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On the basis of the observations given
above in connection with those reported in
the previous publications upon the reaction
of plant cells to acenaphthene particles one
can make the following inferences :—

1. Acenaphthene induces swelling of the
plant organs but at the same time a slow
development in  length. This obviously
results from the enlargement of the cell
volumes due (a) to chromosome duplica-
tiong, (b) to a simple cell expansion, and (¢)
to suppression of the cell division.

2. Acenaphthene particles act upon the
dividing cells during the mitosis and meiosis
in a specific way which is expressed in an
absence of equatorial arrangements of the
chromosomes and an absence of regular
spindles.

3. The chromosomes divide but do not
separate; thus duplication of chromosomes
takes place. Sometimes (especially during
the meiosis) the chromosomes get abnormally
spread into the eytoplasm. This phenomenon
leads to polynucleation and further to
formation of polyads during the melosis.
Jonsequently  acenaphthene might  induce
polyploidy and heteroploidy.  Pollen deve-
loped from polyads are usually unviable.

4. Acenaphthene does not induce chro-
mosome rearrangements of the type X-rays
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do induce, or if it does, they are so insigni-
ficant that I have not been able yet to
detect them.

5. The appearance of the expected
numbers of bivalent chromosomes during
the melosis suggests that acenaphthene does

not prevent chromosome pairing. Special
experiments  are required, however, for

studying the question :
reduce synapsis 7

6.  Acenaphthene  interferes with the
normal growth of the pollen-tubes, inducing
swellings at the growing ends.
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Medical and Veterinary Importance of Fleas and Ticks and the
Possibilities of their Control.*

By M. Sharif, p.sc. (Panjab), Ph.p. (Cantab.), F.L.8.
(Muslim University, Aligarh, U.P.)

:FTJIGA\‘ and ticks are external parasites

of great economic importanee on account
ol their blood-sucking habit.  They trans-
mit numerous digeases to man and domesti-
cated animals, and are also harmful to them
in other ways. They have thus a direct
bearing on medicine and veterinary science,
and an indireet. bearing  on  agriculture
through affecting the eflicieney ol work in

man and his live-stock by lowering their
vitality.
(A) TLEAS.
[Fleas affeet man and domestic animals

in two ways: firstly, as vectors of discases

* Remarks in a discussion of the Sections of Zoology,
Medical Research, Veterinary Research, FKutomology and
Agriculture in the Silver Jubilee Session of the Indian
Science Congress Association, Caleugta, 1938,
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and secondly, ax blood-suckers and annoyers
of man and domestic animals.

The chief interest of fleas centres round
their connection with the bubonic plague
due to Bacillus pestis, which is primarily
a disease of rodents from which 1t is trans-
mitted to man by fleas. This discase has
plaved havoce w111 nian from times imme-
morial and is caused largely, if nol eX-
clusively, Hm)uuh the agency of fleas. In
India alone upw: ud,s of 7,000,000 deg Lﬂlh, due
to this discase, have occurlo(l between the
years 1896 md 1911. The discase is trans-
mitted by the bite of an infected flea in
which the regurgitation of blood due to
the obstruetion of the proventriculus intro-
duces the plague bacilli in the hody of the
host. The proventriculus is blocked by
the rapidly multiplying plague bacilli which

¥
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enter the interstices of jtg spinous processes
and thus the blood cannot enter the stomach
of the flea. This obstruction proves fatal
not only to the host byt also to the flea.
So plague is as much a disease of the fles
as it iy of rodents and man. This obstrne-
tion occurs more readily in some species
like Xenopsylla cheopis the wmost efficient
vector of plague bacilli, but it does not oceur
accerding  to ITirst = (1926, p. 198), in
X. astia the inefficient transmitter of plague.

