The
data were split up for three different sets of conditions in which feeding Anisoptera
were caught.

It is self-evident that table 20 cannot give a fair representation of the overall diet of
all Anisoptera species in the North Rukwa plains. Firstly several species catch and
devour their prey in flight; only with a large prey they may alight. Many other
Anisoptera species are perchers, waiting for prey on some protruding stick or grass
stemn and making numerous reconnaissance flights from there. These species were
seen to return to their perch with the prey, even if it was as small as a mosquito,
Secondly some species were easy to catch and some were not. This is clearly demon-
strated in tabie 21 where the prey of different species is given: in 196162 Orthetrum
brachiale accounted for well over half of the total number of Anisoptera caught with
prey, while in the areas of catching they formed only between 9 and 159 of the
population {table 23).

In the 1962/63 season the composttion of the Anisoptera population differed greatly
from that in the previous year, as is evident from tables 21, 23 and 24.

Feeding behaviour of the common Anisoptera species. Those species that are commonly seen

in North and Central Rukwa, in the Tku plains and in the Mweru wa Ntipa have

been grouped according to their feeding behaviour (table 22), The following anno-

tations should go with it.

a. It is possible that Flemianax ephippiger feeds mainly on the wing, but catches hoppers
that 1t disturbs when alighting in the grass.

b. In large numbers Trithemis annulata has been seen only in North Rukwa and only in
1962/63 when the area had become permanently flooded; this species possibly
breeds there only in series of very wet years.
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c. In North Rukwa Ortketrum brachiale was by far the most abundant of the two
species, but O, ¢rinacria was more common in the Central Rukwa plains. The latter
has not been caught with prey, but the behaviour of the two species is so similar
that almost certainly their choice of prey is identical.

d. Tholymis tillarga is considered to be a crepuscular species (Corset, 1962). However,
in the Rukwa Valley the males were often seen flying during the hot hours of the
day, but aiways low through usually tall grass. It may be that those flights were
caused by the observer or by intolerable temperature conditions in the roost, but
T. tillarga was once caught with a Red Locust hopper as prey. The female was
rarely seen flying during the day, but was twice caught with a Dipteran as a prey.

The following species were also recorded, hut formed a very small proportion of
the population: Orthetrum abbotti, O. caffrum, Zygonyx torride, Nesciothemis farinosum,
Trithemis hecate, Crocothemis sanguinolenta, Acisoma panorpoides, and Trithemis annulata.
Pantala flavescens also breeds in the Rukwa Valley, but was usually seen only at the
beginning of the rains and from February onwards. The period during which hoppers
are in the first two instars probably does not coincide with the adult period of P.
flaveseens. In 1960/61 Anax imperator could he seen roosting on bushes in fair numbers,
but they were never abundant during the day.

Those Anisoptera that are predators on Red Locust hoppers belong to the group of
species that either perch in the shorter grasses of mosaics, or fly low through the
grass (table 22), It appears that it is movement rather than form to which the dragon-
fly reacts, since on several occasions 0. brachiale and P. {uminans were seen perched
within a few feet of'a group of hoppers, none of which were caught as long as they did
not move. A jumping hopper, however, was dashed after and caught even after it had
landed. The frequent patrolling along a track and in particular the habit of flying
through the grass, as seen mainly from Ortheirum, is likely to have a disturbing effect
on hoppers. In the tropics Brachythemis lencosiricta is well known for its habit of flying
closely around the legs of man or beast moving over open ground; presumably it
catches small insects flushed by the disturbance. O, brachiale has been seen to show a
similar behaviour in that it flies a few paces ahead of 2 moving observer in an irre-
gular undulating flight, frequently alighting and waiting until the observer has caught
up.

The compound eyes of the common Rukwa species were examined, in view of
Exner’s idea about the function of the larger and smaller facets. In O. brachiale very
small facets occupy the lower two-thirds of the eye, then there is a clear, narrow
transition zone to facets of medium size and finally a gradual transition to very large
facets in the dorsal part. The eye of Q. iriracria is very similar, In the eye of Crocethemis
a horizontal line indicates the transition from small to medium sized facets, the small
facets taking up the lower two-third of the eye. Philonomon has a very clear, horizontal
division between small and large facets, dividing the eye in more or less equal parts.
DBrachythemis® eye is almost identical. Hemistigma has very small facets in the lower
two thirds of the eye and a clear straight line marks the transition to the top part,
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which has very much larger facets. Hemianax has a very gradual transition from smal-
ler to bigger facets about halfway up the eye. Tholymis iillarga, Trapezostigma and
Urothemis have large and very much smaller facets separated by a clear, narrow,
U-shaped transition zone dividing the eye in more or less equal parts.

Thus, in general, Anisoptera that specialise on prey in the grass have smaller facets
and the region ol small facets occupies a larger portion of the eye. This confirms work
recently published by Pritcrarp {1966). He made an elaborate study of the num-
bers and size of facets in a great many species, and his conclusion was that there is a
close relation between the hunting behaviour and the size and numbers of facets in
the different parts of the eve.

Distribution of Anisoftera in relation to hoppers and vegetation. The distribution of the
Anisoptera did not seem to be closely linked with that of hoppers, as was the case with
the Asilidae. In 1959/60 in North Rukwa, Dean (in pu Pressis, 1960) assessed den-
sities of Anisoptera In three places: (a} in an area where the grassland had been burnt
before the rains and hoppers were dense, he estimated the population at 48,100 4.
4,400 per sq. mile; (b} in a similar area but without hoppers at 37,400 + 2,100, and
(c} 1n an area adjacent to (a) where grass had not been burnt and where there were
no hoppers, at 19,400 -+ 5,000 per sq. mile (2,59 km 2). This suggested an aflinity to
burnt grassland rather than to hopper concentrations. On the other hand, in the case
of the 1960/61 plot in the Kabwe perimeter plain of the Mweru wa Ntipa I found that
not only the Asilidae concentrated in the plot but that to some extent the Anisoptera
did the same; their density went up from 1.5 per 1,000 sq. yds on the 9th January to
3.3 on 13th January. Any possible concentration would be less obvious than with
Asilidae since only part of the Anisoptera population would respond to hopper con-
centrations. This appeared to be confirmed by observations made in January 1963
during a reconnaissance by Swamp Skipper through the Katwa Makondo plain
which was the only part of North Rukwa that had been dry at the beginning of the
rains and where locusts had laid. Anisoptera were dense everywhere, but Ortheirum
brachiale was almost exclusively seen near the hopper bands which were far apart and
not very dense.

In general, species differed in the selection of their feeding habitat and consequently
the composition of the Anisoptera population varied from area to area, as is demon-
strated in table 23 for the 1961/62 season. Since catching does not give represen-
tative samples and collecting corpses after spraying gave too few specimens, the com-
position of Anisoptera populations was determined by counting the number of each
species scen in a strip of 10 yds wide along transects of about 0.5 mile long.

Comparison of tables 23 and 24 shows (a) that Anisoptera populations in North
Rukwa and in other areas were largely composed of the same species, but that the
relative abundance varied, and (b) that in 1962/63 the population in North Rukwa
differed considerably in composition from that in the previous wet season, probably
due to the drastic changes in flooding conditions.
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In table 25 densities are given at different times and in different places, and in the
last column all available assessments have been combined to give an indication
of the density level over the entire area.

Importance of Anisoptera as predaiors on hoppers. In order to relate the daily mortality in
the experimental plots to densities of Anisoptera, one has to take the composition
of the population into consideration. In addition, some of the species that prey on Red
Locust hoppers are more effective than others and this is of course extremely difficult
to assess, In fact it could oniy be attempted for Ortheirum and Philonomon, two species
which were abundant in the samples in 1961/62. Table 26 shows that Orthetrum is
much more easy to catch than Philenomon, in fact about 3.1/0.85 = 3.5 times as easy.
Assuming that the species are of equal abundance and equal effectiveness as a preda-
tor, one would expect to catch 35 Orthetrum with prey for every 10 Philonomon with
prey. Philonomon, however, formed on average 60 %, of the population and was, there-
fore, roughly 8.5 times as abundant as Orthetrum, which on average formed only 7%,
of the population, Thus one could expect to catch 35 Orthetrum with prey against
85 Philonomon with prey, but instead of 85 only 9 were caught (table 21). This indicates
that as a predator Orthetrum is about ten times as effective as Philonomon.

The available data do not allow similar detailed comparisons between these and
other specics, and the weighting of the different species as to their effectiveness as a
predator had to be based on general observations and impressions. Crocothemis erythre
a¢a, Hemistigma albipunctata and Hemianax ephippiger were considered to be equally
effective predators as Orthetrum brachiale, and Tholymis tillarga was, with Philonomon
luminans, counted at one-tenth of the effectiveness of Orthetrum. On these assumptions
the effective part of the Anisoptera populations in the 1961/62 experimental plots
could he calculated from table 23, This gave 29.8, 21.9, 28.3 and 32.6 %, for plot 1, 2,
3 and 4 respectively.

In addition, it should be realised that the effectiveness of a species may not be
constant, since it may depend on density and height of the grass. Perching species like
Philonemen are more likely to catch hoppers in a sparse and low vegetation, resulting
from poor early rainfall, than in a rapidly growing vegetation (like in the wet De-
cember and January 1961/62) when the killing of hoppers will largely be left to
species like Orthetrum, which fly low through the grass.

From ali data given in this section, it appears that certain Anisoptera species prey on
hoppers of Nemadacris and that they are present in considerable numbers at the right
time. There remains the question, whether they can measure up to the problem; that
is, could they have caused the hopper mortalities that occurred? This point will be
considered in section 7.4.

Life cyele. A positive correlation between the rainfall in one season and the abundance
of a predator in the next rainy season could provide an explanation for Symmaons’
negative correlation between rainfall and Nemadacris’ multiplication rate {section 1.4).
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Table 26.  Relative abundance of Philonomon and Orihetrum in samples iaken in the experimental plots. Norih
Rukwa, 1961{62

Philonomon lLuminans Orthetrum brachiale

% of Anisop- % insamples Ratio %, of Ani- o insamples Ratio

tera popu- of Anisoptera caught soptera po-  of Anisop- caught

lation? caught i seen pulation ! tera caught  :seen
plat 1 48 42 0.88 1 8 8.0
plot 2 69 58 0.84 9 i3 1.4
plot 3 64 44 0.69 9 12 1.3
plot 4 58 59 1.0 9 23 1.6
Mean 0.85 3.1

1 As seen in transects (table 23).

Consequently the life cycle of the Anisoptera in an outbreak area of the Red Locust is
of singular interest,

In temperate zones the life cycle of Odonata is characterised by a short adult life
and a prolonged larval life which involves a period of quiescence or diapause in
winter, Little is known about the biology of dragoenflies in the semi-arid tropics, but
the few available publications indicate a short aquatic life for the larvae, and a long
adult life span to bridge the dry season.

Gamzres (1960} made observations on some dragonflies in Nigeria and came to the
provisional conclusion that emergence of adults is most common at the beginning and
at the end of the rainy season {for Nigeria May and October respectively). From cap-
tures through the year he found that both the Zygopteran Lesies virgatus and the
Anisopteran Acanthagina vesiculata spend the dry season away from the temporary
pools, which are their breeding places, and move to areas where the tree cover offers
sufficient protection. Lestes possibly spends some of the time in a state of quiescence.
From the slow, but marked changes in body colour in three species of Crocothemis
(including C. erpthraea), Gambles concludes that the specimens seen ovipositing at the
beginning of one rainy season had emerged at the end of the previous rains. 7rape-
zostigma bastlaris was found to breed not only in temporary pools but alsoin permanent
waters. Nevertheless it appeared to have a one year life cycle and oviposition was seen
only at the beginning of the rains. In all these cases the adult life span must have
been around nine months.

