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Locust Research Work in India.

By Rao Sahib Y. Ramachandra Rao, M.A., F.R.E.8
Jocust Research Emtomologist to the Imperial Council of Agriculturel Rescarch, Karachi.

I. INTRODUCTORY.

DURING the last decade, locusts have,

in many parts of the world, been so
much in the limelight that they hardly
stand in need of introduetion. During the
years 1929 and 1930 especially, there were
not many days on which mention was not
made of them in the Indian Dailies, either
in regard to their flichts or the damage done
by them to crops. Nor are locusts to be
counted as one of the recent upheavals of
the modern age. Their history apparently
dates back to hoary antiquity. They are
mentioned in the Bible, and formed one of
the plagues of ancient Egypt. In early
Sangkrit literature, references are made to
them as one of the recognised calamities of
the people. The immensity of the swarms,
whose countless myriast often form clouds
hiding the sun from the face of the earth,
the dramatic suddenness of their appearance,
and the terrible severity of their onslanghts,
have all combined to infuse a feeling of
helplessness and awe in the mind of primitive
man, with the result that incursions of
locusts have from time immemorial been
considered to be of the nature of an act of
God. Indeed, the Indian cultivator, be he
Moslem or Hindu, often expresses himself
unwilling to lift his hand against these
pests, ruinous though they may be to his
tood-crops, as he believes the visitation to
be a manifestation of Divine Wrath, which
he dare not resist.

II. Inpra’s LOCUSTS.

Few people are unfamiliar with grass-
hoppers, which may be found jumping about
on the surface of lawns and fields. Twocusts
differ very little from them either in their
general form, structure or habits, except
for the fact that they often oceur in large
communities, which move about from place
to place in gregarious swarms. There are
several different species of locusts in the
world, each of which has its own more or
less restricted area of distribution. Not
taking into account half a dozen species of
Indun frras.shoppe]s, whwh are known to

.

of this country in its solitary phase, has,
for some hitherto unaccountable reason,
been very rarecly recorded in ifs qwarmlnd

condition. The other two, wis., .Patanga
suceineta, L.—the Bombay Locust,-—and
Schistocerca  gregaria, TForsk.—the Desert

Locust,—have in the past appeared in enor-
mous swarms over large areas of India and
caused a great deal of destruction to agricul-
tural crops.  Of the two, the Bombay Locust
aftects mostly the peninsular region of
India. Trom the information a,vallable,
mainly Lefroys account in his Memoir on
the Bombay Loeust, this locust would appear
normally to be a denizen of the forest areas
of the Western Ghat ranges of the Bombay
Presidency, whose flights may spread in years
of heavy multiplication far and wide, as far
as Guzerat to the north, as far as Central
India and ITyderabad, and even Bihar and
Origsa in some years, to the east, as far as
Madras Deecean  to L]w south, and upto
Ratnagiri and Goa to the west. On the
other hand, the Desert Tocust is, par
excellence, the Loceust of North-West India.
During years of outbreak, it infests chiefly

Baluchistan, Sind, Tunjab, the North-West
Frontier, R Lquta,nal, United Provinces and
parts of Central India, but in years of
extraordinary activity its flights may reach
as far as ecast Assam and as far south as
Madras Deccan.  The Desert Locust is by
far the more important of the two, for,
the range of its spread is much wider, the
periods of its outbreak arc more h‘equent
and prolonged, and the extent and degree

of damage to crops is on the whole much
greater. The scheme of Locust Research
carried on under the auspices of the Im-
perial Council of Agricultural Research is
concerned at present only with the Desext
Liocust.

III. THE ORIGIN AND SCOPE OF THE
PRESENT SCHEME.
Although locust outbreaks have been

fairly frequent in the past, and have often
been serious enough to engage the attention
of a huge staff and lead to the expenditure
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worked out during the years 1931, 1932
and 1933, by specially appointed staff under
the direct guidance of Mr. Afzal Husain.
Much difficulty was, however, felt during
1932 and 1933 in obtaining live material for
experimentation owing to the disappearance
of locust swarms by the end of 1931.

