RACES OF A. STEPHENSI [LTSTON, 1901*%

By W. C. SWEET \/
and
B. A. RAO

Since the finding in Europe ©of varieties of
A. maculipennis (Hackett and pigsiroli, 1935,
and Hackett, 1937a), interest in the poggibil-
ities for similar findings in other parts of the
world has been vyidespread, and increasing
numbers ©of articles carry references to such
pogsibilities. During = study ©f village malaria
in Mysore State (Sweet, 1937), several anophe-
lines were studied, including 2. stephensi, from
various parts ©f the State, but no evidence of
races Of Indian anophe]_j_nes based on egg pat-
terns could be found and it was concluded that
other methods to distinguish possible differences
would have to be used. Such a new approach
to the sgubject was suggested by Walch and

Walch-Sorgdrager (1935 and 1936), who found
considerable differences in the measurements of

ova of the Indian and Malaj*an forms of A. sub-
pictus. [We are indebted to Strickland and
Roy (1936) for the reference.]

Several references have been made at various
times to the poggibility of the existence of two
races Of A. stephensi, amongst which may be
mentioned Knowles and Basu (1934), Ramsay
and Macdonald (1936), and Mulligan and Baily
(1936). Our own experience in Mysore seemed
to indicate two races and for over a year we
have been making measurements of ova of this
species obtained from wvarious parts ©of India.
Since the results of these measurements seem to
point to the existence of two races of A. stephensi,
this preliminary report seems jystified, although
much more wOrk remains to be done before
definite conclusions can be drawn.

Measurements of A. stephensi ova
Stephens and Christophers (1902), who gave
the measurements of ova of A. metaboles Theo-
bald as 0.51 mm. in ]_ength and 0.19 mm. in great-
est breadth including floats, stated that the float
ridges numbered 15, and that the floats occupied
the middle half of the ova or S]_ight]_y less. They

*The work here reported was done with the support
and under the augpices of the Department of Health,
Government of Mysore, and the International Health
Division of the Rockefeller Foundation.



666

their either

apparently got specimens from
Lahore or Nagpur, or both, since they mention
that }arvsB were found in potg and tins in Lahore
and in cattle hoof-marks and other similar
small pools by the side of the nullah' in
Nagpur. These measurements are repeated by
Christophers and Barraud (1931) for A.
phensi ova, as the Species is now named.

The ova which we measured were laid by
gravid wild females confined in lamp chj_mneys
over wet filter paper, the measurements being
made by direct light under the low power Of the
microscope while the gggs were on the thoroughly
wet paper. Tables I and II give the average
measurements of two types of ova of A. gtephensi
obtained from various places. The
ments recorded were the Jepgth, the breadth at
greatest point including the floats, the length of
the floats, the number of ridges on one side of
the float, and the proportion of the total 1ength
covered by the floats.

The A. Stephensi of B

ste-

measure-

type from Mysore
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small numbers of gqqs, = fact which was not

true of ,p, other of the B ' type A. stephensi
whose measured. The Calcutta
Stephensi will be mentioned again when cross-
breeding is discussed.

Using the 1,828 ova from 40 Mysore females
as a gtandard, it was found that the measured
ova from 'B type A. stephensi Caught in othe.r
places did not vary from the Mysore ova 11
their means by more than the limits set by twice
the standard deviations of the Mygore means.
All the B 'type of ova averaged 555 microns
in Jength, 204 in breadth, 294 in length of float,
averaged 18 ridges om one side of the flogt, and
the floats covered over half of the total length.
It should be noted that the number of ridges
may Dbe different on the two floats of one ovum
but that this does not occur often nor is the
difference in number ever large.

The A. gtephensi of ™ type from Mysore

were caught in the Chitaldrug and Mysore dis-
tricts but were not found in either Bangalore

