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CHAPTER X

GENERAL INTRODUCTION



The Indian Plague Commission in 1905 established the
relationship of fleas in the transmission of RKubonioc §1aguo.
The realization of the role played by rate and fleas in the
epidemiology of plague was a land-mark in the annals of the
history of the dicease. This revolutionized the whole approach
to the epidemiology of plague and then it was evident that a
proper understanding of the ecology of the rodents and their
ectoperasites is a must to predict a posaible outbreak and %o
check it from its further spreading. Thus the importance was
chifted from man to rodents and their ectoparasites. This point
has been outlined by Hirset (1953) when he wrote "Prevention of
plague is an ecological problem which requires for its solution
an intimate acquaintance with all the four-fold relationship of

man, miorobc)rat and flea®,

A reviewer of this subject can never miss the observations
of Ogata (1897) who incriminated fleas as vectors of plague,
Jimond (1898) who supported it with experimental evidence and
Bacot and Yartin (1974) who propounded the celebrated "Theory
of regu;gitation'. Purnett Ham (1907) drew a parallel line
between the abundance of fleas and the epidemic outbreaks., lle
suggested the possible effect climetic conditions could have on
the seasonal variations exhibited by the fleas. 3rooks (1917)
propounded that plague did not establish 1itself when the

temperature rose above BOOG (2700) accompanied by a saturation



deficiency of over 0.3 inch (7.6 mm). This added colour to

the plausible role of climate in guiding the course of
epidemics., It was thus shown that climetic oonditions mey
influence the course of epidemics not only through the
influence on the "bloeking phenomenon® in fless, dut also
thiougb their prevalence, abundance and mode of activities,
However, it should be mentioned here, that other factors which
influence the prevalence and abundance of the fleas were never
ignored. Thus TListon (1904) who'tried to correlate the breeding
gseason of rats with the abundance of the fleas peculiar to
them, mentioned that "the season et which the greatest number
of young rats are present has a two fold influence on the
spread of plague, In the first place the arrival of the young
membere among the community inoreases the number of individuals
susceptible to the disemse. In the second place the breeding
season of rats, as a rule, is the period of increase of the
fleas which are peculiar to the rat"{;He added that the fleas
Gere most abundant at a time when young rats were more numerous.
Though Burnett Ham (1907) did not observe any correlation
between the breeding season of rats and the increase in the
nunber of their fleas, later workera confirmed the observation
of Liston (1904§) by showing that young rats carried more fleas
than the adulta, In this connection it may be mentioned that
Petrie and Todd (1923) found thet the infestation of fleas on

Rattus rattus increased, upto a maximum, as the rat increasee

in size and then declines as the adult becomes more adept at

getting rid of fleas. Eskey (1930) maintains that the smalleet



rats whioch spend their time in the nest harboured more fleas.
A3 the rat grows in size the flea index becomes less until

half grown stage is reached, when there is & rise in flea index
again. vtark and Yiles (1962) alsc established that the relative
infestation of the rodents varied according to their ages.

These field observations have brought out the possibdble
relation between the breeding of rats and that of fleas, and
the relative infestation according to the ages of the hosts.
But physiological studies to show the reasl relation between all
these factors are meagre. To cite a few, Buxton (1948) showed
that the breeding potentisl of the rat flea Xenopsylla cheopis
was low when fed on a young mouse and he pointed out that to
reach the normel rate of egg produétion, a flea nust have at
least one blood meal from the adult mouse. In comparative
experiments he found that the fecundity increased as the ages
of the host aleo increased. A possible hormonal relationenip
of the mouse (host) and the breeding of the flea was suggested.

Allen (1956), working on the rabbit flea Spilopayllus cuniculi,

found that shortly before the breeding season of the rabbits
commenced, the female rabbits carried an extra load of fleas.
He thereby suggested that the breeding cycle of the rabbit flea
wae linked with the hormonal cycle of the host. Iils observations
were confirmed by the carefully planned laboratory experimente
of Zead Trigge and Nudge (1960)3;Miriam Rothschild and 7ob Ford
(1964-a and b) and others. Their conclusione point out that

the maturation of the ovaries of the rabbit fleas aould take



place only when fed on a pregnant rabbit and that immediately
after parturition the fleas from the does were found in the
nest oontaining young rabbits where they later fed on the
young and laid eggs.

The field surveys conducted by plague workers revealed
yet another important factor i.e. the distribution of flea
species and the ocourrence of plague. In 1914 when Rothschild
described Xenopsylla astia , it was evident that what was

thought to be a eingle speciee in India contained Xenopsylls
cheopis , Xenopsylla aetis and Xenopeylla brasiliensise. This

initiated a series of studies on their distribution and vector

efficiencies. The results indicated that while Xenopsylla

cheopis 1s & very efficient veotor of plague, the other

species, Xenopsylla astia, is comparatively a poor vector,

This coupled with the field studies on their distribution

mede 1t possible for Cragg (1921) o postulate that the
comparative immunity against plague enjoyed by certain loceli-
ties in India was due mainly to the absence of Xenopaylla

cheopis,

The Parasitological Theory of plague glven by Hirst
(1927) runs aes followss

1. The incidence of bubonic rat plague is primarily governed
by the magnitude of the respective populatione of plague
carrying flea species infesting the rats of any given
distriot.



2. The population of any given specles of rat-flea in any
given locality varies according to the rat population, the
nesting oconditions, the suitability of the olimatic oonditions
prevailing in that locality for breeding of the particular
specles and acéording to the number of fleass introduced in all

stagges of development from elsewhere.

3. The flea population requisite for the continuous propagation
of the epizootioc varies in megunitude according to the species

of flea,

4, The veotor efficiency of each individuesl flea of each sex
and of each specles, and therefore the flea population
effective for transmission, varies according to the climatic

oconditione.

5. The degree of dependence of human epidemic on the rat
epizootic varies directly with the power of the species of
rat-fleas ooncerned in the spread of epizgootic to parasitige
man and the flea bearing rats inhabiting the locality under

ooneideration.

Mut Goyle {1928) concluded from his study that "it
appeare that the proximity to infected areaes and the facilities
for communications with them, seem %o have been more important
than the flea eapecies factor in deternmining the plague
incidence”. However, he never ignored the flea species fsctor
in the spread of plague whioh is evident when he puts forward

8 view that "the flea species is a factor of considersable



importance though not the only factor involved in the 8pread

of plague and that the presence of Xenopsylla astia to the

exclusion of all other fleas over a large tract of country,

may possibly account for its immunity from plague®,

NMirat (1926), from bis observations, postulated that
"though the infection is introduced into a place there is no
ganger of an epidemic as long as the Xenopsylla cheopis-index

remains below one", !leyer (1942) states "Epidemiologiocally of
importance is not only the seasonal deneity but also the

seasonal flea species composition®.

Sharif (1948) postulated that the microclimate of the
rodent burrows and the type of larval food preesent,influence
the prevalence, abundance and even the host preference of
fleas in a locality. lolland (1956) showed the importance of
host distribution in relation to that of their ectoparasites.
e showed that in many cases, the geographic distridbution of a
spocies of flea coincides approximately with that of a species
of mammal on which the flea i® regularly found. He explains
that "the apparent host-flea relationship may be due to the
faot that (a) the flea is physically and/or physiologiocally
associnted with one epecies of host, records from the others
resulting from the accidental or temporary aseociations do not
permit the breeding of the flea or (b) that flea and host
depend on similar or associated ecological requirements so
that ranges coincide although within those ranges some other

hosts are satisfactory”. Under the head of phyesiocal adaptation,



Holland (1956) inocluded (1) skin thickness of hoet in
relation to the mouth parts of the flea. (2) Pelage of the
host from the standpoint of heat insulation. (3) Vestiture of
the flea in relation to pllosity of the hoest. Under physiolo~-
glcal adaptation he included (1) Reproductive potential of the
species. (2) Specificity of blood meal requirements (not -only
of speoies of the host, bdut aleqﬁgﬁe and sex of the host).

(3) rresence of the essential food ingredients for flea larvae
in the neet of the host. (4) Ranges of temperature, humidity
and light in the nest of the host, in relation to tolerances
by flea eggs, larvae, and pupae. (5) Timing of life history
stages of flea in relation to the occupancy and eventually to
the abandoning of the nest by the host. (6) Longevity of the
adult fleas 4in reletion to the breeding intervals of host,
especially hosts that do not repeatedly use the same sleeping
site and lastly, (7)Host-finding capacity of adult fleas.

Consldering these factore, 1t is highly essential to
elucidate the importance of the host-flea relationship through
the studies on the hoast preferencee of the fleas,their morpho-
logical adaptations to the hoeta and their breeding potentials

on different hoats,

Tombay has been witnessing an interesting change in the
rat population around human habitatione during the last few
years., It is stated in the annual report of Haffkine Institute
1940-41 that Randicota bengalensie formed about 407 of the
entire rodent population in the city as compared to the 1%
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in 1907. It is seen from table I given below that the

percentage of 3andicota bengalensis increased upto 52% in the

year 1947. The percentage of Rattue rattus that year was only

18.97%, These rats were collected from field and brought to

Haffkine Institute by the 3lombay llunicipal Authorities for

exanmination.

Table I

1
(Prom Haffkine Inetitute Report and Politgzer-1954)

Ge

R, R, Be Inoidence of
Year refuscens norvegious kolk malabari- rodent plague.
(Be.benga~ cus
lensis)

1938 24.7 25.4 27.% 1.2 -

1939 23.8 24.4 3545 1.2 - )
1940 24.9 23.9 34.8 1.0 - o’
1941 24.2 23.0 37.1 0.8 -

1942 20.9 22.5 45.7 0.8 -

1943 20,3 2247 46,3 1.1 -

1944 21,9 22,1 47.0 1.1 -

1945 21,0 21.6 49,2 1.8 -

1946 19.6 23.7 49.0 1.1 -

1947 18.9 2340 5240 0.6 -

1948 23,7 18.3 47.4 0.8 2 Rerere and 42 G.k.

found infected
1949 23,3 20.0 4242 0.4 4 Reror. and 2 U.k.
found infected

1950 23.9 17.6 39.3 0.7 -

1951 21,1 16.5 3647 0.8 -

1952 22.6 17.7 38.1 1.0 -
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The percentage of different rats collected in Bombay recorded by
Joshee (unpublished thesis-1961) 1o as followsie

Table II
(pate from 1957 August to 1958 July)

Area ReTe Rene Bebo " B.d, Hele Seme
Greater

Rombay 2245 17.7 46.0 0.4 3.9 9.6
E/w ward 1407 28,2 43.4 0.1 3.6 10.0
G/N ward 26,2 2.6 48,2 1.5 5.9 13.6
Entire '

suburbs 5805 009 16.9 105 608 1504
alone

The remarkable rise in the percentage collection of

Randicota benselensis brought to Haffkine Institute in Greater

Bombay seems striking, Hqually oconspicuous is the higher percentage

collection of Rattus rattus brought from suburbe over that of

Pandicota bengalenels, These findings have been attributed to the

urbanization of the adjoining rural areas of Bombay. Joshee
(unpublished thesis-1961) states that "no cultivated fields are
left for these wild rodents and consequently they have been forced
to depend upon man for food and shelter". Deoras (1963) atudied
the frequency of rat population in Bombay city and one of ite

suburban areas,
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fable III gives the summary of his results.

Table III

Total Ho.of Percentage rat

Locality rate Period of traps collection
caught oolleotion used
Rere Bebe

3handu
(£ie1d 1010 12 months 100 17.0 20
kamatipura
(residences) %30 1 month 70 37427 5046
Butcher Island
open aree 3 % woeks 100 91.7 2.7

Table 1V

Percentago rat ocolleotion as per lunicipal data for the same year(1960)

Total Period Nosof Percentage rat
Tocality rats of traps collection
caught oollection used —
ReXe B.be
Kematipura 4552 122 days 70 21,5 45.4
Mahino 1372 do 120 28.3 43.2
Bhandup
(huta) 94 28 days 50 91.5 5.3
Bhandup &
Ghatkopar 2394 122 days 25 86.3 3¢9

Port truet 1368 do unspecified 54,9 28.2
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Bandicoots are not without any blemishes as far as plague

epidemiology is concerned. It is evident from table I that in

Bombay in the years 1948 and 1949 42 Gunooyse kok (B.bengalensis)

and 2 Gunomys kok respectively were found infected in nature with

plague. George and webster (1934) working in M¥adraes Presidency
noted that dead bandicoots wers ococasionally found from plague-
infested villages. The percentage mortality of Bandicoots po
plague infection, from two localities in Bombay, has been worked
out by Deoras (1960) who showed that they were 80% snd 92%. Seal
and Bhattacharji (1961) working in Caloutte proved that
B.bengalenasis colleoted from wards 8 and 10 gave 98.8% and 100%

mortality respectively to standard dose of 5,000 virulent P.pestis.

Their results are summariged in the table below.

Table V
Susceptibility of rats to plague infection in Caloutta and
Bombay cities between the years 1949 and 1960 (Againet etandard
dose of 5,000 virulent P.pestis).

-

R.bengalensis 100.0 98.8 100.0 82.5 75.2 80.0 92.0

Species of Calocutta : Bombay
rat - e
1949 1953 ~ 54 , 1953* 1965 1960
fard Vard ’ Kemati- Mahim
8 10 N pura
1w
]
R.rattus 92.0 60.0 100.0 * 13,7 7.5 17.0 27.0
. ,
R.norvegian 100.0 6208 10000 ¢ 5.8 2.2 " »
]
L]
L 4
K X

* Annual Report. Haffkine Institute, Bombay

+ Deoras (Curr.Sci.Dec., 1960)



12

As regards the possible role of Bandicoote in spreading plague,
Pollitzer (1954) remarks *"while no convinoing evidence has been
so far brought forward that bandicoots in India play a role in
the establishment and maintenance of sylvatic plague foci, the
findings made in Bombay city are of importance since they prove
that plague-susceptible rodents (other than commensal rats and
‘mice) which are able to acoommodate themselves to life near man
may beocome dangerous not only because they are apt to act as
intermediaries in the spresd of the infeotion but aleso bdecause
they may take the place of less—gusceptible rat strains in the

houses".

Xenopsylla cheopie (Roths) and Xenopsylla astis (Rothe)

are the two common rat fleas found distributed among rate of
Bombay. While the former, & noted vector of plague, shows more

affinity to Rattus rattus, the house rat, the latter shows more

affinity to field rodents., In India all the rat-flea surveys
indicate this predomihance of Xenopsylla cheopis on Rattus

rattus and Xenopsylla astias on field rodente,

Sharif (1948) working at Dharwar and Darsi talulms,

observed that Xenopsylla cheopis was predoninantly found on

domestic rats, R.r.rufusgens of Barsi taluk Xenopsylle astia

was present to the exclueion of other fleas on the Indian

gerbille Tatera indica, found in the fielde and predominently

on Bandiocota malabarica in houses all over the two talukse of

Dharwar and Narsi.
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A brief outline is given below to indicate the flea
distribution on these two rats in the town of DBombay.

The work of fWebster and Chitre in Dombay in the years
of 1929-30 summarized in Table VI showed that Xenopsylla

cheopis being 5 to 12 times more numerous on Rattus rattus

while Xenopsylla astis index for Gunomys was 14 times greater

than that for Rattus rasttus,

Table VI

R.rattus by areas

Area Rat Pleas X.cheopis X.astia X.brasiliensis
exanined
1 9 217 1.9 0.4 0.1
2 134 700 4.8 0.4 0.0
3 102 336 2.9 0.4 0.0
4 79 277 3e1 0.4 0.0
5 144 868 543 0.7 0.0
6 132 590 2.9 0.6 1.0
B.bengalensis by areas
1 10 45 1.0 33 0.0
2 8 m 3e25 10.6 0.0
3 2 170 2.4 53 0.0
4 33 313 2.6 6.9 0.0
% 12 7 1.1 13.25 0.4
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The distribution of the two speciee of Xenopeylla collected
on rate of Nombay given by Deorae and Gokhale (1958) shows their

preferences in general way for the years 1954 and 1955,

Table VII
Rat Jp. . Year X.cheopis X.astis
R.rattus 1954 92.9 7.1
R.nofvegiana . 1954 68,5 31.5
B.bengalensis 1954 5243 5747
R.rattus 1955 84.1 15.9
R.noﬁvegious 1955 6845 31.5
B.bengalensis 1955 35.4 64.6

Joshee (unpubliqhed thesis-1961) shows that " from
specifio flea indices it can be seen that in both the wards

(G/N and 5/¢) Rattus rattus carries more Xenopsylla cheopis

than Xenopsylla astis while it 18 reverse for Bandicota

bengalensis in G/N ward, In =/d wards B.bengaleneis carried

nearly equal number of fenopsylle astis and Xenopsylla cheopis".

Table VIII
Joshee (unpublished theeie~1961)

Flea distribution on R.rattuse and B.bengalensis
(Average data of 12 month collection)

Re.rattus B.bengaleneis
X.cheopis X.astia X.cheopis X.astia
%/4 ward 0.52 0.09 0.21 0.31

G/N ward 0.84 0.32 0.25 1.41
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Table IX
kamath (unpublished thesis~1961)
(Average data of 9 month collection)

Rerattus B.bengalensis
' . X.cheopis X.astia X.cheopis X.astia
5/8 ward 1.04 0.26 0.14 1.68
Rat sp. Ho. No;of fleas Percentage Total
of index

rats X.cheopis X.astia Total X.cheopls X.astia

R.rattus 794 771 154 925 97.1 19.4 1.30
B.bengalensis 895 127 1344 1475 14.1 150.2 1.84

The different rat populations of Bombay have been mingling as a
result of which the probability of the exohange of flea population
among them also increases, In spite of this mixing up of rats and
fleas in 3ombay, & striking factor that cannot escape notice is

that Xenopsylla oheopis predominates on Rattus rattus while

Xencpsylla astia on Bandicotas bengalensis. But, Kamath(unpublished
thesis) in his collection of fauna from 126 burrows of Bandicota

bengalensis in Bombay, showed that all 200 fleme caught from the

burrows were Xenopsylla astis,

Wnile the microclimetic conditions of the burrow, nesting
habits of the hosts and the larval food present in the burrows
undoubtedly influence the establishment and continued breeding
of a flea epecies in a locality, the effect of certain factors

on the adult fleas such as its attraction to the host, its
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longevity, and reproductive potentials may also influence the
predominance of the flea speoies concerned, These latter
aspeots of the problem have been comparatively neglected by
the previous workers. In this connection, Meyer (1942) states:
*"To emphasige further the state of ignorance, it may be said
that relatively little is known of the ecology and activitf
of the hordee of fleas which loom as the most important
parasite vector. The problem of host specificity has been
explored quite -superficially. The host-ectoparasite relation-
ship deserves partiocular atteantion since it is one of the
faotors which guide: the spresd and the dispersion of the
plague bscillus®. The foregoing account will give sufficient
emphasis to tne 8i-aificanco and the possible role the flea-
host relationship éan play“tﬁrough ite multiple influence on

the spread and maintenance of flea-borne diseases,

The present work is an attempt to elucidate the delicate
fles-host relationship through the studies on the natural
‘hos$ preference of the fleas, their comparative reproductive
potentials with regard to the type of host offered, and certain
biological factors relating to feeding mechanism which may
influence ingestion of bdlood of the host,



CHAPTER II

PIELD SURVEY OF RATS AND FLEAS
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Introduction

*The theoretical justification of veotor counte reats
primerily on the widely-held tenet that when @ disease and its
vectors are present in a conmunity the sige of the vector
population largely determines the probability of transmission

to man and therefore tends to be proportional® (Cole 1947).

The importance of fles ocount from the epidemiological
point of view hae been brought to light as early as 1926 by
Hirst. Various techniques have hitherto been employed for
flea ceneus by the researchers in different parte of the world
of which the index system is the one which is widely practised.
Many objeotions have been raised from time to time to the
method of caloulating flea~index which is nothing but the
arithmetic mean of the total flea-ectoparasites on the rats,
and -any solutions also have been suggested to overcome these
objections., A few of them may be cited here.lihe corporeal
flea~index does not correepond to the strength of a flea
_popuietion.[%ﬂo expert Committee on plague (1950) suggested an
*absolute flea~index" which when computed acoursately, yields
more or less the neareat possible value for the strength of
a flea population. But the absolute flea-~indek doeé not acoount
for the wandering fleas. The formula for caloculation of
absolute flea-index as given by the committee ie as follows.

AFI = RP + WP
TR
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where AFI is the ebsolute flea~index; RF ies the fleae found
on rats; NF stands for the fleas found loose in the burrows

or other harboursges snd TR, the total rats caughég

Bxposure of guinea-pige on the floor of houses or
guinea-pigs on "de-~flead” rate in cageos; use of flea traps
and adhesive paper are a few teohniques used in oollecting
the floating fleas from houses, In order to collect the burrow
fleas Babenyohev, Bykov et al (1937) snd Stewart and Zvane
(1941) used cotton wad which was inserted into the mouth of
the burrowe. George and JVebster (1934) used "de~flead® rats
which were tethered by a piece of wire 4-5 feet long and left
in the burrows overnight. Deoras (1965) worked out a modified
technique for flea-indicee where he kept a layer of eand under
the trap which harboured the fleas falling loose from the

body of the rat, or from the surrounding ereas.

Variations in the flea indlices may not be an indication
o6 the corresponding variations in the flea population becauee
many factoras like the rat-dénaity. sex and sige of rats,
climatic conditions, species, sex and the physiological state
of the fleas concerned may influence and give a twiet to the
flea-index, Buxton (1938) remarked that one should not overlook
the fact that changes in the rat population would tend to
dilute or concentrate the population of fleas on the rate if
thelir number remeins unaltered. Another serious objection to
the flea-index i1s that relatively few very high counts oan

distort the index =so that 1t may not represent the parasite
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prevalence and distribution, Some authors tend to exclude
these exceptionally high counts when calculating the flea-
index. But then, there should be a general agreement as to

the upper limit of the normel index. Rumreich and Wynn (1945)
hammered out a eolution to this. They showed that "Index may
be derived by methematically fitting an appropriate ourve to
the frequency-dietribution of parasite count in any host
population and thus determining the normal upper limit". The
use of geometric mean (by averaging logarithm) hae been
advocated to minimize the errore which may creep in due to the
wide irregularities in the flea distribution on the hosts.

The rats, free of fleas, also pose a problem, Some workers
prefer to exclude the number of rats, free of fieas, for the
final ocalculations while others argue that these rate also
should be included when computing the index. The latter group
bsge their argumente on the fact that in & host population,

if the infested members carry & totel number of vectorse which,
when distributed evenly among all the individuals of the
populations, gives & vector index of one or more per host, it
can still epread the disease. Aocording to Hiret (1926), there
is no danger of an epldemic as long as the cheopie index
remains below one. Another index proposed by Cole (1945)

for X.cheopis is the mean nuwmber of females per rat. He showed
that the femnles are less variable than malee in their essocia-
tion with the hosts under varying conditions of temperature.
Carl mohr’(1958) worked out an "index-number" to ocorrelate the

percentage infestation of rate with their flea-indices.liiles,
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rinney and Stark (1957) calculated the percontage occurrence

frow the total and specific flea-indices of a flea species.