In regard to the location of the locust
breeding grounds, a special touring staff
was recruited in January 1931 for carrying
out locust surveys of the desert areas in
Baluchistan, Sind and Rajputana, and
placed under the writer, as Deputy Locust
Research Entomologist to the Council, with
headquarters at Quetta. As specimens of
the solitary phase of the locust were dis-
covered by the stafl during the tours con-
ducted in 1931 in the coastal areas of Mekran,
a snecial Field Research Station was estab-
lished at Pasni in the midst of typical locust
breeding grounds in January 1932 and
placed under the charge of Dr. K. R. Karandi-
kar as Assistant Locust Research Entomo-
logist for studying the ecology of the solitary
phase locust in its natural habitat.

Since April, 1933 Mr. Afzal Husain’s
services were required by the Punjab Agri-
cultural Department for the Principalship
of the Punjab Agricultural College. He
could not, therefore, continue to be in charge
of the Locust Scheme, but undertook to
continue his work on bionomics at Lyallpore,
with the help of a research grant from the
Tmperial Council of Agricultural Resecarch
and the responsibilities of the charge of the
rest of the Scheme devolved on the writer
from that date.

IV. PROGRESS MADE IN THE LOCUST

INVESTIGATION WORK.

T.ocust regsearch has been in progress for
over four years at the moment of writing,
and it may be stated without exaggeration
that quite a large amount of work has heen
accomplished. It may also be mentioned
that the work done every year has been
scrutinised by the Locust Advisory Com-
mittee of the Imperial Council and has had,
therefore, the advantage of their approval
and advice in most particulars. The pro-
gress made may be dealt with under the
following heads :—

1. Swrvey Work.—In 1931 survey work
was mostly confined to Daluchistan where
most of the districts subject to locust in-
festation were examined, especially Mekran,
Kharan, Lasbela and Chagai. A part of the
Bahawalpore desert area was also examined.
In 1932, survey stalf was reorganised, and
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work was pushed on by means of a motor-
lorry purchased by the Imperial Council for
touring purposes, and various centres in
the Indus Valley of Sind, parts of Baluchistan,
and the Dera Ghazikhan District, and parts
of Bahawalpore, Bikaner, Jodhpur, Cutch
and Western India States were visited.
Wherever roads were non-existent, as in the
interior of the Indian Desert, tours were
carried out on camel-back. In this manner,
quite a number of places were located in
which locusts of a non-gregarious character
were noticeable. During 1933, the plan of
survey work was changed. The work was
confined to the areas where locusts of a
non-migratory type had been located, and
the places were visited periodically through-
out the year in order to note the eflect of the
seasons on the activities of the solitary
locusts. In 1934, the same plan was pur-
sued, but with the addition of two Desert
Observation posts where intensive observa-
tions on locusts were to be carried out in
addition to the recording of certain simple
bioclimatic data.

Results of Survey Work.—While locust
swarms easily attract regular attention and
their movements may be expected to be
reported by existing official organisations,
the existence of locusts in their non-grega-
rious form is apt to be missed altogether
unless specially trained staff is employed to
look for them in their natural habitat.
Owing to the enormous extent and the
comparative inaccessibility of the area to
be examined, and the sparsity of the locust
population, it would be rather futile to
expect a high degree of thoroughness from
the small staff employed. The results
actually obtained have, however, been
sufficient to indicate that, in certain cases,
specimens of locusts of what looked like
the solitary type were either the remnants
of the swarms of 1931 or their descendants.
It was also noticed that at present locusts
are either entirely absent or are very sparse
in many of the places where they were
found abuundantly in 1932. The observa-
tions made have also shown that as in the
case of the migratory type, the non-gregarious
type of locust is dependent on rainfall for
oviposition and breeding, and there appears
to be some evidence to show that, like the
migratory phase, the non-gregarious type is
capable of making migrations over short
distances though only as individuals. On
the whole, it would rather look as if locusts
were gradually disappearing from the areas