Fleas are suspected vector of Kala-azar,

though competent opinion is still divided.
X.  cheopis according to Nicolle and

Sparrow (1935) can transwit the causative
agent of Tsutsugamushi fever under ex-
perimental  conditions. Fleas ecan also
transmit  Rickettsial = diseases in  man.
X. cheopis and other fleas have been in-
criminated as vectors of different kinds of
typhus fevers in different countries. He-
morrhagic septiceemia, a fatal disease due
to Pasteurella boviseptica in cattle, is trans-
mitted according to Daubney, Hudson and
Roberts (1931) in tropical countries by
Ctenocephalides  felis.  Fleas belonging to
the species €. canis act as the intermediate
host of the tapeworm kelonging to the
species Dipylidium ecaninum which is found
in dog and occasionally in man. The tape-
worm gains entrance to a new host by being
swallowed with crushed or living flea.
Besides the transmission of diseases, fleas
are troublesome parasites. In many cases
they are said to have rendered houses or
other places uninhabitable for a time. The
Sticktight flea (lichidnophaga gallinacea)is vo-
sponsible in tropics and certain parts of the
United States of America for a considerable
annual loss to poultry breeders. The yvoung
chicken when heavily infested often die
quickly but older fowls are more resistant.
The fleas materially reduce the egg-laying
capacity and check the growth of fowls,
The Chigoe (Tunga penetrans) causes painful
sores in man or even crippling if neglected.

During the Great War (Jolly, 1926) in the.

Bast Africa the British Army had to wait
for two days to occupy a position of great
advantage vacated by the Germans, on
account of its being infested with fleas of
this species. .

Fleas afford us a good instance that g
mere systematic study of a group sometimes
helps to clear up certain points of great
economic importance. The Indian Plague
Comniissioners failed to wunderstand the
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reason why certain I:n'gt- areis i_n;ut 1&“,“(:.“1‘
Plag‘lle while others having .\'11}1{1:11 Cen «';,}« .x‘
conditions were ('tnllp:l‘!::th\'vl_\ e l_n‘m.
it.  The reason was lun!ui out by H’;.,qy
who submitied g (‘Ull.m'tmn of H(‘:i._\ in;m
two plague-free cities of Madras and Colonbo

to the Late Hon'ble No €. Rothsehild who
determined the tleas to be dilferent from

X. cheopis—the most cflicient \'m‘fur ol th‘c‘
plague baeilli——a,nd‘ l-hv.\" bhelonged 1o o
new species V. astia which later on-were
experimentally proved to be o I't"l:l?:\vi‘\
inefficient vector of (he plague baeilli, I
was subsequently  Tound out by sowe
workers that in  (he })l:l},;‘ll.(’»h‘('t" phices
rats are infested mostly  with X asfra
and in areas infeeted  with  plague 3,
cheopis predominated. ’[‘hu_x womueh des
pised systematic entomalogist Wis s fra
mental in solving the problem of o wreat
economic importance, which {he !r:‘u’vmi
applied entomologixts wilh enomons fund.
at their disposal could not  do within =z
period of seven years.

A fairly large amount of
ecology of fleas has been done,  The et
of different kinds ol food and  diferent
temperatures and humidity on the erowth
of fleas and their cavlior stawes has e
ascertained in some eases. A feehnique tor

work  oan the

rearing and maintaining laree stocks  of
fleas  for experimental purposes his Dheen

devised by Leeson (1932, b). By Tollowiny
his miethods the present author wax ol
to maintain a stock of fleas o Canthridie
larger in numiber than the human popka

tion of Cambridge Ter about two yenrs,
The work of Buacot (191, Bacot gl
Ridewood (1914), Stvickland (TOEE), Hirst

(1926), Leeson (1932, ), Mellanby (1oas,
Sikes (1930, 1931), Buxton (1931 and Shary
(1937) on the effect of temiperalture, humidity
and food on the increase and deerease of the
bopulation of fleas deserves Lo he nmenfioned,

It has been found tha in mosl specie.
the temperature of ahoui, 2370 and S0 to
90 per cent. relative humidity are  most
suitable for snceessiul breeding  of ey,
High relative humidity is an essential condi
tion for the growth of the larvae of tleas.
but not so much for the adull, Sikes (19131 ]
proved experimentally {had, different Kinds
of fqod of flea larvas have different hyvure-
SCOpIe  properties and {he optitum atng-

Spheric huniidity differed according 1o the
kind of food employed so as {o give the

optimum water-content of the food. Rainfall
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and  high relative humidity of 70-90
per cent. have much to do with flea breed-
ing. As a rule rainy months in summer are
responsible for outbreaks of fleas, and
extremely hot and dry weather retards their
breeding.