As to the length of larval life, again only isolated observations exist. Gambles found
a larva of Anax imperator which hatched in the laboratory five months after first
appearance of water in the pool where it was caught. Similar observations gave just
over three months for Anex tristis and Hemianax ephippiger. It has been suggested
{TiLrvarp, 1910) %, that in arid regions drought resistance in larvae might be com-
mon among pool dwelling Anisoptera, but work by Hopckin and WaTtson (1958)

L Quoted from Corser (1962).

71



made it clear that normally larvae do not survive in the mud. They proved that
three pool-dwelling Australian species complete their aquatic life in two or three
months, and GArDNER (1936) working with the African species Orthetrum stemmale
and Palpopleura Incia got similar results.

The following data from CorerTs review on the biclogy of dragonflies (1962} are
also of interest here. The incubation period of the eggs of those few tropical species, for
which it is known, is about five days. Larvae are facultative feeders on whatever is
available and suitable. Cannibalisn occurs as a function of population pressure, but
is probably rare under natural conditions, Most larvae are bottom dwellers, but some
{Aeschnidae) move into the vegetation and others {many Libellulidae) bury them-
selves in the debris or mud. After emergence the adults normally scatter and later
congregate again for mating. There is habitat selection and there are indications that
some species may have a way of ‘homing’, returning for oviposition to the area of
their emergence. Others, however, wander freely and new habitats are colonised
promptly, up to distances of perhaps 35 miles (60 k). Some are well known mi-
grants and in many parts of Africa Hemianax and Pantala are commonly seen migra-
ting in dense swarms, occasionally mixed with Philonomon luminans, Trapezostigma ba-
silaris is another strong migrant.

My own observations on dragonflies in the Rukwa Valley and around Abercorn
confirmed the conclusions of the above authors. Many Anisoptera could be seen in the
plains until well into the dry season. When the grasslands dried up, the dragonfiies
concentrated around those ditches that still contained water, but when these dried
out and all grass was burnt, only a few Crocothemis erpthraeca, Trapezostigma basilaris,
Brachythemis leucosiricta and occasionally an Orthetrum brachiale were still to be seen . At
the same time dragonflies were still commonly seen in the open woodland surround-
ing the plains.

Immediately after the first rains they appeared in numbers in the open and the
most striking example of this was seen in 1962, when the first rainstorm came on 16th
October and hundreds of Anisoptera were seen the next day flying over the lawns
around the headquarters of the International Red Locust Control Service in Aber-
corn. In the Rukwa Valley just before the rains began, numbers went up slightly near
dried up rivers and ditches, but only after the first rains the densities gradually in-
creased over the entire North Rukwa plain (fig. 15). All this suggests survival of adults
during the dry season, away from the plains in the open woodland. Maximum den-
sities were reached before any breeding waters were formed and emergence else-
where is unlikely, since in the second half of the dry season the entire area is extremely
arid. At this time of the year there is water left only in the very alkaline lake Rukwa,
in some muddy rivers which cannot even support much fish, and in a few of the rivers
that come down from the plateau.

Altogether the available breeding waters appear completely insufficient to produce

1 Cf. the dry-season population in Central Rukwa, September 1962, table 24.
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populations of the observed densities over such large areas at the start of the rains.
Observations on the body colour of Crocothemis erythraza also suggested survival over the
dry season. In November and December all males were bright red and the first straw-
coloured specimens (as they are when just emerged) were not seen before January.

Copulation was seen from around the first rains onwards. Density assessments were
made until early in February, but numbers did not show a clear decrease and it
appeared that most adulcs lived for at least two or three months after sexual beha-
viour started. This was certainly so for €. erythraca. At this stage Anisoptera have
apparently little to fear from natural enemies, since no other effective predators were
seen than web-building spiders, which regularly caught dragonflies of those species
that alight in the grass.

During 1962 some information on length of larval life was obtained. Emergence of
Pantala flavescens and Hemianax ephippiger was seen in a ditch near Soda on 31st January.
The rains had started around the usual time early in November. Normally pools and
ditches do not fill up until several weeks later, but in 1961 there was some very heavy
rainfall around 17th November and it is just possible that the ditch did hold water
from then. More likely, however, is that it did not fill up until about 15th December.
Larval development for these species, therefore, took possibly only 47 days, but cer-
tainly not more than 75 days.
On 1st February samples were taken on four points in the Nziga sector which was
under water by then:

a. in 2 ft. (60 cm) deep water with very tall and dense grass?,

b. in 1 ft, (30 cm) deep water with a mosaic of shorter grasses,

c. in 6 in. {15 cm) water with short grass, and finally,

d. in 1 to 2 in. {2.5-5 cm) water in very short grass.

Due to slowly advancing floods these points had become flooded successively over
a period of weeks, roughly between 20th December and 20th January. In the first
sample 18 Hemianax larvae were found of in average about 1.3 in. {3.8 cm) long, in
the second sample the mean length of the 38 larvae was just over | in. (2.7 cm), and
there were also 2 Pantala larvae of 1/, and ¥, in. (1.3 and 1.8 cm). In the third
sample there were only 5 Pantala larvae of between about 1/, and *fs in. (1.2 to 1.6
c¢m), and in the last sample there were no larvae at all. The larvae of highest age were,
therefore, found in the places which flooded first and, since the adults at Soda emerged
from larvae of just over 1.5 in. (4.0 cm) long, the larvae in the first Nziga sample
had nearly completed their development.
During a reconnaissance for hopper bands made by Swamp Skipper on 3rd

February 1962 samples were taken at five points in the Tumba and Nziga plains in
water of one to two feet deep (80-60 cm). Hemianax larvae were found everywhere in

1 Each sample consisted of 20 sweeps of 5 paces lang, with a fine gauze net of 1 ft (30 em) in
diameter, which was scraped along the bottom. The collected debris was carefully searched
for larvae.
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densities estimated at roughly one per sq. yd (0.8 m?). Again larvae of the greatest
length were found in the places which had been flooded first. Only in one place
Pantala larvae were found.

I could not spend the 1962 dry season in the Rukwa Valley, but our African
research scouts regularly took samples of larvae near Soda, at the only accessible
point of the submerged North Rukwa plains. Due to poor communications only 3
samples could be sent to Abercorn, in February, April, May, June and August respec-
tively, and all larvae in the April sample arrived dead. Larvae were bred in the labo-
ratory in Abercorn, where they were kept in Kilnar jars, at water temperatures of 19
to 25° C during the day with an average of about 21°. In the Rukwa Valley water
temperatures in the flooded plains were in the region of 24-26° C during the day.
Larvae were fed mainly on tadpoles and small fish. In addition, some samples were
taken from the Uninji pans and some larvae were caught in Lake Chila, both near
Abercorn.

Lake Chila had been of virtually the same size all through 1961 and the time of
emergence of the species from there may not be used for conclusions on length of
larval life, but in the Uninji pans at the beginning of the 1961 rains some water was
left only in the centre and in 1962 all samples were taken at the water’s edge several
hundreds of yards away from the dry-season water line. The unprecedented flooding
and submergence of the Rukwa plains prevented the collecting of more data in the
1962/63 season.

Altogether over 600 larvae were reared, of which 157 emerged successfully. Of these
more than half (88) had been collected near Soda in North Rukwa. Unfortunately
the majority of the emerging adults from the Rukwa belonged to only two species,
Crocothemis erythrasa and Diplacodes lefeborei, Tt is unlikely that the other common species
did not breed in the Rukwa plains at all, since sexual behaviour was commonly seen.
However, the area in which the samples were caught was relatively small and al-
though it contained several types of vegetation, the grass was tall and dense in most
places. Another possibility is that the larvae of several species buried themselves
below the layer of debris and topsoil that was scraped off with the net. This is support-
ed by the observation, that these same species were equally absent in samples from
the other collecting places.

The results of these breeding experiments do not cover all species, but they allow
some conclusions on the approximate duration of larval development of a number of
Anisoptera species, including some of those predating on hoppers (fig. 16). If one
takes the time of oviposition at somewhere in December, the duration of larval life of
Hemianax and Pantala was 2 to 3 months, of Crocothemis erythraea and Tholymis about
3 to 4 months and of Hemistigma and Diplacodes about 6 to 7 months. If the data of
emergence of the Uninji-pans larvae are taken as reliable indications for duration of
larval life, Trapezostigma took 5 to 6 months, In the field the actual larval period may
be shorter, as there the average water temperature during breeding is higher than it
was in the laboratory.

Thus, for many species the duration of the larval life is of the same order as the
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Fig, 16.  Time of emergence of the imagines of various Anisoptera species, bred in the laboratory (the figures give the
numbers that emerged in a certain month). In the field many Pantala and Hemianax were seen to emerge or 315t Fanu-
ary and in the first week of February 1962

mean duration of the flooding over large parts of the plain, as it is in periods of about
average ramfall. Consequently the extent and duration of the flooding in a certain
season will directly determine the proportion of the larval population that completes
its development in time. And since it appears that the imagines survive the dry season,
it will, therefore, indirectly be of great influence on the size of the adult Anisoptera
population at the start of the following rains.

5.2.3 Other Predators

Spiders prey on hoppers, but in the outbreak areas only web-building spiders seemed
to be of any importance. Wolf spiders and jumping spiders were present, but their
numbers were always low {table 27). Web-building spiders were abundant in some
years; they were found to catch not only the first and second instar, but also hop-
pers in later instars and even adults. The 47 preys found in 30 webs in the experi-
mental plots in December 1961 ! could be split up in:

I There ware very few webs in the plot at that time.
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Acridid hoppers 32

Anisoptera 12
Coleoptera 2
Hymenoptera l

In January 1862, when the hoppers were in the third and fourth instar the number of
webs had gone up considerably and more detailed observations were made. In two
places an area of 3,000 sq. yds (2500 m?®) was searched for webs, first in tall grass
(mainly Echinochloa fiyramidalis) and then in a short grass mosaic (Cynodon dactylon
and Cyperus longus). The areas contained 44 and 20 webs respectively. Of those 64 webs
37 (58 %,) contained prey, of which 27 held one or more hoppers and 10 had only other
prey, mainly Anisoptera. A total of 35 hoppers was found in the 64 webs, which is just
over one per two webs. This obviously represents the catch of several days. At a den-
sity of 44 webs per 3,000 sq. yds (2500 m?) in tall grass, and, assuming a catch of one
hopper per two webs every 5 days, this would mean a hopper mortality of approx.
1000/3000 < Y/, x /g X 44 = 1.5 hoppers/1000 sq. yds/day. This represents the
calch in a hopper population of fairly low density; the effect of one web will no doubt
go up with increasing hopper densities.