ova were

State came from Bangalore and Mysore cities or Mysore city. The other gpecimeng were
Table I
Measurements of A. stephengi ova
1
B' type
Length Breadth L th Numb £ ri Proportion:
) g - eng : op float ul er o ridges Length of float
(microns) (microns) (microns) ON FLOAT
over length
Standard Standard Standard Standard Standard
Mean o Mean . M Mean s s
deviation deviation ean deviation deviation M deviation
Mysore State?
40 females 553.62 25.15 200.09 11.89 286.73 22.58 17.92 1.74 0.516 0.028
1,828 ova 2 0.40 ?0.28 ?0.19 ?0.13 ?0.36 ?20.25 ?20.03 0.02 20.0004 0.0003
Delhi?
21 females 558.09 20.14 212.92 8.35 309.17 18.47 18.43 1.27 0.553 0.021
895 ova 2 0.45 t 0.32 ?20.19 ?20.13 ?20.42 t 0.29 ?20.03 0.02 0.0005 0.0003
Poona?
1 female 585.33 11.10 205.33 6.57 293.56 10.60 17.24 0.97 0.503 0.014
45 ova ? 1.12 ?0.79 ?20.66 ?20.47 ? 1.07 t 0.75 to.io 0.07 0.001 0.001
Calcutta?
6 females 544.59 21.78 205.95 6.96 291.27 17.58 17.90 1.08 0.536 0.028
220 ova 2 0.99 t 0.70 ?20.32 ?0.22 20.80 t 0.57 h 0.05 0.03 0.001 0.0009
All ‘B type?
68 females 5547)2 2427 204 .44 12.04 293.89 23.24 18.06 1.58 0.528 0.031
2,988 ova it 0.30 ?0.30 ?20.15 ?0.11 ?0.29 t 0.20 ?0.02 0.01 0.0004 0.0003
only. Those from Delhi were sent by Major caught by Doctor C. Cheluvarayan of the

Afridi and Doctor pyri, to whom we are greatly
indebted, as we also are to Doctors Barber and
Rice for the catches at Poona.
From Calcutta we received gpecimens reared in
the School of Tropical Medicine and very kindly
sent to us py Doctor B. C. Basu to whom we
are grateful. These Calcutta gpecimens
the only ones recorded in tables I and II which
were not cgught wild and it should be noted
that it was only with great difficulty and after
repeated blood meals that a very few of the
Calcutta gpecimens could be induced to lay

assistance in

were

Mysore State Department of Health during @
trip north and we are indebted to him as well

as to all the local health officers and sanitary
inspectors who were of great assistance to him.
Again using the Mysore average as a standard
(112 females and 5,258 ova), there yag, With
one exception, no variation in the means greater
than twice the standard deviations of the res-
pective Mysore means. The exception was in
the case of the ova laid by one female from
Poona which gveraged in length 49.21 microns

less than the Mysore ova, 2.51 times the
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Table II
Measurements of A. stepliensi ova
1M' type
Length Breadth Length of float Number of ,igges Proportion .
(microns) (microns) (microns) ON FLOAT Length of fioat
OVER [, ENGTH
Standard Standard Standard Standard
Mean deviation Mean deviation deviation Mean deviation Mean dsetana(%:af)i
V1 1
Mysore gtate?
112 females 469.96 19.58 157.17 10.15 213.80 18.34 13.40 1.28 0.454 0.033
1258 ova l20.18 2 0.13 2 0.09  ?0.07 2 0.17 2 0.12 b0.01 0.008 0.0003 0. 0002
Sukkur, sind?
11 females 504.92 19.39 177.36 10.00 242.79 14.19 13.81 0.99 0.479 0.020
535 ova > 0.57 b 0.40 20.29 b 0.21 20.41 | ?20.29 b 0.03 0.02 0.0006 0.0004
Hyderabad, sind?
7 females | 489.44 17.26 159.04 10.76 229.27 13.19 13.95 90 0.467 0.017
303 ova 2 0.67 n0.47 ?0.42 2 0.29 0.5 2 0.36 £ 0.04 02 0.0007 0. 0005
Poona??
11 females 505.72 16.95 170.74 9.46 232.62 16.51 13.52 21 0.458 0.028
530 ova 2 0.50 2 0.35 > 0.28 20.20 20.48 20.34 b 0.04 03 0.0008 0 0006
Poona?
1 female 420.75 15.77 139.25 10.66 194.00 11.12 14.03 0.77 0.458 0.019
40 s 21.68 11.19 -+ 1.14 b0.80 = 1.20  20.84 b 0.08 0.06 0.002 0.001
BL M ponen
142 females 476.20 23.71 159.86 12.06 218.20 20.02 13.47 1.24 0.457 0.032
6,666 ova 12 0.20 0.14 2 0.10 b 0.07 ?20.17 t 0.12 b0.01 0.007 0.0003 o:oooz

standard deviation of the Mysore mean length.
These oya, however, were included in the general
nieans to make the measurements for the* ™
type of A. stephensi ova average 476 microms
i 1ength, 160 in greatest breadth, anfi 218 in
1el’1gth of float, with 13 ridges on one side of the
float, and the floats covering less than half Of
the total length of the ova. After considering
the standard deviationg of the various means,
there secems no question of the significant differ-
ences in measurements between B and M
ova.