Bacot (1914) showed experimentally that
the larve of many species of fleas require
blood in their food and will not grow without
it.  In nature 1t 1y supplied by adult
fleas, which swallow wmore blood than they
can digest, so that some of it Is discharged
along with faeces as scarcely digested blood.
Sharif (1937) has experimentally proved that
blood, although the most important part
ol the nutritional requirements of flea
larvie, is by itsell not suflicient for their
normal and  suceessful growth.  The (lea
larvie require an additional food which in
nature is supplied by the organic refuse
present in the bed of the host of the adult
fleas.  He has further proved experimentally
that flea larvie require blood for their
development in order to obtain the neces-
sary supply of iron for their growth.

The effect of the above-mentioned eco-
logical factors on the incerease and decrease
of the population of fleas is established.
I those who are engaged on the work of
prevention of discases transmitted by {leas
will take advantage of the researches of
the above-mentioned workers, they will be
able to understand the flea problem, and
thus partially, il not exclusively, save the
human race from ifs depredations.  Fleas
breed niosfly in dust containing organic
material  protected from wind, rain and
sun, but at the same time supplied with
moisture due to urine and fweces of their
hosts. I breeding  places of fleas, which
are mostly the resting places of their hosts,
are carcfully eleaned up, the premises will
be cleared of fleas even though no attention
is paid 1o the Heas on the hosts themselves.
The location of breeding  places  of  fleas
is essential o for  their control.  Future
researches should be concentrated on study-
ing and understanding the ecological factors
governing the breeding places of diflerent
species of tleas.  In {leacinfested  distriets
it iy advisable to avoid the use of mattingy
and carpets as they afford factlities for their
breeding.

(B3) Trexs.

The importance of ticks as disease carriers
m man and domesticated animaly iy well
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known. They rank among man's worst
enemies.  There are probably none of the

external parasites of domestic aninmals of
more importance to the stock raiser in any
country than the ticks, owing to the large

number of diseases whieh they transmit
from animal to animal. It is, therefore,
safe to state that no more ilmportant

problem than the cradication of cattle ticks
confronts the farniers of any country.

The harmful ellects caused by ficks to
animuls may be due to () tick-bite,
(h) extraction of blood, (¢) transmission
of discases and  (d) tick toxwmia. It is
obvious therefore that the owner of live-
stock cannot atford to ignore the presence of
ticks on his animals il he wishes their
efficiency to be maintained.

() Tick-bite.—I1t is a  well-known  fact
that the bite of a tick causes ulcers or small

wounds  which may serve as  points  of
ingress ol baeterial  infections.  If the

wounds caused by tick-bites are large the
egas may be laid by flies which develop
into maggots and cause cutancous niyiasis.
Ticks oeccurring on legs and between digits
of fect in sheep and enttle give rise to sores
resulting in lameness.  The ticks also irvitate
the animals by their- bites and they may
die of  tick worry U Argas persiens and
Argas reflerus may Kill fowls or pigeons in
a very short time il they attack in large
numbers, quite apart from any disease
they may convey.