Table 27.  Approximate densities of spiders in North Rukwa, 1961{62 and 1962/63

Year Area Number of spiders per 1000 sq. yds
web-building non-web-building

1961/62 end of December plot 1 0.7 0.1

plot 2 2.0 0.2

plot 3 1.3 0.]

plot 4 0.1 0.3

end of January Nziga plain: short grass 6.7 G

tall grass 14.7 0.2

1962/63 January Nziga plain: short grass 0.7 7.7

tall grass Lo 3.0

Mantidae prey on hoppers, but from the third or fourth instar onwards these become
too big to handle. In small cages the consumption was about 10 first or second-instar
hoppers per day, but in the field catching of hoppers might not be so easy. It was
difficult to get an idea of the densities of Mantids, but these were undoubtedly low.
On one occasion their numbers were roughly estimated in an indirect way. Mantid
females lay their egg-capsules in the second part of the rainy season. These capsules
are attached to grass stems in the top level of the vegetation and they are clearly
visible; they were often seen in groups of 2 or 3 fairly close together, and since Manti-
dae produce 4 to 5 capsules per female (Imums, 1951} it was assumed that these groups
had been laid by one and the same female. In August 1961 egg-capsules were counted
in a strip of 20 yds {18 m) wide, along 67 miles (112 km) of Land Rover scouting in
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the Tumba and Kambangombe plains; 149 egg-capsules, or groups of capsules, were
seen, which gave a mean density of about 0.07 Mantid female per 1000 sq. yds at the
time of laying. Assuming a 1 : 1 sex ratio and a daily consumption of 10 hoppers per
Mantid, such a population could have kilied one or two hoppers [ 1000 sq. vds { day.

Hemipterans of the Reduviidae and Pentatomatidae were seen preying on hoppers but
they were not common.

Ants have been seen to drag away hoppers that were in their first ecdysis just after
hatching, but normally the hopper jumped free again once it had completed the
moulting.

It has been suggested that birds may take part in the destruction of young hoppers
(Vesey FrrzGeravp, 1955 a). Dean found remains of first-instar hoppers in the
stomach contents of Quelia quelia centralis and Finch lark or Fisher’s sparrowlark (FEre-
mopteryx leucopareia}, but he came to the conclusion that they are only facultative fee-
ders on hoppers. Their numbers are difficult to assess since they move in dense flocks
which have a very fast and erratic flight. During the mortality period in the Kabwe
plain, Mweru wa Ntipa, only one small flock of Finch lark was seen around on two
successive days, but they never came in or near the plot. In 1961/62 only one flock
was seen in plot 3 on 23rd December and again in the same place on 25th December.

The Egret (mainly the Buff-backed Egret Bubulcus ibis) is a well known predator on
Acrididae but they have rarely been found to eat first and second-instar locust hop-
pers (DEaN, 1964). In the Kabwe plain on 10th January 1961 at about 11 am, I
shot two Egrets which had been feeding in and around the plot. Their stomachs con-
tained adult locusts, grasshoppers and Coleopterans, but no Red-Locust hoppers; in
general there was no prey under 7 mm in length. Another specimen was shot on 14th
January 1963 at noon in the Nziga sector, North Rukwa. It had fed on Coleopterans,
spiders and grasshoppers; the smallest Acridid was 14 mm long and in general the
stomach contained no prey under 8 mm in length, It is, therefore, extremely unlikely
that these birds cause any mortality among first and second-instar hoppers.

5.3 Other causes of mortality

Other causes of mortality among hoppers in the first few weeks after emergence have
not been found. In laboratory populations high mortality rates during the first and
second instar are common (SPRADBERY, 1959), but so far it has been impossible to
find the cause. Recently GrREaTHEAD (1966) reported such a high mortality (309%,)
Stower and he observed among first and second-instar larvae of Schistocerca, both
in cages and in the field. This mortality could not be accounted for and the author
suggests that it was due to a natural elimination of unsuitable genotypes. In the
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field in Nomadacris there never was the slightest evidence of such a mysterious mor-
tality; never were sick, dying or dead hoppers seen. Admittedly scavenging of corpses
can be quick, but it appears unlikely that such a morzality, had it occurred, would
not have been spotted during the numerous working hours, spent In experimental
plots where large numbers of hoppers disappeared.

Svmmons (unpublished work) placed gauze cages over four hatching parties in the
1964/61 plot, thus keeping them under fairly natural climatical conditions, but scree-
ning them from at least some if not most of their predators. He counted the survivors,
when they were in the third instar and estimated the reduction in numbers to have
been only 6 %, over 3 wecks. Unfortunately it could not be proved with certainty that
during the same peried any large mortality occurred outside the cages, though in my
opinion there probably had been (section 5.1).

In that same breeding season in the Kabwe plains, Mweru wa Ntipa, the author
caught 25 hoppers on the first day of hatching. These hoppers were kept outdoors in a
cylindrical plastic cage with a perforated lid and they were shielded from direct sun-
light during the hot hours of the day. After five days only one had died and the others
appeared to be in good health, but in the experimental plot numbers had dropped by
86 %, over the same period {section 5.1).

There remains the possibility of hoppers being killed unseen during the night. This
is difficult to examine, but if it were the case the unknown agent would probahly have
a disturbing effect on hoppers around the victim. On a number of occasions both in
North Rukwa and in the Kabwe plain a group of hoppers, which had hatched that
day and had remained together, were marked and mapped in their position at dusk
and inspected again at dawn the next morning. Never was the group found to have
been disturbed or to have altered its formation.

5.4 Hopper Mortalities and Predator Densities
14
Nearly all data on hopper mortality suffer from large standard errors and other sour-
ces of uncertainty, but with the present techniques this is inevitable. The estimated
number of hoppers, originally present in a plot is the product of the number of egg-
pods, the percentage of these pods that hatched and the mean number of hoppers
hatching from one pod.

Usually the egg-pod distribution is not very clumpy and the estimate of the total
number of pods in a plot should not be more than 109, wrong. The hatching percen-
tage of the egg-pods often formed a source of larger errors of estimate; in 1959/60 a
standard deviation could not be given, but the estimate in the subsidiary plot sugge-
sted that virtually all pods hatched. In the following two seasons this method probably
failed, apparently giving serious under-estimates. In 1960/61 this meant that no relia-
ble estimate of the original hopper population could be given. In 1961{62 it meant
that the hatching success had to be estimated from the groups of marked pods, but
there were only relatively few pods in each group and hatching percentages differed

78



greatly from place to place, due to variations in duration of waterlogging of the soil.
Only in plot 4 the absolute total of the hatched egg-pods was known and the same
applied to the Kabwe-plain plot in 1960/61,

The mean number of hoppers produced by one pod had relatively small standard
deviations, but here the estimate depended on the assessment technique used;
Symmons’ estimates were consistently lower than mine. The mean of these two
independant estimates probably was close to the true value. On the whole the
standard deviation in the estimate of the hopper population, originally present in a
plot, must have been in the region of 15 to 30 %.

The hopper populations that survived after the first and/or second instar could be
estimated more accurately {in 1959/60 with a standard error of 6 %, in 1960/61 in the
Kabwe plain with standard errors of 20 and 17 ¢)), except in 1961/62 when there was
an unusually early band formation,

Thus on the whole the mortality estimates, as obtained by subtracting the surviving
from the original population, can not claim any great accuracy. However, it is beyond
doubt that in all three years a very large mortality took place in at least one part of an
area: in 1959/60 in the square mile plot in North Rukwa, in 1960/61 in the Kabwe
plain (Mweru wa Ntipa) and in 1961/62 in plot 4. In the other cases a substantial
reduction had taken place during incubation, and the subsequent mortality in the
first two instars was appreciable but not dramatic.

In contrast with reductions during incubation it is difficult to link reductions in
numbers of hoppers directly with one or more mortality factors. Predators hike
mantids, hunting spiders and hemipterans could be ruled out because their numbers
were too small; web-building spiders were sometimes abundant, but in the years under
discussion they were not, or they were too late. Birds could also be excluded (section
5.2.3).

The only predators that could possibly cause a large hopper mortality were the
Asilidae and the Anisoptera. Not only were they seen to kill hoppers and were they
found to specialise on Acrididae when these were abundant, but their numbers were
high enough to be a mortality factor of importance. In fig. 17 their densities are
compared with the hopper mortalities per unit area per day, as it was estimated in the
nine cases of a known reduction. Only the combined densities of Asilidae and weighted
Anisoptera showed a correlation with the hopper mortalities. The only apparent
discrepancy was the case of the second mortality period in the Kabwe plain, but the
ultimate prey density was very low and even with a 100 %, hopper mortality this case
would not have fitted in,

Both Anisoptera and Asilidae are facultative feeders on a wide range of prey and
the frequency with which a certain prey is caught depends on its relative abundance.
Thus one would expect the hopper mortality to vary with the hopper density. In
addition, at higher densities hoppers offer a more conspicuous target on account of
their pregariousness. Gregarisation results in a higher activity, in a coloration of the

1 (Cf. section 5.2.2,
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hoppers with black, brown-red, green and yellow, which is rich in contrast, and in
band displacement. Fig. 18 compares the daily ‘consumption’ per predator!® with the
average hopper density over the whole mortality period.

The mortality among hoppers appeared to be correlated both with their own den-
sity and with the density of Asilids plus Anisoptera. A multiple regression was carried
out, using the data given in table 282, This gave the regression formula

Y = — 75.54 + .01906 x; + 25.37 %,
in which Y represents the hopper mortality per 1000 sq. yds (836 m?) per day, x, is the
mean hopper density per 1000 sq. yds over the entire mortality period and x, is the
numbers of Asilidae and weighted Anisoptera per 1000 sq. yds. Both regression
coefficients are clearly positive, the values of the variance ratio F} being 22.03 and
24.69 (atp = 0.01, F}is 13.74).

i That is the number of hoppers that died per day, divided by the number of Asilidae and
Anisoptera predators.

? My thanks are due to Dr M. A, J. van MonTPORT of the Department of Mathe-
matics of the State Agricultural University at Wageningen.
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6 Natural Mortality in Later-Instar Hoppers

6.1 Numerical Data

It is difficult to assess any natural mortality, that takes place between the beginning of
the third instar and the final moult. Normally band formation produces a clumpy
distribution and this gives very large standard errors to any intermediate assessments,
The clumpiness may decrease somewhat just before and after fledging, but at that stage
the spread in development is considerable and the last hoppers have their final moult
several weeks after the appearance of the first fledglings. By that time usually some
migration has taken place and it is not always possible to separate the immature adults
stemming from the plot and those bred elsewhere.

In January 1960, at the beginning of the third instar, the population had been
assessed by Symmons at 8.5 + 0.5 million. In May 1960 Symmons assessed the fledg-
ling population in and around the plot (which formed an isolated breeding area)
at just under 9 million. It appeared, therefore, that no natural mortality of any im-
portance had taken place during the third and subsequent instars.

In 1960/61 and 1961/62 the experimental plots in North Rukwa formed part of
much larger breeding areas and the fledgling population stemming from the plots
could not be separated from the rest. In 1960/61 in the Kabwe plain (Mweru wa
Ntipa) the hopper population was assessed in a very crude way. On 12th January
12.7 miles (20.4 km) of foot scouting were done along 8 parallei lines, varying in
length from 1.0 to 2.2 miles {1.6 to 3.5 km), and laid out in a zig-zag pattern across
the plain, which is about 7.5 sq. miles {19 km?)} in size. In a strip of 2 yds (1.8 m)
wide each hopper or group of hoppers, separated by at least 50 paces from the next
hopper or group, was recorded and counted as representing one hatched egg-pod.
This appeared to be valid, since everywhere the hatching density had been very low,
except in the small experimental plot. Apart from a small number of just hatched par-
ties, all hoppers seen were in their second or third instar and never were more than
five hoppers seen together, Thirty-five such groups or single hoppers were seen and
this suggested an estimated total of 17,504 -+ 3,700 egg-pods hatched.