It is of interest to note that from Poona we
received eleven females which laid ova definitely
of the '™ ' type, eme female with ova consider-
ably shorter in ]ength than the M average but
otherwise not gignificantly different, and one
female which laid ova characteristically B 1B
type. From the data we have, we Cannot say
that this would not have been true in the other
Places from which we received specimens, had
longer searches been possible. In Calcutta a:.lSO

seems probable that both types exist, as will
€ mentioned later.

The measurements given by Stephensl and
Christophers (1902) and repeated by Christo-
phers and Barraud (1931) do not fit in well with
the measurements-of the two types of ova here

described. The length they report ©f 0.51 mm.
"M or B type, but the

: be in either ™M
nigh /P
k{greqacgth of 0.19 mm. is quite definitely of the
type; the number of 15 for ridges" on the
float pight be in either 'M' or 'B ipjyyt the

statement that the flouts cover half or less of the
ova sounds more like the '™ ' type. It should
be noted that tliey mention two distinct types
of breeding places and it seems quite possible
that their measurements were of ova from dif-
ferent females, ‘"M and some B ', and
that their averages present a composite picture
of the two types Of ova.

some

Influence 0j climate and preeding conditions

It is not pogsible as yet to be very definite as
to the effect of climate on A. gtephensi ova but
what evidence there is would seem to be against
its having any effect on their measurements.
From as widely different climatic conditions as
obtain in Bangalore, Delhi, Poona and calcutta
we have received specimens of B type, with
the same being true of "M ' type specimens and,
there has been no evidence in the
Mysore State specimens ©f any change in
measurements of either B  or ™M  in different
seasons Of the year. Only B  type specimens
are found in Bangalore and Mysgore cities 87
miles apart, but only ‘™! type in an area
between them.

Variations in breeding places of A. gtephensi
were noted as long ago as 1902 when Stephens
and Christophers published their original ova
measurements and have been mentioned many
times since, most references peing to a well and
artificial container, city breeder as oppoged to =
more general breeder in rural areas. From our
experience'we ©an say that the city breeder :s

furthermore,
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as a rule of the B ' type while the rural gpeci-
mens are ygually M \ However, this 1is not
always true as in one small town in Mysore
where A. gtephensi breed in wells we have Dbeen
able to find 1IM' type specimens only. In
another area, ‘™M type A. Stephensi breed in
wells while the river is high but go back to the
river and nullahs during drier seasons. As far
as we can tell at present, breeding places and
conditions are not a determining factor in egg
size.

That such a variation in ova is not a pheno-
menon common to other anophelines is shown by
our measurements Of ], 994 ova from 56 female
A. culicijacies caught in Mysore State and
several places in North and Central India. A
report on these measurements will be pyblished
later but it pgy be said here that we could find
no gignificant differences in measurements of
A. culicijacies ova from any part of India from
which we got specimens.

Differenceg in larvce and adults

We have not been clever enough as entomo-
logists to detect gpy constant differences between
the larva? and adults of types ™M  and B’
A. stephensi. It seems possible that if such
differences are found they will be in two or more
characteristics and of syerage value only, as is
the case in the varieties of A. maculipennis of
Holland, =s described by Swellengrebel et al.
(1936). No measurements were made of wing
lengthg, nor were male genitalia studied.

There was apparently some difference in size
of adults, type B usually being the larger of
the two, but this was by no means absolute and
size had no determinable effect on the measure-
ments of the ova. When the Sukkur gpecimens
were first received they were judged to be of
B type from their size hut, nevertheless, they
laid ™M type ova. Further, when "B type
larvae receive poor food they hatch into small
adults but still lay eggs well within the syerage
measurements of the ova of large B
hatched from well-fed larvae.