(b) Fatraction of Blood.—The extraction of
blood by a large number ol {icks makes the
cattle so weak that they are depreeiated
in value from the commercial point of view.
It makes them unfit for work and in milking
animals the vield of milk is reduced to w
considerable extent.  The emaciated condi-
tion of the cattle iy mainly due to the
presence of a large number of ticks. Re-
peated attacks by large  numbers  of
ticks shorten the life of animals, and malke
them weak so that they Dbecome an  ecasy
prey Lo other diseases. The massive tick-
infestation even  canses death of  animalg
either due to excessive blood sucking or
to tick worry. " lIn extreme cases, Mr.
Mayer estimates that as many as 200
pounds of blood may be withdrawn from
the host during a single season. This makes
a gain in weight impossible even in the
best  of  pastures™  (wide I1Tunter and
ooker, 1907, p. 11).
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(e) Transmission of Diseases.—The impor-
tance of ticks in general as vectors of various
discases of man and domestic animals
continues to increase as our knowledge of
them progresses. Smith and Kilborne (1893)
made the first remarkable discovery of the
possibility of transmission of protozoal
parasites by Arthropod hosts by demonstrat-
ing the transmission of Babesia bigemina
by Boophilus annulatus. This discovery
by Smith and Kilborne opened up a vast
field of research on the part played by
Arthropods in the transmission of protozoal
diseases, which has since then revolutionized
our knowledge of tropical diseases. In
man ticks transmit the causal agents of
the relapsing fever (spirochwmtosis) all over
the world, the Rickettsial diseases like
tick-typhus fever, Marseilles fever and the
Rocky Mountain spotted fever of America
and Tularemia. In domestic animals they
transmit diseases caused by Babesia, Thei-
leria, Anaplasma, Spirocheta, Bacteria and
Viruses.

Piroplasmosis.—~The term piroplasmosis is
applied to diseases caused by Babesic and
they are all transmitted by ticks. It
includes some of the most dangerous
diseases which affect domestic animals all
over the world. Piroplasmosis oceurs in
cattle, sheep, horses and dogs. In many
parts of the world it is impossible to import
cattle for the reason that as many as 90 per
cent. may die due to this disease. The
Texa or tropical red-water fever of cattle
due to B. bigemina is responsible for the
annual loss of forty to hundred million
dollars every year in the United States of
America. In nature it is mainly transmitted
by Boophilus annulatus, B. australis and B.
decoloratus. The other dangerous diseases
due to Bubesia are the FEuropean red-water
fever due to B. boris which is transmitted
by Izodes ricinus and Hemaphysalis cinna-
barina var. punctate, the biliary fever of
horses due to B. caballi and B. equi which
are transmitted by Dermacentor reticulatus,
Rhipicephalus ecertsi and Hyalomma (Hya-
lomma) @gyptium, and the malignant jaundice
of dogs due to B. canis which is transmitted
by Rhipicephalus sanguineus and Hemaphy-
salis leachs.

Theileriosis.—One of the most formidable
diseases of cattle in Africa due to
Theileria  parva is transmitted by some
species of the genus Rhipicephalus of which
R. appendiculatus is the most usual vector.
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The mortality rate duc to this disease is
as high as 95 fo 100 per cent. \ 1)qt\i5_r11
type of theileriosis due to 7. wzrz.(tmz.-x' 18 widely
distributed in the warmer countries of the
world. Infection due to this in adult cattle
proves fatal in 5 to 10 per cent. cases only.

Anaplasmosis—This  discase  due  to
Anaplasme  marginale is  very dangerous
and has a fairly wide distribution.  The
death rate is 95 per cent. in adults and
50 per cent. in young ones. It has been
experimentally transmitted by o large
number of species of ticks.

Ricketisiosis—Among  the  Ricketdgial
diseases the Rocky Mountain spotted fever,
the tick-typhus fever and Marseilles Tever
in man and heart-water fever of cattle,
sheep and goats are well known. The Rocky
Mountain spotted fever which is due to
Dermacentroxenus vicketlst is  transmitied
mostly by Dermacentor andersoni.  Tick-
typhus fever in India is probably transmitted
by Dermucentor auratus and Marscilles fever
whose causative agent iy Rickellsia conori is
common on the Mediterrancan Coast and is
transmitted by Rhipicephalus  sanguineus.
The heart-water fever due to Ricketlsia
ruminantium is common in South Afriea
and is transmitted by Amblyomma hebreerm,
Boophilus annulatus, B. australis, and Rhi-
picephalus eapensis.