If in the Kabwe plain as a whole the mortality among the hoppers during the first
and second instar was at least as high as that in the experimental plot in only five
days (86 %,), then not more than about 300,000 hoppers could have reached the third
instar. At the end of April 1961 the surviving fledgling population was assessed; 553
locusts were counted in 10.1 miles {16.3 km) of scouting, which gave a total of
238,500 4 40,000. The two estimates are not significantly different and thus there
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probably was no mortality of any importance during the later hopper instars.

6.2 Birds

Of the numerous birds that feed on the later-instars Red Locust hoppers (VEsey Frrz-
GERraLD, 1955 b) Stork and Egret are the most important and in particular the Euro-
pean Stork Ciconia ciconta, the Marabu Stork Leptotilos crumeniferus, the White-bellied
Stork Sphenorhynchus abdimii and the Buff-backed Egret Bubulcus ibis.

During 1959 and 1960 Deaw {1964) carried out some aerial surveys and he esti-
mated the number of Egret in North Rukwa in January, February and March 1959
at about 5,000, the European Stork at 100-200, the Marabu Stork at 30-60 and the
number of White-bellied Stork at 410 in January, but in March the latter had ieft the
area, He described a number of cases in which these birds destroyed hopper bands,
but generally the distribution of birds bore little or no relation to the hopper distribu-
tion.

In March 1962 the author made an aerial survey of North Rukwa and estimated
the Egret population at 2,000-3,000 and Stork at less than 100. That season there had
been scattered laying in the short grass mosaic in the Nziga area, and in the 2nd and
3rd instar a considerable number of small and not very dense hopper bands, of only
a few square yards each, had been formed. In January Egret patrolled the area for
weeks and destroyed all these small bands, leaving only a few scattered hoppers be-
hind. However, the much denser hopper population in the taller grass, a few hundred
vards to the East, was not attacked.

Dean {1.c.) estimated the daily consumption of Egret at 100-200 hoppers and other
insects, and that of European and Marabu Stork at about 800 to 900. In the two years
in which their numbers were estimated, they could therefore have destroyed over half
a million heppers per day, that is if they ate nothing but hoppers, If they had done
this during all three months, in which hoppers were available, they could have des-
troyed about 50 million hoppers. Therefore locally they can cause large drops in
numbers. However, in years of a high hopper population the death of 50 million
hoppers is of no importance and, in addition, in North Rukwa the majority of the
hoppers usually is found in the area with taller grasses.

6.3 Other Causes of Mortality

Larvae of a Tachinid fly have been reported in hoppers from Tanganyika and this
included some cases found in the South Rukwa plains (MicHELMORE, 1936). MicHEL-
MoRrE and ALLEN (1934) found hoppers parasitised by Nematodes in Northern Rho-
desia.
I dissected more than 1800 hoppers in the third and later instars! and found only
1 In 1958, 1959 and 1960, and from both North and Central Rukwa.
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one case of a Tachinid larva parasitising a hopper (STORTENBEKER, in preparation).
Nematodes were found in a Nomadacris hopper only once, but these parasites were not
uncommon in grasshoppers from the same area of Central Rukwa.

Web-building spiders catch hoppers of all instars, but there is no reason to suppose
that they will be of any greater effect on later instars than on the first two.

Some fungal diseases caused a high mortality among adult locusts under cage con-
ditions (section 7.3), but they did not affect hoppers. It is, therefore, very unlikely
that they will be of any effect in the field.

As an occasional predator catfish (Clarias mossambicus) can be mentioned, Once
in February 1962 hoppers were chased across a channel, and when they ‘rowed’
across, many were seen to be caught by the locally abundant cat fish, Rarely will this
be a serious hazard, since hoppers seem to be exiremely reluctant to cross water spon-
tancously, though in Iater instars and at high densities they may do so more often.
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7  Natural Mortality in Immature Adults
during the Dry Season

7.1 IR.L.C.8. Records 1953-1963

The data, available from records of the International Red Locust Control Service,
on assessments of adult-locust populations carried out between the emergence of the
adults and the beginning of maturation at the start of the rains, have been grouped
for the period of the first few months of adult life (table 29) and for the dry season
proper, from about the end of May onwards (table 30). It should be remembered that
in this type of population assessment standard errors of 15 to 20°/, or more are in-
evitable. In three cases some chemical control took place between assessments and in
two of these cases the resulting mortality had to be estimated from the amount of
insecticide used. In both cases, however, the assumed kill per gallon insecticide was a
low estimate and the amount of insecticide used could easily have been solely respon-
sible for the drop in numbers since the previous assessment.

Figures in table 29 suggest that in Central Rukwa considerable reductions in num-
bers during the first few months of adult life may not be unusual. In both 1957 and
1958 it was beyond doubt that a large mortality severely reduced the young adult
populations, In 1939 the reduction may not have been a real one, since it could well
have been the result of an overestimate in the Swamp Skipper assessments {chapter 2).

This was certainly not the case in 1958, when the population was comparatively
evenly distributed and there were no dense concentrations. Additional proof that the
mortality indeed had taken place was obtained in September that year, when Dean
and the author searched an area of unburnt Sporobolus rabustus and found the remains
of 90 corpses (usually hindlegs and wings). This indicated a natural mortality of
268,000 + 80,000 per sq. mile (2,59 km?) in that area !, A similar mortality over only
109, of Central Rukwa, occurring between May and July, would have been sufficient
to explain the disappearance of about 10 million locusts in that period. In another
grass island (mainly Hyparrhenie rufa) on the other side of the plain 6 corpses were
found in 390 sq. yds (326 m?), In the burnt grass around the islands no remains of
corpses were found.,

During the dry season proper the percentages reduction varied considerably
(table 30), but the absolute mortalities per month were very similar in all years. It was
the sort of mortality one would expect from a rather constant predator population,
such as resident birds.

1 There had been no control in Central Rukwa for over one year.
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There may have been a high mortality during the 1962 dry season in North Rukwa,
The 1961/62 rains had been heavy and the lake rose to a level which it had not reached
since 1937. In April the fledgling population was assessed at about 79 million locusts
occupying the Western half of the plains. These scattered se quickly over the whole
area that hardly any sprayable targets could be found. In July no more locusts could
be seen from the air and the area appeared to be empty, However, when the dry
season ended with some heavy rainstorms early in October, a2 massive movement was
seen by an African researchscout, who had been stationed in Tumba camp for meteoro-
logical readings. He watched a migration across the Soda-Tumba road into the
Katwa Makondo and Lumpungu plains?® (fig. 4), which lasted for about a week and
which was comparable in scale with a similar ovipositional movement in October
1961, involving 12 million locusts. It seemns doubtful though, whether in October the
population was still anywhere near the April population in size, even if one allows
for a possible migration into sorme smaller perimeter plains to the north-east. Thus a
considerable mortality may well have occurred during the dry season. Fgrets had
been seen moving around in flocks in the flooded plains, alighting regularly in the
clumps of tall grass and they may have caused a large drop in numbers,

Before a control service was set up, at high population densities, a substantial drop
in numbers used to result from swarm emigration.

7.2 Birds

A large number of bird species prey on Red Locust adults and these have been listed
by VEsEY FrrzGerarp (1955 b). Dean’s (1964) work on distribution, numbers and
consumption of Stork and Egret showed that in 1959 numbers of Egret and Marabu
Stork increased greatly from April to July, but that their distribution during those
months showed less and less connection with that of the locusts ; the birds tended to con-
centrate along the lake edge and in the adjoining lake-shore grasslands as the flooded
parts of the plains dried up. The European and White-bellied Stork are wet season
migrants from the Northern Hernisphere, but every year some European Stork stay
behind as a resident population around Lake Rukwa.

As in the case of the later-instar hoppers, Dean gives a few examples of Stork feeding
on adult locusts, in particular in Central Rukwa in the 1959 and 1960 dry seasons.
My own observations in the following years confirmed Dean’s conclusions.

It has been suggested, that coucals (Centropus superciliosus and G, toulou), which are
common residents in the flood-plain grasslands, feed largely on adult Jocusts during
the dry season, as they inhabit the islands of unburnt grass like the locusts do (VEsEy-
FrrzGerarp, Le.). In August 1961 1 combined an assessment of the locust popu-
lations in the Tumba, Kambangombe and Mazela sector of North Rukwa, with

1 These plains have a high level, the soil was dry and the grass had been burnt. The rest of
North Rukwa was still completely under water.
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counts of numbers of coucals. The birds were counted in a strip of about 50 yds
{46 m) on either side of the scouting line; 88 coucais were counted in 72.9 miies
(117.3 km) of scouting. The over-all mean was 0.12 per 0.1 mile {176 m) of scouting,
which gave an estimated total of nearly 3,300 coucals over the whole of North Rukwa.
This compared well with an estimate of 3,000, made by Dean exactly two years before.

Roughly speaking the majority of the coucals stayed in the Southern part of the
plains, where also the majority of the locusts were. On closer analysis of the data,
however, there did not appear to be the slightest association with locust concentrations.
A far less detailed survey in October of the same year confirmed the August obser-
vations; more than 70 %, of the coucal population was in areas with less than 5 locusis
per 0.1 mile and 27 %, in places where no locusts were seen at all. In addition, coucals
are only occasionally seen to chase and catch a locust.

Kites and harriers often accompany a Land Rover for miles, catching locusts that
are flushed by the vehicle. However, their numbers were too small to let them play
any part in the population dynamics of the locusts, and the same applies to bee-
eaters and bustards. Fragments of locusts were also found in the faeces of hyena and
jackal (DeAN, in DU PLEssTS, 1959).

7.3 Other Causes of Mortality

The results of an intensive search for parasites during three years and in four areas
were meagre. Several thousands of locusts were dissected, but only larvae of the
Tachinid fly Ceracia nomadacridis were sometimes found in some numbers. They seem
to be harmfud only in so far as to prevent normal maturation (section 3.4}, but during
the dry season they do not seem to harm their hosts. The same applies to the Eugrega-
rines, which were occasionally found in numbers of up to 20 or 30 in the midgut of
hoppers and, rarely, of adults. Tt is generally believed that these parasites, which were
much more common in grasshoppers of the same area, are harmless to the host (Can-
NiNG, 1956), but in very high numbers they may severely damage the gut wall and
make the insect more susceptible to disease.

In two cases larvae of an unidentified Sarcophagid were found in the body cavity of
a locust in Central Rukwa and in the Mweru wa Ntipa. In Central Rukwa there was
a case of an immature adult being parasitised by a Nematode, and in November 1961
in the Uninji Pans there were two more cases in female locusts; these were not
maturing normally.

Several species of mites parasitise on locusts. The most spectacular are the well
known red mites attached to the wing membrane. They are the larvae of Eutrom-
bidium sp. Their numbers were always low on hoppers and on adults during the dry
season, but around the start of the rains the percentage infestation and the numbers
per host went up sharply to a 1009, infestation and an average of 16 per host (North
Rukwa population, November 196(). However, even 30 or 40 mites did not influence
the maturation of the females which they parasitised.
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Yellowish mites were found near the base of the wings of adults from the Mweru wa
Ntipa and in North Rukwa. They belonged to probably two genera ol the Podapoli-
podidae (Dr. I. M, NEWELL, personal communication}.

Observations in the field supplied evidence of the presence of at least three fungal
diseases. In May 1959 corpses of the grasshopper Cataloipus oberthuri were found
clinging to grass-stems, in the Nkamba-Kati area of Central Rukwa. This is the
characteristic attitude of Acridids dying from Empusa grylii (Skarre, 1925}, Lra and
WeBE (1939) had found corpses in similar circumstances in 1937, but they expressed
doubt as to whether these were really cases of Empusa. In the same area there had
been, and still was, a Nomadacris population of low density, but they obviously had not
been affected. Infection experiments gave no results.