A wealth of information can be obtained from the field
observations of rate and their fleas. The usefulness of these
etudies, not only on the interpretations of the delicate
interactions between the host and their parasite populations
but alao to predict any danger of & possible disease outbreak,
has been emphasized by Hirat (1926). A oloée acquaintance with
the ohanges that ococur in nature between the ecto-parasites
and their hoat populatione may work out to be an ideal index
for the public healfh workers from an epidemiological pointiof
view where the vertebrates and their ectoparasites are

involved in the espread of a disease.
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Area of survey and methods

G/North Jard of Bombay lunicipality wae the area chosen
for the present work of rat and flea survey. The two places
selected in this area were lMahiw and Dharavi. These are two
adjoining places in the §/N ward with contraeting ecologioal
conditione, Mahim proper has the environwent of modern housing
with underground sewer asystems and well-tarred roade, dbut it
has also small houses with compounds called "Jadis", Dharavi,
on the contrary, is a low level slum aree predominated by
poor-olaegs working people who live in hute, There is no sewer
system. ‘he place includes a nunter of tanneriee with attached

chawls for the workeres.

These differences in ecologliocal set-up offer ideal
situation to study the changes in rat and flea populations
of these places. This also will throw light on the effect
various environmental oonditions may have on the rat and flea

populations.

Jultiple~-capture and single-capture traps were used to
collect the rats from houses, for the one year survey. 60
multiple~capture traps were laid at & time and ocollection
made on all days of the week except Sundays. All the trapse
were gathered at one place before brushing the rasts for fleas,
The traps were covered with canvas bage on the spot to prevent
egcape of fleas, Spot brushing was done by catching live rats

from the traps with the help of tonge,and a wire brush was used
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for brushing. The fleae thue disturbed were allowed to fall
into a white enamelled basin from which they were collected
by a8 suction tube. These fleas were later drought to the

laboratory for identification.

For specific studies on flea distribution on the hosts,
single~capture traps were used. The collection was made for
40 trap-~days, using 30 traps a day. All these daye the trapse
were set in one locality. ZThe rats trapped were killed by
strangulation and kept eingly in plastic bags, and brought to
the laboratory, where the rats and fleas were identified and

the necessary data collected.

The data thus colleocted were siatistically analyzed.
Percentage ocourrence of the two flea species wae calculated
using the formula of Miles; Linney and Stark (1957). This
helped to compare the host specificity end evaluate the
oocourrencee of the species on various hoest species. This also
helped to compensate for the disproportionate numbers of hosts,
One method used here to compare the relative infestation of
different species of rate and the differént eize groups of
the same species of rat ie, by calculating the density
distribution of fleas on rate., This 18 calculated by dividing
the total number of fleas found on one species of rat by the
total body length of the same species of rat. This gives the
flea~-infestation per unit length of tﬁe body of the host,

This has been developed in this work in order to achieve a
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more accurate oomparison of fles infestation, because the

pulicid-index may be inedequate for the purposes of comparieon.

Cole (1947) showed that when the average (m) ie
approximtely equal to the variance { ¢ ) the distribution
of. the ectoparasite on rat 1is said to be at rendom and then
it follows a "Poisson® distribution. If the average (m) is
not equal to the varience ( ¢”) then the distribution 13\
oontagious. These calculations are made in thie study also

to examine the type of distribdbution of fleas on rats.
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Observation and results

The results of the field work indioated that dboth
Rattus rattus (Linneaus) the house rat and Bandicota bengalensis

(Gray) the field rat are present in eppreciable numbers

(Table I) in and around the houses, As observed by the previoue
workers in Bombay, Bandicoots could be easily trapped from |
the ground floor of the housee. Of the 1631 rets examined
during the whole year, Rattus rattus formed 42.24(688) and

Bandicota bengalensis 57.84 (943). Xenopsylla cheopis(Hotha)

and Xenopsylls astia (Roths) were the two common rat fleas

encountered during these field surveys. Chenocephalides felis
(Bouchez, thé cat flea, was also collected but their number was

80 negligible that 1t was not taken into consideration,

Table I is a summary of the total colleotion of fleas and
rate from Mahim end Dheravi during the one year survey. A total
of 5961 fleas was collected during the one year trial, out of
which 2389 (40.1#) were X,cheopls while the rest 3572(59.9%)
were X.astia. The fleas found loose in the bag formed 15.2%
of the total fleas collected. In general, the analysis of the
one year dats chowed that 60.3% of the total R.rattus ocollected
were infested with fleae,the rest 39.7%# were free of fleas. In
the case of B,bengalensis 68,.,1% of the total were infested

while the rest 31,9% were free of fleas (Table II).



Table I

Grand total of Rate and Fleas collected

Re.rattus 1B,benga- X.cheople X.a8t%tia Ct.felis Humidity
MONTH lensis Tempera ture (RH.) Other rats
m F M P M P M P u P

Jan. 43 st 16 25 198 237 169 295 0O 1 25.51% 50.9% R.norvegicus IM
and IF 3.gigantia I

Feb. 29 24 36 55 113 105 255 402 O 1 27.03°¢ 58.9% H.norvegicus 2 and
IF B.gigantia 1M

March 10 24 29 49 90 74 38% 525 0 3 27.95% 49.26% -

April 14 23 36 42 130 144 164 254 1 1 31.08% 61.3% M.nusoulus M

May 19 23 40 46 154 141 33 57 © 1 30.54°¢C 66.4% R.norvegians 1M and
1P M.nusculus 1M

June 40 41 39 43 128 149 35 67 O 0 33.07% 60.9% -

July 31 44 19 12 82 9% 4 8 0 0 28.58% 72.15% -

August 42 35 41 56 129 118 119 248 0O 0 28.68°C 67.33% -

o .

Sept. 23 35 22 43 53 45 49 70 © 0 25,75 C 62.9% -

Oct. 20 24 31 42 27 23 54 92 0 0 260 60% -

Hov, 8 15 83 59 33 34 101 144 © 0 26.8% 46.47% -

Dec. 35 31 36 43 42 46 14 30 O ) 25.08°C 48.3% R.norvegicue 1M

Total 318 370 428 515 1179 1210 1380 2192 1 7 - -
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Yable Il

Corporeal fleas (See the Graph)

X.cheopis X.,astia

Rat No.of % Plicid-
HMONTH  species 1rats infested indices
examined infested M P N F Xu0. Lol
Jan., Rer, 67 79.8 194 224 7 6 6.2 = 0.19
B'bo 37 90-24 4 . 13 162_ 289 0046 - 12019
Fedb, Rere 42 79.23 58 44 37 55 2.4 =~ 2,2
Fobo 83 91-2 40 44 181 297 100 - 5.8
darch R.R. 21 61.8 42 20 12 14 2.95 - 1,2
Bcbo ?5 96.2 29 37 362 487 0.9 - 1103
April  R.r. 29 18.4 66 64 36 52 4,95 «3.04
Tebe 61 78‘2 25 51 108 169 103 ‘405
Eby ReTe 39 92.9 76 15 8 8 3,9 - 0.4
Bobo 58 6704 42 37 23 39 194 - 101
June Roro 38 4609 33 2? 3 6 06 - 0.24
Bebe 65 79.3 39 5 29 44 1.4 - 1,1
Ju1y RePo 35 4409 21 25 2 2 03 - 01
B.b. 14 45.2 7 4 0 1 008 - 0007
August R.r. 46 59.7 46 36 19 31 1.8 1,1
Bobo 70 72.2 10 15 77 178 0036 - 3-64
Septe Rers 22 37.9 28 25 11 11 2.4 =1.0
Bebe 31 4T.7 4 B 34 50 0,39 = 2.7
Ootse  Rers 20 41.7 21 14 1 5 1,8 = 0,3
Reb, 38 533 7 9 53 87 0.42 = 3.7
Nov. Rere 19 82.6 22 25 3 2.5 = 0,4
ﬁcb. 82 5708 11 9 98 140 0024 - 2.9
Dec, Rere 37 56.1 41 45 0 1 23 - 0.03
Bebe 28 3545 1 1 14 29 0,71 = 1.5
Total Rers 415 60.3 648 626 139 195
Babs 642 68,1 219 279 1142 1810
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One year data of the number of rate infested, number of
corporeal fleas colleoted, their infestation percentages and
their total monthly indices are summarized in tabio II., The
total index for R.,rattus reached its peak during fhe month of
April when it was 7.5 and the minimum (1.4) in the month of
July. During the other monthe there was a great fluctuation in
the total flea indices fér R.rattus but in‘géneral 1t may be
stated that the index stayed high during the monthe of Januery,
February, March, April end May. Then there was s sudden fall in
the index and another high index occurred in the month of

September. In the oase of B.bengalensis, the peak was in the

month of Janusry, when the index was 12,7 and the minimum(0.86)

was in the month of July. In general for B.bencalensis the index

steyed high during the months of January, February, Maroh and
April. Then it gradually decreassed until it rose again during
the monthe of Auguet, Jeptember, October and lNovember, In

December the index was only 1.6.

?able I1X
Rat 8p. No. 4 infes- X.,cheopis X.astias Total
exanined examined tation index
M P u P XecotX.a.
oombined

Re.rattus 132 84,6% 244 172 42 56 4.6
Bandicoot

group 92 92.4% 152 83 325 679 14.5
Senmurinus 54 92.6% 141 129 21 21 6.2

Me.musculus 5 0 0 0 0 0 0
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fable III indicstes the results of single~capture
trap trials, During the 40 days trial a total of 132
R.,rattus were captured out of which 20 were free of tlgas
making the percentage infestation 84.6%. 92 Bandicoots
were ocaught and 7 of them were free of flems making the
percentage infestation 92.4% and of the 54 S.murinus
trapped 4 were free of fleas, the infestation percentage
was 92,6%. ‘hus the percentagesﬁiﬁfoatation of Bandicoots
and J.murinue were almost similar whereas: that of R.rattus

was lower than these values, All the 5 M.musculus captured

were found to be totally free of fleas, As to their flea
ectoparasites, a total of 941 X.cheopis and 1146 X.astie

were oolleoted,
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'‘able IV
i - Rat XsCo Xeto

Season infested infested T Index Index
Summer Rr 77 62.6% 109 104 2.8 1" 14 0.33
(May=June .
Temp.31,8°C
RH.63.7% BRb 123 73.2 81 88 1.4 52 83 1.1
Rainy Rr 103 48.8 95 86 1.8 32 44 0.74
(July~Septs)
Temp.27.7°C
RH. 67.5% Bb 115 59.6 21 27 0.42 111 229 2.96
Autumn Rr 39 54.9 44 %39 2.1 4 9 0.33
(Octonov.& ;
I’emp.26.40
RH, 53.2% Bb 120 55.8 18 18 0.3 151 227 3e2
Winter Rr 146 68,6 293 313 4.2 44 62  0.73
EDBO."FObo)
Temp.25.9°C
Rie 52,7% Bb 148 70,2 45 58 0.7 357 615 6.6
Spring Rr 50  70.4 108 84 3.8 48 66 2.3
{(March-April)
Temp.29.'5°0
RH+554%% Bb 136 8646 5% B8 1,04 470 657 8.3

The seasonal variations in the oorporeal flea indices of

rats and their percentage infestation are contained in Table IV,

The results show that the maximum index for X.cheopis on R,rattus

wae in winter whereasc the maximum index of X.aetis on

Bebengalensis was in Spring. Meximum percentage infeatation of

R.rattus was in winter (68.8%) and that for B.bengalensis in

Spring (86.6%) . Needless to say that the influence of the
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locality of collection has its effect on the corporeal flea
indices. But here a seasonal trend, according to the differences
in climatic factors such ae tewperature and humidity mey be
noticed,

Survey at Mahim

Table V indicates the total collection of infested rats
from Mahim and the peroentage of the two different species of
fleas collected from them. On an average 136 trap days work
was done at Mahim, Of the total 650 rats trapped 176(27.1%)

were R.rattus and 474 (72.9%) were B,bengalensis,

Table V
Rats and fleas collected from Meahim and Dharévi

Total No. X.cheopis X.astia % Catch of

Locality Rat sp. of rats fleas
trapped examined M P M P X0 Koo
Mahin
é136)trap R.rattus 176 246 205 117 168 T7.1% 22.9%
ays : _
R.bengalensis 474 129 167 917 1415 11,24 88.8%
Dharavi
§92 §rap R.rattus 239 402 421 22 27T 94.44 5.6%
ays

Be.bengalenais 168 90 112 224 395 24.6% T5.4%

A total of 3364 oorporeal fleas were collected at Mahim
from R.rattus and B.bengalensis of which 2617 (77.8%) were

X.astia, whereasu only 747 (22.2%) were X.cheopis. Of the
total 2617 X.astia, 89.2% (2%32) were recovered from
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B.bengalensis while the rest 10.87% (285) were from R.rattue

of the 747 X.cheopis collected, 60.4%(451) were from R.rattus
and 39.,6% (293) were from B.bengalensis. 77,1% of the total

flea ectoparasites of R.rattus were X.cheopies and 22,9% were
X.a8tia whereawi on B.bengalensis 88.84 of ite total fles

estoparasites were X.astia while only 11.2% were X.cheopis.

Survey at Dharavi

407 rats were trapped from Dharavi during the 92 trap
daya of which 239 (58.77%) were R.rattus and 168 (41.,3%) were

B.bengalensia,

Corporeal fleas collected from rats 1025 (60.5%) were
X.cheopie and 668 (39,57%) were X.astia., 80.3% (823) of the
total X.oheopis collected (1025) were from R.rattus waile the
rest (202) 19.7#4 were from B.bengalensie;of the 668 X.astia

oollected 92,7%(619) were from B,bencalensis, while only

734 (49) were collected from R,rattus,

Relative infestation ratee amqgg,the hoets

Yultiple=capture traps gave the percentage infestation
rates of H.rattus and B.bengalensis ms 60.3% and 68.1%

respectively. In the case of single-capture traps as has been
mentioned above B84.6% 92.4% and 92.6% were for R.rattus,
Bandicoots and J.murinus respectively. Relative flea-indices
and fleas-density distribution of the rats may be summarized

as followa,
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Tedble VI
-%

Single~ Rat species Total Density
capture flea index distribution
trap -

Re.rattus 4.6 0.28

Bandicoots 14.5 0.65

§.murinus 6.2 C.45
¥ultiple-
capture R.rattus 3.9
trap

B.bengalensis S5e4

Both these, the flea~indices and density distribution,
in both the cases of single-capture and multiple~capture trap
triels indicated a higher infestation rate for Bandicoots and
shrewe. R.rattus showed a general tendency to be less heavily

infested than the others, Pive out of 8 R.,norvegicus and one

out of two H.musculus trapped in the wultiple-capture traps

were free of fleas.

Sex of rat and@ infestation rate

Table VII

(8ingle-~capture trap results)

Rat sap. Jex Total Specific index
index X.cheopis X.aatia
Re.rattus M 52 4.2 0.96
F 4,2 3.4 0.8%
B.bengs lensis M 13.9 3.7 10.2
P 14.95 2.4 12.5

Je.murinue " 647 6.1 0.67
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Total flea indlices for the sexes of R.rattus, B.bengalensis
end S.murinus did not show much of a difference. However, in all
the three cases the manles showed @ tendency to have a slightly
higher index than females. As for the specific indicees X.cheopies
gave slightly higher indices for the males of all species
studied here while X.astim showed sligntly higher indices for
femles of B.bengalénsie and S.murinus.R.rattus did not give

much of a8 difference.

Size of the rat and infestation rates

Table VIII

Size in cm. Deneity distribution

Re.rattus B.bengalensis

TLess than 12 cm 0.4 -
12 e to 14.5 onm 0.2 1.93
15 om to 17.5 cm 0.24 1.21
18 om to 20.5 om 0.22 0.40
21 om to 23.5 cm - 0.38

24 cuo to 26,5 cm - 0.74

The rats collected in single~capture traps were classified
into 6 classes ranging from less than 12 ¢m to 26.5 cm of these
6 claeses.R.rattus represented four and B.bengalensis had
members in 5 classes. The total length was added up for every
class and the total number of fleas collected from each class
was divided by the total length of the rats of that class to
get the density distribution per rat centimetre. Table VIII



34

indicates the relative density dietribution per ret centimetre.
The number of individuale examined clasewise, in each class of
R.rattus were 7 for the first oclass 14,48 and 63 for the

remeining 3 classes respectively. In the case of B.bengalensie

the first olass had 7 individuals while for the other four the
numbers were 53 11; 25 and 23 reapectively. In the case of
R.rattus the individuals below 12 om showed the highest flea
deneity and for the other three classes the density distiridbution
is almost the same. In the case of B,bengelensis the highest
values were for the first two classes i.e. 12 om to 14.5 om and
15 om to 17.5 om . or the reat of the 3 classes density
distribution is almoet similar. In all these cases non-infested
rats were taken into consideration., Ihis was done because 1t

mey be generally assumed that failure to infest an individual
may largely depend on its clesning habit®s and hence this factor
when taken into coneideration may show the state of activity of
the age group of the rats under oonsideration. However, i1t should
not be ignored altogether that the non-~infested condition may
result due to other factors also, S,murinus wae not taken into
account in theqe calculations as they formed only two clasees

and the variations in the sizes were not striking,

Distribution pattern of X.cheopis and X.astia on their hosts

X.oheopies (Loths)

X.cheopis has been collected from R.rattus,R.norvegicus,

M.musculus, R.bengalensis and b.murinus. The number of

Re.norvegious and M.musculus trapped is so negligible that it
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does not seem suitable to draw any oonclueions. Here the
attention will be focussed on the distribution of X.cheopis
on R.rattus, B.bengalensis and S.murinus. hen & comparison
ie mede of the data from Mahim and Dharavi, it shede light on
another interesting point. The percentage of X.cheopis on
R.rattus and B.bengalensis of Mahim were 77.1% and 11.2%:

while those of Dharavi were 94.4% and 24.6%. Table IX showe

the perocentage distribution of X.cheopis and X.astis in
Mahim and Dharavi,

Table IX
Re.rattus B.bengalensis
Locallty
XeOo XeBo XaCo X.a.
Mahim T71% 22.9% 11.24 88.8%
Dharavi 9404% 5-6* 24&6% 75.4’

X.cheopis percentages on the two typea of rodents from
Dharavi were higher than the X.cheopis percentages of rodents
from Mahim, ﬁheroaa the X.aetias percentagees on the rats from

Mahim were higher than those from Dharavi,

The results of single-capture trap trials indicated that
80.7% of the total flea count of R.rattus were X,cheopis,
S.murinus #and X.cheopis to the tune of 86.6% of 4its total flea
eotoparagsites; Bandicoote had only 17.8% cheopis in its total

flea count. The cheopis indiomntso for R.rattus,Bandicoots and
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S.murinue were 3.7 2.8 and 5.4 respectively. 103 out of 112
R.rattua (91.96%) carried i,cheopis;48 out of 50 S.murinus
(95.98%) carried X.cheopis and 56 out of 85 (65.89%) Bandicoots
carried X;oheogie.

Summing up the results of the corporeasl flea counte, it
may be said that R.rattus carried a great bulk of the X.cheopis
collected during the f£ield trials,

Table X

Percentage oocurrence of X.cheopis and X.astia on the hoets

(a) Multiple-capture trap studles:

Rat sp. Ko, Infes X.cheopis X.astia
examined exa- tation :
mined % M F Index 4 M F Index %
oocu- occu~
rrence rrence
Re.rattus 86 68.6% 116 123 4.9 B80.3% 17 5  0.54  B.4%

Bebengaleneis 203 82,3% 66 103 1,01 19,74 388 591 5.9 91.6%

(b) Single~capture trap studiess

R.rattue 132  B4.6% 244 172 5.7 31,14 42 58 0.89 6.6%
Bandicoots 92 92.4% 152 83 2.8 2%,54% 325 679 12.8 86,98%
S,murinus 54 92.67% 141 129 5.4 45.2% 21 21 0.88 6.5%

Percentage ocourrence of X.cheopis on the hosts 1is
contained in Table X. Lats collected with the help of multiple-~

oapture trap showed & concentration (and oconsequently a higher
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% ooccurrence) of X,cheopis on R.rattus. In single-capture

trap resulta/ﬂ.murinus have been included which also carried
a very high proportion of X.cheopis. Here the results were
a little different. It may be clearly seen that X.cheopis
showed 8 tendenoy to form 5 diffused distribution pattern
among these hosts. However, the percentage ooccurrence of

X.cheopis on R.rattus was higher than that of B,bengalensis.

But S.murinus showed a percentage which was 8till higher than

that of R.rattus.

Frequency distribution of I.cheogie (Ref.Tables XV3XVI and
XVII)

It 40 assumed that if varisnce ( ¢~ ) is approximately

equal to the metn,ﬁm) then, the distribution may be random
where-as if they are not equal,then the dietridbution ie said
to be contagious and hence do not correspond to a poiseon

distribution (Cole 1949).

Table XI
Variance and mean for X.chcggie on the hoats

Hoat Varianoce Mean
R.rattue 13.13 3.1
Bandicoot 22.24 2.5

Se.nurinus 30.52 5
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The differences between the mean (m) and variance
clearly indiocate that the dietribution 18 contagious, This
wae checked up by caloulating Poisson distridbution and chi-
square test ae & goodness of fit., All these olearly indicate
a ocontagious distridvution of X.cheopis on their hosts,
“Contagious distribution refers to the faot that thie type of
troquenoy dietribﬁsion will be glven by’an event which, having
onoe ocourred, hae by virtue of thie ocourrence an increased
probability of reourrence just as one case of a communicable
disease in a comounity increases the mathematical expectation
of a second case ocourring in the same community. Similarly,
one interpratation of the contagious distribution of eotopara-
8ites could be that there is less chance of a noninfested rat
beconming infeated than there is of an infested rat acquiring
additional ectoparasitea" Cole and Koebie(1947).

3ex of the rat and sex of x.cheggia

Chi-square was tented for a possible associstion between
the sex of the rat and that of X.cheopie. But in all the cases
the resulte were negative and hence no such msesociation ie

evident,

Sex ratio of X-cheogis
X.cheopis collected from R.rattus trapped in multiple~

capture traps showed that ite eex distribution on the rat 414
not seem to follow a rigid pattern. During the monthe of

January, July, Hovember and December, femalee were found to de
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more than males, Whereasc during the other monthes males were

more than femalea, Collection of X.cheopis from B.bengalensis

showed that during the monthe of JanuaryjFebruary,¥arch,April,
June, August, Jeptemder and October females were mors than
males and during 'ay, July and November males were more than
females, In Deoember/the proportion of females to males was
equal, Studiees with the help of single-capture traps indicate
that sex ratio of cheopie on R.raytua, Bandicoots and S.murinus
were 1,4M31P; 1,8Ms1F and 1.1M;31F respeotively.