A. gtephensi of 'B' type
hardier gpecimens and are longer-lived than
those of ™M ' type. The former take human
blood meals with avidity and are gagily fed in
captivity by putting the hand or arm in a suit-
able position, while it is always difficult to get
M ' females to take plgod, either human or
other, although there is an impression that they
will feed on a rabbit more readily.

Unfortunately, it has not as yet been pogsible
to test the source of blood meals in stomachs
OJ.€ V:Iild A. stephensi of either type. It may be
difficult to get sufficient specimens of "B type
for such tests, since control work is being done

in so many of the places in which this type has
so far been found.

specimens,

seem to be the

A. stephensi as a carrier of malaria

Covell (1927A and 1931) in reviews of
anopheline carriers of malaria gives information

two
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as to infections reported in A. stephensi. Ex-
perimental infections have been reported from
Nagpur, Ennur, Bombay and the punjab and
natural infections from Delhi, Lucknow, Bombay,

Mopad in Madras, and Kohat. TLaboratory
reared A. gtephensi have been used in Calcutta
and these Specimens are found readily infectible
with mglaria, as KXnowles and Basu (1934)
report infections with P. vivax in colony
A. stephensi Varying in different seasons of the
year from 22.0 to 72.0 per cent. According to
Covell's lists, negative results were reported by
Ross in digsecting 70 A. stephensi in Cuddapah,
by Mayne in dissections of 248 of this species
in Saharanpur, and by Sur and Sur in 21 Speci-
mens dissected in Krishnagar, Bengal. In
Mysore, Sweet and Rao (1931) and Nursing,
Rao, and Sweet (1934) reported examinations of
3,198 A. stephensi stomachs with five (0.2 per
<cent) having oocysts and of 3,162 glands ©f
which none showed sporozoites. All of these
Mysore A. gtephensi were from areas since found
to have Only type ‘™M Stephensi, as no dissec-
tions were done in Mysore and Bangalore cities
where type 'B ' is found.

Specimens of A. stephensi received from Delhi‘
and from the Calcutta colony were of type 'B
but ynfortunately it was not found poggible to
get any specimens from Bombay and the other
places from which natural infections have been
reported. It is guggested, however, that these
places have type B', and that Saharanpur,
Cuddapah’ and Krishnagar will be found to have
type M' stephensi as is the case in those parts
of Mysore where largely negative dissections of
this species have been made.

Mulligan and Baily (1936) report the dissec-
tion of 719 A. stephensi in Quetta with a finding
of six gyt and two gland infections. The infec-
tion rate of 609 gpecimens caught in villages and
rural areas was 0.5 per cent as against a rate
of 3.7 per cent in 109 captured in the railway
and police lines, the military area, and the civil
hospitall presumably all more or less in the Clty
Mulligan and Baily say, It is well
that, in certain parts ©of 1India,
A. stephensi is a highly efficient malaria carrier,
while in other parts it appears to be less im-
portant. So far as Quetta 1s concerned, the
relative inefficiency of A. Stephensi as a malaria
carrier mgy be attributable to the pregence of
’ of stephensi which is less androphilic
than those which occur in certain other places
A member of our staff who visited Quetta was
unable to find A. stephensi at that time of year,
but it seems pOSSible that Quetta may have the
T:woltypes of A. stephensi, "B ' in the city and
M in the yillages., We could not determine
from the tables in the Quetta report Wwhether
any gland infections were found in the village
dissections.

No records can be found as to the relation to
malaria of the A. stephensi ©of Poona and
Hyderabad Sind but none of the surveys and
studies made in the Sukkqr Barrage area has

areas.

known

a race
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considered that this gpecies was concerned in
transmission there. From the  gpecimens
received from these three places, the A. gtephensi
are mainly of type M' and quite possibly do
not caryy malaria. The whole pogition is still
vague and much more work must be dopne, but
there seems a pogsibility that the two types ©f
A. stephensi differ, from one cause or another,

in their malaria-carrying potentialities.

A. gtephensi in captivity

Efforts to establish laboratory colonies” °f the
Ewo types of A. gstephensi began early I this
study but no success has been achieyed with the
™M type. Early in the work 1M males and
females were pyt in a large cage and the males
were observed gwarming in the top of th|6 cage.
However, most of the females died early, in spite

of taking blood meals after considerable urging,
The ova Of one were

and only three laid eggs.
sterile and did not hatch out and of the other

RACfiS OF A. STEPHEN : SWEET & RAO

two all the larvas died.