At the end of April 1959 in North Rukwa one corpse of a locust was discovered in
a search of several thousand square yards. After a few days this corpse developed
symptorns of a fungus disease, which closely resembled the description of Sporetrichum
sp. given by MacMarTiN (1952). Infection experiments with a suspension of spores in
water were not successful.

In August of that year locusts were kept in outdoor cages in Kafukola research
station. Among the corpses of the locusts that died there were some which assumed a
pinkish red colour. These were kept in glass tubes and after a few days a fungus broke
through the joints of legs and abdomninal segments and covered the body in a white,
woolly growth. The spores were formed a few days later and these turned the colour of
the fungus to creamy white, At about the same time in the field a sick locust was
collected, which had a pinkish colour and which developed the same symptoms after
its death. These were exactly as described by MacMarTin (1935) and SCHAEFFER
(1933) for Beauveria sp.

Infection experiments were successful, giving high mortalities among locusts in
cages; it was in fact difficult to keep the fungus out of the control cages (table 31). In
general it 1s extremely difficult to keep locusts alive in cages under field conditions and
the mortality in the control cages was high during the 14 days of the experiment. In
the field no more cases of infection with this fungus were ever found. It is believed that
fungi can attack locusts successfully only when these are not in optimal condition.

Table 31, Effect of Beauveria sp. on locusts in cages

Number Died Died from  Died from
Beauveria other causes
Infected with a spore suspension n7 115 90 25
Control 41 14 6 8
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7.4 Discussion. The Correlation between Multiplication Rate
and Rainfall

Populations of Nomadacris and other Acrididae can occasionally have spectacular
multiplication rates, despite a relatively low reproductive potential. In the years 1354
to 1962 the mean number of viable eggs per parent was at maximum 100, and there
are no indicafions that in series of dry years this figure will be very much higher, if at
all different. In North Rukwa the multiplication rate from parents to fledglings has
been lower than one in some years, and over fifty in others. The highest value is not
known with certainty, but in 1953/54 it was thought to have been at least fifty if not
seventy-five times (table 34). Thus in some years only one out of every hundred
potential offspring reaches the fledgling stage, but in other years fifty or even seventy-
five succeed. This means that we must look for 2 mortality factor which in some years
is capable of destroying very large numbers, but in other years is largely or completely
absent and then allows spectacular increases in numbers of locusts from one genera-
tion to the next. This key factor ! itself, therefore, will have to show spectacular fluc-
tuations in numbers or in intensity, fluctuations that must be positively correlated
with the rainfail in the previous wet season. The data presented in this paper cover
too few years to warrant analysis as done by Morris (1959) or by VARLEY and
Grapwers (1960), but in the years under discussion the multiplication rates were
low (cf. table 34) and, therefore, the key factor had to be actively at work.

In the discussion following chapters 3 and 4 the conclusion was drawn that the
factor, responsible for the correlation between multiplication rate and rainfall in the
previous season, does not operate between the maturation of the parents and the
hatching of the eggs. Now the mortalities accurring during the remaining part of the
Nomadacris® life cycle can be evaluated (tables 32 and 33).

During the first and second-hopper instars there appeared to be a regular and large
mortality, Only in the 1960/61 season we could not establish with certainty whether
there was any mortality or not, but as has been discussed above (section 4.1), the incu-
bation success of the egg-pods was probably higher than was recorded and conse-
quentiy there probably was an appreciable reduction in numbers of hoppers.

There was no evidence of a substantial mortality during the last four or five hopper
instars and in fact the available numerical data suggested that the reduction in numbers
was small or negligable (section 6.1). The only incidental predators were Stork and
Egret, but often their distribution did not show any correlation with that of the
hoppers. In areas of short grass they can, and did, reduce the local hopper population
effectively and it could be that in Central Rukwa, which has more short-grass mosaics
than North Rukwa, birds do often cause appreciable reductions. However, even at
peak consumption they could not have destroyed more than about 50 million hoppers
in one season, that is, at their present population level they may destroy a high propor-

1 In the sense introduced by Morris (1959).
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Table 32.  Naturel enemies of Nomadacris and the stage of the life cyele during which they attack

Natural eneu: Eggs Hopper instars Immature Mature
Y =44 pp
adults adults

Rats +
Mites +
Scelio howardt O
Ants
Asilidae
Anisoptera
Mantidae
Hemiptera
Spiders: web-building
wolf and jumping sp.
Quelea quelea centralis
+ Finch lark
Stork ?
Egret ?
Harriers
Kites
Bustard
Coucals
Eugregarina sp.
Trombidium sp. O
Jackal
Hyena
Pathogenic fungi

RN OROR®)

OO0 Ox X0
o}
O
O
O
O

O000 X x

+ +
+

SR,
o0

Asio capensis

@)
O 000C0CCCQOCOC++

+ O

Ceracia nomadacridis ?

X effective and important natural enemy.
-+ occasionally and locally of at least some importance.
¢ enemy with little or no effect,

tion of the hopper population only in years when due to other factors the locust
population level is low anyway.

There probably is a small mortality at each moult, but it has not been measured.
For Schistocerca GREATHEAD {1966) puts it at about 3%,

Neither numerically nor qualitatively was there any evidence or likelihood that
large reductions occur during the life of the immature adults, This confirms the con-
clusion drawn from Symmons’ work that the root of the violent fluctuations in
numbers is not to be found in the adult stage. Of all predators, parasites and diseases
that have been found to attack immature adults (table 32), only Stork and Egret can
occasionally and locally be of some importance, but neither their numbers nor nor-
mally their distribution allow them to inflict losses that are greater than the regular
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and rather constant absolute mortalities that appear to take place (table 30, section
713,

There may be exceptions to the rule, as suggested by the probable drop in numbers
in North Rukwa in 1962, when the plains remained under water during the dry
season (section 7.1), and by the reductions in numbers in Central Rukwa early in
adult life (table 29). Stork and Egret have been seen to catch Acridids and other
insects that escape from grass fires and afterwards systematically attack those locusts
that had concentrated in the remaining little islands of unburnt grass. The fact that
in 1958 the remains of corpses were found only in the standing grass and not in the
burnt area would agree with such a technique of attack. From Dean’s data {1964} it
appears that in Central Rukwa in 1959 the distribution of Stork and Egret, at the end
of the wet seasont and early in the dry season, showed some similarity with that of the
locusts but this was not the case in North Rukwa; this is probably due to differences
in vegetation, the mosaics in North Rukwa being composed of denser and taller
grasses (section 8.3), Thus the most likely explanation for the disappearance of several
millions of fledglings in Central Rukwa would be that Stork and Egret attack con-
centrations early in the dry season. The fact, that in 1957 the mortality occurred
before there were any fires, would indicate that the birds are equally effective in un-
burnt grass. In Central Rukwa such a mortality may be rule rather than exception,
but it should be noted that the impact of birds on a locust population can be of some
importance only when the locust-population level is fairly low {section 6.2},

Thus, in the three years of above average rainfall and low multiplication rates of the
locusts, regular and large mortalities did take place only when hoppers were in their
first and second instar {table 33). Also these mortalities were ‘irreplaceable’ in the
senge that at a later stage there did not appear to be any mortality that could have
replaced the young-hopper mortality, had it not occurred. Thus, it appears reasonable
to draw the conclusion that one or more key factors are at work at this stage of the life
cycle. In addition, only at this stage effective predators were found to be numerous and
the observed hopper mortalities showed a correlation with their densities.

Although it appeared that Asilidae and some Anisoptera species were largely respon-
sible for the recorded hopper mortalities, their ‘daily consumption’ scemed high. The
predator densities, however, were probably underestimated, as it is more likely that
predators were disturbed by the assessment and left the plots without being noticed,
than that they were counted twice. Secondly, at high prey density it could weil be
that Asilidae do not suck out hoppers to the last drop, and that Anpisoptera only eat
the juicy parts of a hopper and then catch another one. Finally predators like spiders
and mantids make only few victims per head, but their combined effect must have
accounted for several dead hoppers per 1000 sq.yds per day (section 5.2.3).

Considered in terms of numbers of predators over the whole of North Rukwa out-
break area, the populations of Asilidae and Anisoptera were of the right order of
magnitude. In 1959/60 a parent population ofabout 11 million locusts produced about
80 viable eggs per head (table 3). Up to the moment of hatching there were reduc-
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tions totalling about 209, (table 33}; thus 11 x 10% {80—16) = about 700 million
hoppers hatched. That season about 100 square miles of grassland had been burnt,
but the hoppers occupied only about half of it. There were about 1.5 million Asilidae
and about | million Anisoptera of the hopper-killing species in the burnt grassland 1.
In the period of about 40 days during which there were first and second-instar hop-
pers present, 80 %, of the hoppers could have been killed with a daily consumption of

B0 x 700 x 108 [ 1/, x 2.5 x 10¢ x 40 = 1] hoppers per predator.

in 1960/61, 27 million parents produced about 1750 million hatched hoppers over
an area of about 160 sq. miles®. Assuming that predator densities over that area were
similar to those in and around the plot, there were about 5 million predators, which
could have killed 80 9%, of the hopper population with a daily consumption of only
7 hoppers per head.

In 196162, under optimum incubation conditions®, 12 million parents could have
produced a total of about 1080 million hoppers, emerging in an area of just under
half of North Rukwa, roughly 100 sq. miles, If the means of the predator densities in
the plots are taken as representative for the whole burnt area, there were about 2 mil-
lion predators and these could have killed 80 %, of the hoppers in a period of 40 days
with a daily consumption of 13 hoppers per head.

All these calculations are approximations of course, but they indicate that in all
three vears the predator populations were large enough to kill a high proportion of
the hopper population.

Assuming then that the first and second-hopper instars are the stages in Nomadacris®
life cycle where the fluctuations in numbers originate, and that two Asilid and several
Anisoptera species are the main cause of the mortality at this stage, there still remains
the question of whether the numbers of Asilidae andfor Anisoptera could have a
positive correlation with the rainfall in the previous wet season,

For the Asilid species such a correlation does clearly not exist. Although apparently
their larvae andfor pupae can survive a relatively short period of waterlogging of the
soil%, their numbers were reduced to virtually zero after two seasons with prolonged
flooding. Thus the breeding succes of the Asilidae is likely to be correlated negatively,
rather than positively with the rainfall of the previous season, at any rate in periods
of wet years; this predator cannot, therefore, be the key factor in Nomadacris” popula-
tion dynamics. This detrimental effect of the annual flooding and waterlogging,
however, will cease to cause reductions when the water is stabilised at a high level and
the remaining Asilidae are forced to lay their eggs along the fringes of the now flooded
grasslands. In areas where the water level had been high for many years (Iku plains,

! Based on Dean’s estirnates (table 14, section 5.2.2).

® That is if there had not been 2 drought during incubation, but this reduction is ignored
here.

¥ Ignoring the adverse effect of the period of waterlogging during incubation.

4 In December 1960 Asilidae appeared in areas that had been flooded for several months at
the end of the previcus wet season and it was likely that they had been bred there,
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Uninji Pans, Mweru wa Ntipa) reasonably high Asilid densities were found along the
edge of the woodland mn 1960/61 and 1961/62 {tahle 19).