Table XIIX
Yonth . Rr Bb
X.cheopis

H P M F
J 0.87 1 0.31 1
P 1.3 1 0.9 1
M 2.1 1 0.8 1
A 1-03 1 0-5 1
M 1.01 1 1.1 1
J 1,1 1 0.8 1
J 0.84 1 1.8 1
S 1.1 1 0.5 1
0 1.5 1 0.78 1
N 0.88 1 1.2 1
D 0.9 1 1 1

X.as8tia (Roths)

X.88tia has been collected from Bandicoots, R.rattus,

R.norvegious and in small number from S.murinus., Here the

attention shall be fooussed on i.,astia collected from
Randicoote, H.,rattue and J.murinua, as the others 4o not ceem

to sarrant a proper conclusion.
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Taking into account the flea collection from Dharavi
and Mahim, of the total 668 X.sotig collected from LVharavi,
92,74 were from D.bengalensis while of the 2590 X.astis

oollected from mhim 891 were recovered from B.bengalensis.

Percentage of K.aatia in the total flea eotoparasite count
or B.bengglansis at Dharavi was 75.4% and thnt of ¥ahinm

88¢8%. Reaulta of single-oapture trap triala 1ndioate that

the X.antia index for B.bengalensis was nearly 14 times bigger
than those of R.rattus and S.murinus. R.rattus had 19,3%

X.a8tia in ite total flea parasites; B.bengalensis had 82.2%
X.astie and J.murinus had only 13.4% l.astia in its total

flea-parasite ocount,

R.rattus oollected from Mahim had X,astia to the tune of

22.9% of its totel flea-parasite count while B.bengalensis had
88,8% L,a8tin of its total flea-paramsites, In the case of rats
from Dbaravi the A.,aetle percentage wes lower{ than this on

both the rate. For R.rattus it was $,6% ané for B.bengalensis

it was only 75.4%.

Percentage occurrence of X.,astis on the hoste
- —_ -

This wae calculated for X.astia also as it had been done
for X.cheopis. Table X indicate the results of multiple-capture
and single=canture trap trials, In both the cases it is evident

that X.astin exhibited a tendenoy to conocentrate on Tandicoots.
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Frequency distribution of X.astia (Refer Tables XV,XV% ?nd
XVII

X.,a0tia

Prequency distridbution calculated for X.aetia 4a)
explained before for X,cheopis indicate a contagious
distribution on R.,rattus and B.bengalensis . Table XIII

gives the differences between mean and variance.

Table XIII
Hoat Variance Vean
R.rattus 2.7 0.8
B.bandicoot 348,1 10.91
J.nurinue 1.8 0.8

According to the calculation it is evident that X.astia
does not show a contagious diatridbution on S.murinus, dut it
is 8 random distribution. This fact nae been olarified through
caloulations of Polsson distribution and[:;;11cation of Chi-

square test.

Sex of the ratas and sex of X.aetia

x2 tested for the sssociation of the sex of rat and
a
that of X.aetia gave negative resulte showing/lack of any such

agsociation.
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Sex ratio of X.astis

Uex ratio of X.astia showed a marked constant feature

in the collection from B.bengalensis (Table XIV). That is,

throughout the year females predominated. But the sex ratio
of X.astla recovered from R.rattus did not show any such

tend.

Table XIV
onth RoTre Bebe
X.a8tia

M P .| P
January 1.2 1 0.6 1
T'ebruary 0.67 1 0.6 1
*arch 0.86 1 0.74 1
April 0069 1 0064 1
Mﬁy 1 1 0059 1
June 0.5 1 0.66 1
July 1 1 0 1
August 0.61 1 0.43 1
September 1 1 0.68 1
Ootober 0.2 1 0.62 1
N¥ovember 0.75 1 0.7 1
December 1 1 0.5 1

During the monthe of June,August,October and Hovember
-a.88%ia collected from R.rattus showed that femalea were more
in the collection. But during January males were more than
females whereas during Yay, July, September and December the
ratio of female to male was of same proportion. Regults of
gingle-capture trap trials gave a higher female ratio on the

two nosts, R.rattus and B.benealensis. The sex ratios for

R.rattus and B.bengalensis were 0.72; 1 and 0.4331,respectively,

while S.murinus carried equal number of males and females

meking the ratio 131,
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Frequency diestribution of 2 apecies of fleas on

Re.rattus J.murinus
Table X¥ Table XVI
] ]
No. Ho.0f rats with ' Roe No.of rate with
per rat ' per rat
Xe.cheopis X.astia : ' X.cheopis X.agtia
| §

Qbger- Ixpe- Obser- ixpe= : Obser- Expe- Obser-  ixpe-

ved cted ~ wved cted . ved cted ved cted
0 29 5.8 79 59 0 6 0.36 31 24.26
1 22 17.28 33 47T.2 1 5 1.82 15 19.41
2 23 27.65 12 18.88 2 12 4.55 4 .76
3 18 29.5 5 5.04 3 5 T.58 1 2.07
4 8 23.6 1 1.01 4 5 9.48 1 0.41
5 10 15.1 4] 0.59 5 4 9.48 0 0.066
T 1 3.7 0 - T 2 5.64 0 -
8 3 1.4 0 - 8 3 3053 0 -
) 3 0.497 0 - 9 1 1.96 0 -
10 1 ¢} - 10 5 0.98 4] -
11 0 - 1 - 13 1 - 0 -
13 1 - 3 - 16 1 - 0 -
14 2 - 0 - 34 1 - 0 -
16 1 - 0 -
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fable XVII

Frequency distribution of 2 species of fleas on
Bandiocoo?t group

Ho.per No.of rats with
it
X.cheopis X.aotia
Obvperved Expeocted Obeerved Expeoted
0 35 T+55 10 0.0017
1 15 18.88 7 0.018
2 15 23.6 14 0,098
3 5 19.66 3 0.357
4 7 12.28 7 0.974
5 3 6.14 5 2.13
6 4 2.56 10 3.86
7 2 0,914 4 6.02
8 1 Q.29 3 8.02
9 1 - 5 9.73
10 1 - 4 10.6
1" 4] - 3 1005
12 O - O 9056
13 1 - 1 8,03
F : - s iE
- 4.55

16 O - 0 3.1
7 1 - 1 1.99
19 0 - 2 0.6923
20 0 - 1 0.377
22 0 - 1 -

27 0 - 1 -

30 0 - , -

37 1 - 0 -

51 0 - 1 -

52 0 - 1 -

84 0 - 1 -
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Discussion

Ywo types of traps used to oollect rats were the
multiple~-oapture traps and single-capture trape. Jhile the
multiple-capture traps give & large sample of rats at a time
and are hence better suited to eveluate the rat density, the
single-capture itraps are used for specific studies of rats
and their ectoparssites, Multiple-capture traps used for
studies on the host preference of fleas may give misleading
resulte, because the possibility of flea transfer froa one
rat to the other, (while in the trap) ocan never be svoided
and disturbances caused in the trap may alao force the fleas
to leave the body of rats. But looking at 1t from another angle
a true host-specific parasite may never be affected much by the
proximity of another host animal, Though in.tbo oollection
ma jority of X.oheopis cccurred on R.rattus and X.astis on

tne
B.bengalensis, /presence of certein percentage of X.cheopis on

B.bengalengis and that of X.astia on R.rattus hase been noted.

Thie mixed population of fleas on their rats ,and their
notorious polyhaemophagous nature are clear-out evidences of
the possibilities of host transfers while in the trepe and in
nature., Hence conclusions drawn from the results of multiple-

capture trap trials tend to be inacourate,

Rat collections at Dharavi ylelded more H.rattus while
that of Mahim had more B.bengalensis. This difference in the
type of rats caught reflected on their flea yield aleo.
X.cheopis distribution on both the rats collected from Dharavi
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wag higher than those of Mahim and the reverse was the case

of X,astia ocollected from the rates of lahim,.

Dharavi aud imhim are two ad joining areas in the amme
ward (G/North werd) of Bombay Municipality but with contrasting
ecologioal set-up, As has already been explained Dharavi mainly
a slunm typé erea,afforde a rural ¢Yype of surroundings in the
‘housing conditions and drainage arrangements, This stands out
in contrast to the urdanized aree of Mahim with ite "Pakka®
houses and other modern facilities. In Dharavi one would find
tanneries and shope where waste paper, rage, iron filinge eto.
are sold.lrobably this along with the hut type houses,affords
better neeting conditions for the house rate and may thereby
encourage their breeding. From the corresponding differences
observed in flea oollections of these two places, it may not
be preposterous if one concludes that Dharavi is a place where
ecological conditions and host prevalence are hetier suited
for X.cheopis breeding rather than X.astla, Thus the oombined
effects of the prevalence of proper ecological conditione and
the proper accees to the preferred host are important from the

point of view of the survival and abundance of a flea species.

Inspite of all these faotore of a mixed rat population
and the promiscuous feeding habits of these two fleas, a fact
which has been repeatedly observed and also proved in the
pregent attempt i8 an obvious one that still a preference is
shown by the two fleas to their respective hoet species.

X.cheopis wae found in good nuubers on R.rattus and S.murinus,.
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Tandicoote did not harbour them to this extent, Over 60%
and above of X.cheopis collected in these field trisls came

from R.rattus. S,nurinus also had equally high cheopis count.

3imilarly e large proportion of the total X.,aatia collected

was from Bandiocoot groups.

Bany workers have clearly indicated a positive
seaeonal abundenoe in the flea ectoparasites of rate, As
heaas been ahown}X.cheogie index for R.rattus was in ite peak
in the month of January. The months of March, April and May
elso gave fairly high indices for X.cheopie. Almost eimilar
finding resulted in the case of X.astia on N.bengaleneis

where the pesk incidence in January and the indices for
February,tarch and April were high. leedless to mention here
that this higher index in no way represents a oorresponding
higher population dencity of the fleas concerned. seasonal
variations of the corporeal flea indices worked out in various
parte of India show that the higher index falls roughly
between the months of Jenuary and June, Advisory Committee
(1906) ohowed the highest index between the months of Uarch
and April. Cragg (1921) found that cheopis index rises from
ay to Jeptember. Strickland and Roy (1930) found that at
Caleutta hizher index falls during the summer months. hing
and Pandit (1931) showed that the higher index wae between
deptewber and Januery -~ the cooler months of the year. Rmo
(1941) at Caloutta found a higher index during the winter
months of January and l'ebruary. In Bombay Deoras and Tonpi

{1956) and Deoras and Gokhale (1958) indicate that higher
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flea index falls during summer months. Joshee's (unpublished

thesis~ 1961) results are also in agreement with thie.

It 1o known for a long time that there is some
difference in the feeding frequenoy of the two eexes of
fleas. lnles having lesser stomach capaoity have to feed
more frequently than females which can engorge well at a
time and hence feeding frequency is lesser than that of meles.
It has also been suggested by many that the femsles spend much
of their time away from the host for egg laying end hence
visit the host only at a leeser frequency than males, These
contentiones were amply supported by field aurveye which
indicated & preponderance of male fleas in the colleotion.
dingle-capture trap trials of the present work indicated a
higher proportion of x.bhaopia males on all the three hosts,
But in the case of X.astia the resulte have been just the
reverce, where femmles were collected more than males,

Deoras and Tonpi (1956)3 Deormes and Gokhale (1958) also found
similar results,. But Joshee (unpublished thesis-1961) found
that "X.cheogie female excaeded over the male population®,
Regarding X.astis Joshee's (unpublished thesis-1961) resulte
are in agreement with the data of the present work as he also

collected more female X.astis than male:.,

All the above mentioned possibilities and the physiolo-
gical necessities must undoubtedly affect X.astia also and

yet thies difference. Under theese circumstancee it may be a
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good conjecture to suggest that there may be other factors
yet unknown which govern the differential occurrence of the

two sexes of these fleas on thelr hosts.

Nelative infestation rates of R.,rattus and Randicoot
group vary considerably. R.rattus carry lees number of fleas
than Bandicoots. This point had been brought to light by the
previoue workere also, Relative infestation calculated in
term; of ®"index" and éompared. may have objections as the
body sizes of the different rats compared are not the same,
Acocording to the index R.rattus c;rried the ectoparasites at
the rate of 4.6 per rat, while Banﬁioéote had an index of
14.5 which is nearly %.5 timsé more than that of R.,rattus.
Jemurinus also had an index of 6.2 wunlch is elightly higher
than that of R.rattus. This difference in infestation ratee
may be attributed to various reasons, The body size available
fTor parasitiem may be éns. Cleaning habite and the type of
habitat of the rodents may be another. The cholce and degree
of attraotion of the fleas to a particular type of host
combined with the difference in their abundance in the area
of study way be yet another and so on. If this difference is
due to the body sige, then the question will naturally arise
that if R.rattus and s.murinus had the same body esize ae the
Bandiooots, would they acquire an squal proportion of flea
ectoparasites? The best way to compare the infeestation ie to
have a unit measurement for all the three hosts compared and

with this view in mind the technique to caloulate density
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distribution of fleas per "rat-centimetre® was developed forthe
first time. This method of calculating density distribution

per rat centimeter is of course not the accurste method for
purposes of comparison. One objeotion may be that when one
centimeter ie taken in a linear way, then the surface area
covered by this one centimeter will be different with rats of
different body aizes., But this method has been used here because,
it gives a better approximation than. the index where the whole
body of the rat is taken into account, One suitable method for
the purpose of comparison ie to teke a unit measurement of the
surface area of the body, and calculate the flea distribution
over that area., This density distridution aleo indicatesa higher
density of fleas in the case of Randicoots., The next claim

goes %o the shrew and R,rattus comee last. A% such an occasion,
it may not be out of place to concluded that thie difference

in infestation may be due to the differenoccs in the habits

(such as cleaning habits and wandering tendenoy of the hosts
concerned) and the habitate (such ae type of locality where

the rat lives etc., the difference in the number of fleas

breeding in the nest of these mammals) of the rats,

Hohr (1961) hae given a comprehensive idea of the
physical factore which way affect infestation., lle suggested
that "what generally passes for host preference” among certain
parasites is euggeoted to be pértly the result of (1) a
difference in amount of area of the host available for

' infestation or exposure to infestation,(2) a difference in
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amount of ares covered per individual) expreesed ag gige of
gtandard home range. The remaining differences in infestation
of the several hosts are, then, a measure of more purely
biological faotors such as differences in devotion of time to
subhabits in a given habitat such &8s bushes or trees, unshaded
areas as compared with shaded areas, or to physiologicol
conditions, cleaning ability intensity of activity and obser-~
vetionnl error.ﬂThough'Wohr (1961) 1aid stress mainly on ticke
in these analyéés, many of the above mentioned factors may be
conveniently extended to the infestation studies of flea
ectorarasites as well, One factor which may be added here ise
that the differences in the time apent on the body of the hoet
by the different species of fleas may reflect on their

occurrence on the host, ,
!

\ A general conclusion reached by wo;kera is that the

! young rats are more susceptible to the attacks of fleas than
} the adult onee, The present work indicates that in both
Rerattus and R.beggalonsis,a higher infestation rate le evident
for the smaller members of the apeoies. Sskey (1930) concluded
that thils difference may be due to the fact that the young

rate spend more time in the burrows or neats fthan the adults.
Another factor which may come into play is the ability of the
rate to set rid of fleas., Young rate way not be so sotive in

their cleaning habite as conpared to the adults,

dorth (1951) noted that greater number of ectoparasites

wapes found on male cotton rats, Tanakam and essociates (1958)
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reported that the rate of parasitism seems to depend on the
range of movement of the host. Adult mele mammals are known
to travel more extensively than femles (Hohr 1961). However,
Krishnaswami et al (1963) suggested that "The high proportion
of females among the trapped rats seemed to show that more
females went out of their burrows". The results of the present
work showed that males of R.rattus carry more fleas than

femnles while it 18 the reverse with bandicoots.

Diqtribution pattern of the two.Species of £leas on the
rats presents an interesting problem. Distribution pattern was
studied in two waye 3 first by calculating the percentage
occurrence using the formula of Kinney, lilles and Stark (1957)
and second by finding out the frequency distribution. rhe
results of percentage occurrence indicate that when single-
capture traps were usedy 31.1%4 of the total X.cheopis collected
were from R.rattus while for Bandicoots and S.murinus, the
percentage occurrences were 23.5474 and 45.27. These indicate
two important points in the distribution pattern of X.cheopis.
The percentage of X.cheopis collected from Bandicoots is
lesser than tha$ of the other two and the percentage of
X.cheopia collected from S.murinus is more than that of R.rattua.
In the case of X.astia, 86.98% of the total were collected
from Bandicoots and only 6.6% and 6.5% occurred on R.rattus
and S.murinus respectively. The percentage occurrence calculated
from multiple-capture trap results also showed that 91.6% of
the total X.astia collected were from B.bengalenasis while

80.3% of the total X.cheopis collected were from R.rattus.
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results gives a hint that the X.a6tia population showe a
tendency to concentrate on the Bandicoots while the distri-
bution of X.gcheopls though more diffuse than that of X.astia

may be said to predominate on R,rattus end i,murinus. This

type of dietribution may be explained in two ways. Pirst,
preference of fur type of the host to the flea. Thus Deoras
and Gokhele (1958) otated "X.cheopis is found more on R.rattus
which has a fgi of thiock density and smooth texture, and this
may be favourable for X.cheopis. On the contrary, X.astia
night be requiring:fur of thiok density and coarse texture
which 1t gets on D.ben alena;a". It may be noticed that
Re.rattus and S.omurinus have some-what similar type of fur
arrangement., The second e:_xplanation may be that the chances

of B.bengalensis cowing to houses and contacting the X.cheopis

breeding places are more than ecither R.rattus or 3.murinus

wandering into the X.astia breeding places which mayf;resumoa
to be the burrows and other harbouragee of Bandicoots. Then
the small percentage of X.asties which occur on R.rattus and
S.murinue possihly . represente the emall number of X.astia
which jumped off the body of the Bandicoots during their
foragee into the houses, These fleas then possibly exist as
floating fleas in houses and neighbouring sreas from where

Rerattus and S.murinus may carry them off,

I'requency distribution shows a contagious nature in sll

the cases except the dietridbution of X.astia on v.murinus.

Needless %o eay,that this type of distribution will oonsidera-
bly affect the flea index, as & good proportion of rate ig
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ies
totally free of fleas or carry only very few fleas. So while

computing the index y& proper tnderstanding of the nature of
distribution of £leas.on their host 18 & prerequisite, so that

proper allowances may be made while drawing conolueions,

Summary end Conclusions

Rattus rattue (Linneeus) and Bandicota bengaleneis(Gray)

could.be collected from houses at Mahim and Dﬁaravi areas of
G/N ward of Bombay 'lunicipality. Housing conditions and

sanitary facilities of ﬁahin and Dheravi may be considerably
influencing the ret populations of these two ?1aqp%}om

B.bengalengis were oollected more from lMahim than/R.rattus,
while Dharavi yielded'more Herattus than B.bengalensie. The hut

type houses, the open drainage and the associated ecologlcal
oconditions of Dharavi mey Se compared with those of a rursal
environment and may poseibly encourage the breeding of R.rattus
than Mahim with ite urben faoilitliea, like 'pakka' houses,
underground drainage system etc., There was a correeponding
change in the flea populations alsos At Eahim}x.aetin
predominated in the oolleotibn while at Dharavi, X.cheopis.
Suitable scological conditions and the proper access to the
preferred host may be faotors which help X.cheopis to flourish

in the conditions of Dharavi,

Seasonal indices indicated that for R.rattus the maximum
X.cheopie~index was during winter (oonsisting of December,

January and February) while that for B.bengalensis was during
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spring (March and April). Zionthwise total flea-indices gave
highest index for R.rattus in the month of April (7.5) and

the lowest (1.4) in the month of July. Por B.bengalensis the
peak wae in the month of January (12,19) and the minimum (0.86)
ocourred in the month of July.

Joth multiple«cspture and single~capture trap trigls,
showed that Bandicoois were more heavily infested than R.rattus.
Infestation rate was high in the case of U.murinus also.
Infestation rates may be influenced by feotors like body size
open to parasitismj sex end wandering tendenocies of the rat
"apeciess ite olesning hadbite, time spené in the burrowe or
nests etc. Sinoce the density distridbution of fleas per rat
centimeter also gave @ higher value for Bandiooote,it is
posaible that body size alone may not be the main factor in
acquiring more flea-parasites by these rate, Such being the
case, the movements of Nandlcootsy their cleaning habits and
auch other activities may glive & olue to the higher infestation
rate, From the calculations it was clear that the eize
variations in the came gpecies of rat alaso influenced infesta-
tion. Thues it was found that emaller rat (presumsbly of younger
age) oarried more fleas than the larger ones in both the cases

of Rerattus and B.bengalensis.

The distribution pattern of the two flea species
indicated that X.cheopis was found to preponderate on R.rattus
and Jd.murinus, while X.astia on the Bandiocoots. The pattern of
distridbution of the fleas among these hosts indicated that
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X.cheopia tend to form 2 type of diffused distribution on the
rats while in contrast to this, X.astia showed a tendency to
concentrate on Bandicoots. R.rattus and S.murinus carried only

& very small percentage of X.actia. Thie situation may be
explained in two ways (1) the'preferenoe of fleas to the type

of fur of the hoet and (2) the chances of Bandicoots wandering
into the houses and coming in contact with breeding places of
X.cheopis may poesibly be more than the chances of the other two
hosts wandering into X.astis breeding sreas.

Within the same species of hoste also X.cheopis and
X.astias showed a contagious distribution. This type of
distribution mey influence the calculation of flea-indices.
The ideal type of distribution for a well balanced flea-index
would be a random one. hen contagious, it indicates that the
fleas tend to concentrate on one individual or a small group

of individuals in a collection. This can affect the flea-index.

Sex ratio of ocourrence of X.cheopie did not follow any
rigid pattern. It was found to vary coneiderably. Females were
collected more on R.rattus during the months of February ,
Marchy April, lMay , June, August, September and October whereas
in the other monthe males were more. l2ale proportion was highest

during 'Jarch. In the case of X.astia on B.bengalensis during

all the months of the year females predominated.