12

of the Indian Desert, and the pregent situa-
tion rather indicates that the ‘rek’ areag of
the Mekran Coast are possibly more im-
portant from the locust-breeding point of
yview,

In addition to making observations on
locusts the staff engaged on survey work
have also as far as possible attended to the
collection of the flora and the fauna of the

tracts examined,

2. Bionomics.—~The various known facts

of the life-history and the habits of the
locust are ultimately referable to the funda-
mental peeuliarities of its structure and to
the nature of its response to the impact
of its environment. An exact knowledge
of the nature and extent of the responses
exhibited by the locust can only be obtained
by an experimental study conducted under
clearly defined conditions; and the results
of studies would be valuable, not only for
offering an explanation in regard to the
activities of locusts under natural conditions,
but also for devising efficient control mea-
sures. Valuable work on these lines has
been done at Lyallpore in regard to various
points in the life-history of the locust,
vi3., pairing, oviposition, post-embryonic
development, effect of crowding and other
conditions on the colouration, ete., of
hoppers, number of broods in the year, the
effect of various tropisms, ete. The results
of these studies are now under publication
by Mr. Afzal Husain.

3. Eeological Work.—Most of the work
on the life-history and habits of the locust
published in the past is referable to the
gregarious phase of its cxistence, and very
little is on record in regard to its solitary
phase. Bince the areas around Pasni are
apparently some of the true breeding grounds
of the Desert Locust, the data collected
during the last three years, in regard to the
behaviour of the solitary locust in response
to fluctuations of environmental conditions
incident to seasonal changes, should doubt.
less be of great value. The central problem
of these ecological studies in the eluecidation
of the conditions under the influence of
which the change of phase—ziz., from solitary
to the gregarious—would occur in nature,
From the Locust Research point of view, the
importance of a breeding ground would
depend on how far conditions favouring the
building up of the initial swarms of an
outbreak are present, in which cage alone
it would function as an outhreak centre.

From the experience gained so far, it is
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evident that seasonal rainfall is by far the
most important factor in the life-economy
of the solitary phase locust. Breeding can
take place only if there is rainfall, and a
building up of the population would bhecome
possible only if an acceleration of breeding
and a rapid succession of generations are

brought about by the persistence of the

requisite favourable conditions of weather.

4. Study of Past Outbreaks—The memory
of the serious locust infestation which lasted
for nearly six years from 1926 to 1931 is
possibly still fresh in the minds of most
people in North-West India. This cycle
wag preceded by a period of about six years,
roughly from 1920 to 1925, in which there
was no general infestation, and we are
apparently now in a similar non-loeust
period which began from 1932 and has
already lasted over three years at the pre-
sent moment. From the data at present
available it is difficult to say when this
period would end and the next locust cycle
would commence. In this connection, a
study of the past invasions is of great
importance and all attempts have been
made to secure reliahle data on the subject.
Tt has, however, to be stated that past
records on locusts have in most cases not
been preserved, and the information ob-
tainable in such as are existent is very
fragmentary in character. In certain ex-
ceptionable cases, hewever, ag in that of the
season and crop reports published in the
Gazettes of Punjab, Sind and Bombay,
fairly detailed and continuous information
is available frorm the year 1869, and these
have been exfracted, collated and studied.
In certain other instances also, e.g., the
records of the Jaisalmer and Kalat States,