The Anisoptera are in a completely different position. From work of previous
authors and from my own observations it appears likely that Anisoptera survive the
dry season in the adult stage. For their reproduction they depend on water in rivers,
temporary pools or temporary flooded grasslands. An intriguing aspect of Symmons’
correlation between the rainfall in one season and Nomadacris’ multiplication rate in
the next season is, that it does include not only the rainfall over the Rukwa Valley,
but also (and as a factor of equal importance) the rainfall over the entire catchment
area of 31,000 sq. miles. This could only mean that the total amount of water coming
into the basin is of crucial importance, and this total amount of water governs the
extent and duration of the annual flooding in the grass-plains around Lake Rukwa.

From both previous researches and my own observations, it appeared that the
duration of the larval stage in the life cycle of tropical Anisoptera lasts from two to
six months and, therefore, is of the same order as the annual flooding over large parts
of North Rukwa, as it is in periods of about average rainfall. Thus, a direct and posi-
tive correlation between the duration of the flooding and the breeding success of
Anisoptera is not at all unlikely.

Population assessments of Anisoptera were made in and around the experimental
plots only. Assuming that the values obtained there were representative for the whole
of North Rukwa, the densities of Anisoptera in December and January indeed re-
flected the flooding situation in the preceding dry season to sorne extent. In 1959 the
floodi ng was extensive but not of long duration. In the 1953/60 season the rainfall was
considerably above average and the flooding was extensive and lasted for many
menths into the dry season; in December 1960 numbers of Anisoptera had gone up
compared to the previous season. The rainfall in the 1960/6]1 season was about
average, but again the flooding was prolonged; in December of that year the Ani-
soptera level had gone up again. In 1961/62 again the rainfall was well above
average and the major part of North Rukwa submerged and did not dry up at all;
and in December 1962 the Anisoptera population level had gone up to a very high
level.

Thus the Aniscptera population level appeared to be associated with the duration
of the flooding, but one would have expected a greater rise after the very ‘wet” 1960
dry season. In 1959, however, samples were taken in a burnt area in the middle of a
large area of unburnt grass and since the Anisoptera showed a clear preference for
burnt grass, the density in the plot may have given an exaggerated idea about the
density level in the other burnt areas.

Thus, a tentative explanation of the fluctuations in numbers of the Red Locust in the
North Rukwa cutbreak area (section 1.4) could read like this. Three sets of circum-
stances can be recognized. In a period of wet years the lake will rise and spread out
over the surrounding grass-plains, which may remain submerged for a period of
several years (North Rukwa from 1962 to time of writing, and the Mweru wa Ntipa,
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from 1957 onwards). The locusts will find breeding space restricted to some perimeter
plains and to narrow fringes of grassland along the edge of the woodland. The water
table in the soil is high and egg-pods will run a great risk of asphyxiation through
early waterlogging of the soil; in my opinion, this may well be the most effective
reduction factor at this stage, A similar idea has been put forward by Guwn (1955 a).
In addition, the Anisoptera find optimum breeding conditions and they will be
numerous, and several other predators will concentrate along the edge of the water
and take their share in keeping the locust population well down 1.

The situation will become different when a period of about average rainfall totals
follows. The lake recedes and the grass-plains come under a regime of annual flooding
for periods of varying duration {such as in the Rukwa between about 1940 and 1930,
and from 1956 to 1962). Nomadacris finds ample breeding space and in general the
incubation of eggs and egg-pods is successful; only an occasional drought or a short
period of waterlogging may cause a reduction in incubation success. There are appre-
ciable fluctuations in multiplication rates, governed largely by similar, but inverse
fluctuations in the size of the Anisoptera populations.

The situation will change again when a period of years with sub-average rainfall
follows. In the beginning there will still be wide-spread flooding {inducing wide-
spread oviposition by Anisoptera), but of so short duration that large percentages of
the larvae will be unable to complete their aquatic life period. This will give a sharp
fall in the population level of Anisoptera imagines, and corresponding increases in
the multiplication rates and the population levels of the Red Locust. After a number
of dry years the plains will not be flooded any more during the rains, since the rivers
that drain the catchment area transport all water across the plains into lake Rukwa
without overflowing, and Anisoptera will find their breeding space limited to ditches
and pools and to some rivers?,

Thus, in periods of dry vears conditions become optimal for rapid multiplication
of the locusts (such as around 1950 and again around 1955). Abundance of burnt-off
grasslands for oviposition coincides with optimum survival chances for young hoppers,
since at least one of the two most important predators has virtually disappeared. There
are only incidental reduction factors left, like a drought that prevents oviposition or
affects the incubation of the eggs. This happened in 195253, when a severe drought

1 There are a number of mechanisms which protect Nemadaeris from extinction at this stage.
Firstly its predators are not specific and concentrate on the most abundant prey; in addition,
the inconspicuous appearance of the green, and rather inactive solitary hopper will give ita
good chance to survive. Secondly in areas with a high watertable the grass will grow rapidly
and will force the fernales to lay their subsequent egg-pods elsewhere, thus ensuring possibly
better egg-pod survival for at least part of their brood.

? One may ask whether Lake Rukwa, which rarely dries up, could not provide adequate
breeding opportunity in periods of dry years. However, the Anisoptera species of the Rukwa
plains are typical reedy-pool and marshland species and not lacustrine types. In addition,
when the lake level is low the water is made strongly alkaline by sodium carbonate and it
appears unlikely that many species breed in it. Ricarpo (1938) indeed found only one single
larva in her samples of the lake fauna.
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drastically reduced the multiplication rate in a year in which the lake level was low,

It is self-evident that this story is very hypothetical, although on the grounds of my
results it seems to be an acceptable explanation. On several of the aspects a longer
series of observations would have been desirable, such as on the exclusiveness of the
mortality among young hoppers, and the changes in population levels of both Asili-
dae and Anisoptera in periods of years of average and of sub-average rainfall. There
are other points on which one would like to have more detailed information, such as
on the effectiveness of various Anisoptera species as predators on hoppers, and on the
duration of the larval life of these predators.

The suggested explanation of the problem of the fluctuations in numbers of Noma-
dacris, if true for North Rukwa, would probably also he applicable to the other out-
break arcas; this supposition finds support in GUNN’s and Symmons® finding (1959) of a
correlation hetween locust population level and rainfall in the Malagarasi, similar to
the correlation that is valid for North Rukwa.
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8 Differences in Importance of the Outbreak Areas

8.1 Introduction

During my last season in the Rukwa Valley I made some preliminary ohservations on
the third and last problem mentioned in section 1.4. It is the experience of the Inter-
national Red Locust Control Service that some outbreak areas produce more swarims,
swarmlets and dense concentrations of locusts and hoppers than others, Some areas
require control almost every vear, others only occasionally or hardly ever. These
differences in ‘productiveness’ ! can be demonstrated by comparing the total amounts
of insecticides thal were used in each outbreak area, as is done in fig. 19 for the period
of 1952 to 1962. Dean (unpublished) compared the areas by counting the number of
swarms and concentrations reported in each area since 1945, and he found the same
sequence in productiveness. A third biock diagram indicates the frequency of pro-
duction in each area over a period of eleven years?,

For the North and Central Rukwa outbreak areas the apparent difference in
productiveness receives confirmation from the reproduction rates, defined as the
multiplication from the parent population just before maturation to the filial popu-
lation just after fledging?®. In nine successive years this reproduction rate could be
calculated with a varying degree of accuracy {table 34). In some cases the assessed
numbers of fledglings had to be corrected for the mortality that resulted from control
operations (section 7.1). When in each year the ratio of the multiplication rates in
North and in Central Rukwa is taken, the mean of these ratios is about 2.3 to 1. The
respective shares in the total amount of insecticides, used between 1953 and 1962 in
all outbreak areas, were 60 and 259%,, a ratio of 2.4 to 1. Of the total number of
swarrmms, swarmlets and concentrations reported in all areas since 1945, North Rukwa
produced 489, against Central Rukwa 189, which gives a ratio of 2.7 to I. Tt
appears therefore, that the observed difference in productiveness is real. It also
appears that the source of the difference lies somewhere between the maturation of

t The term *productiveness’ will be used as a mean of defining both frequency and intensity
of appearance of hopper concentrations and adult swarms in an area. It should be realised
that the productiveness of an area does not say much about the chance that a plague will
start from there, as in this several other factors are involved.

? Too little is known yet about the Kafue flats and the Chilwa area to include these areas in
the comparison.

3 ‘Reproduction rate’ will from here on be used in this sense.
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Fig. 19, The sequence of importance of the Red
Locust autbreak areas, in respect of amount of inseci-
icide used, and of productivity of swarms and con-
centrations

Legend:

A, The total amount of insecticides used be-
tween 1952 and 1962, split up for the dif-
Jerent areas in %, % of the total. (Al amounts
converted to acres covered on the basis of 25 lbs
BHC-dust per acre and of I gallon DNC, Diel-
drin 15%, and BHC 15%, per acre)

B. Total number of swarms and sprayable concen-
trations since 1945, split up for the different
areas in %, %, of the total

C. Number of years with swarms and sprayable
concenlrations in 17 years between 1945 and
1962

Table 34. Multiplication rates from the parent population at the start of the rains fo the appearance of the imagines
of the next generation in the North and Central Rukwa outbreak areas

Breeding season

1953/54
1954/55
1955/56
195657
195758
1958/59
1959/60
1960/61
1961/62

North Rukwa

Between 40 and 100

about 30
about 5t0 10
about 3.5
between 20 and 40
about 9
about 10
about 3.5
about 10

Central Rukwa

Between 15 and 40

about 15
about lw 2
about 8
about 7.5
about 9
about 5
less than 3
very low
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the parents in November, and the appearance of the imagines of the next generation
in February and March.

I did not have time and opportunity to do much research on this problem, but
some of the observations I made appear worth recording in view of possible future
research, as they may provide some indications for the direction in which the answer
could be sought,

8.2 Qutbreak Centres in Central Rukwa

In Central Rukwa adult locusts can be found in all grasslands, but the large and dense
hopper concentrations are usually found in certain parts of the area. This observation
stemmed from Mr R. R. Forrester, then a field officer who had been with the
L.R.L.C.S. for more than ten vears, most of which he spent in Central Rukwa. Mr
Forrester was asked to indicate these ‘hopper concentration areas’ on a map, and the
same was asked independently of Mr J. B. Eyssel, Chief Technical Officer, who also
took an active part in the heavy hopper campaigns in the early 1950’s, Forrester and
Eyssel marked exactly the same parts of the area, with the exception of one small
area just west of the Momba river (in fig. 21c indicated with broken lines), which
Mr Eyssel did not mention. The two spray pilots Mr T. Malujlo and Dr A. R. W.
Crosse Upcott, who both joined the Service after the years of the large hopper cam-
paigns in Central Rukwa, had no experiences of really wide spread infestations, but
the few sectors they indicated had also been marked by Forrester and Eyssel. Crosse
Upcott also marked a small area just east of Chingoma camp, which had once
harboured some dense concentrations.

In the Council minutes and the Annual Reports of the L.R.L.C.S. from 1947 on-
wards, sectors of Central Rukwa, that harboured dense or very dense concentrations,
were mentioned by name in 35 cases. In 29 of these cases the area mentioned falls
inside one of the ‘hopper concentration areas’, and in 3 more cases probably also. In
the three remaining cases the mouth of the Kamba river was mentioned twice and the
Limangombe sector once.

It should be pointed out that concentrations frequently, but not exclusively, have
been found in these ‘hopper concentration areas’, and that at times dense hopper
bands have been reported and controlled elsewhere, but the really large and dense
infestations were seen in the sectors indicated in fig. 20c. These sectors will be referred
to as ‘outbreak centres’.