CHAPTER III

REPRODUCRIVE POPEUTIALS OF X.CHEOPIS
AND XJASTIA
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Introduotion

The conclusione of the last chapter give sufficient
indication to the nature of distribution of X.cheopis and
_ X.astie on their mammnlian hoste of the locality surveyed. The
polyhaemophagous nature of fleas sometimes bringsabout a
diffused pattern of distribution end hence this factor when
taken as a criterion to judge the host-paraeite relationship,
can be quite inconolusive., A distinction should be always
made between the maintesining host(whioh can support and permit
continued breeding of a flea species) and the accidental one.
Hirst (1927) suggested that "It would appear that ability of
8 flea to mmintain its population on a given host under
conditiona favouradble to its development on its definite host
constitutes a better indication of the natural affinities of
the partioular species of flea than the results of biting
experimente which are liable to be affeoted by so many
unoontrollable or difficultly oontréﬁable factors®,

7leas my be physically and/or physiologically adapted
to & particular host, Studiee done with a view to eluoidate
the role of blood meal in reproduction and longevity have
ehown that thouzh fleas may be kept alive foribonaidernble
period of time on blood other than that of its natural host,
there ie a marked fall in the reproductive potential of the
flea opecies conoerned. Bacot (1914) showed that X.cheopis can
be kept alive for long periods of time on a diet of human dblood
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but they d4id not lay fertile egge under the conditions of his
observations, unless ellowed to feed more than once & day. Even
with frequent feeds he found that the number of egge laid by
X.cheopis was insufficlent to maintain the flea population.

Striokland (1914) proved thet "Ceratophyllus fasciatus

(Hosopsyllus fasoitus) which fed only on man did not lay egge.
On the other hand a number of the same lot of fleas that were
fed on a rat at the came $ime laid egge shortly after the meal.
On rabbit also the flea was found to feed well but 4id not lay
egre, The samo case with the fleas fed on mouse", Hirst (1927)
tried to breed X.metias on different hoste end found that they
could be successfully bred on the guinea pig, the Indien house
mousSe, Ceylon house rat end the Sewer rat, Hudson and Prince
(1958) while trying to find out the reasons for the difficulties
in rearing d4ifferent straine of P.irritens found that the urban

and oylven strains of P.,irritans showed apparent dbiological

differences in their breeding capacities on hosts offered.

ihile these experiments shed light on the specific blood
requirementa of fleas, Buxton (1948)3 Allen (1956) Miriam
Rothechild (1960) and others tried to bring out the relation
between the breeding of fleas and the physiological etatee of
their host. Buxton (1948) showed that the age of the mouse(host)
had coneidernble effect on the number of egge 1laid by the flea,
X.cheopis, Allen (1956) and Miriem Rothechild (1960) showed that
the meturation of ovaries of rabbit flea oooué;d only when fed

on a pregnant rabdbit.
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Certain emount of work had also been done on the
difference in the degree of attraction of the fleas to their

hoste,

Shulov and Noar (1964) studied the Olfactory responees of
X.oheopis to its hosto. They designed €én appardtus specially
for this purpose. Olfactory responses of starved X.cheopis to
white rat (R,norvegious var.albino) and three murids-!Microtus

guentheris leriones tristrami and Acomye dimidiatus were studied.

Haas (1964) worked out the sultability of host to fleas,
He found that "feeding of X.oheopis and X.vexabilis wae low on

Re.norvegicus and M.musculusj mortality was high on R.rattus

retention was high on R.exulans and low on M.pusculus fertility

was high on R.norvegicus end R.rattus and low on U.musculus.

Characterietic changes in the metabolism and reproductive
potential may be expected if a flea speciee evolutionally
adapted to one type of host, comes across another, These changes
when studied along with the factors mentioned above form a
better oriterion to judge the relationship of flea to its host.
Pleas, which are physiologically adapted to a particular speocies
of host, might have evolved certain basic requirements from the
blood of the host which permit proper breeding and normsl
longevity to the adults, If these basic requirements are
inadequately met, then it may tend to affect the dbreeding
aotivities of the flea and ito longevity.
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In this chapter, the comparative reproductive
potentials of X.cheopis and X.astila have been worked out
using different rate as their hoots. The influence of
the age of the host on the reproductive potentials of
X.cheopis and the relstionship between the feeding

frequency and feoundity also have been worked out.
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¥aterials and Methods

X.cheopis and X.agtia were colleoted from R.rattus and

BJ.bengnlensis respeotively, These rats were trapped using

e
8ingle~capture traps and were killed and brecught to,laboratory
singly in plastic bags. X.cheopis thus collected from R.ratius
were left in & breeding jar in the laboratory with a live

Rerattus, X.as0tia were left with B.bencalensis. These rats were

conf ined 1n’w1re cages T" x 4" x 4" in size, and were regularly
provided with food and water. Ae for the other factors as food
and substrate for the larvse leeson's (1932) method was
followed. A Blotting paper plece sufficient to cover z::bottom
wae kept below the cages to prevent the urine of the rat from
coning in contact with the larval medium. Since the bdlotting
paper absorbed the urine,the larvel medium was left dry, The
cage was kept on aq wooden plank so that it did not rest on
the sand direotly, i'hen the colony was well established, large
number of pupse were removed from the colony of the species of
flea to be studied and kept for emergence., The adults which
energed during a period of 24 hrs, were used for the experi-
ments. This wae done with the view of using fleas of same age
for all the experiments, These fleae whioh emerged were kept with

the three rats used in these experimente; R.,rattuspyB.bengalensis

and Mouse (l.musoulus Var.albino) in the same way desoribed

wh
before. The seocond set of colony thus contained one species of

fleas of known age but with different hosts.
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These fleas wsre thue kept in these three rearing jare for
7-10 days, By this time their ovaries were well developed and
egg laying became regular., To start the experiment,a known
number of fleas (males and gravid females) were taken from the
three jars and left with another eet of rats. Cere was taken
to make sure that fleas taken from one host were kept with the
same species of host in the experimental set also. These fleas
were observed for a period of 5 daye to study thelr egg laying.
In these jars the substrate used was sand sieved through a

(80 mesh T'isher Scientific) strainer, Every day the sand from
eaoh colony was sifted for eggs of fleas, The 80 mesh gauxe
held the eggs back while allowing the sand to pass through.
These eggs were counted under a binocular microscope and
records were made. Eggs laid on the bdlotting paper and the
wooden plank were carefully céunted and added to the eggse
collected from sand, to meke the total. Yhe eggs thue collected
from each colony were kept separately in three Jars to follow

the developmental stages like hatching, pupation and emergence.

Throughout the experiment the number of fleas used had
to be kept constant. For this the rats were caught every day
from the cages and the nuober of fleas examined, Since these
daily disturbances may possibly cause some ill effects on the
hosto ae well ae on the fleas, another method aleo was followed
where the rat and fleae were left undisturbed during the period
of the experiment. Bul every day the eggs were collected as

described above. The number of egge per female was ocaloulated
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in this cace, after ascertaining the totel number of femmles
left (alive) in the jar at the end of the experiment(Both the
methode gave siniler reeults). Sinoe the experiments were of
short duration, the discrepancy in the number of eggs per
fewale, whioh may creep in due to lobe of fleas, was mininmiged,

The same teohniques were repeated for X.astia.

For the feeding frequency studies, fleas of known age
were taken and divided into three lots. One wae left with s
mouse (host), the second was given opportunity to feed on a
mouse twice a day (25 min.each) and the third was given
opportunity to feed only once. Daily egg count was done in

these cases using BO mesh etrainer as described above,

Experiments with age of the host and reproductive
potentiales were carried out with mice of 4ifferent ages, 9 day =i
old mioe were replaced daily in the jar so that the ages were
sawe every day. % week old mice were kept in the breeding jar
for one week at the end of which it wae replaced with snother
individual aged 3 week, This kept the age of host between 3 and
4 weeks throughout the exporiments. Expericents were carried
out in the following way (a) Terval counts One freshly omerged
female and three males were left in the jar of each host and
the larvae counted every third day throughout the period of the
experiment, The presence of the female in the jare was cheocked
up every day and readings teken only if the female lived
-throughout the experiment, The Jars were discarded if the
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female was found missinge. In the next lot 5 females and

10 males were used. As in the previous case the number of
femnles was kept constant, Here, along with the experimental
jars, a8 ‘astock' Jar for each hoet also was set up and this
provided fleas of the a;me age with that of experimental jars.
When a8 female was found miseing from the experimental jar, it
was lommediately replaced by a female ffom the corresponding
stock jar., The conclusions based on the larval count alone may
raise certain objections because the egg number is not taken
into conaiderafion. To avoid this, egg count was done in

another set of experiments. The technique used to oount the

egge was,same 88 in the previous case.

The yolk granules were otained using the triple stain of
Himmee and !loriber (1956), Yolk deposition may be also followed
by dissecting out the ovaries and exanmining under reflécted
light with a light microscope, It may be also confirmed from
the vigorous pulsations of the wall of the ovarial ohamber

while the yolk deposition is in progress,
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AN

Observatione and results

Reproduotive organs of female fleas

The female genitelia consist of a pair of ovaries,
oviducte which unite into a common median oviduct before
opening into the vagina, Vagina opens at the base of the
eighth stornite, The entrance into the female genital chamber
(vagina) is guarded by long setae of the lateral expanseions of
the large tergal plates of the eighth abdominal eegment.
Ovaries ooneist of ovarioles, the number of whioh may vary
even in the same speclee. Generally 5 ovarioles may be seen
on one eide and 5 on the other. But in X.cheopls some had only
4+4 while in X.astia some had 6+5 and others 4+5.

The bursa copulatrix open on the dorsal aspect of the
vaginel wall, The bursal duct which is broasd and short of
arise from a small aperture in a shallow pooket of the vaginal
wall which 18 bordered by a chitinous sheath (I'ig.44 ). Thie
pocket is not seen in the case of X.astia (Fig.d5) but as in
the other case the opening is bordered. by a chitinous eheath.
From the sac like bursa copulatrix a fine duct leads into the
spermatheca, Vpermatheca helps in storing the sperms after
mating. fhe spermathecal duct which ie long and fina, gets
thickened and widened before entering the bursa copulatrix.

In both X.cheopis and X.astia only one spermatheca is seen.
But a vestige of a second spermatheocal duct remz2ins as a

blind second duot (Fig.4B) called ductue obturatus originating



66

from the main duct before it opens into the bursa oopulatrix,
The spermatheca differs in shape in different epecies and 1s
taken as an important taxonomic character in identifying the
species. Spermatheca is a chitinous sac having a tail portion
and a head portion. The main spermathecal duct arises from
the head of the spermatheca. There is a bunch of muscles

extending from the tip of the spermathecal tail and gete attached
to the head,

Development of egge

Fleas have panoistic type of ovarioles i.,e. the nurse
cells are abbent and yolk deposition is mainly carried out by
the follicular cells and the ococyte nuoleus. Fleas require
blood meal (in some cases of a epecific type) for the
maturation of the oocytes. It has been seen that the first
feeding of a freshly emerged female alone is not sufficient
for yolk deposition and subsequent feedings are important.
Under the laborstory conditions (temp. 29.2500) yolk deposition
commences within 24 hrs. after leaving freshly emerged fleas
with the host., By the asecond day egg laying estarts, This
period is undoubtedly influenced by temperature, as during
cooler monthe a considerable delay may be observed in all these

processes.

Table I indicates the measurements of the developing ova
0
of X.cheopis and X.astile at different etages at 29,25 C temp.

When the fleas were collected and their ovaries examined it was
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evident that in all the three casees yolk deposition had
started by 24 hrs. after leaving with the host.

Table I
leasurements of ovarial growth ( in u) of X.cheopis and

X.astia
X.cheopis . X.astia
Freshly
emerged L B L B
125,13 96.4 11545 9643
24 hrs. Rbr03670 5 267-8 420.0 280.,0
after leaving
hoats
M 308.9 189,9 285.3 178.5
Ma ture egg
if:gr it 1is 494.4 325.9 525.0 332.5
a

Yolk may be clearly seen as whitish granules in
reflected light. The pulsation of the ovarial chamber while
.yglk deposition may be taken as an added evidence to confirm
yolk deposition., Yolk granulee could be differentially stained
with the help of the triple stein of Himmes and HNoriber for
polysacchrides, proteins and DNA. Yolk gave & positive
etaining reaction to proteinﬁbolysaooéiﬁes. Presence of fat
has not been teated._“hen the mature egg has been released

from the ovariole, the ovarial pellicle shrinks bringing the



68

next developing oocyt near the oviduot. This thin shrunken
membrane ocould be stretohed out with the help of needles,
A corpus luteum is formed in the empty chamber after the
release of the mature egg. This ocould be seen as a white
cluster of cells, 3ome Ruassian estudents of Siphonaptera
(Larskaya et al 1962) feel that this may be used as a
criterion to judge the age of the female flea, But fu:ther

work is needed before a proper conclusion may be arrived at,

Another set of experiments was kept to study in detail,
the rate of feeding, ovary development and host viaitation'of
fresnly emerged X.cheopis and X.astia. rhese fleas were
starved for 24 hrs, before releasing. This was just to make
gure that they were ready for feeding. The results were
recorded et the end of 24 hrs, after leaving with the ho=t,
the findings are summarised in tables II and III. Percentage
feeding and ovary development weré not considerj;iy affected
by the difference in the host offered within the 24 hras,
period, but a high percentage of X.cheopis were collected from
the body of R.rattus while in the other two cases only
negligible proportion of the total X.cheopis released wae found
on the hosts at the time of examination., This may possibly

indicate a higher rate of attraction to Re.rattus.

Xe.a8tia results were not very different from those of
X.oheopis. Percentage of fed and ovary development were not
congiderably affected by the host within the 24 ars. period,



Table 1II

X.cheopio
Condition of Distribution of fleas in
Host Jo.released To.recovered o.fed % fed ovary of fed 4 the colony at the time
famels deve~ of examination
» loped
u P 2 T &1 P o YeDo YeDo On the body in sand
1 2 3 4 5 6 7 8 9 10 11 12 13
Herattuse
(a) 20 20 20 12 7 8 46.9 2 6 75 20 12
(v) 20 20 17 17 10 15 T3.5 4 11 753 22 12
(e) 15 15 15 15 15 14 96.7 4 10 71.4 24 ' 6
R.benga-
Yensis
(v) 20 20 20 18 17 18 92.1 4 14 TT7 5 33
(o) 15 15 14 15 10 15 B83.3 2 13 86.7 8 22
N.mua-
culus
(a) 20 20 20 13 12 11 69.7 3 8 T2.7 4] 33
(v) 20 20 13 9 6 8 63.6 2 6 75 2 20
(e) 15 15 15 15 2 7 30 1 6 85.7 1 29

A I R R N R S R R T S S S R R N N R R S S R N S R N S I T R N T R R S I N S R I IR NSRS SRR ISR IR TS DA WD

* Y.D. = Yolk deposited.
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Table III
X.a8tia
Condition of % Distribution of fleas
Hoet Ho.released HNo.recovered No. fed % fed ovary of fed developed in the colony at the
femalee time of examination.
No
M F M F M B Y.De Y.D: On the body. in sand
1 2 3 - 4 5 6 7 8 9 10 11 12 13
R.mttua
(a) 20 20 20 19 20 ° 19 100 3 16 84.2 25 14
(v) 20 20 20 20 19 18 92.5 0 18 100 26 14
(e) 15 15 14 13 14 12 96.3 0 12 100 18 9
B.bengg-
lensis
(a) 20 20 20 20 20 20 100 0 20 100 27 13
(b) 20 20 20 19 19 18 93.6 0 18 100 29 10
(e) 15 15 14 15 14 12 89.7 o] 12 100 18 11
Mouse
(a) 20 20 19 15 19 15 100 7 8 53.3 1 33
(v) 20 20 19 15 14 12 76.5 3 9 75 1 33
(e) 15 15 15 15 9 1 66.7 10 10 90.9 4 26

e W S D ey T ST i U T Sy T Gt o e SR
st S 2 - R R S R S S R R S R S S N S S R S N R T S S e S N S S SR S N S T S S A N N N S e N T R S S RS NN TRNEERESsEE=sS

* Y.D. = Yolk deposited
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It wvas found that in both the cases of R.rattus and

B.bengalensis larger proportion of fleas was collected from

the body of the host. llouse gave a typical reaction for both
X.cheopis and X.astia , that is, only & very negligible number
of fleas were found on the body when the colony was examined
at the end of 24 hrs. This ie an apparent result of the

active grooming habits of the mouse,

Towever one factor must be mentioned here. Vhen gravid
females of both the species were left with the host it was
observad that in the colonies of H,rattus and B.bengalensis

only a very small number of females was found away from the

body of the host, while in the case of ll.musculugs only a very

small number was found on the host's body when the colony was

examined at the end of 24 hrs.

These findinge establish the fact that when the flea
procures regular blood meal, yolk deposition commences within

24 hre., after leaving with the host.

Influence of hosts blood
X.cheopis

The experiments done with R.rattus, B.bengalensis and

nouse (jus musculue) as hosts for X.cheopig indicated in

general that X.cheopis laid more egge with R.rattus and

“jus musculus a® hosts., There was a considerable decrease in

the totel number of eggs 1laild by X.cheopis when B.bengalensis
was offered. Table IV summarizes the average number of eggs

laid per femmle during the period of the experiment.
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Teable IV

Average egrs per femmle

Hoste 1 2 3 4 Average
R.rattus 53.4 50.1 555 5246 529
Jebengalensis 33.1 31.3 34;2' 34.6 33.25
‘louae 59.0 4743 44.3 51.8 5046
=za=zssossssmssosssssssssssSosoSSSSSSSSISSnsSSSSsoosssSIooIEss

The results point out the fact that as far as the host

value is concerned (ns can be judged from the egg production)

X.cheopis does not show nuch of a difference between R.rattus

and mouse (ilus musculus). But when it comes to the field rat

D.benralensls it shows that the host value of this rat is nmuch

lower than the other two. The results of Table IV were tested

sasikstically to £ind out if these differences were significant.

For this purpose ' and t teste were done. The results are

summarized in table V and VI. ‘he P/Ratio gave a significant

result.
Table V

Jource of Degrees dSum of {lean sum .
variance of equares of squares P/Ratio Remark

freedom
Jetween
hoete 2 923,.3% 461.7 28,7 Significant
arror 9 144.8 16.1

Total 1
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fable VI
S.Ho. Hosts Difference Jtandard Column (3)
conpared in mean ggviation Remarks
egsg Col
productions difference olum (4)
(1) R.rattus
Be.bengalensis 19.65 2.767 T.036 31gn1f1cant
(2) R.rattus .
Youse 2.3 6.79896 0.3383 Not significant
(3)  B.bengalensis
liouse 17.35 6.60939 2.636 Significant
== ==="...========'-======:==========3=."===:====:=’-"‘—===========:.3====-'—=====.."=3===&===-

Table VI shows the resuita of hoste compared in paire. Hosts when

compared in pairs geve significant results for R.rattus B.bencalensis and

B.bengalensis/mouse. ¥here as the difference between R.rattus/mouse was not

significant.
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Table VII

No.of
femle
used

10

10

15

15

15

10

10 10

10 10 10

No.of
femles
alive at
the end
of exp.

10

10

15

12

10

10

10 10 10

Hoste

Rr

b

K

Bb

-‘Bb o 4

Total
No.of

eggs

534

331

590

751

313

473

555

205 399

526 346 518

Total
No.of
larvae

480

253

538

600

286

331

458

33 259

489 303 473

%4 hat-
ching

89.9

76.4

91.2

79.9

76.7

69.97

82.5

16.1 64.9

92.96 87.87 91.33

The percentage batching represented in Table VII indicate that a elightly higher

percentage hatching for eggs from X.cheopis reared on R.rattus 1s evident. Eggs from

X.cheopis reared on mouse did not show much of a difference in hatching from that of

R.rattus. It mey be possibly assumed that various other factor2 also influence the

percentage hatching.
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Table VIII
Percentage Pupation

Hosts Ry Bb ¥  Rr Bb M Rr ., B . H Rr Bb H

Total

gg.of 480 253 538 600 286 331 458 33 259 489 303 473
rva :

Total
Ho.of 465 250 513 543 225 305 393 30 226 470 300 468
pupae

# pupa
tion 9609 93.8 950‘ 90 7807 92.2 85.8 m.QB 87.3 98.4 99.02 98.2

N S T s T I RN TN IROE R NN

|

It 18 evident from table VIII that in the case of pupation
the etock reared on R.rattus d1d not show any higher values over

that of others.
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It my be steted in general, that at least for the first

generation of X.cheople reared on these different rodents,

hatohing and@ pupation did not show any marked or constant

differences between these hosts, Table IX indicates the emer-

gence and sex ratio, These also indicate that there is no marked

or constant differences between groupe of X;cheogis reared on

different hosts, Survival values calculated for X.oheogia on all

the three rodents indiecate that the values :or Re.rattus and

mouse are decidedly higher than those of B.bengalensis,

lMost of the gravid femnles were found on the body of

host (in the case of R.rattus and B.bengalensis only) when

colony was examined, But in the case of mouse the number of

fleas found on the body wae negligible

L Table IX
Peroentage emergence sex ratio survival value of X.oheopis

Hoste  No.of No.of Percentage
Pupae adults emergence M ? Jex ratio
(1R 465 457 98,3 231 226 130,98
Bb 250 239 95,6 127 112 130.88
M 513 492 95.9 243 249 131.02
(2)Rr 543 540 99.5 269 279 151.007
Bb 225 216 96 108 108 1s1
M 305 300 98.4 147 153 131,041
(3)Rr 393 307 78,11 161 146 110.91
Bb 30 27 90 1 16 131.5
M 226 226 100 102 124 131.2
(4)Rr 470 464 98,72 = 233 23} 130,99
Bb 300 292 97.33 146 146 131
M 468 465 99.4 238 227 1:0.95

IR S N R R R I N N I S AN S NSNS EENRINSER OIS NN ARSI
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It may be stated, in general, that at least for the firet
generation of X.cheopis reared on these different rodents,
hatching and pupation 4id not show any marked or conetant
differences between these hosts. Table IX indicates the emer-
cence and sex ratio. These also indicate that there is no marked
or constant differences between groups of X.oheopis reared on
different hosts., Jurvivel values calculated for X.cheopis on all
the three rodents indicate that the values for R.ratius and

mouse are decidedly higher than those of B.bengalensis.