~detailed information was obtainable in re-

gard to some years. A study of the old
records has shown that there have been
locust cycles during the following yoears
since 1369 : 1869 to 1881, 1880 to 1907,
1912 to 1919 and 1926 to 1931, the intervals
being periods of locust disappearance.
During years of outbreaks, it would appear
that swarms-are, during the earlier months
of the year, active mostly in areas of winter
and spring rainfall, such as Baluchistan
and parts of the Punjab, Afghanistan and
Persia, and lay eggs and breed there. The
adult locusts produced by these broods
would appear to commence their flights
during the months of April, May and June,
the general direction being eastwards to-
wards Sind, Punjab and. Rajputana, where
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they breed after the receipt of monsoon
rains. The resultant fliers would appear
to fly during the autumn months, partly
further east towards Bengal and Assam or
to the south, and partly back to the west
towards Baluchistan and Persia. The east-
bound flights appear ultimately to perish
while the west-bound ones are able to breed
during the spring months in Baluchistan.
It would also appear that the infestation
18 prolonged if this circulatory system of
locust flight is kept up, and that the break-
down of the cycle 1s probably brought
about by the failure of broods due to un-
favourable conditions of weather in one or
other of the breeding areas.

The data collected from the various files
have been extracted and arranged and are
being mapped out month by month for the
various years, and attempts are being made
to correlate the movements with available
meteorological data.

V. PRESENT POSITION OF THE WORK.

Much ground has already been covered,

but there is yet much work. to be done.
In regard to bionomics, progress of work

has been impeded mostly for want of ma-

terial for experimentation, and experiments
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will be resumed when there is sufficiency of
material. The question of sex-maturation
of the locust is specially important and
needs being tackled. Experiments in re-
gard to control measures will also be under-
taken when sufficient material is available.
As to survey work, it is necessary that
work should be continued until a decisive
answer i3 obtainable to the question as to
which of the areas in which the locust has
been found in the non-gregarious state are
really important in the production of swarms.
It is also necessary to determine the exact
conditions under which the transformation
into the gregarious phase would take place
in nature. In case it is definitely proved
that there are outbreak centres within Indian
limits, it would be imperative to undertake
a trial of control measures on the breeding
grounds to determine the best methods of
tackling the pest in an early stage and.thus
nip the evil in the bud. When the migration
routes followed by swarms during periods
of infestation in India have been properly
studied and plotted out, it ought to be
possible to formulate a system of timely
locust warnings, to neighbouring provinces
or countries on the basis of such studies.

Gaps in Our Knowledge of the Indian Protozoa. I.—Ciliophora.
By B. L. Bhatia, D.sc.

URING the last four years, while pre-

paring a volume on Ciliophora for the
Fauna of British India, I have become
aware of various gaps in our knowledge of
these Protozoa. Although many more genera
and species are now known from this sub-
continent than was the case in 1916 when
I first directed my attention to this group,
there is still a vast and promising field for
future workers to cultivate. The Ciliophora
are a sub-phylum of the Irotozoa, and
include forms which live in water, soil, or
as parasites of other animals. It is well
known that species of fresh-water and soil
protozoa are cosmopolitan. The record of
Ciliophora known from India, Burma, and
Ceylon now includes 274 species belonging
to 101 genera. The majority of these are
from fresh-water or from the soil. Most
of them are the same as found in Europe or
America, and there is every likelihood of
those described as new, being found in other
parts of the world also. This is due to the
fact that the conditions of life in pools and

ponds are much the same all over the world,
and the fresh-water forms can be easily
carried from one place to another, especially
in the encysted form, by wind and animals.
Unlike the fregsh-water protozoa, the geogra-
phical distribution of parasites usually follows
that of their hosts. Some parasites are
unable to live in any other host than the one
in which they naturally occur and show a
host-parasite specificity, though, not unoften,
the hosts living in the same habitat may
adopt each other’s parasites.

The Ciliophora are divided into two
classes, viz., CILIATA and SuctoriA. IFollow-
ing Metcalf, the Opalinid ciliates which do
not show a differentiation of the nuclear
material into a macronucleus and a micro-
nucleus, have been separated into a sub-
class and designated as PROTOCILIATA, the
rest of the Ciliata which show this nuclear
differentiation being called the KUCILIATA.

The Protociliata include a single family
Opalinide: which were formerly lumped with
other Astomatous ciliates. They are clearly



