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ABSTRACT. To know the role of meteorological systems of synoptic scale in outbreaks of desert locust
(Schistocerca gregaria Forsk) at various phases of its life cycle in western India, data on locust situation and
synoptic disturbances during period from 1945 to 1980 were analysed.

The analysis of the fortnightly data of the infestation of egg layings, hoppers, scattered adults and swarms for
seven stations shows that the chronological orders of these activities follow the spatial progress of the normal
n}oﬁon onset with pre-monsoon rains. However, the highest swarm activity was found in the first fortnight
) gust,

Simple linear correlation technique was used to know the degree of association of various meteorological
disturbances with locust activity at different stages for a station with good record of data set. The egg-laying
activity was parallel with rainfall and slight decrease in rainfall between peaks did not affect the activity. Hopper
emergence peaks were seen generally after a month of rainfall. Scattered adults activity showed no good associa-
tion with rainfall. The swarms intensity was highest during first fortnight of August and September. The main

ical systems causing rainfall were western disturbances, depressions over Arabian Sea and a few depres-

sions developed over land.

It was also found that a negative correlation exists between swarm infestation and sunspot number,

1. Iniroduction

The role of meteorology in the outbreaks of locusts
and their control, is well recognised. The soil tempera-
ture and its moisture content decide the incubation
period. The availability of food after precipitation
is essential for the hopper growth in all instars. The
sexual maturity and migration of locust depend upon
the air temperature, saturation deficiency of atmos-
phere, upper air speed and direction, and solar radia-
tion over earth's surface. The understanding of the
relationship between locust activity and meteorolo-
gical parameters may be of great value to forecast
the outbreaks of locust in a region. With this object
in view, a study of the past 36 years records of locust

invasion in relation to different rain producing syno-
ptic disturbances occurring in India has been made.

The sun is the source of energy for any terrestrial
phenomena associated with locust activity, so we can
expect possibility of an indirect solar control on
locust infestation also. The periodic recurring cycle
of locust infestation in India (Rao 1940) and Phi-
lippines (Uichanco 1936) are well known, and these
cannot be explained by mere local climatic variations.
Uvarov (1931) observed synchronous appearance
of locust in India during 1915-16 and 1927-30
which might, perhaps, be connected with sunspots.
However, periodicity in infestation of various locust
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Fig. 1. Percentage number of fortnights cf various types of infestations recorded _during §1971.1980 at different stations

species in Europe and Africa did not show a definite
relationship with fluctuations in sunspot (Uvarov
1931). It may be due to the fact that all species of
locusts may not responding to the periodic variations
in climate caused by sunspot fluctuations in the same
way and at the same time.

Waloff (1960) did not support all 1l-year cycle,
so it was recommended (WMO Tech. No. 54) to re-
examine this relationship. Therefore, we studied
the relationship between sunspot fluctuations and
locust swarms observed in northwest India.

2. Materials and methods

The data on locust activity were taken from the
Bulletins of the Directorate of Plant Protection and
Quarantine Services of the Food and Agricultural
Ministry, Government of India, Faridabad. The
past_informations on synoptic disturbances causing
rainfall in India were collected from Indian Daily
Weather Report (IDWR) and the Storm Atlas of India
published by India Meteorological Department. The
monthly sunspot numbers were taken from the *Solar-
Geophysical Data™ issued by the Environmental Science
Services Administration Research Laboratories, Wash-
ington, D. C. The stations with sufficient data, namely,
Sros‘fanganagar (GGN), Churu (CRU), Bikaner (BKR),
Jodhpur (JDP), Jaisalmer (JSM), Barmer (BRM)
and Deesa, all from northwest India, were selected

for the study. The various types of monthly infes-
tations : egg-layings, hoppers, scattered adults and
swarms, at these stationsjare presented in Fig. 1 as
the percentage number of fortnights of infestations
during 1971-80. The total number of swarms recorded
in each fortnight between January & December and
number of swarms recorded in each year, during
1945-80 at these staions are shown in Figs. 2 and 3
respectively.

Since Jaisalmer recorded the highest number of
locust activity at all phases of its growth, it was chosen
for a detailed study of the relationship between dif-
ferent types of locust activities and various synoptic
features causing rainfall in India and sunspot num-
bers.

To assess the degree of correlation between synoptic
disturbances and locust activities, correlation coeffi-
cients (r) were calculated by simple linear correla-
tion technique using a third generation computer
EC-1040 having power software system available
at the National Data Centre of India Meteorological
Department, Pune.