Ilosat of the gravid females were found on the body of
host (in the case of R.rattus and B.bengalensis only) when the

colonies were exanined. But in the case of mouse the number
of fleas found on the body was negligible.
Table IX

Percentage emergence sex ratlo survival value of X.cheopis

Hosts Ho.of llo.of Percentage

Pupae adults emergence U F Sex ratio

1 513 492 9549 243 249 110.02

Bsbe 225 216 96 108 108 131

1 305 300 98.4 147 153 131,041

3 226 226 100 102 124 111.2
(4)R.r. 470 464 98.72 233 231 110.99

B.be 300 292 97.33 146 146 131

i 468 465 99.4 238 227 110.95

R N S N T S S S T S S T I N I NS SNEINgEaSZEEREsI T
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Table X

Survival value

Host (1) (2) (3)  (4)  Average
Rer 0.86 072 0055 0.88 0-75
Bcb 0072 0!57 0013 0.84 0057
M 0.83 0.63 . 0.57 0.898 0.73

STV smoIFSTInsmEaaaOmENESacslgasasanosgIssssSssEns

-X,aatia

Table XI indicate the average egg production of X.astia

female during the period of the experiment, It ies seen that

X.,astia breeding on R.rattus and B.benpgalensie did not show

-much difference in the average egg production, but the

differences between the mouse (M.musculus-white) and the other

two amounted to nearly 20, Though t~test 41d not give eignifi-

cant resultsg I' teat done between hosts ylelded significant
result at 5% level. The

Table XI
Host (1) (2) (3) (4) Average
Re.r 20.7 29.2 52.1 46.1 3700
Bsd 25.6 38.0 49,7 40.9 38,46
M 14.3 20.3 18.5 22.1 18.8

RSOSSN ARSI/ OaUERRINTISD S OIDIRNIDNRIIN S DR

Table XII
Source Degrees verum of Nean sum of . |
of of squared squares F/Retio Remark
variance <freedom
Bet.Hosts 2 963.5 481.8 4.5 Significant
Brror 9 967,2 107.5
Total 11



Table XIII T-test
Se Hosts Difference Standard Columm (3)
No. compared in mean egg diviation of Remark
production differences Column (4)
1 Re.rattus
B.bengalensis 1.6 17.73 0.09 Not significant
2 R.rattus .
Touse 18.2 15.01 1.213 ot significant
3 B.bengalensis
Mouse 19.8 10.6 1.868 ‘Not significant
T N T R S S N T N N S I s R T N I T I T R N s T s T T NS EEENEsRN eI EN=
Table XIV
Percentage hatching
Ho.of
0 used 10 10 - 10 15 15 15 10 10 10 15 15 15
+
No.alive 10 10 10 15 11 12 10 10 10 14 14 17
Hostae: R.r B.b 5 R.r B.b H R.r B.b b | Re.> B.h
Total Ho.
of eggs 207 256 143 438 419 244 521 497 185 645 513 155
Total Ho.
of larva 168 155 138 393 331 219 218 172 35 516 399 108
% hat-
ching 81.2 60.5 9645 89.7 79 89.7 41.9 34,035 18.9 79.9 69.6 69.7

R T R N R R N T T N T S N R R T R . O e N S T N S N e R I N s RS SR ETES SRR =aEamn
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Average survival value (Table XVII) seems to be higher
for X.astis reared on H,rattus and mouse rather than

B.bengalensis., But & proper sorutiny of the tables XIV,XV and

XV1 (representing percenteges hatohing, pupation and emergence)
shows that the 11fe cycle and ite different stages are not very
nuch affected by the difference in the/gﬁgi 3§ whichAtbe adult
feeds, It may be curmised that other factors like the olimate,
food and the environment influence the hatohing,pupation and
emergence more than the type of host offered on which the

adult feeds,

Table XV

% Pupation
Hosts Rqr B.b b Re.r B.b M Rer R.b M Ror Bsd M
Total - .
No.of 168 156 138 393 331 219 218 172 35 516 399 108
larvse
Total
No.of 168 154 136 300 329 212 20% 160 25 492 383 105
Pupae
%
Pupa-
tion 100 99.4 98,5 T6.3 99,4 96.8 93.1 93.03 71,4 95,4 95.98 97.23
A e N N e RN R I S N N N S S R S T e N R N N e N e I s O SRR SN

Hoat of the gravid femsles were found on the body of the

host (only in the case of R.rattus and B.bengalensis) when the

colony was examined whereas in the oase of mouse, the number

of fleas found on the body was very negligible.



Table XVI

Percentage emergence and sex ratio of X.astia

Hoats Rer Bb

{otal
Foe.of 168 154
pupae

Total
emer— 165 153
gence

7 eper-—

gence 98.22 99.4
sex

ratio

vex 1:0.81 130.98
ratio

4} Ro.re Bed U R.r Beb M Rer B.b

136 300 324 212 203 160 25 492 383
136 283 = 329 212 203 145 25 400 380
100 94.3 100 100 100 90.6 100 81.3 99.2

13102 1‘0.95 ‘30-98 130.83 130;07 1‘0.99 1’206 1320007 1‘1.24

105

95

90.5

,30.98

Table XVII

Survival ﬁalue

o8t (1) (2) (3) (4) Average
Rer 0.65 008 0539' 0t62 0062
B.b 0.79 0.6 0.29 0.66 0.59
u 0.87 0.9 0.14 0.61 0.63

TN s S s I I S N I T S TR NSRRI R
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Age of the host and fecundity of X.cheogia

This was worked out in two waye (1) By teking into
account the eggze produced per female for a.period of 15 days,
when left with hostes of different sges (Table XVIII), Here 5
females and 5 males were used with each host (2) Larval count
per female (only one female along with three males were used)

for a period of 30 days.

The total number of eggs and larvae produced, when allowed
%o feod on hosts (mouse) of different ages renging from 9 day
0ld to pregnant, are given in tables XVIII and XIX.

Table XVIII

count

Duration of the experiment: 15 deys

No,0f fleas used s 5 females and 5 males

Hosts (1) (2) (3) Average Average number
of egge per
female for
15 days

3 week old

female 761 772 466 66643 133,3

Adult

female 633 641 419 56443 112.9

Pregnant

female 634 652 405 563,7 .112.7
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Table XIX

Iarval oount

Duration of the experiment: 30 daye

Tumber of fleas used: 1 female and 3 males

Hoste (1) (2) (3) (4) (5) (6) hverage
9 dey old 361 264 283 232 272 242 275.7
4 week old .

fem le 454 422 414 250 396 %26 377
Adult

female 404 259 251 284 248 312 293
Pregnant 311 299 333 316 392 240 315.2

xS EmTESaSaEISsasSanoInINEIsgatsSoaoInaUoEmo oo oarIonoRaIsiamaEEsInen

It 1s evident from theee resulis that X.,cheopis
does not show any poeitive relation between adult blood
and higher fecundity., On the contrary there is a slightly
higher fecundity when fed on 3 to 4 week old mouse s The
minimum fecunGity among these observations resulted when
fed on 9 day old mice., Improper hair growth and differences
in body temperature with that of adult may be some of the

reasons for thie reduced fecundity.

Feeding frequency and fecundity

Pleas of same age (freshly emerged) were divided
into three lots of five each. 18t set was kept with host

(mouse) for the whole duration of the experiment. Second
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set was allowed to feed on the host twice a day (15 minutes
each. The third set wac allowed to feed only once a day

(15 minutes). After feeding they were left in sand from which
the eggs were sieved out. Total number of eggs produced by the
18t, 2nd and 3rd sets during the 15 days experiment was 540,

64 and 11 respeotively. Iwo egee were collected from the Vst

set on the 2nd day after leaving with the host and the maximum
number of eggs produced in one day by the femeles was 46,
#hereas in the 2nd and 3rd ceta egye were observed for the firet
time on the 8th and 11th day)after commencing feeding,respectively.
The maximun number of egges laid in one day by the females in
22nd end 3rd setoc were 16 and 6 respectively. Thie experiment
was repeated thrice and the resultia obtained were similar to
these., This certainly indicates that feeding frequency affeots
not only the average egg production but delays maturation of

ovaries ae well, in a freshly emerged flea,
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Discussion

leaB, in nature may often get involved with hoste which
are not natural to them, Such acoidental oocurrences may bdbe
explained through the movements and activities of their hosts.
Mere presence aof one flea specles on a hoat does not in any way
indicate its ability to breed and colonize on the host, For
suoh parasites as fleas, the difference between the maintaining
host and the accidental one should be always realized. Such
information: 1f not only important for evaluating the relation
between the host and the parssite communities, but it 4is
important from epidemiological point of view as well, Itiis not
improbable that an accldental ocourrence may lead eventually
into a more or less permanent assoclation, which may form an

important epidemiological background,

Feoundity is one of the criteria with which one could
judge the degree of association of the ectoparasite to ite host.
Fleas require regular blood meal from their host, if they are to
oviposit normelly. In order to obtain their regular blood meal,
certain oonditiona should be satisfied., Hoete they feed on,
should be their elected variety., Fleas should have proper hold
on the host while feeding and hence the body coat of the host
(l1ike fur or feather) should be one with which the fleas are
accustomed, Host's body teﬁperature and the degree of attraction
of the flea to the host are also important factors. It ie quite
posgible that one of the acoidental transfers, a flea epecies

might £ind a host which satisfies many of the above mentioned
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points. But still it may féil to colonige on that host
because the habitat of the hosp, should be congenial to the
development of the immature stages of the flea. When thus
accidentally transferred to & new host, the flea certainly
must react Yo the new environment. These reactions are then
reflected on thelr metabolism and reproductive potential.
Physiologically adapted flea parasites wiil demand certain
gpecific requirement from the blood of the host failing
which, delay in maturation of ovaries or irregular ovipo-
sition may result. It is evident from the present work

that frequency of feeding is equally important for normml
and reguler oviposition. X.cheopls and X.astia used, in the
present work, to compare the compatability of different
hoste indicate that X.cheopls shows some differences as
far as R.rattus (which is supposed to be the autochthonous

host of this species) and B.bengalensis are concerned.

Jhereas when fed on mouse (M.musculus var, albino) the
fecundity rate remained almost the same as that of
Rerattus. The reaction of X.astia seems to be a little
different. It pgave no statistically significant values
for the three hoets compared. Regarding R.rattus and
B.benzaleneis, one may as well see that there is not
much difference. 3ut X.astia gave a poor response to

the mouee (H.musculus var.albino). On the whole the average
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egg output per individual of X.astim when compared to X.cheopis
geems to be low. The attempt made to show the differences
between the feeding, ovary development and hoet visitation of
X.cheopis and X.astia supports the fact that bétween these threse
hosts, freshly emerged X.cheopis and X.astia do not show very
significent differences in feeding and overy development within
the 24 hrs. period, These factors may lend additional support
to show that the blood preferences of the fleas are not too
narrow. But one common factor is that the number of fleas found
on mouse at the time of examination in both X.cheopie and
X.aotia was negligible, It clearly indicates that mouse i less
tolerant to the presence of fleas on its body. Again, in the
case of X.cheopis only a very small number was found on the
body of R.bengalenais., But this was not the éase with R.rattus

and X.cheopis . This may be an apparent difference in the degree
of attraotion to Bandicoots IN

It may be poseible that X.cheopis 18 a much more prolific
species than X.astia. One factor which should not be ignored
here is that environmental conditions seem to influence the
feoundity of X.astis at a rate higher than that of X.cheopis.
The experiments which gave very varying results for the'same
host are indications of this factor. The nutritive velue of
blood to the flea 18 very important. From certain blood samples
the flea may not be able to derive enough nourishment to
utilize for their day-to-day metaboliem onf;he heand and to the
production of ova on the other., This may result in an abnormal

gonotrophio oycle. The other factor which may be equally
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important is the feeding frequency. Experiment done in this
line has revealed how feeding frequency could influence
fecundity and the time taken %o maturetﬁvaries. It is natural
for a flea Bpeoies, which is conditioned to the smell of one
type of hoet,'to hesitate to feed readily on another unrelated
type, But when starved they 4o feed on a host which 1is not
natural to them, This difference in the degree of attraction
undoubtedly affect the fecundity because for the normal rate
of fecundity a regular dblood supply is needed., The differences
in fecundity observed in X.cheopis and X.astia may be & combined
effect of these two factors. It may be possible that, if ample
opportunity is given to the flea to acquaint iteelf with the
new host, it may adjust and level up these differences, in the
association with the host. Lieton (1904) had shown a rise in
the flea collection at a time when the young rats were caught
more, Thic may either be due to the aveilability of more number
of enimals for the fleas to feed or to some adJustment, in the
reiation between the hormonal coycle of the host and the
breeding of the fleas, Buxton (1948) showed that for a normal
rafe of feoundity the flea, X.ocheopis, must have at leaet one
blood feed from the adult mouse, He concluded that there is a
relation between the fecundity of X,cheopis and some adult
hormones of the mouse., This point wae taken up in the present
work and the reesults are oontrary to the expectation.X.cheopis
d1d not show any ooneiderable change in 18 feoundity when

offered adult mouse or pregnant one. Young mice (3 week to
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4 week) gave a higher fecundity for X.cheopis. This may be
one of the factors associated wifh the skin thiokneas of the
host and feeping of flea. Young enimals having comparatively
thin skin may make feeding easy for the fleas. Kartman (1954)
found that when feeding the fleas artifiocially through an
animal membrane, best resu}ta were observed when a young
animls akin_was used, However, in the present work, when a
mouse of 9 days old was used as a host, the fecundity was
reduced, This may be explained by the fact that a proper
vestiture (physical security) is essential for the flea while
feeding. Probadbly the poor hair growth on the 9 day old mouse
does not afford proper security for the flea., The fleasmay
have to make several attempts to complete their normal meal
because when the young mouse shakes ite body the flea is easily
dislodged, and this may reduce the fecundify. Since X.cheopis
gave no indication of any hormonal relation to the host, the
breeding season of the hoet may influence the flea only
through the incresced number of individuale in the host
community svailable for parasitism. These experiments (age of
host and fecundity of flea) were not repeated with X.astie
because of poor host value of the mouse and the inaveilability

of a ready supply of B.bengalensis of known ages. This could be

done with X.oheopis because mouse gave almost same host value
as R,rattus for X.cheopis, Studiee on the eleotrophoretic
pattern of the serum protein of laboratory rate and certain
other animmls have revealed that the pattern changes according

to the different strains of rate, loore (1945) ooncluded that
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"1t 18 evident that many epecies under the conditione here
studied present serum protein patterne which are so
characteristic that it is possible to name the epecies and

in some cases even the strain (rat) and sex (chicken) fronm

a glance at the pattern®, He found that younz rat serum

(rats betueen 21 to0. 29 days, old) contrary to that of the
adult contained a definite « globuline and a hardly measurable
amount of v globulins. Young rate have been shown to have a
high percentage of albumin fraction of the blood than adulte.
The influence of such differences in the bloed of various

hosts on the flea ectoparasite needs further atfention.

tnat
One other factor/mey be notioed ies that, the change of

host has not affected the inmature stagee of the flea very
much and whatever differences observed may be very negligible.
3Q it may be stated that probably the influence the host has
on the immature stages of the flea species i1s an indireot

one. 1.0, only through the influence of the mioroclimatic
cond1tdons prevailing in the host's nest, From the results

it oay be seen that moximum mortality happened during egg

and larval stages. After pupation the mortality was very low,

It may be thus clearly underatood that the host
influences the adults directly and the tmmature stages of
the flea indirectly. Larvae do not survive to pupate and to
form adulte unless the bhost's habitat affords conditions
which are congeniel to their survival and development. Thus

when an association of host and parasite is studied, it
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necesgitates one to study completely the effect of the host
on the different otages of the life oyocle of the parasite.

Conolusion and Summary

The female genitalin of X.cheopis end X.astia are
basioally same though certain structural changes may be
observed. ‘he ahapa'of gpermatheca 1s taken as s taxonomic
oriterion to identify the species., Both possess the vestige
of the second spermatheca whica remains as a bdlind duct
(Duotus obturatus ), Bursacopulatrix is a chitinous chamber
froz which a broad tube opens into the oviduet. In X.cheonis
this opening is situated in a shallow pocket which is ahsent
in X.astia, Ovaries consist of panolstic ovarioles. Blood
feed 18 essential for maturation of oooyte. Yolk gives
protein/polysaccharide positive reactions. Within 24 hre.
after releasing the freshly emerged flea with the host, yolk
deposition commences. Heaeuremenfa made of the developing
oocytes of A.cheopis and i.astia releasing 24 hrs after with
different hosts, showed that flese from R,rattus ocolony showed
maxionum growth, Parallel experiments set to study percentage
feeding, ovary development and host visitation indicate no
measurable &ifference in the processes of feeding and ovary
development of fleas with different hosts, but the number of
fleas colleoted from the body of the host varied.

Blood compatibility and suitadbility of the hoste were
tested and found that R.rattus and mouse gave almoet same host

valua for X.cheoonis, but B,bengalensis gave comparatively low
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value, The fleas seem to spend more time on the body of the

rat in the case of R.rattus and B.bengalensis whereds . with

mouse, they were found mainly in the sand. The same host
reactions were found for X.astia also. X.a8tia gave ninimunm

fooundity when offered mouse as tﬁe host. Hoet value of

R.rattus and B.bengalensis eéem to bef;ame for this epeoles,
The lmmature stages of both these species of fleas do not
geem to be affeoted by the difference in the nost species.
Nut the development of X.astin seem to be influenced by
environmental condition at a rate higher than that of
X.oheopis, Feeding frequency has a oonsiderable effect on the
fecundity and the time taken for maturation of ovaries of
X.oheopie. Relation between the age of the nouse and the
fecundity of X.cheopis wae worked out. It ehow%bthat with
young mouse (3 to 4 weeks old) the fecundity was high.,

Thie may be due to the fact that the thin skin of the young
mouse pernit easy engorgement of the flea. The possible
relation (if any) of the difference in the blood of young

and adylt nice, and the fecundity of flea has to be established
by further research. These experiments were not repeated with
X.aetia mainly because of the poor host value of mouse, and

of
the umavailability the required ages of B.bengalensis (1ts

preferred host in neture). It was possible with X.cheopis
because mouse showed the same host value as R.rattus (the
proferred host of X.cheopis in nature). Vestiture of the

flea while feeding ig an important factor whioch may
considersdly influence the engorgement of the flea on a given

host.



CHAPTER IV

HORPHOLOSY OF lQUTH=-PARTS ARD

MECHANIS!] OF IIEDING
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Int:oduction

The differences in the fecundity observed in the last
chapter mey be an apparent result of a physiologioal
adaptation of the flea epecies concerned to the blood of a
partioular host,or may be due to the morphologloal and/or
ethological (behaviour of the parasite in relation to the
type of host present ) adaptation. In the last chapter
oonclusione were also drawn which indicate the close relation
between the feeding frequency and fecundity. A proper
screening of the morphological peculiarities (if any) of the
feeding behaviour of the two epecies of fleas corresponding
to the type of host they infest is a prerequisite before a

final oonclueion is drawn from these observations,.

The importance of morphology &s an indication of the
hebits of the flea had been pointed out by Rothsohild (1914)
who stated "The species with the broadest and most heavily
serrate mandibles are stationary parasites fixing themeselves
firmly in the skin of the host by means of piercing organ.

The etrength and increased width of the mandibles of Pulex
irritans is explained by the fact that when the flea adopted
men a8 ite host, the bare skin and the garment covering 1t
rendering the claws of the legs insufficient for keeping the
insect steady when sucking blood, the etrengthening of the
mendible moreover, preventing them from being easily injured®.
In these words of Rothsohild, two major points are dbrought to
light. One 18 the relationehlp between the morphology of mouth



parts and feeding habits of flea and the other is the
modification in the mouth parts according to the host chosen
by the flea. Holland (1964) stated that "Most fleas feed
intermittently while others like the stickfast (e.g.
Echidnophaga sp.) and vermipeyllide and tunga become attached

much like tiocks. Such fleas have & suitably modified mouth
parts with heavily denteculate maxillary laciniae®,

Gordon and Lumsden (1939) were the first to introduce
direct studies on the biting mechanism of a blood sucking
inseot, until then the observations done on the biting
mechanism mainly centred round the indirect evidonoe gathered
from the lesione produced on the skin of the hoet where the
inseot has bitten. Blacklook (1926) concluded, from his
observations on the lesione produced on the skin by the gnat

Gimulium damnosum, that the superficial rasping nature of the

bite of this fly caused it to pick up the ekin inhabiting

microfilarine of Onchocerca vol‘é‘ﬁl%'ns. Shortt and Swaminath

(1928) successfully attempted to cut sections of the fly,
Phlebotomus argentipes killed while feeding, along with the

part of the skin where the fly was biting.

gordon and Lumsden (1939) in their attempt to study the
biting mechanism of wosquitoes, devised an apparatus which
enabled them to observe the movements of the mouth-parts of
mosquito, in a living tissue. They used froge web as the host
ticsue on wahich the mosquito was made to bite and observations
were made under a microsoope., Leeson and Buxton (1949) raised

somo objectione to using the froge web saying that the movements
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of the proboscis may be different in a mammalian tiesue as the
histological etructure of the two are different. To tide over
the situation, Grffiths and Gordon (1952) deeigned another
apparatus in which they used the ear of an anaesthetized mouse
on which the starved insect wae made to bite. But there was one
defect in this apparatue, in that the shadow of the insect
falling on the ear hinderad & clear observation, Gordon, Crewe
and Jillett (1956) made some improvements in the apparatus
designed by Grffithe'and gordon (1952) for their studies on
the biting mechaniam of Tsetse-~fly, In thie case they allowed
the inseot to bite in such & way that the shadow of the inseot
did not hinder the observations. Lavoipierre, Dickerson and
Gordon (1959) uesed the same apparatus to study the biting

mechanisms of Rhodniue prolixus, Iriatoma protracta and

T.infestans. Deoras and Joshee (1961) uced the apparatus

designed by Grffiths and Gordon (1952) to study the biting
mechaniem of X.cheopie Roths. Lavoiplerre and Hamechi (1961)
studied the mechaniem of feeding in different species of fleas
using a modified apparatus where the flea wae made to bite in

the same plane as the ear of the mouse,

In the present study a new apparatus was designed to get
a better ploture of the mechaniem of feeding in fleas X.cheopis
(Hothe) and X.astia (Roths)., A comparative atudy of the
morphology of mouth parts and feeding mechanism of these two
flea species was done with a view to understend any factor in
these which may influence the feeding and engorgement which in
turn may influence the fscundity and thereby affectian the
efficlency in getting themselves adapted to the change of hosts,



In addition to these factore, a proper understanding
of the feeding mechanism of the flea may offer valuable
_solutions to the problem of differential vector efficiencies.
A comparative study of this type may throw light on the
probable influence the mechanisme of feeding may have on the
veotor efficienoy of the flea species concerned. X.cheopis
has been established as an efficient veotor of plague where-

as X.,astia is a comparatively poor veotor.



Materials and techniques

A simple apparatus was designed with which the biting
nmechaniem of the flea could be observed without the shadow of
the insect hindering the view,

The apparatus (photograph No0.33 ) consists of two micro=-
slides A and B, One placed over the other, On B (which is the
lower one) a thin chamber is made with the help of coverslip
pieces (two on each side). These coversiip pieces will cover
the three aides of the chamber, When slide A is placed on
glide B a complete feeding chamber is formed with the lower
end open for the insertion of the mouse ear, In this chamber
the flea could move about on ite lateral side., 8Slide A 18 kept
in position over slide B with the help of two pleces of adhesive
tape which will also work as a éort of hinge to open and close
the apparatus. The ear of an annesthetiged mouee could be intro-
duced through the open lower portion of the feeding chamber of
the apparatue and the flea anaesthetized with carbon dioxide
could be released into the feeding chamber, after which the
whole apparatus along with the mouse qould be placed on the
stage of a microscope where observations could ge mde with the
low power. To enaesthetize the mouse, Nembutal (Pentobarbital
sodium) was used. A dose between 0.2 and 0.4 cc of a 2% solution
varying.with the sige of the mouse was found suitable. A
depilatory was used to remove the hair on the ear of the mouse-
Male fleas were starved for 24 hours and the females for 48

houra. To kill the flea while feeding, for preparation of whole



mount as well aes for serial esections, boiling water was mainly
used, However, other methods like a fine jet of carbon dioxide
or snipping off the fleae' head with a fine blade also were
tried but none was found to be so effective and convenient as
the boiling water. A drop of boiling water placed exactly on
the flea killed it immediately giving it no time to withdraw

its proboscis.
Preparation of salivary gland eoulsion for coagulation studies.