Spirochetosis.—Some  of the blood in-
habiting spirochetes are transmitted hy
ticks. Ornithodoros savignyi and Ornithodoros
moubate transmit relapsing fever in man
due to Spirocheta dutloni. The causal
agent of the Central Asiatic and Persian
relapsing fever in man is Npirochata persicn
whose chief vector is Ornithodoros papillipes.
Ornithodoros turicate has been  definifely
proved to be connected with the transmission
of relapsing fever of man in the United
States. Spirochetosis of domestic Towls
which is due to Spirochwts ansering  ix
transmitted by Argas persicus all over {he
world.

Bacterial Diseascs.—Tularemia or rabbit
fever is a disease due to Pastewrella tularense.
It has been recorded from the United
States and Japan and is primarily a discase
of wild rodents but man is incidentally
involved in it.

Virus Diseuses.—Amongst the virus diseas-
es the louping-ill (Macleod and Gordon, 1932)
18 transmitted by Izodes ricinus in England,

Scotland and Wales. This tick also trans-

‘its the causal agent of the © Tick-borne
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fever of sheep” (Macleod and Gordon,
1933) in sheep, pigs and goats.

(d) Tick Toxamia.~—According to some
observers the salivary seccretion of ticks

contains toxins and cases of tick paralysis
in some animals and man are generally
explained on the basis of their presence.
Tick paralysis has been reported from the
United States and Australia hoth in nian
and domestic animals. According to Re-
gendanz and Reichenow (1931) the poison
causing tick paralysis is specially formed in
the femzn]e of Rhipicephalus sanguincus
during the process of egg development.
They experimentally showed that injections
of eggs or ovaries of this tick just before
oviposition gave rise in dogs to symptoms
similar to those of tick paralysis.

The ccological studies on  ticks have
yielded useful results for their control.
Unfavourable c¢limatic conditions which are
mainly responsible for keeping the number
of ticks in check have been studied in some

countries. In order that the work of
extermination may be more intelligently

and successfully carried out it is necessary
that it should be based upon most accurate
knowledge possible of the life-history,
habits of the ticks and their natural enemies.
Such work has been done extensively in
the United States and some other countries.
According to Nuttall (1913) wherever this
type of work has been carried out intelli-
gently great beneﬁclal results have been
ob‘ramod and “‘large tracts of country
in the Umted States, Australia and Afrieca”
have “been rendered almost tick-free by
these measures ™

There is no doubt that ticks are com-
paratively free from the attacks of para-
sites and predaceous enemies on account of
their passing a portion of their life concealed
within the fur, feathers or scales of their
hosts.  Ticks have natural enemies both
predaceous and parasitic.  The study  of
their effects in limiting the incerease of the
population is being made at present in
some countries.

The most  efficient  predaceous  enemies
of ticks are found among birds.  The
domestic fowls feed ou“orly on ticks. Rats

and mice feed upon 11(,}\5, and field mice
assist in a limited way in destroying the
engorged females. Toads, lizards and ants
also feed on ticks.
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Amongst the important parasitic enemies
of ticks so far recorded are the Chaleids
Lrodiphagus texanus and Hunierellus hookere.
The former parasite has been during recent
years introduced with some success on the
eastern coast of the United States of Americs
and in Montana for the purpose of controll-
ing ticks. The amount of money spent upon
this parasite by the United States Govern-
ment only inereases the importance of this
type of work. Specially trained persons were
asked from the Laboratory of Prol. .
Brumpt in Paris to help work in America.
In 1928 Dr. R. A. Cooley undertook a tour
in 8. Africa in order to find out the parasites
of ticks. A serious attempt by highly
trained persons is being made at present
at Montana, where a research laboratory
costing about sixty thousand dollars was
specially built for this purpose in 1927.
According to Cooley (1932, p. 53) for the
time being the use of tick parvasites appears
to afford the most promising method of
contral.
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