3. Results and discussion

3.1. ‘Lacust_a:ctivity during 1971-80 — The highest
egg-laying activity was found in June at Bikaner,
Churu and Jodhpur, in July at Sriganganagar, and




DESERT LOCUST INFESTATION 55

of  SwakuY
e e

- lllll.-
o el B

-!Ll !1 LJH =

1
1 1 3 - J 3 a ] O w o
FORTHIBNTS  OF MONTHS

Fig. 2. Total number of swarms during each fortnight of the
months for the period 1945.1980 over seven selected
stations of northwest India
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Fig. 3. Yearly variation of total number of swarms over seven
selected stations

in August at Barmer and Jaisalmer (Fig. 1). The
chronological order of maximum egg-laying follows
the spatial progress of normal monsoon onset with
pre-monsoon rains. Generally the maximum hopper
activities periods fall one month behind maximum
egg-laying period and that of scattered adults are one
month behind the maximum hopper activity periods
and swarm activities follow no continuity in the
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Fig. 4. Fortnightly normals of rainfall and locust activities in
different phases during 1945-1980 at Jaisalmer

period with hopper or scattered adults (Fig. 1). It
supports the fact that swarms are mostly migrated
from neighbouring western countries.

3.2. Seasonal distribution of swarms and its period-
icity— The peak swarm activity was found in the
first fortnight of August with a fall in first fortnight
of September and again rise in second fortnight of
September (Fig. 2). It's lowest activity was recorded
in the second fortnight of April. The rise in activity
with time starts from May with a higher rate than
its fall after August. The more number of western
disturbances and associated induced lows over Rajas-
than moving eastward and causing occasional pre-
cipitations might have prolonged the influx of swarms
from western countries. Westerly and northwesterly
winds associated with western disturbances are
fayourable to bring more swarms. The smallest number
of western disturbances and almost no rainfall may be
the cause of lowest swarm activity in April whereas
more precipitation and favourable westerly/north-
westerly winds, availability of sufficient vegetation
due to earlier arrival of monsoon in that area, might
have caused the peak intensity in August.

The periodical recurrence of lowest infestations
in India is generally recognised. In Fig. 3 it is seen
that locust swarms were present continuously for
a series of years, after which they had disappeared
altogether for some time and then reappeared in full
strength after longer or shorter interval. The un-
expectedness of their onsloughts, make the locusts
a great threat to cultivation. This figure clearly shows
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that there have been six faitly distinct locust cycles
covering a period to 5 to 10 years consisting of 2 to
6 years of continuous locust menace and 3 to 4 years
of continuous break. Two spells of locust before
1963 were of maximum duration that is 5-6 years.
Afterwards longer spells were not observed. It may be
due to more precautionary measures to check the
swarms. The fluctuations within a period of infesta-
tion can be accounted for by variations in rainfall.
This point is discussed later in a detailed study of
locust swarms at Jaisalmer.

3.3. Locust activity and rainfall during 1945-1980 —
The fortnightly normal rainfall at Jaisalmer during
the year 1945-80 and percentage of locust activities
in different phases are plotted in Fig. 4. The asso-
ciation of locust activities in its different phases with
rainfall is discussed below.

3.3.1. Average rainfall —Rainfall is an essential
element to create suitable condition for breeding,
hoppers development and adults concentration for-
ming swarms. It is seen that peak of rainfall are in
first week of July and August with a dip in the second
week of July. After second week of June, there is a
sudden increase in rainfall whereas after first week
of September there is a sudden fall. Arrival of monsoon
and its withdrawal may be the general cause of sudden
increase and decrease of rainfall, whereas a general
occurrence of break conditions during July may be
the cause of *dip’ in the curve,

3.3.2. Egg-laying — The sudden increase in cgg-
laying activity was found in the first week of July,
remained constant upto Ist week of August and in-
creased by second week of August and decreased
after first week of September. This shows that ege-
laying activity was very much parallel with the mount
of rainfall. The presence of sufficient moisture in
soft and sandy soil of Jaisalmer might be its main
cause. Once the soil is sufficiently moist, a dip in
rainfall .has no effect in its activity and it remains
constant till another rise in- rainfall which increases
the egg-laying. It's correlation coefiicient was 0,86,
significant at 19 level.

3.3.3. Hopper — A sudden increase in hopper emer-
gence starts after second half of July with the highest
k in first fortnight of September and lower peaks
in August and October, with a fall in second fortnight
of August and September. - The lag in first peak of
hopper emergence behind rainfall is found to be
approximately one month which may be the time
lapsed in oviposition and incubation. Other dips in
hopper emergence curve may be due to control measures.
The correlation between hopper emergence and rainfall
was 0.53 significant at 19] level.

3.3.4. Scattered adults — The intensity of scattered
adults has shown six peaks with the highest in first
week of June and second week cf August. It shows no
association with rainfall indicated by correlation
coefficient of .06 which is not significant. The morta-
lity and egg-laying in groups at definite time intervals
depending upon the local situations may be the
reason for several peaks.