The salivary glandé wore Gissected out of female fleas
of a known age and emulsion made in normal saline. This
emulsion was mixed with whole bloqd taken from a fresh puncture
on & humen finger, The mixture was kept in small tubes which were
incubated in & water bath at 37 G hd 0.5° and clotting time
- recorded. The precise olotting time was calculated when a eolid
clot was found in the tube., Cases where a 50lid olot was not

formed were rejocted.



worphology of mouth-parts

llouth~partes of the flea consiast of a minute ladbrum
(Fig.1 ) a long, slender and unpaired epipharynx (Pig.2 ), &
pair of maxillae with paired median stylets (FPigs.3+ 4 )}
a emall hypopharynx (Pig,s )‘and a eiople median labium
(Fig.6 )« A comparative morphological study was mede of the
nouth-parte of X.aetia and X.cheopis. The table No.I shows
the measurements of the various parts. Theoe studlies were

extended to both the sexes,
labrum (Fig.l )

The labrum is a small triangular double walled piece
hidden below the inflected margin of the olypeue. The dorsal
8ide of it is oconnected to the lower margin of the oylpeus by
& membrene, A similer membranous connexion persistes on the
ventral side with the dorsal piece of the epipharynx. The two
arms of the labrum are attached to the sides of the hypopharynx.
The enclosed epace between the labrum on top and the
hypopharynx below forme the prestomum whioh forms the entrance
to the oibarial chamber, Ihe labrum is generally bigger in
females (of both the species) than the meles. In the male and
female of X.cheopis the sizes are 169 u and 208 n respectively
while in those of X.astis they are 156 u and 197.6

respectively.



Epipharynx (Fig.2 )

The epipharynx ie an unpaired rod like structure made
of a dorsél piece and & ventral plece. The dorsal piece is
attached to the labrum by a membranous connexion. The
ventral half is continued baok to the cibarial loop (Fige2C ).
Spipharynx 1e hollow with an unpaired nerve running through
its cavity and innervates the sensory bristles at the tip of
the epipharynx. Wenk 1953 oalls these bristles as taste
sensillae, On the dorsal half of the epipharynx are regularly
distributed nodules which are 14 in number. The messurements
of the epipharynx in male and femle of X.cheopis are 364 u
and 465 p respectively while those of the male and female of
X.astia are 390 u and 499.2 u respectively. The oibarial
loop (Fig.2C) forme the cibarial chamber, the dorsal wall of
which is formed by a tough membrane to which are sttached the
cibarial dilator muscles (7#iz28A) which extend between the
- tergum of the head and the dorsal wall of the cibarial chamber,
The floor, of the cibarial chamber is formed by the sitophore
(Snodgrass 1946) of the underlying hypopharynx (P1g.27H).

A meuwbrane extends between the cibarial loop and hypopharynx
(Fig.21) which covers the sides of the chamber., This chamber
works ae an efficient punmp with the help of the dilator
nuscles,

The pharynx of the flea (I'ig.2B ) is an 'U' shaped
structure and forms a eecond pump lying between the oibarial

pump and the brain and hence is also called as the precerebral
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pump. ‘'he dorsal dilator muscles (Figd8C) of the precerebral
pump erises from the dorsal wall of the head and are attached
to the dorsal wall of the pharynx. The dilators of the
precerebral pump arise from the genal region of the head and
are attached to the ventrolateral aspect of the pump. A third
punp is formed by the pharynx, called the post-pharyngeal
pump (Fig2A). By virtue of ite position posterior to the
brain it is also called the post-cerebral pump. This is
immediately in front of the tentorial bridge. Dilator muscles
of this pump (Fig«L8H are of a radiating type. The pharynx
passes on to the oesophagus, There is no apparent difference
in the arrangements of the muscles between the species and

the sexes of the same species.
taxilla (Pig.3 )

7he maxilla in fleas are forwmed of a broad triangular
rexillary lobe (Pig.3B) a four segmented palp (Pig.3A) and the
laocinia (Pig.4 ). <he cutting blades of the proboecis of the
flea are the mexillary (Fig.4 ) lacinlae. The lacinial blade
(Fig.4B) 1e convex on 1ts outer surface and concave on its
inner surface., On the outer convex surfaoce there are four rows
of denticles which are directed upwarde (Fig.4D). “he number
of these denticles as shown in table I is 59 and 70 for
X.cheopls male and female respectively. Jhile 60 and 69 for
X.astia male and female respectively. These denticles are
broad plate-~like at their bases. At the tip of the lacinial

blade (in the speoies exanined in this work) there is a single



101

curved epine-like process. The first few denticlee at the tip
of the lacinia are longer then the rest;they usually projeot
out. There is a strong midrid (Pig.4C) running along the whole
length of the lacinial blade. Thie depression houses a tendon
from one of the muscles of the lkver arme. Along the lower
margin of the lacinial blade runs the salivary groove. The
curved tip of hypopharynx fite into the groove at the base

of the lacinial blade. At their proximal end the laciniae are

" bent back below the head and become thiockened to form x the
basal arm that serves as lever for movements of the blades, The
blades are joined to the lever in such a way that their
posterior parte are turned mesally and horigontally beneath the
hypopharynx., The lever arme (FPig.4A) of the laciniae are
articulated on the bases of the reepeotive maxillary lobes.
“ach lever 1s movable by opposing levator and depressor muscles
which communicate movements of protraction and retraction of
the laoinisl blades. Musculature of the laoinia consists of a
ventral amuscle (Fig.25D ) extending from the lsoinial lever

and the maxillary lobe (stipital protraotor of the lacinial)

and four dorsasl musoles.

1+ Extending between the head of the lacinial lever and
posterior to the genal bridge (mg._gsc ) (the retractor of
the lacinia ).

2. Extending between the sides of the orsnium (below the eyes)
and the head of the lacinial lever (Pig.28R ).

3+ Extending between the base of the lacinial lever and the
dorsal wall of the oranium (Fig.26B).
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4. Extending between the base and the head of the lacinial
lever(Fig26F). A branch is attached to the gena of the head.
This muscle sende a tendon into the lacinial blade which
traverses the whole length of it and gets attached at the tip
of the blade. The lacinis in male and female of i.cheopis
measure 429 u and 468 p respectively. While those of X.astia
are 452.4 n and 504 .4 u respectively.

the palpi of the maxilla are four segmented and arise
from the base of the maxillery lobe. To this is ettached one
set of fan shaped muscle arising from the maxillary lobe which
helps in the movemente of the palps (Pig26E). Two types of
sensory bristles could be observed in the palps which are
innervated by a nerve running along the palp. 7he palpl in
male and femls X.cheopis measure 293.8 n and 343.2 p
respectively while those ag X.astia ceasure 345.8 m and 351 n
respectively. The bases of the maxillery lobes are attached
directly.on the lateral margin of the peristome. No muscles
are attached directly to the maxillary lobes. The measurements
of the maxillary lobes in the two sexes of X.cheopis and

X.astie are as followse.

Length of thg lobe in X.cheopis male and female 1s
221 i, and 249.6 u respectively, while of those in of
X.astia, measure 260 n and 273 u respectively. Breadth of
the lobe in X,cheopis male and fermle are 78 )1 and 91
respectively while of those in of X.astia is 65 u and 78

respectivelye.
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Hypopharynx (Fig.5 )

The hypopharynx is a strongly sclerotized, sharply
tapering, decurved projection from the lower 1lip of the
prestomums Thies projection contains the salivary canal
(F1g.5D) from the salivary pump which is situnted at the base
of the projection. From the base of this projection continued
into the head is a horizontal plate the anterior part of which
forme the Sitophore (fig.ZTH)a The posterior part of the
plate forms a decurved apodemal lamelle with inflected margins
and acconmodate the dil&tor muscles of the salivary pump.
(ﬁig.ZﬁF). The aafkary pump is @& thick walled ampulla (FigcSA)
some what semicircular in shape. The dilator muscles arise
from the ventral pocket of the hypopbaryngeal plate. The

anterlior angles of the hypopharyngeal plate is prolonged into
| a pair of arme giving attachment to muscles extending between
the latero-ventral aspect of the head and the hypopharyngeal

arme, The common salivary duct enters through the ventral
portion of the ampulla,

TLabium (Fig.6c )

‘he labium is formed of an immovable postmentum (Fig.6A )
a median prementum (Fig.6B ) and paired four segmented palpi
(rig.6D ). The postmentum is a rod-like sclerite lying in the
prectomal gmembrane and ite posterior end ie fixed on the post-
genal bridge of the oranium., Ite distal end supports prementum
and gives attachment to the median muscles of the prementum,

the only set of muscles of the labium. The prementum is a
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median structure with a wide channel on its anterior surface
and its distal end is notbhed at the base of the palp. The
palpi are laterally flattened structures and have four
gegmentc. The tip of the palpi is pointed. The labium
ensheaths epipharyngeal and maxillary stylets, which are
held in the channel of the prementum and between closely
appressed palpi. The postmentum in X.cheopis male and female
measures 65 u and 78 u respectively while in of X.astis it
measures 65 u and 91 u respectively. Those of prementum are
83.2 u, 104 n, 91 u end 111,8 u respectively. The palp measure
286 ny, 312 u , 299 u and 330.2 p respectively.

Table I

lleasurements in nicro mm (average of 12 slides)

X.cheopis X.astia

VYale Female Male Pemale

Labrums length 169 208 156 197.6
Epipharynxs length 364 465.4 390 499.2
?hxillazigggg; length 221 249.6 260 273
Breadth B 91 65 18
Palps length 293.8 343.2 345.8 351
lacinia: length 429 468 452.4 504.4
lo.of denticles 59 70 60 69
Hypopharynx lengthi 137.5 165.6 150 193.75
Breadth 50 57.5 56.25 59.4
Iabiums Postmortem 65 78 65 91
Prementun 83.2 104 91 111.8

Palop 286 312 299 330.2
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Hechanism of feeding

Pormation of food channels~ Food channel (F15.3ZC) of
the flea is formed by the enmbrasure of the lateral flangee of
the epipharyngeal stylets between the concave inner surfaces
of the maxillary laciniae. The lacinia possesses two grooves in
its inner aspect., The epipharynx f£its into the upper one while
the lower one forms the sides of the feeding channel (Fig.32 ).
The ventral half of the epipharynx forme the roof of the
feeding channel. fhis as the upper limit and the laocinial wallse
flanking the sides, a perfect tubular canal is formed through
whioﬁ the bléod could be drawn up. The functional mouth ie at
the tip of the epipharyngeolacinial channel. This feeding
obanﬁel is not conneoted with the salivary groove which runs
throﬁgh the lower margin of the lacinial blade (Fig.32D ),
At the base of the lacinial blade the drawn-out pointed tip
of the hypopharynx fits in well with the salivary groove of
the lacinial blade., The saliva which is pumped into the
groove by the sAlivary pump of the hypopharynx does not mix
with the blood in the feeding channel. Hixing of saliva and
blood occurs only ;utaido the probosocis, whence the mixture
is drawn up through the food channel. The food channel from
the proboscis opens into the ciberial chambe;i;t\formed by the
epipharyngeal loop, the sitophore of the hypopharynx and the
tough mumbrane covering the loop to which are attached the
oibarial dilators. True mouth is situated et the base of the

oibarial chamber, Food channel from the cibarial ohamber opens
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into the pharyngeal chamber whioch is a 'U' shaped structure
which then leads into the bulbous postpharyngeal pump and

then to the oesophagus,

Feedigg

vhen a atarved flea is left on the host, it moves around
in an agitated stated moving the maxillary palps vigorously.
#hen a suitable place 1s chosen the proposcie whioch is usually
held a little back below the head is brought at right angles
to the head (Fig.36),£igrcing starte as soon as the tip of
the labium touches the skin of the host, While plercing the
flea ejeots.g311Va. The proboscis, as it proceeds into the
deeper layers of the ekin, is bathed in saliva, The movements
of the proboscis are very fast as it enters the tissue of the
host. The labium does not enter the wound, made by thne
laginiae, but stands back as the proboscie advances deép into
the skin of the hoet (¥ige 37 ). The labium bends at the joint
of the prementum and the segment of the palp immedimately next
to the prementum and at both the joints of the labial palps.

A marked degree of flexibility is exhibited by the
proboscis in the tiessue making it possible to probe for a
suitable blood veesel (Fig.4l). The restless movements of the
probosois continues until it finds a suitable vessel and then
the movements stop., At this time the cibarial and pharyngeal
pumps go into action in sucking up the blood, When the
proboscie puncturee the blood capillary blood may be seen

rushing into the proboscis, The synchronized movements of the



107

.three pumps (the oibarial, the pharyngeal and the post-

- pharyngeal pumps) keep a steady flow of blood into the gut.
Pirst the cibarial pump dilates by contraction of the cibarial
dilator muscles attached to the dorsal wall of the chamber,
while contraction of the muscles attached to the arms of the
hypopharynx drage down the sitophore (floor of the cibarial
chamber). This dilates the chamber and allows the blood to
flow into it. llow the pharyngeal pump dilates followed by the
closure of the cibarial chamber and as a result the blood is
pushed into the dilated pharyngeal pump. These movements go
on in such rapid suocession that a continuous flow of blood is
maintained towards the gut. The upward thrust of the blood

due to the pressure in the blood capillaries and the capillary
oction of the proboscis also nelp in the suction of blood.

However, it was observed, that feeding is not always
continuous, that is, the flea stops for short intervals while
feeding. At such times the flow of blood from the proboscis
back into the blood vessel could be seen causing a reverse

flow in the vessel.

The explanation given above holds good for both
X.cheopis and X.astia, because no difference was observed

during this etudy in their feeding mechanismo.

Pleae (both X.cheopis and X.astia) bave been found to
resort to pool(Pool of hlood formed from the extravasation of
blood ooging froam capillaries punctured by the fleas) as well
as capillary feeding (Sucking the blood directly from the
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capillaries). But the latter is preferred by the fleas and

the former is very rarely observed.

Punotions of the various components of the mouth parts in feeding

lLabrun (Fig.l )

As has been mentioned before labrum linee the upper
1imit of the prestomum and has no muscles attached to 1t.

It does not take any part in the proceseses of feeding.

Epipharynx (Fig.2)

The median epipharynx flanke& by the two lﬁoiniae form
the proboscis proper. These are the only components of the
flea's mouth paries which enter the wound. It has already been
explained that the epipharynx has no muscles attached to it
and evidently cannot lalitiiste any nmovemente on its own. It
nove8 in unison with the two laciniae and enters the wound along
with them. The epipharynx is a blunt rod and devoid of any
cutting edges. So it is proper to presume that it plays no
important role in the act of piercing. But the epipharynx
is supplied with sensillae (Fig.2E). There are nodular sense
organs distributed aloné the dorcal side of the epipharynx and
there ie a group of sensory bristles at the tip of it(Fig.2F ).
These sensory bristles are innervated by an unpaired nerve which
originates fron the labral ganglion. As the lacinime are devoid
of any sense organs it is evident thaf the epipharynx 1s the

only part in the proboscis proper which bear sense organs.

It is proper to think that the epipharynx helps the flea
in "tasting” the blood before it is drawn up into the proboscis
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laciniae (Pig.4 )

These modified maxillary laciniae take up the function
of the mandibles of certain other blood sucking insects. These
are the cutting bladea of the flea's proboscis. But unlike the
mandibles of mosquitoes where the serrated cutting part ise
confined to their tips, in fleas 2/3rd portion of the
laciniae are armed with four rows of denticles. The lacinise
along with the epipharynx form the food channel. The laciniae
work in alternate Jerks. One of the lecinial blades first
moves forward and gets anchored (by the virtue of the uncurved
denticles 1%t forms an excellent anchoring device) in the
extended position when the other lacinia along with the
epipharynx is thrust down into the new position. Yhis is

continued in rapid succession and thus the punoture is made.

" The flexibility exhibited (Fig.4l) by the proboscis
while inside the tissue 1s also assoclated with the lacinial
movements. From the morphological studies made on the mouth
parte of the fleas it is possible to give an idea of the
probable mechanism underlined in this phenomenon of flexibility.
The tendon (described firet by Work 1954) attached to the tip
of the lacinial blade make it possible to bend. Since the
attachmont i8 at the tip of the blade, that part of 1t becomes
the actively bending portion while the rest of the blade
paseively follows the tip. This tendon, as has already, been
explained is attached to the wmuscle of the lacinial lever, and

when this muscle contracts the lacinial tip also curves. Since
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there ie only one tendon in each lacinia, it can probably
bend only in one direction. Probably each of them can bend
in the opposite direction i.e.'the right lacinia to the
left and the left one to the right.

If, for example, the proboscis is to be bent towarde
the right, the flee will have to withdraw the proboscis a
1ittle. Then the left lacinia is pushed into the epace made by
the withdrawal of the proboscis and bends to the right side,
makes a cut and holde the position while the other lacinia

and the epipharynx could slide down into the new position,

This flexible movement. c¢oupled with the ability of
the proboscis to rotate (observed by Joshee 1961 an
unpublished thesis) make it poesible for the proboscie to
probve in any direction it wants, However, this rotating

motion has not been observed during the present study.

Flexibility of the proboscies is a feature seen in both
males and femalesy dut 1t 1e not necessary that the flea
should exhibit 1t whenever it feeds.Sometimee when the flea
gets a suitable capillary in the first attempt itself, it
has not to do much of probing and es such marked flexibility
may not be observed, On the contrary when it fails to strike a

guitable oapillary, it probes all over till it findse one.

The role of laciniae in thrusting the proboscis into
the tissue cannot be ignored. The thrust of the laciniae is
effected by the contraction 'of the lacinial protractors;and
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a push with the head and the body is not necessary. When
the laoiniae are anchored in the new position, the oranial
flexore of the laoiniae (attached to the lever head) work
against the lacinial lever and their contraction pulls the
head down to the new position. Thus the lacinime take the
active part in driving the proboscis into the tissue and the
head d?es not play any active part,

Thus the laciniase have many roles to play in feeding,
such as forming the feeding channel, making the puncture,
driving the probosois deep into the tissue, functioning es an
anchoring mechanism andé helping in probing aotivities which
enable the flea to search for the suitable blood capillary.

Labium (Fig.6 )

labium probably helps the flea to bring the proboscis
to the feeding posture. Because when the labium was removed
from the base (prementum and palps), the £lea failed to bring
the proboscis to the feeding posture. But when only the palpse
were removed leaving the prementum intact,the flea had no
difficulty in bringing the probosois to the feeding position.
This probable role was hinted by Snodgrass (1946) in his paper;
but he gave prime importance to the posterior revolution of i~
maxillary lobes,

Tabium does not enter the cut made by the fascicle bdbut
it stands back bending on the joints of segments of the palps
and at the joint of prementum and palp as the fasoicles
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penetratey deep into the skin of the host. In the ceses where
the labium was removed, yet another interesting point wae
noticed. When the labium was removed the flea was unable to
hold the proboscis stiff while piercing. In these cases the
flea had to struggle for a long time with a ®“weak"™ proboscis
to gain entry into the skin. However, once it manages to out
the tissue with the upourved denticles, it could continue
pleroing. Thue it 1s evident that the labium helpe to hold
the proboscis etiff until the firet punoture is made and
helps to prevent warping of the atylets,

The maxillary palps and antennee

Iaxillery palps and antennae g:@ profusely asupplied with
gensory organsa, These structuree no doubt help the flea in
locating the host and in selecting a suitable place on the
host to feed., Vhen a starved flea ie left on the host it is
seen to move around in an agigated étate, moving the maxillary
palpe vigorously. f%fhen a suitable plaoe is chosen the
movemente of the maxillary palps stop and the proboacis'is
brought to the feeding position., This indicates the possible
function of the maxillery palp in detecting a suitable place.

The function of claws

The main anchorage of the flea while feeding is effected
by the lacinial blades. Hence the purpose of the claws is
limited in the senece that 1t may only help to prevent the flea
from being dielodged from the body of the host while it
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goratohes or shakes ite body. The hold of the claws on the
hairs is not a prerequisitcfor pilercing the skin, This is
evidenced by the fact that fleas oould feed to engorgement

on & part from where the hairs have been completely removed,

Role of saliva in feeding

dalivary glands (Fig.42) s~ The salivary glande of fleas
consiet of 4 lobes, two on each side. The selivary glands 1lie
well within the abdomen, a little posterior to the proventri-
culus. A duct ﬁroceeda from each lobe. The ducts of one side
unite together end this single duct meets its fellow from the
other side, a little before opening into the salivary pump in
the hypophearynx, to form a common salivary duct. The lobee are
saccular and contain one layer of flat cells with large
nucleu% (rFig.43 ). ‘hese cells surround e space in the centre
into which the secretion is poured. These celle and the
secretion contained in the space, failed to give a positive
staining reaction with PAS; but showed positive reactions to
protein etains like Naphthol yellow. The ducte are lined with
chitinous rings and covering these rings is a photoplasmic
sheath. These ducts before opening into the glande get folded
many times. This may probably act as a sort of valve. There
does not seem to be any other mechanism to regulate the flow
of salive. Under these circumstances one may be tempted to
oconclude that the main regulatory mechanism is the salivary

pump itself.
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The saliva

The saliva of fleas 1is a colourless fluid with a pH
between'5.1 and 5.2( actdic) for X.cheopis (teated with
Yerck and BDH, pH paper) . It exhibits remarkable enti-
coagulent properties, Zxperiments with whole blood olotting
time, ahowe&ﬁ?ﬁ the maximum cases the coagulation time may be
delayed upto 1 hr and 5 min. in the case of X.cheopisj34 min.
in the case of X.astla and 4 min. for control (containing
normal saline and blood). But addition of 1/40 calcium
chloride to the mixture of salivery glend emuleion and blood
made it clot in the normal clotting time (3 to 4 min). To
test whether the free caloium ions Z?S bound in this case,
viper venom was used. Viper venom acts as a thromboplastin
in the presence of calcium ions and thereby hastens clotting.
Addition of viper venom (1/40,000) to the mixture did not
make any effect in the prolonged clotting time. This may give
an indication that in the initial stages of the delay in
clotting,the free calcium ione are bound. However, there may
be other faotors also involved in ite intricate anticoagulant

action. This point requires further study.