The apparent existence of outbreak centres in Central Rukwa offers a sharp con-
trast with the experience from North Rukwa, where hopper concentrations have been
found regularly in all sectors, with the exception of some perimeter plains and of a
relatively small area of rain grassland in the south-west, known as the ‘topi stamping
ground’, in which area the soil is hard and the grass cropped short by the continuous
grazing of large herds of topi, zebra and buffalo.

From the above experiences and observations it appeared worthwhile to have a
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closer look at various aspects of Central Rukwa, and in particular at the vegetation
and the soil,

8.3 Vegetation Zones in Central Rukwa

In September 1962 1 carried out a survey of the vegetation and the soil types
in that part of Central Rukwa that was accessible. Owing to the unusually
high level of the lake at the end of the dry season, the western part of Central
Rukwa was still under water and the survey could be carried out only in the
eastern half. From personal observations in earlier years, from a vegetation map
drawn up by Dean in 1959 and 1960 and from aerial reconnaisance following the
1962 survey, the vegetation map could be made to cover the whole of Gentral Rukwa.

The survey of the eastern part was carried out along 8 parallel lines, running
north/south 2 miles (3.2 km) apart, totalling 54.2 miles (87 km), and 8 lines across
with a total length of 31.8 miles (51 km)?, supplemented with observations made
during any travelling about in the plains, At the time of observation most of the grass
had been burnt, but recognition of the dominant grasses did not offer any difficulty.

VEsEY FITZGERALD (19552) has given a general description of the types of herbage
and of their zonation in Central Rukwa. The results of my more detailed survey
{fig. 20 a) agreed with his observations. The following main types of herbage, as
characterised by their dominant grasses, were recognised:

a. Flood-plain grassland, with Echinockloa pyramidalis and Cynodon dactylon, locally with
Cyperus longus. E, pyramidalis does occur in large pure stands, but usually the two
main grasses form a mosaic. This is the common type of vegetation along fresh
water drainage lines and in flood basins. In Central Rukwa these flood basins are
large shallow depressions, mostly close to the south-western edge of the plains, and
usually lying along a river or acting as the source of a river or channel®. The basins
are drained very slowly and they remain flooded for long periods after each rainy
season. Sporebolus robustus and rarely Hyparrhenia ryfa are sometimes found in this
herbage, but usually only in zones of transition to other types of grassland. In places
that are subject to prolonged and deep flooding often E. pyramidalis is found in
mosaic with Sesbania and Aeschynomene.

b. Lake-shore grassland, in which several zones can be distinguished. First there is a
zone of Sporebolus robustus, either in pure stands or dominating in a mosaic with
Cynodon dastylon. Towards the lake there is a broad zone of almost pure Diplackne
Susca, which at the time of the survey formed the transition to open water. In a few

1 Asindicated in fig. 20 c.

2 In North Rukwa there are only two flood basins, which are large, the Bonde la Kavuu,
where the Kavuu widens to a large shallow depression on entering the planes, and the
Kiboko swamp, a flood basin along the Rungwa river, These areas are of a more swampy
nature than the flood basins in Central Rukwa.
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places close to the lake shore Sporobolus spicatus was found to inhabit small partly

bare patches with a very high soda content in the soil .

c. Rain grassland; in usually sharply defined transition zones the vegetation types {a)
and (b) merge into the vegetation of the rain grassland, which occupies large parts
of Central Rukwa. It is dominated by Chloris gayana, Hyparrhenia rufa and Cymbopo-
gon excavaius, This vegetation is characteristic of areas of higher level. These are not
subject to annual flooding, or they are flooded for very short periods only, as a
result of local precipitation. In the present period of extraordinary high lake level
these areas are still above water.

Usually there are clear transition zones between two types of vegetation. These
so-called ecotones are especially distinct in places where there is a sudden drop in
level, such as along rivers and channels and along the perimeters of the above men-
tioned flood basins.

North Rukwa, on the other hand, consists for the major part of virtually continuous
flood-plain grassland resembling the Central Rukwa vegetation type {a) with E.
fpyramidelis both in pure stands and in mosaic with C. dactylon and C. longus; towards the
lake shore there is a broad belt of lake-shore grassland, the Central Rukwa type (b).
Along the edge of the woodland there are mostly narrow belts of rain grassland in
which the mosaic differs somewhat in compeosition from the corresponding types in
Central RukwaZ.

8.4 Soil Profiles in Central Rukwa

The soil survey was carried out along the same sample lines that were traversed for the
vegetation study. In total 137 samples were taken at irregular distances along the
lines, mostly in places where there was a change in vegetation. Examination of the
soil was restricted to the top layer of about 8 to 12 in. {20 to 30 ¢m), which can be
considered to be the habitat of the egg-pod. Digging was done with a spade when the
s0il was moist and with a pick axe where the soil had dried out and was very hard.
There is little doubt that the Central Rukwa plains represent the portion of the
original lake bed, on which the river Momba and some smaller rivers deposited
their silt3. In the lower lying areas deposition of silt is still taking place. In the course

1 This grass also colonises the lake bed when the lake recedes.

* At the time of writing (1966) most of the North Rukwa and much of the Central Rukwa
plains has been under water for over three years and this has upset the normal pattern of
vegetation types. Most submerged parts now have a permanent swamp vegetation with
Echinochlon, Sesbania, Aeschynomene and Vossia. When the water level goes down the vegetation
will no doubt gradually return to the zonation that has been described above.

3 Alluvial deposits along the whole length of the Rukwa trough indicate that previously
Lake Rukwa was an extensive and permanent lake (TzaLg, 1933) and there is evidence that
its water surface reached about 600 ft (185 m) above the present level {(GranTHAM, 1932). It
is likely that at that stage Lake Rukwa had an outlet towards Lake Tanganyika. The present
valley floor is the former lake bed, wich is a 500 ft {130 m) thick layer of silt on the bedrock.
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of time the top soil has developed into a black calcareous clay, of the type which in
Africa is commonly called ‘black cotton soil’. In the elevated areas the underlying soil
is a hardly developed white-grey thin-layered soil, which breaks easily into small
flakes. It is frequently seen, where it has been brought to the surface by jackals and
ant-eaters when they dig their holes. Between this layered subsoil and homogeneous
clay there are many intermediate forms. In the flood basins and channels the subsoil
is a homogencous clay, lighter in colour than the topsoil. The toplayer is nowhere
less than about 2 in. (5 cm) thick. In the elevated areas it is a grey clay, at the surface
often powdery when dry.

The following main types of soil profile could be recognised (fig, 20 b):

1. A-horizon?®: Black or grey-black clay, 3 to 8 in. (8 to 20 cm) thick, often light grey
when dry. Few roots from a sparse vegetation, no sod.

B-horizon !: Brown-black soil with whitish-grey or brown crumbs or flakes, which

usually are easy to crumbleZ.

2. A-horizon: Thick layer of black clay, 8 to 24 in. (20 to 60 ¢m) which is deeply
fissured when dry. Usually dense, mainly superficial roots of dense vegetation.
Good coherent sod of 2 to 4 in. (3 to 10 cm) thick. Merging into
B-horizon: Fine clay, differing from the A-horizon only in colour, which is more
grey.

3. A-horizon: Black or grey-black clay, 5 to 8 in. (12.5 to 20 cm) thick, with super-
ficial roots of medium dense vegetation. Sod, but often less coherent than in 2,
Merging into
B-horizon: Mealy, blue-green or yellow-brown, slightly spongy sotl. Soils of this
type were found only along the lake shore and the difference in appearance with
type 2 may be the result of differences in alkalinity, which were found to be con-
siderable (CuaviLa, 1959).

4. A-horizon: Grey-white or white powdery soil with a soda crust and little vege-
tation.

B-horizon: identical to the A-horizon, or similar to the B-horizon of type 3. This

soil type is found only in small patches of Sporobolus spicatus in the lake-shore grass-

land.

At the edge of the plains there often is a sharp transition to the more sandy soils of
the woodland, a transition which coincides with a sharp increase in level. Distinct
transitions between the different soil-profile types were found, and these were clearly
associated with changes in ground level.

1 Most undisturbed soils possess a profile, consisting of definite horizons or layers of soil
which differ in their properties. The upper, or A-horizon generally differs appreciably in
texture from the B-haorizon, which lies below it (Kramer, 1949). Here only the upper layer
of the B-horizon has been examined.

? In places the A-horizon was a grey clay, only 2-4 in, thick (5 to 10 c¢cm), which easily
crumbled and pulvarised, There the B-horizon was a white soil which fell apart in large
flaky crumbs,

106



In North Rukwa an extensive survey could not be made, but in November and
December 1962 [ examined the soil profile in several places along the accessible wes-
tern fringes of the plain. From these and from previous observations it appeared that
the major part of North Rukwa has the soil profile type 2, merging into type 3 near
the lake. The northern Katwa Makondo and the Lumpungu perimeter plains had a
profile which resembled the Central Rukwa type 1, but the vegetation and soil in this
area are not very uniform.

8.5 Discussion

A comparison of the distribution of outbreak centres, vegetation types and soil profiles
leads to the following conclusions. Firstly, each vegetation type is associated with a
particular type of soil profile; the flood-plain grassland with a homogeneous clay
profile, the lake-shore grassland with an upper horizon of black clay and a sub-soil of
mealy blue-green clay, and the rain grassland with a comparatively thin top layer of
grey to black clay and an only partly weathered sub-soil of a flaky or crumbly nature.

Secondly, there were no outbreak centres in the rain grassland. All cutbreak centres
were either in flood-plain grassland {with Echinochloa fyramidalis, Cynedon dactylon and
(yperus longus as the dominant grasses) or in the Sporebolus robustus belt of the lake-
share grassland 1. Both types of grassland are characterised by a thick top layer of
alluvial clay over a well-weathered sub-soil, with a dense vegetation of grasses that
form a superficial root system which turns the top layer of the soil into a coherent sod.

Thirdly, not only were all outbreak centres in flood-plain grassland, but in Central
Rukwa all flood-plain grasslands had been indicated by Forrester and Eyssel as out-
break centres. In North Rukwa, on the other hand, rain grassland is found only in
small fringes bordering the woodland and in some perimeter plains, and the main part
of the area is occupied by continuous flood-plain grassland; in this area no distinct
outbreak centres have been recognised.

In March 1963 an aerial survey was made of the Malagarasi, the Wembere, the
Iku and the Mweru wa Ntipa outbreak areas. It confirmed the existence of the zona-
tions of the vegetation as has been described by Vesey FirzGeraLp (1935 a) and gave
a good impression of the presence and extent of flood-plain grassland in the various
sectors. For the Mweru wa Ntipa and the Malagarasi there are . R.L.C.S.records on
incidence and intensity of hopper infestations in the different parts of the area and
these records frequently mentioned those sectors that have extensive flood-plain
grasslands.

1 During the dry season in the lake-shore grasslands usually only the Sporcbolus robustus belt
is burnt. At the end of the dry season the unburnt Diplachne fusca usually harbours a scattered
population which comes to the burnt-off ground after the first rains and probably oviposits
mainly along the edge of the unburnt grass. This is probably the explanation of the elon-
gated shape of the gutbreak centre in the Sporobolus belt.
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Thus, there appears to be a close link between hopper incidence and flood-plain
grassland. The impression 1 received from the comparison of the North and Central
Rukwa grasslands and the other outbreak areas would certainly suggest a sequence in
importance, similar to that given in fig. 20, It could well be, therefore, that the level
of productiveness of an outbreak area depends on the relative extent of flood-plain
grassland in that area,

The nature of this apparent link between hopper incidence and flood-plain grass-
land is not at all clear. One could suggest a number of possible explanations, such as a
laying preference of females for flood-plain grassland, more successful incubation of
eggs in flood-plain soil, or a higher hopper mortality in rain grassland (e.g. correlated
with distribution of Stork and Egret}, From a number of observations and small
experiments! T would be inclined to think that in the flood-plain grassland soils the
moisture conditions during incubation could well be favourable compared to those
in the rain grassland soil. Much more detailed research, however, would be required
to decide whether this is so.