3.3.5. Swarms— The major displacements of locust
swarms take place with down wind, towards areas
of convergence: swarms may in general be expected
to collect in the vicinity of such areas and this might

rovide a mechanism for the close and apparently
purposeful association observed between the distribu-
tion and movement of swarms and rainfall essential for
breeding. The swarm intensity suddenly increases in
second week of May, remains higher till first fortnight
of November and then falls suddenly. The highest peaks
are observed in first fortnight of August and September.
Two small humps are also seen in first half of December
and second half of January. In the land areas of Iran,
Afganistan and Soviet-middle Asia, generally spring
breedings take place in association with atmospheric
disturbances moving from the west. The matured
locusts move towards east with the normal westerly
winds during May which may cause sudden increase
of swarms in May. In India the main breeding season
is during monsoon, with sometimes continuing in
winter also. It explains the wide peak in swarm in-
tensity curve from May tc middle of November.
Two smaller humps in the curve may be due to occa-
ssional winter breeding in India. = The correlation
between swarms and rainfall was 0.56 significant
at 1% level.

3.4. Meteorological disturbances and sunspot nuni-
ber associated with locust activities— The yearly per-
centage infestation of egg-layings, hoppers. scattered
adults, swarms and the total number of sunspots
are depicted in Fig. 5(a) in the form of histograms,
An yearly total number of rain causing synoptic dis-
turbances, viz., western disturbances (WD), depression
over Bay of Bengal (BBDP), depression over Arabian
Sea (ASDP), depression over land (LDDP) and total
rainfall at Jaisalmer during the period, are plotted
as histogram in Fig. 5(b). The relationship between
different phases of locust activities and sunspot and
that of different meteorological disturbances are
discussed in the following sections.

3.4.1. Locust phases and sunspots— As it is clear
in Fig. 5(a) the egg-laying activities were more upto
1954, and were negligible afterwards except in 1960,
1962 and 1978. The continuous watch over the area
and taking anti-locust measures may be the cause
of low egg-laying. Hcpper emergence shows the
periodicity in recurrence with maximum intensity
during 1953-54, 1959, 1971, 1975 and 1978. The
continuous yearly activities arc noticed for the longest
period of 6 years in the period 1950-55 and 1957-
62. The variations in the intensity of scattered adults
show a periodicity of 3-5 years. The yearly variation
of swarm intensity is periodic in nature as observed
over all the stations of northwest India in earlier
discussion. The continuous occurrences for 1 to 6
years with break of 2 to 3 years are found. The longest
continuation of 6 years was observed during 1950
to 1955 and 1959-64. The maximum swarm activities
arel noticed in the minima of eleven years sunspot
cycle,

3.4.2. Meteorological disturbances and rainfall —
The main meteorological disturbances causing rain-
fall over India are LDDP, ASDP, BBDP and WD.
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Their yearly variations, alongwith rainfall at Jaisalmer
are shown in Fig. 5(b). It may be seen that the years
of maximum frequency of WD, ASDP and LDDP
mostly coincide with the years of maximum rainfall
at Jaisalmer but that of BBDP shows an opposite
trend. It indicates that the main systems causing
rainfall over Jaisalmer are WD, ASDP and a few
of LDDP. The depressions originated over Bay of
Bengal do not give rainfall over that area, The direction
cf its movement is also westerly to northwesterly,
whereas WD and ASDP move eastward or north-
eastward which can help the incursion of locust swarm
over northwest India. To have a quantitative esti-
mate of their degree of association the correlation
coefficients (r) were calculated between yearly values
of activities in different phases and that of meteorolo-
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Fig. 5(b). Yearly variations of rainfall at Jaisalmer and
other meleorological  disturbances causing
rainfall during 1945.1980

gical disturbances. It is found that only rainfall has sig-
nificant correlations of .53 at 19 level in hopper stage
and .36 at 5% level with scattered activity. Others
have no significant correlations. It is due to combi-
ning large periods which might have nullified the
individual effect in a certain month. The correlation
coefficient between fortnightly values of rainfall during
1945-80 and that of activities in different phases
are also calculated. Fortnightly rainfall shows the
highest degree of correlation (viz., .86) with egg-laying,
hoppers and swarms have correlation of .53 and
.56 at 19, level of significance respectively. The
scattered activity is not having good correlation. It
may be due to the fact of *“its control by local situ-
ation”. A good rainfall creates favourable condition
for egg-laying. The production of good vegetation
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due to rainfall helps growth of heppers due to avail-
ability of food. The wind convergence causing rain-
fall may form more swarms.

3.5. Activities in relation to sunspot — Uichanco
(1936) and Rao (1940) suggested that sunspot
has a negative correlation with locust fluctuations in
Philippines and India respectively. The present
study also supports that because r — — 0.37 was
worked out for the numbers of sunspcts against the
swarm infestation. The value is significant at 57
level. There appears periodicity in fthe occurrence
of sunspot and the swarm of locust.
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