The anticoagulant principle is resistant to heat
(thermostable) end keeping the emulsion in boiling water for
5 min. does not reduce or deatroy the anticoagulsnt action.
dnen tYiple stain for polysacchridis protein and DNA was
used, the secretion and the gland gave only protein posifive

A
staining and does not contain polyeaooﬁgides. Since the flea
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gut, after feeding, will contain a mixture of blood and its
aaliva, it may be worthwhile to study tpe influence of
ealivary aecrgtion on the growth of P.pestis « Certain
preliminary observatipne carried opt. indicate that growth
of P.pestis may be affected by the presence of the saliva of
X.cheopis. However, no conclusion should be drawn from this

observation because of its limited nature.



116

Discussion

Comparative observations mede, in the present study,
of the mouth-partaiof X.oheopis and;x.astia indicate clearly
that morphologloally they peer no diseimilarities. This 1s
true for the sexes uf'theae species also, But a2 glance at the
measurements will indicate that males poseess emaller mouth-
parte than females and that X.aatie possegaes }arger ones
then X.cheopis. Coneidering the sizes of these fleas, these
differences may be aaeilx explained, Femanles of these two
species are bigger than males and X.cheopis is emaller in
size than X.astla. So the sige differences of the mou§h~parts

only correspond to the sige differences of the whole body of
the fleas,

The feeding reeponses of the fles may be classified
into three stages (recognised by Datheir 1953- in the feeding
of an insect (1) Orientation to the food (2) Biting response
end (3) Continued feeding response. The first stage ends at
the arrival of the insect at a sultable site of feeding.
Fleas are known to use the smell, warmth and sight of the
host in locating a suitable one. Maxillary palps and antennae
whioch are rich in sensillae, undoubtedly play a role in
locating a host and a suitable place on ite body to feed,
There have been indications that in the caee of fleas with
eyes, they also part-take in finding a host,
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Though there doea not seem to be any apparent difference
in the firet phase of feeding as far ae X.cheopis and X.astia
are concerned, one point may be mentioned here which may be
cited as & difference in the feeding behaviour. X.astia
gettles down to feed as soon as it touches the skin of the
host, where-as X.cheopls moves around for aomdkime and may
even make several attempts to probe before settling to feed.
Howevér, this oannot be said as a rigid rule and it varies
with the degree of starvation of these fleas, Hirst (1927)
pointed out thie ‘difference in the feeding behaviour of
X.cheopis and X.astia.

The second phase of feeding involves the application
of the inseot’s mouth-parts to the food, their movemente and
the initiation of entry of food into the gut. As hae already
mentioned the labium plays a coneiderable role in bringing the
proboecis to the feeding poaition,and it also guides and holds
the probdoscis stiff while plercing., It ie, however, surprising
that Snodgrase (1946) has given only a secondary importance
to the role of the labiaml movement in bringing the prodboscis
to feeding poeition. He laid stress on the posterior revolution
of the maxillary lobe. It may be, no doubt, a combined effect
of these two movements that brings the proboscis to the feeding

posture, but the role of labium cannot be ignored.

Retween the other three components (laciniae and
epipharynx) there seems to be a divieion of lebour.laciniae

form the cutting blades and the main anchoring mechanism for
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the progression of the faamcicle into the skin, where-aa the
epipharynx looks after the sensory funotions. laciniae
undoubtedly work by alternate thrusts. If they work in unison,
a Jerky movement of the head should result. One who is
observing the flea pilercing will be surprised to watch the
ease with whioh the flea guides the smooth progression of the
mouth-parts in the skin, The contraction of the lacinial
protragtors brings about the effective thrust of the laciniae
and a push with the head and body is not necessary. When the
laciniae are anchored in the new position the oranial flexors
of the lacinime (attached to the lever head) work against the
lacinial lever and their contraction pulls the head down to
the new position. This being the case, the use of the claws in
the fleae may be only to prevent it from being dislodged from
the body of the host while the host scratohes or shakes its
body. This hold with the claws is not a prerequisite for
piercing the skin. This is supported by the faot that the

flea could obtain ite normal blood feed from an area on the
host's body from where the hairs have been completely removed.
Hovements of the epipharyngeal stylet are strictly limited to
those of the lacinial blades, because as has already/mentioned,
no muscles are attached to the epipharynx, This being the case,
there does not seem to be any justification in the statement
made by Lavoipierre and Hamachi (1961) who mentioned "Having
reached a suitable vessel, usually of a emll calibre, the

tip of the epipharynx enters the lumen, and the maxiliae

(which from the salivary canal) remaining outside",



119

The third phase is the continued feeding response. If
the flea has reached a proper capillary, it leaves only after
full engorgement. While feeding, they are not easily dieturbedi
and slight mechanical disturbances do not affeot them, Once
proper feeding is commenced, the flea gets engorged within
about 3 to 5 minutes. Waoen it withdraws the proboscis, it
causes an after puncture haemorrhage, at the site of the
puncture. It hes been mentioned that the flea while it sucks
the blood, estope at certain intervels and then proceeds to
fead. It has slso been pointed out that at such times &
reverse flow of bloci from the proboscis to the capillary may
be observed. This has been thought to be of some importance
in the transmission of plague by fleas and has been shown by
certain observers that an incomplete closure of the proventai-
cular yalve when the reverse flow takes piaoe may oause the
organisms lodged in the provant&giius to be carried baok
into the blood etream of the host. If thie 1s possible,thén
e block formation is not always necessary for a successful
transmission. But from these superficial observatione it is
difficult to say whether a part of the blood from the proven-
tricular region aleo flows back into the capillary. Blood
suocking insects exhibit pool feeding as well as capillary
feeding to obtain their blood meal. Shortt and Swaminath
(1928) showed that P.argentipes resort to pool feeding. They

also found thaet for successful transmission of Kala azar,
the parasite should be released into the tissues of the host
and not directly into the capillaries. Gordon and Tumeden

(1939) demonstrated pool and capillary feeding in mosquitoes.
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Gordon and Crewe (1948); and Gordon, Crewe and Willet (1956)
deacribed type of feeding in gloseina as capillary feeding.
Lavoipierre, Dickerson and Gordon (1959) found that T.infestans,

T.protracta and R.prolixus adopt caplllary feeding as the main

source of tapping their blood meal., Iavoipierre end Hamachi
(1961) and Deoras and Joshee (1961) showed that fleas are
mainly capillary feeders, but at times they adopt pool feeding.
K}comparative observations of the feeding habits of X.oheopis
and X.astia made in the present work confirme the observations

of the previous workers,

rlexibility of the proboscis in insects with piercing
and suoking type of wmouth-parts was first noticed by Smith
(1926), But it was then thought to be a passive action. Gordon
and Lumsden (1933) who observed 1t for the first time in a
blood sucking insect (mosquito), showed that flexibility is
an active process and that the distel 5th of the proboscis 1is
the actively pending part where-as the rest of it paseively
follows the cut made by the tip. Thue the belief that the
insect with piercing and sucking mouth-parts should have a
stiff proboecis in order to procure the food was proved
erroneous, They tried to explain this phenomenon as something
due to the action of the elevator and depressor muscles of
the labrum. Flexibility of the proboscis wae later on
demonstrated in Glossina and Oimex (Gordon and Crewe 1948);

R.prolixus, T.infestans and T.protracta (Lavoipierre,

Dickerson and Gordon 1959). This phenomenon was demonstrated
in plant bugs aleo (Smith,19363Flemion,1958;lilles,1958;and

others).
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Deoras and Joshee (1961) working on X,cheopis ceme to
the conclusion that in this flea also the proboscis exhibit
flexibility. In the comparative study of the present work,
on the feeding mechaniem of X.oheopis and X.aetia)it wag clear
that while confirming the observation of the previous workers
on X.cheogie’it also showed that X.astia exhibited flexibility
of proboscias, The flexibility involves mainly the distal
portion of the proboscis where-as the rest of the proboscis
passively follows the cut made. In one case of extreume
flexibility it was observed that 1t even produced a sort of
'S' shaped bend, bending thrice., From the morphological
studies made in the present work as well as by the previous
workers, it is péseible to give an idea of the probdable mecha-

nism underlined in this phenomenon of flexibililty.

denk (1954) described for the firet time the tendon
running along the whole length of the lacinia. Thie tendon is
seen in both the species of Xenopsylla included in this etudy.
This tendon which is attached to the tip of the laocinia may
be responsible for the flexibility. The attachment of thie
tendon at the tip of the lacinial blade makes that part of
the lacinia the actively bending one. The contraction of the
musele (from whioh the tendon srises) at the lacinial lever
curves the lacinial tip. 3ince there is only one tendon in
each lecinia, it can probably bend only in one direction.
Probably each of them can bend in the opposite direction i.e.
the right lacinia to the left and the left to the right.
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Thie ooupled with the ability of the prodboscis to rotate
(observed by Joshee 1961 unpublished thesis) mekes the

probosois bend in any direction it wants. For example, 1if the
proboscis has to be bend towards the right, the flea will

have to withdraw the proboscis a little.Then the left lacinia is
pushed into the epaae made by the withdrawal of the probosois
and bends to the right side, makes a cut and holds the position
while the other lacianiam and epipharynx could slide down to the

new position,

In the present work‘however, no olue hes been found which
may indicate the cmpacity of the proboscis to rotate in the

tissue,

Flexibility of the probosois is a feature found in doth
mles and females; but it ie not necessary that the flea should
exhibit it whenever it feeds. Jome-times, when the flea gets a
suitable capillary in the first attempt iteelf it has not to
do much of probing and as such marked flexibility may not be
observed, On the contrary\wQen it fails to strike a suitable
caplillary, it probes all over till it findo one and in such

oases this phenomenon could be seen.

It 18 evident from the foregoing account that neither
morphology nor the feeding mechanism showsany apparent
differences in X.cheopis and X.astis. Uince such differences,
whioh may influence the blood feed, are not evident, it may be
concluded that the differences observed in the fecundity may be
mainly due to other reaesons as incompatibility of blood of the
host or the differences in the feeding frequenoy.
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Conolusions and summary

llouth~parts of the flea consist of a minute labrum, a
long, slender and unpaired epipharynx, & peir of maxilla with
paired median stylets (laciniae) and palps, a small hypopharynx
and a simple median labium. Of these structures only the
epipharynx and the'two laciniase take active part in feeding.
The lacinise help as cuttiné blades while the epipharynx act as
sensory organ,. The labium helps in holding the fascicles stiff
and guiding them while pilercing and does not enter the wound
made by the lacinial blades, Food channel is formed by the
embrasure of thece three components.f§alivary channel runs along
the lower margin of the lacinial bladee. The saliva whioch 1is
pumped into this salivary groove by the salivary pump of the
hypopherynx mixes with blood only outeide the provoscis, The
saliva by vertue of ite antlcoagulant properly helpe to
prevent clotting of blood until it reaches the gut of the flea,
3inding the free calcium ions of the blood seeme to be one of
the stepe in delaylng coagulation of blood. Further work is
needed to elaborate these findings. The ealiva ie acidic in
nature and has been shown to inhibit growth of P.,pestis. Thie
may be an important factor from the point of view of block
information, as a mixture of saliva and the hosts blood is

gucked in by the flea, It needs more elaborate studies to show

the relation.

‘louth-parts have been seen to exnibit extreme flexibility
while in the tissue. ihis faotor undoubtedly helps the flea to
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search for @ suitable capillary in the host's tissue.
Lyidently the flexibility can be assooiated with the tendon
running along the whole length of the lacinial blade, getting
atteched to ite tip.

Observations on the feeding mechanisw confirms the
previous observations that the flea epecies studied adopt
both capillary and pool feeding to procure their blood meal.
They eeem to prefer capillery feeding to pool feeding, &8s the
former is very frequently adopted by the flea.

Horphological studies and etudies on the feeding
mechaniem of X.cheopis end X.astis worked out with a view
to bring out any possible physical adeptation to the host,
showed that there is no difference in the morphology and
feeding meohanism in these two Bpecies which may suggest
any possible influenoce on the blood intake and fecundity.
However, certain differences which may be observed in these
apeocies are, that the eize of the mouth-parts varies with the
specles and the sex of the same speocies, Thus males have a
smaller sized proboscis than the females and X.astia
possesses mouth-parte little bigger in sige then X.cheopis.
rhese'differenoes may be explained in terms of the corree-
ponding size difforences between the sexes of the species
and between the two speoies taken into coneideration, One
other difference may also be mentioned here. X.cheopis
tekes longer time to settle and start feeding, They generally
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wander about and may even make & few punotures without
sucking blood, Where-as X.astia immediately settles down
to feed., However, thie factor may vary according to the

condition of the insect,

It may be thus concluded that theqpifferenoee in
the fecundity observed in the last chapter may be due to
reasons other than morphological adaptatione or differences
in the mechanism of feeding, which could have influenced
the blood feed and thue the fecundity,



CHAPTER V

GLLERAL DISCUSSIOI

AUD CONCLUSIONS
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The two specles of Xenopsylla treated in the present
work are sympatrioc species but coexisting with different
species of mammalian host occupying different ecological
niches. "leld survey cearried out; indicates that X.cueopis
is more olosely assocliated with the house rats and shrews
which inhabdit humen habitations., X.astia, on the contrary,
preponderate more on the field rodente like the Randicoot
groupe, Previous workers (King et al, 1929; Leetharama Iyer,
19333 Sharif, 1948 and others) have reached some-what similar
conoclusions after the study of the distribution pattern of
X.cheopis and X.astia. However, Hiret (1927-a ) found that
in Colombo the domestic rats in residential areas are

excluaively parasitized by X.astia, Z,cheopis is found on

rats in mercantile premises. X,astin is supposed to be an
indigenous flea of India, its original home being the Oriental
region. Originally thie specles must have occupied both the
ranges of house and field rats, “his typical condition may be
seen in certaln parts of the Ceylonese subregion (which
includes South India and Ceylon) . X.cheopis, unlike X.astia
wae introduced into India through shipe and other humen
agencies minly from Egypt which is supposed to be the
original home of X,cheopis. Wherever this species has been
introduced one my find thet it coloniges on house-rats and

may tend to replace X.,astia in these environwments,

N.bengalensis, which is a very common rat in the houses

in Bombay city, should not be considered as a “field rat" when

used in the strict sense of the term. But the fact still remeine
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that these rate make burrows in the open areas around the
houses as against the house rats which nestd in houses and
hence offer their fleae, environmental conditions, whioh are
different &ifferent from those of the neeté of house-~rats.

As has already been explained Bandicoots which vieit houses
frequently in the city of Bombay carry off a proportion of
X.cheopis breeding in the houses. But theee accidental
transfers do not seem %o affeot much. the general pattern of
flea disetribution, Kemath (1961=-unpublished theeis) who studied

the burrow fauna of B.bongalenseis showed the total absence of

X.cheopis in his collections, All the fleae collected from

B.benganlensis burrows were X.astia.

In explaining this: patchy typé of distribution. .
various factors should be taken into consideration. Though :
the larvae are free-living feeders on organlc matters sand
hence are influenced by changes in the environment (food and
climate), the adults are parasitio and are thus influenced
by an additional factor in the biocenosis, that is the host,
and even the changes affecting only the host populations
(without changee in other faotors in the niche which are
congenial to the life of adulte and larvae) tend to affect
the flea egtoparasites. The larvae are affected only
indirectly by the type of host present in a locality because
the conditions of the habvitat of the hoet are of great import-
ance for the survival and development of the flea larvae,
Yence Rogers (1962) otates that "Explanation for specifiecity

must be sought over the whole range of faoctors which concern
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the relationship of the parasite to the host throughout its
1life cycle".

Various attenpts have been made by previous researchers
to explain the differential distribution of X.cheopis and
X.astia on their hosts. Sharif (1948) showed that the
nutritional requirements of the larvae of X.astis are much
nore than those of X.cheopie and that the larvae of X.astia
require h;gher temperature and humidity when compared to those
of X.cheopis. Sharif (1948) mede an attempt to explain away
the differences in the distribution of X.cheopis and X.astia
through hie experimental results. It is quite evident that
the nutritional requirements alone will not afford a
satisfactory explanation to the question that if the larval
food requirements of X.cheopis 1s lower than those of X.astia,
what prevents the larvae of X.cheopis from thriving well in
areas where X.astia flourish. ‘he patchy distribution or

preponderance of X.cheopis and X.astia in two niches is

evidently the result of ecological isolation. This may be
explained as isolation due to differential ecological preferences
of these sympetric species. llicroclimatic conditions are
important factors to which the larvae are always susceptible.
With a poor water regulatory mechaniem (larvae are called as
water-spenders) the changes in the atmospheric humidity will
coneiderably affect the larvae. Ecological isolation may result
from the fleas adaptation to the host which is then extended to
the conditions of the niche in which the nost lives or due to
narrow preferences of ecological conditione of any stages in the
development of flea which may eventually force the fleas to adapt

themaselves to the host which livee in those niches.
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The common hosts avallable for X,cheopis and X.a8tia

in Bombay are R.rattus, R.norvegicus; Bandicoots, the ehrew,

S.murinue and the house nouse,l.musculus. The experiments

to test the compatibility of the blood of three of these

hosts have yielded resulte to show that the fleas (X.cheopis
and X.astia) can reproduce on al)l of them. But X.chﬁogia
showed higher fecundity when fed on H.rattus and aleso a higher

survival value, The laboratory mouse (M,musculus albino) may

be said to have an equal host value, to that of R.rattus for

A.cheopis. X.a8tia ylelded no statistically significant results

when tested between these hosts, but & general obaervation is
that when fed on mouse the feoundify was very low. This
differential fecundity may be the result of differences in the
compatsbility of blood of different hosts or to other reasons
as norphological limitatione or differential response due to
differenoces in the "host-faotor". The very faot that both the
species did mature their ovaries when allowed to feed on the
three hoste offered, is suffloient indication to show that
the blood requirements are not too narrow. But blood-
specificity should not be ignored altogzether, Specific blood
requirements of the flea may oome-times evolve it into a
state of hormonal dependency to the host. Rabbit flea

Seouniculi is an example. Buxton (1948) made an attempt to

show this in X.cheopis also, but the work carried out in the
present attempt show no such relation. On the contrary,there
may.be seen a tendency to produce more eggs when fed on young
mice (age between 3 weeks and 4 weeks). All these factors

point out that specificity of blood requirement (if it exists)
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of X.cheopis is not too narrow but this does not rule out the
poseibility of a specific blood requirementq to reech the
normel rate of fecundity. However, one faot ia evident, that
the presence of @ host whioch 18 not the elected one of the

flea apecies can considerably affect its reproductive potential

which in turn may affect the magnitude of the population.

Other possibility which may reflect on the fecundity of
the flea may be the morphologiocal adaﬁtation to particular
type of host which may tend to reetrioct the blood intake from
other hosts. ‘here have been indications to show that the
morphological adaptation may some-times speak of the habite
of the flea. Rothoohild (1914) showed that the epecies with
the broadest and most heavily serrate mandibles (maxillary
laciniae) are stationary parasites fixing themselves firmly
in the skin of the host by means of the plercing organs, He
showed the relation of the type of host (man) and the
morphological modifications of the mandibles (maxillary

laciniee) of P.irritans. Such morphological adaptations are

of immense value for a flea species with regard to achieving
its nutritional requirements and hence from an evolutionary
point of view, formy an inseparable element of physiological
adaptation., Comparative morphological studies carried out in
the present work do not projeot any differehcee in the
morphological make-up of the mouth-parts or any characteristic
differencee in the wechanism of feading which may eventually
influence the blood feed and thus he advantageous to the

species as an adaptation.X.astia may be said to possess
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comparatively bigger mouth-parts, a natural consequence of
ite bigger body sige. This difference in size may not give any
advantage to them over X.cheopis.

ine third faotor in the host-parasite relationship 1is the
ethological relations of the parasite to the host. Olfactory
conditioning of the flea, in this case, 13 of extreme importance.
Thie may regulate the frequency of host visitations of the
flea species under coneideration. A flea species, accustomed
to the smell of one type of host, when confronted with a new
type will hesitate to feed readily on it unless driven out of
sheer hunger, Experiments conduoted, in the present work,
indicate that frequency of feeding of X,cheopis will not only
influence the daily egg production but the time taken for the
maturation of ovaries as well, The same situation may develop
when the flea ie confronted with a host with which it is not
familiar. Thus when offered a nost to which the flea speoies
is not attracted to the extendt it does to i1ts natural host,
feeding frequency may be reduced thereoby reflecting on their
feoundity. Since the two specles of Xenopsylla experimented
did lay egss when fed on the three rodents, it may be a good
conjeoture to suggest that the apparent difference in fecundity
by the fleas may be mainly due to the differences in the degree
of attraction to these different hosts. It may be also possible
that the differences may be due to the fact that the nourish-
ment obtained .Jrom the blood sample may be inadequate to meet
the daily metaboliz needs on one hand,and the egg production,on

tha other. This may reduce the average egg production of éhe
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species. It may also be that the difference in fecundity may be
an effect of the combined action of these two factors (degree
of attraction end blood compatibility). It is also possible
that given enough opportunities to the fleae to acquaint
themselves with the new host, olfactory conditioning mey modify
these differences. laarman (1955) showed that when a mane
parasitizing Anopheles maculipennis atroparvus, was reared
consistently on rabbits, there was an increased tendency to
parasitize the latter host. However, & complete reversal of
preference was not obseived. Bacot (1914) aleo had realized the
importance of the frequency of feeding and the amount of blood
ingested in relation to the fecundity of X.cheopis. He found
that L.cheopis required more than one feed s day on man to atart
laying egges but even then the number of eggs laid was so small
that it was insufficlent to maintain & natural population. From
thece results it is rather hard to judge the autochthonous host
of X.cheopis and X.agtia. 43 to X.cheopis, 1t 1s an accepted
fact that R.rattus acts as its natural host. But this is judged
mainly from their natural preferences. Here the point has been

brought to light that mouse (M.musculus var. slbino) also forme

a suitable host for X.cheopis. Hirst (1927) aptly remarked that
it 18 very difficult to Judge the natural host of X.actia.