Assuming then that the basic characteristic of an outbreak area is the existence of
large areas of flood-plain grassland, one could use this criterium for recognising po-
tential outbreak areas, VEsey FITzGERALD (in Du PrEssis, 1962} has drawn up a list
of suspected outbreak areas, basing his survey on evidence of impeded drainage,
occurrence of irregular flooding and the resulting natural grasslands, and the
presence of a resident locust population. Listing all areas with large stands of flood-plain
grassland, that can be found on the available soil and vegetation maps?, one comes to
a list which is almost identical to Vesey FitzGerald’s, In my opinion it would be
wise to inspect all these areas when the conditions appear to be favourable for
upsurges.

Finally considering the original aim of this research programme, it is clear that it
will be extremely difficult, if not impossible to develop an ecological method which
will effectively control Nomadacrés in its outbreak areas.

A number of ecological approaches have been tried which have been described by
RoserTson {1958 b) and Gunn (1960}, These trials included the use of cattle to
change the grassland, the planting of trees in the plains to reduce the area of grass-
land, and fire control to reduce the available breeding ground. All these schemes had
to be abandoned as they turned out to be either too costly, or impracticable or too
unreliable.

It should be realised that a very important feature of the outbreak areas is their
ecological instability, The effects of the alternation of a wet and a dry season, and of
periods of dry and of wet years, are amplified by the impeded or the closed drainage.
The resulting enormous changes in water regime during the year and from year to

1 Laid down in an unpublished report {I.R.L.C.8. library).
¢ Miune, 1936; TrapNELL, MaARTIN and ALLaN, 1950; Atlas of Tanganyika, 1956; Atlas of
the Federation of Rhodesia and Nyassaland, 1962.
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year create the conditions required for the dramatic fluctuations in numbers which
we would like to prevent. When in an outhreak area the water level is high over a
period of years {as in the Mweru wa Ntipa since 1957 and in the Rukwa plains since
1962) the locust population remains at a low level and does not require much, if any
control. It is, therefore, not surprising that the only ecological method of control that
appeared to have success was the stabilisation of the conditions in the Iku plains by
the raising of the water level through huilding the Katuma dam, There is little doubt
that stabilising ecological conditions by raising the water tosuch alevel that temporary
flooding occurs only over a limited area every year, will drastically reduce the chance
of a build-up toswarm density. Not only will the available breeding ground bereduced
to the areas of rain grassland, but the predator populations will be stabilised mostly at
a high level; in addition the predators will tend to concentrate in the remaining grass
margins around the water, which constitute the hopper nursery areas.

It has been said that raising the water level would create new outbreak areas by
converting the woodland bordering the plains into grassland. This need not happen if
one would succeed in stabilising the water at such a level that the annual alternation
of flooding and drying-up in the flat parts of an area is prevented, but this will not be
casy. Also, along the perimeters of most outbreak areas the changes in ground level
are sharp and a change in water level of several feet will make little difference in the
size of the area that is flooded,

A stabilisation scheme can be devised only for outbreak areas the drainage of which
is impeded, by impeding the drainage even more. This has been done in the Iku
area and a similar solution may be feasable for the Wembere depression by blocking
the only outlet through the Sekenke ridge. The Malagarasi region and the Kafue
flats could in theory also be eliminated as outbreak areas by building a weir
across the rivers, but this will be both difficult and costly.

Outbreak areas that form the bottom of a closed drainage can be flooded only if
an additional source of water could be found. For the Rukwa Valley such a source is
not availabe. The Mweru wa Ntipa, however, is bypassed at close range by the
Kalungwishi river. It was by building a weir in this river, and when necessary divert-
ing part of its water into the Mweru wa Ntipa (via the Mofwe dambo}, that a flood-
ing scheme proposed to stabilise the water at a high level and to prevent the occasional
drying up of the area, which when it happens brings the fishing industry to a halt and
presents the Red Locust with a sudden expanse of favourable breeding ground.

Such a stabilisation scheme, however, would be very costly and since chemical
control has developed into an efficient, relatively cheap and probably reasonably fool-
proof method, it remains doubtful whether the savings resulting from a flooding
scheme would warrant the costs.
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Summary

This paper describes five years of research on the population dynamics of the Red
Locust (Nomadacris septemfasciaia) in its outbreak areas. These areas are extensive flat
grasslands on alluvial clay soils, badly drained and consequently flooded annually,
in a region of one rainy season per year, and situated in western Tanzania (formerly
Tanganyika) and northern Zambia (formerly Northern Rhodesia). The research con-
centrated on three problems: (1) Which mortality factors affect a Red Locust popu-
lation during the successive stages of its one year life cycle? (2) How can it be
explained, that the observed violent fluctuations in numbers from one generation to
the next are inversely correlated with the rainfall total in the last but one rainy
season, as it has been demonstrated by Symmons (1958) ? and (3). Why is it that there
arc differences in productiveness between the outhreak areas?

The correlation with the rainfall indicated that the crucial reductions take place
somewhere between the maturation of the parents and the emergence of the imagines
of the filial population. This was confirmed by the data, that were obtained on the
nurgerical reductions as well as on the mortality causes.

It appeared that there can be fairly large variations in fecundity of the parent popu-
lation from year to year, but it is thought unlikely that these are responsible for the
observed fluctuations in multiplication rate. During the incubation egg mortality can
be caused by extremes in rainfall, in particular a general and prolonged drought
being not uncommon, Both drought and early flooding are able to bring about con-
siderable reduct ons in numbers, but neither can be anything more than an un-
predictable calamity. The really drastic and consistent reductions appeared to take
place during the first and second-hopper instars.

Robberflies (Asilidae) and some species of dragonflies (Odonata) were thought to
be mainly responsible. The population level of the Asilidae is not correlated with the
rainfall in the last but one rainy season. However, both earlier researches on the life
cycle of Odonata in the tropics and the authors own observations indicate that the
population level of Odonata is likely to be positively correlated with the previous
years rainfall, dependent as their larval stages are on the duration of the annual
flooding in the outbreak-area grasslands. The Odonata species that prey on the Red
Locust hoppers could, therefore, well be the most important agent in the fluctuations
in the locust’s breeding success.

Normally, mortalities among third to sixth-instar hoppers appeared to be negli-
gable, only Stork and Egret being able to inflict appreciable losses, but rarely doing so.

A close comparison of the two best studied outbreak areas, the North and the
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Central Rukwa plains around Lake Rukwa (Tanzania), revealed the probable exist-
ence of outbreak centres within the outbreak areas. These outbreak centres appear to
be closely linked with flood-plain grassland and with part of the lake-shore grassland,
Why this is so, did not become clear, but it is postulated that differences in incubation
success, correlated with different moisture conditions, may be responsible.

It is considered unlikely that the research on the ecology of Nomadacris septemfasciata
will lead to an economically feasible ecological method of control in the outbreak
areas.
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Samenvatting

Dit artikel beschrijft vijf jaren onderzoek naar de populatiedynamica van de rode
sprinkhaan (Nomadacris seplemfasciata, SERVILLE) in zijn uitzwermgebieden. Deze ge-
bieden liggen in het westelijk deel van Tanzania (vroeger Tanganyika) en in noord
Zambia (vroeger Noord-Rhodesia), in een deel van Afrika dat één regenseizoen per
Jjaar heeft, van November tot April. Het zijn zeer uitgestrekte, volkomen vlakke gras-
landen op alluviale kleigronden, die een zo slechte afwatering hebben dat ze ieder jaar
geheel of gedeeltelijk onder water komen te staan.

Het onderzoek concentreerde zich op drie problemen: 1. Welke mortaliteits- en
reductiefactoren werken in op een sprinkhanenpopulatie gedurende de opeenvolgende
stadia in de eenjarige levenscyclus? 2. Wat is de verklaring van de zeer sterke schom-
melingen in aantallen van de ene generatie op de andere, die volgens Symmons (1958)
een negatieve correlatie vertonen met de regenval in het vorige regenseizoen? 3. Hoe
komt het dat de uitzwermgebieden zo sterk verschillen in zwermproduktie?

De correlatie tussen populatiecschommelingen en regenval maakte het waarschijnlijk
dat de beslissende aantalsreducties plaatsvinden ergens tussen de geslachtelijke rijping
van de ouders in november en het verschijnen van de imagines van de volgende
generatie in februarifmaart. Dit vond bevestiging in waarnemingen over de aantals-
verminderingen in de verschillende levensstadia, alsook in die over de oorzaken van
de mortaliteiten.

Het bleek dat de fecunditeit van de ouderpopulatie van jaar tot jaar sterk kan
variéren, rmaar het lijkt onwaarschijnlijk dat deze variaties verantwoordelijk zijn voor
de waargenomen verschillen in vermenigvuldiging van één generatie tot de volgende.
Gedurende de incubatie van de eieren kan een teveel of een tekort aan neerslag ei-
sterfte veroorzaken, met name droogte komt nogal eens voor. In beide gevallen kan
een grote reductie in aantallen het gevolg zijn, maar regenval kan hier niet als direct
regulerende factor optreden. Aanzienlijke en geregelde verminderingen van aantallen
bleken op te treden in de eerste twee larvale stadia. Roofvliegen (Asilidae) en een
aantal libellesoorten leken de voornaamste veroorzakers van deze mortaliteiten te
zijn. Het populatieniveau van de Asiliden kan niet positief gecorreleerd zijn met de
regenval in het vorig seizoen, maar zowel vroegere onderzoekingen als eigen obser-
vaties over de levenscyclus van de Odonata in de tropen leiden tot de conclusie dat het
populatieniveau van deze insekten zeer wel een positieve correlatie met de regenval
kan hebben, omdat het voltooien van de larvale stadia afhankelijk is van de duur van
de jaarlijkse inundatie der uitzwermgebieden. De Odonata die op Nemadacris pre-
deren zouden daarom heel goed de belangrijkste factor kunnen zijn in de aantals-
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fluctuaties van deze sprinkhaan.

De mortaliteit gedurende de laatste vier larvale stadia bleek onbelangrijk te zijn,
alleen ooievaars en veercigers kunnen lokaal een grote sterfte veroorzaken, maar dit
is uitzondering.

Een vergelijkende studie van de twee best bestudeerde uitzwermgebieden, de gras-
vlakten van Noord en van Centraal Rukwa rondom het Rukwameer {Tanzania),
onthulde dat er waarschijnlijk binnen een uitzwermgebied uitzwermcentra bestaan.
Deze centra vallen samen met bepaalde vegetatie- en bodemtypen, die gevonden
worden in die delen van de grasvlakten die jaarlijks langdurig geinundeerd zijn. Het
werd nict duidelijk waarom dit zo is, maar het is mogelijk dat de oorzaak ligt in ver-
schillen in incubatiesucces van de eieren, samenhangend met verschillen in bodem-
vochtigheid.

Het lijkt niet waarschijnlijk dat verder onderzoek naar de ecologie van Nomadacris
zal kunnen leiden tot een economisch verantwoorde vorm van ecologische bestrijding
van het insekt.
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