The different degrees of host-parasite relationshipe
can have important bearinge ecolozically and epidemiologically.
Audy (1958} suggests that the Sparasite-pattern" could be used
ag an egcological lsbel in many casee which may reveal the
novements and activities of the hosts. He adds that the
parasite-pattern also explains the disease pattern of a denme,
as the disease pattern of a deme 1is a smell part of its total
parasite-pattern.
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An example may be taken from the field survey of tae
present work to show how the parasite-patiern may reveal the
movements of the hosts of these paraeitee in nature snd how
thie information cou}ld be employed as an ecological label.
iLvery animal in a community has a particular niche to which
it is mostly oonfined and fleas are no exception to 1it., It
has already been pointed out that X.cheopis prefers nests of
house-rats while X.astia prefers the durrows of field rodents,
Thus the parasite-pattern of house-rates and the houee-shrew in
3ombay show a predominance of X.cheopies while that of field
varieties like the Bandicoot groupe (B.bengalensis, B.indica

B.gigantia) showed predominance of X.astim. Though this is

the general pattern of distribution, it is seen that a smll
proportion of X.astia occurson the house~rats and shrew, while
a certain proportion of X.cheopis ocourson the field rodents
as well. The problems connected with the urbanization have
forced the one-time field variety of rodents to seek shelter
and food in human habitations. This necessity increased the
possibility of mixing of the field and house~rats and thereby
1ncreasing the chances of accidental ocourrences of flea
ectoparasites on these hosts, When the percentage occurrence
was caloulated,it was found that only very small proportion of
X,astia occurred on the hosts confined to the houses. Distri-
bution of X.astia anong R.rettus , Bandicoots and S,.murinus
was 6,6%, B86.98% and 6.5% respectively (Table X,Chapter II).
But the proportion of X.cheopis on the field rodents was not
that low. X.cheopis distribution among R.rattue,Bandicoots and

S.murinus was found to be 31.1%4;23.54% and 45.2% reapeofively
(Table £, Chapter II).
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A8 has slready been explained this type of parasite-pattern may be
because the chancee of the hosts confined to houses wandering into
X.a8tia breeding grounds are leses than those of the field varieties
coning into contact with XL.cheopis breeding areas. This strengthens
the view that since houses to which R.rattus and S.murinus are
confined afford enough shelter and food, seldon do they leave the
houses or not at all. Jhereae circunstances force the field rats
to seek food and shelter in nouses. Observations of Petrie and Todd
(1923) 4in Zgypt on the movemeats of Re.rattus revealed that the
movemente of the recavtured animals over a period of three months
were limited, concisting, for the most part, of oscillations between
two or three adjacent houses. Audy (1958) explains that in !alaya,

"the house rat R.r.diardl on the main land of "mlaya is practically

confined to lLiouses, not poaching on the preserves of the field rat

R.arcentiventer so that the former will be infeated by the Chigger

A.indica and the piague flea Z.cheopis while the latter will be
infested by the sorub-typnus vector Chiggers T.deliensis and

T.akamushi and will have no fleas®™. inus the proper knowledge of

the dlstribution pattern and ecological preferences of ectoparasites
can yleld very valuable information.

Rodent populations in & locality are not always stable. I'ood
requiremente may bring together different species of rodents
occupying different ecolorical niches or it may cause meaes nmigra-
tione of rodents to new territories.Elton (1924) has shown that
there are certz2in regular laws governing the fluotuatione of many
small mnarmels. Regular periodic fluctuations are controlled by two
types of climetic pulsationss a short one with a period of 3 to 4
years and a longer one with a period of 10 to 12 years.Such movements

and fluctuations in the rodent population are known to have serious
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consequences in the epidemiology of plague. Hirst (1953) states

how the mass migrations of R.norvegicus, in 1727 which crossed

the volga river and spread west-ward over Ruseis (described by
marrett Hamilton and Hinton 1916) have caused the cessation of
plague in Europe. Elton (1925) estates "It ie worth notioing
that human plague outbreaks assoolated with wild rat plague in
cngland ocourred in 1906~73 1909-11 and 1918. All themse three
periods are lenming maxima in Norway. It is therefore possible

that mouse end wild ret maxima coinoide in ingland and Norway",

Since the host populetion in a locality influences its
flea population aleo, any such changes in & community will
have corresponding effect on their ectoparasites. The habite
of the synanthropic rodents; the degree of their association
with man; their parasite pdﬁulatione and their state of immunity
to different goonotic conditions are all factors of utmost
epidemioclogical importance. In Bombay, urbanization has caused

an influx of field rats R.bengalensis into houses and neardy

areas and now,cnow a tendency to replace house rats in many
placee, At Calcutta Seal (1961) has also recorded a similar
change in the rat population. Deoras (1960) showed that

R.rattue are 2t large imwoune to plague while B.bengalensis are

highly susceptible. The faot that the vector X,cheopis has been
found to attack bandicoots which are now moving in oloser
relation to man, is a situation pregnent with possibilities.
The gradual replacement of the resistent house-rat with the
sueceptible Bandicoots should be looked up-on with suspicion.
The influence of the type of blood ingested by the flea on the
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blooking phenomenon is a factor which neede further extensive
study. Needless to repeat that block formation end eventual
regurgﬁétion are significant epidemiological factore. fhus
whether the type of blood or the presence of immune bodies

in the blood of the rat which is sucked up by the flea will
have sny retarding effeot on the multiplication of the
orgenisms in the gut of the flea 1is yet to be anaswered, Yor
instance, Eyles (1952) who studied factors in the blood of
vertebrate host influencing moequito infection showed that
"antibodies present in the infected blood may prevent develop-
ment of some of the gametooytes potentially able to infeot
mosquitoes™, and also discusses the importance of various
blood components in promoting the growth of plasmodium gallinae
ceun in mosquitoes, Taylor and Chitre (1923) found differences
in the veotor capacity of the fleas when two different hosts,
guinea-pig and rats were used, Hirst (1926) pointed out that
this difference 15 due to the differences in their suscepti-
bility to plague. However, Goyle (1928) mentionsthat since

the sex of the fleas left with sick rats in the experimente

of Taylor and Chitre (1923) were not mentioned, the results
cannot be taken into account. Karimsn, Prince, Wuan and

Stark (1958) have stated that "By the use of artificial flea-
feeding techniques (sartman, 1954) we have found for inetance,
that certain streine of plague will grow normally and produce
proventricular blociage in fleas when the bacteriase are
suspended in rat blood, but will not multiply when the medium
is rabbit blood%. It needs further inveastigation before a

proper conclusiony§ may be arrived at,
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The spread of plague by human agencles like shipe and
other meane of transport was known as early as 1127, It is a
fairly well-known fact that X.cheopis could be introduced
into localities hitherto uninvaded by them. This wae many
a time followed by plague outbreaks as has been shown by
Hirst(1927),A11(1938) and others. Sharif (1948) showed that
X.cheopis larvae could survive and metamorphose into adults
even in the absence of dried blood in their food. This lend
additional support to the prevalent belief that introduction
of X.cheopis into new localities thréugh human agencies is
poseible. Occurrence of X.cheopis in the interior of the U.S.
(Zwing and Pox, 1938; Roudabuah, 1939) shows the capacity of
these fleas to édapt themselves %o different environmenta.
This also helps them in getiing themselves established in new
localities. Spread of a flea species may also be effected
through the migration of the rats which are infested with these
fleas. There oxists no iota of doubt that X.cheopis had been
and would still be introduced into new localities. This explains
the present world-wide distribution enjoyed by X.cheopis. As has
been evidently shown by researchers, X.cheopis haes no too
narrow specificities which may confine them to one bipcenoeia.
Their ability to reproduce successfully on hosts other than
their natural onee will certainly be a boon to their world-wide
spreading. Though X.astia elso did not show much of a difficulty
in coloniging on hosts which are not their normal elected ones,
(demonetfated by l1irst-1927 also) the narrow preferences of
larval diet and climatio oconditions may tend to restrict
their distribution.
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Thus when a flea epecies ie introduced into a new
locality, it may or mey not come across a biocenosis akin
to its original one, It is natural that when the conditions
and the hosts prevalent are not very suitable, the success
with which the flea gets established in that new locality will
certainly depend upon its ability to adapt to the new
environment and to the new t{ype of host. when they do so,one
may find certain biological differencee (from their original
strain) in thie group of flems established in the new locality.
Even in the same locality, if one species of flea coloniges
on different bosts inhabiting different ecological niches,
there again certain blological differences may be expected.
This phenomenon may be designated as "biological race
formation®. Thorpe (1930) has defined a biological race as
followa. ™A biological race may be said to exist where the
individuale of a especies can be divided into groups usually
isolated to some extent by food preferences,occurring in the
same locality end showing definite differences in bdiology,
but with corresponding structural differences,either few and
inconetant or completely absent®™. This biologicel differen~-
tiation may be associmsted with geographical isolation but with
little or nothing in the way of etructural or pigmentary
differences. Thorpe (1930) continues to suggest that there are
three ways of explaining regional differences in the behaviour
of a parasitic species,

(1) As the expression of charaqteristic of germinally fixed

biological races.
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(2) As a direct effect of general environmental differences.

(3) As a direct effect of biological differences either germinal
or environmental between the races of the host species in the two
areas. Biological races defined by Thorpe (1930) have now been
unmasked as geographical races or ecophenotypes or sibling
species or host-races. Here the term "host-race" may be used.
Thus the accidental transfers of fleas or their introduction into
new localities may bring different groups of fleas of the same
species in closer associstion with nosts occupying different
ecological niches and may form "hots-races" which may or may not

exhibit morphological and physiological differences.

Roubaud (1920) explaine the relation of biological differen-
tiation among anopheles and absence of malaria from North Western
Europe despite the presence of this malarial vector. The develop-
ment of zoophilic race among these mosquitoes gave man a certain
degree of protection from the bites of these mosquitoes. Such
biological differences may or may not be correlated with apparent
morpnologic differences. Human louse-~Pediculus—- and itch mites

Sarcoptes scaﬁgi have also been known to form such biological

races. Some researchers have gone to the extent of recording over
rifteen subepecies of S.scaééi, but now they'are all known to be
only different host-races of the same species. Rozeboom (1952)
has shown how closely related species and subspecies of Anopheles
exhibit variations in their activities and how it could affect
the problems of disease transmission and control. Andrewartha and
Birch (1960) point out the existence of four races of the Argasid
tick Ornithodorus moubata differentially adapted to their special
habitate in East Africa. These changes are observed in their host

relations also. Form A feeds on man, From B on domestic fowls,

Form C on Wart hogs and Form D on man and domestic fowls.
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Though no specific work has dbeen so far done in this
direotion which mey yield data leading to such indication of
such & raoiﬁigffiﬁion among fleas, certain very suggestive
observations,hitherto been produced may be ocited here.Hopkins
and Miriem Rothachild (1953) state that "there appear to be
two biological strains of X.cheopis which are indistinguishabl
morphologically, In tha.Sudan. upto Nile Valley as far as the
approximate line of the Victoria Nile in Ugande and the
adjacent parts of Kenya and the Belgian Congo, and probably
in Ethiopia, the colony of the Niger and thet part of North
Africa whioh 1lies within the Palsearctic Region, cheopis is
found abundantly on field-rats as well as on house rats. This
form, which may be oalled the Nilotic strain, has obviously
spread Southwards, mainly up the Nile valley, by natural
meansy it is of importance to note that R.rattus is still
absent from much of the Southern portion of the range of this

strain, while R.norvegicus is absent from the whole southern

portion. The other strain has been carried adbout the world so
freely by the agency of ship-rats, it is difficult to decide
what part of ite territory it occupied without the aid of man.
It seems probable that this part of its range does not include
abre than the Oriental region and the form may be conveniently
oalled the Oriental strain. Tahroughout the territory it
occupies, the Oriental strain is associated with the domestic

Re.rattus and R.norvegicus, and it may be doubted if it ooccurs

normally and permanently on any other host in striking contras

to the lillotic strain©,
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D,montanus while proving, in the experience of Wheeler

and Douglas (1941) an even more efficient veotor than
X.cheopis, figured last among the transmitters given in
Burroughe® 1ist (1947). ZJurroughs (1947) discussing this
problem was inolined to believe that the discrepancy between
his results and those obtained by wWheeler and Douglas (1941)
was due to biological differences between the etraine used in
the two experimentas, There was no doubt that the fleas used
by Wheeler end Douglas (1941) came from a locality different
from that where Burroughs (1947) obtained hie material. The
gontention eof Burroughs was supported by the observations of

lHoldenried (1952) who found that three of his D,montanus

strains, obtained from different plague~foci as well as a
fourth strain from an apparently plague~free region, yielded

vectors at @ rate of 4 and 5% respectively.

"A question of great interest and poseible importance
is whether the vector capacitiee of different etrains of the
same flea species may be at variance® (Pollitszer 1954).
Pollitzer continues that "considering the limited scope of
these obéervatione, one.muet agree with Holdenried that the
evidence concerning the existence of racial differences in
the vector capaclity of fleas belonging to the same epecles,
although suggestive, is not fully convinecing".

Haas (1964) studying the comparative suitability of the

four murine rodents R.norvegicus, R.rattus (white bellied),

R.exulaus and :lus musculus, to rat flea X,cheopis and
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X.vexabilis found that these two species showed low fertility

when fed on !.musculus. In the present work it was noticed

that fecundity was high for X.cheopis on R.rattus and

l.musculus (var.albino). Though Haas (1964) has not given the
data to support his conolusions nor did he mention what
technique he used in evaluating the fertility rate among the
fleas, it may be presumed that the differences found in the
present work from that of his may be due mainly to biological

differencee in the group of fleas used.

The ability of these fleas to breed and colonigze on
different varieties of hosts makee these possibilities of
differential race formation still more strong. This type of
strain differentiation is important not only from the

evolutionary as well as from epidemiological point of view.
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SYNOPSIS

Some_studiee on rat-fleas and thelr bearing on host

specificity

Fless exhibit a wide range of host specifiocity.
Holland (1964) estatee in thie connection "Some species or
groups of fleas are rigidly assoclated with a particular
taxonomic group of hosts. bome opecies of fleas will breed
on only a single species or genus of animal; othere may live
on more-or-less related groups of hosteg others again
apparently breed indiscriminately on hosts sharing a common
habitat. Distribution of fleas is governed, in part, by

factors other than the hosta",

Though the type of host preeent in & locality may
influence the breeding potentitiale of the flea ectoparasites,
fleae may survive for considerable time on blood of hoet
other than their normal ones, even if they fail to reproduoce.
These promiscuous feeding habits exhibited by meny groups
of fleas 18 of great advantage to them, in the esense that
thie helps to reduce the period of stervetion while searching
for a proper host. But this habit also makes them efficient
veotors of flea-borne diseases and the host epecifiocity
probably playe a key role in the spread of a disease. To
oite an example, in places where sylvatic plague ie prevalent,
the flea tranefer between wild rodents and domestic ones is

said to play an important role in the spread of thise disease.
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Apart from this flea transfer between hosts, the
difference in the vector capacity of fleas also makes it
ioportant to know the factors which control the prevalence
and abundance of a flea species in a locality, as thie has
alao been shown %o influence the trenq of epizootic and/or

epidemic.

Anong other factora as climatic oonditions, type of
larval food etc., hosts, their habite and habitate also
deserve mention ae this can undoubtedly influence the flea
population in & locality. Sharif (1948) explained the
differential distridution of fleas on rats and their prevalence
as an effect of the difference in the larval food requirementes,
Stark and !Hles (1962) showed the effect of the host prevalence

on the occurrence of the different species of fleas,

¥ield studles at Bombay and at other places in India
have revealed the distinct esesociation of X.sheopis(Roths)
with Rattus rattus the house rat and X.astis(Roths) with

Bandicota bvengalensis. Bombay has been witneesing & dramatio

change in the rat population, an effect brought about by the
urbanization of the plece. B.bengalensis originally a fisld

rodent is now found near human habitatione and ocould be
trapped from houaes..It hee been well established by the
previous workers that ao a recult of this mixing up of rat
population, the flea distribution on them also have been
showing changes. This mixing up of the rat populatione may
bring ebout changes in the food and associated factors of
the flea parasitee as they depend on the host's blood for
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their normal metaholism snd reproduction.

“he present work is an attempt to understend this

delicate host-parasite relationship of fleas on Dombay rats,
the work carried out is divided into three parts.

Piret part deals with the colleotion of fleas by trapping
rats using wonder-trape and eingle docor traps. This is to
get a8 rood pietuie 6f the relative dietribution of the two
epecies of Xenopeylla found in HYombay. This also givee a

fairly good account of their natural host preference in a
place where the rats mingle, #s has been explained before,

the predoninance of X.cheonis on Ratiue rattus and X.astis

on J.bencalensis has been noticed, a fact which cannot be

overlooked inspite of the contazioue diotribution of the

fleas on rats,

Second part has been devoted for the relative
reproductive potentials of these fleas on different rats,
Reproduction of the fleas, cocyte development and yokk
deposition also have been considered. Influence of the age
of the host on the breeding capacity of the flea also have

been experimented using laboratory mouse as the host.

in explaining the differences in the reproductive
potentials, it is eesential to study any difference in the
feeding mechanism or the morphology of the mouth parts which
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can influence the blood intake of the fleas, This has been
worked out to show that the feeding mechanism is
fundamentally similar in both the species of fleas. The
mouth parts do not differ morphologically and funetionally
in the two species of fleas, but with some differences in

size between the two apeoies and the two sexes,

In oonolusion it may be stated that the epegific
asgocietion ahown by the fleas to their natural hosts,
reflects well on their breeding potentials also, wherebdby
more larval production per female may be observed when
given an opportunity to feed on the natural host of the
flea species ponoerned. This oconsequently will have an

effect on the spread of the diseases caused by these Pulicine

insects.



Statement I

Studies on the host parasite relationship worked out
in the present work is of great significance from the

epidemiologicel point of view. The fact that B.bengalensis,

whioch is highly susceptible to plague carried X.cheopis,

an efficient vector of plague, adds colour to this
epidemiological significance. Host specificity has a double
role to play in the spread of a disease. Firstly through
the state of immunity of the different hosts to the disease
and secondly through the influence it has on the breeding
of the parasites and thereby controlling the prevalence and
abundance of the vector. These findinge would throw light
on the intricate host-parasite relationship of rats and

fleas.

Statement II

The sources from which the information is derived
to complete this work have been the publications of the
previous workers in thie field of study and allied

subjects.



Statement III

None of the parts of this work has so far been

published.
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PIATE I
HOUTH~PARTS OF X.CHEOPIS
AND X.ASTIA

Pige 1 to 6 - X.cheopis Iinle
Pig. 7 to 12~ X.cheopis Pemale

Pige 1 - labrum

Pig. 2 - Epipharynx;(a) Poat pharyngeel pumps(B) Pharyngeal pump
(C) Civarial loop3(D) Epipharyngeal stylets
(2) Nodulesj(P) Sensory dristles at the tip.

Fig.3- Maxillag (4) Palps (B) Lobey(C) Extensor muscles of
the tip.

Fig.4 - laciniaj (A) Lever arm; (B) Blade; (C) Midribg
(D) Denticles.

Fig.5 -~ Hypopharynx; (A) Salivary pump;(B) Dilators of the pump;
(C) Hypopharyngeal armsj (D) Drawn out tip
of the hypopharynx.

Fig.6~ Iabiumj (4) Postmentum;(B) Prementum(C) “edian
nmuscles of the prementumy(D) Palps.

Pig. 13 to 18. X.astia Male
Pigo 19 to 249 X.antia PQMIQ



Fig. 1 to 12

Fig. 13 to 24,

—
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PIATE IIX

\ -

Pige. 25 & 24. Musoculature of the Mouth-parts of the flesa
(A3B and C) Cranial flexors (lacinial retractors)
(D) Laeinial protractor
(R) Musoles of the ‘pﬂ.p

(P) Musole running between the head and the base
of the lacinial lever arm.

(G) Lacinial blade
(H) Iacinial lever arm
(I) Maxillary lobe

Pig. 27. Musculature of the Mouth-parts of the flea
(A) cpipharynx;(B) “ivariums (C) Pharynx;
(D) Muscles of the hypopharyngesl arm
(2) Hypopbharyngeal arami(P) Dilator musoles of
the salivary pmzz(;) Drawn out tip of
the bypopharynx; (H) Jitophore.
Fig.?28. Musculature of the Mouth~parts of the flea
(A) Civarial dilator muscles; (B) Epipharynxj
“~ (C) Pharyngeal dilator muscles;(D)Frontal ganglion
(E) Tatersl dilators of pharynx;(F) Pharynx.
(G) Post pharyngeal pumps(H) Dilators of the post-
; pharyngeal pump;(I) Tentorial bridge.
Pi1g.29. Section through the head of the flea showing

the C.5. of epipharynx pesesing through the
\ bese of the stylet.

(A) Doreal piece
(B) Ventral piece

Pig.

29



PIATE IIX PIATE IIX

Pig. 30 and 31, C.3. of the various components of
the mouth - parts of fles.

Fige 30 = CeSe at the level of premesntum.
(2) Premsatum
(3) Iaeinie
(C) Epipharynex
(D) Mmxillary lobe
(£) wxillary palp.

Pige 31 = C.3. at the level of ladisl palp
(A) Iabial palp
(B) Isoinia ané epipharynx
(fJ) Maxillary lobe

rig. 31




PILATE IV PIATE IV
Pige. 32. Diagram of C.3. of proboscis.
(A) EZpipbarynx }
(B) Lacinia
(C) Food channel
(D) Salivary ohannel

[ea]

Pig. 33. Disgram of the apparatus designed for

the observation of the feeding mechanism
of fleas. J

(A) Peeding chamber
(B) Adhesive tape
(C) Mioroslide -~ B
(D) Microelide - A

Fig. 33



PIATE V

Fig. 34 - Apparatus with mouse ear in the feeding chamber.

Pig. 35~ Apparatus set on microscope ready for observation

PIATE V

Fige. 34




PIATE VI

Fige 36 - Feeding Posture of the flea - I

Pig. 36 to 39 represent in a sequence,
microphotographs (taken with the help of the new
apparatus) of the different stages in the act

of pierecing the skin of the host by the flea.

Pig. 37 - Feeding Posture of the flea - II

Pig. 37
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PLIATE VII

Pig. 38 - Peeding Posture of the flea - III

Pige. 39 - Feeding Posture of the flea - IV

PIATE VII

Fig. 39




PIATE VIII i

Pig. 40 - Section of the skin showing the tip of the
proboscis in the capillary
(A) Tip of probosecis
(B) Capillary

. 7ige 41 - Proboscis in the tissue showing the flexibility
bend in the form of S

PIATE VIII

rig, 41




“PIATE IX

Fig. 42 - Salivary glands.
(A) Tobes
~ (B) Salivary duct
(C) Common salivary duct
(D) Hypopharynx
(2) Epipharynx

Pige 435 - LeSe of ealivary gland
(A) salivary gland

PIATE IX

Pig. 42

Pig. 43




PLATE X PLATE X

Pige 44 - Bursa copulatrix of L.cheopix

{A) Spermatuecal duct

(B) Ductus obturatue C P
(C) Bursal chamber A
(D) Chitinous plate borderins the bursal opening 2
N3
Fig. 44
'ige 45 -~ Burea copulatrix of L.astia A\ D
(A) Spermathecal duct
(8) Ductue obturatus B
(C) Bursal chamber ¥ b

(D) Chitinous plate bordering the bursal opening

111[; « 45




Section through one egg chamber
showing yolk deposition. Yolk
granules stained with the Triple
stain for Polysaccharides

(Reddish granules)jProtein(yellow)
and D.N.A. (vioht;