Table III
Measurements of ova of first d succeeding venerations of laboratory-bred 2. gtephensi
"M? and ‘B! types p
Length Breadth Length of ficac Number or yigges Proportion.
(microns) (microns) (microns) ON FLOAT Length of f10at
over length
Standard Standard Standard
P Mean A Standard
Mean  yoviation ME3T  deviation deviation Mean deviation Mean cSita.‘ndalrd
eviation
M type{ 1st
generation?
7 females 472.76 16.17 157.04 7.37 201.82 10.78 12.00 0.97
297 ova 20.63 7 0.45 20.29 ?20.20 P 0.42 £ 0.30 £ 0.04 0.03 33533 000
: . 0.0006
'
B type colon}',
5tlh genera-
tion?
2 females 590.00 16.75 219.71 8.79 306.71 15.19 18.61 0.85 0.513
70 ova - 1.35 > 0.95 - 0.71 20.50 2 1.22 t 0.87 t 0.07 0.05 0.001 gg;f
‘&
type colony,
.h genera-
tion?
8 females 612.28 15.48 232.07 8.79 326.02 15.14 19.24 1.25 0.534
369 ova ?0.54  ?0.38  -4-0.31  ?0.22  ?0.53  20.38 £ 0.04 0.03 0.0007 88335
B type colony,
7t.h genera-
tion?
16 females 609.97 30.65 233.83 10.88 316.54 22.84 18.90 1.19 0.519
729 ova 20.77  + 0.5  20.27  ?20.27 ?0.57 £ 0.40 b 0.03 0.02 0.0005 882%}4
B type colony,
- genera-
tion?
21 females 616.49 24.68 231.41 10.06 321.66 17.56 19.53 1.31 0.521
1,024 ova 20.52  ?0.37 20.21 2 0.15 —+0.37  20.26  20.03 : 0.017
c °0- 0. 0.02 20.0004 -
. 70 20.0003
B' type colony,
9t. genera-
tion?
8 females 622.60 19.57 227.90 11.58 314.83 16.69 19.52 1.59 0.510
385 ova 20.67 20.48 20.40 £ 0.28 > 0.57 20.41 20.05 0.04 5 6%06 ggég
: 20. 2 0.0004

After that six more

attempts were made with this type, omnee in the

large cage and later in a small cage. None of

6<&

these females could be induced to lay eggs, MOSt
of them dying early. Finally on 12th gyly, 1937,
four females, fertilized in the small cage, laid
ova which mostly hatched out and the 1larvse
are developing slowly. Up to date it has not

been possible to get beyond this first generation
with the M' type. The measurements of the

ova oOf these seven females of the first genera-
tion are given in table III and their averages
are not gignificantly different from those of the

original Mysore ™ type as given in table II.
This type breeds true at least for one genera-

tion.

That there is a fundamental difference in the
two types in their reacFiog to captivity is shown
by the history of the B type colony. & first
attempt to start a colony in the large cage
failed, largely because of lack of proper atten-
tion, but = later start in the small cage was at
once successful. Average measurements of ova
from the fifth to the ninth generation are given
in table III.

The means of the measurements of 70
from two females of the fifth generation were

ova
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not sign‘ificvantly different from those of the

Mysore B type but in later generations the
lengths varied from 2.2 to 2.7 times greater than

the standard deviation of the mean ]_ength of
Mysore "B and breadths varied from 2.3 to
3.0 times means of the other

greater; the
measurements were not gignificantly different
from those of Mysore ™ ' The comparisons
are made with Mysore B since it was from one
female (st, 4 My.) of this series that all the
original ova were obtained to start the colony.
There seemed to be some tendency for reduction
in breadth to the type mean of this measurement
in the successive generations, but the lengths
tended to increase. Since the colony was
entj_re]_y an 1in-bred one from one female any
dominant tendency to increased length would
naturally show up but it should be noted that
there was no tendency to decrease in averages
towards the '™M ' means and that in the main
the 1colony bred true in the measurements of its

ova.

Cross-breeding

Hackett (1937Db) gives = table of the results
of crossing of the varieties of A. maculipennis in
Europe and summarizes it by saying, 'The
results were thus" of two different sorts: either
no viable Fx generation could be obtained, as is
the case, for instance, in attempted
between the water buffalo and the <ou;
healthy hybrid offspring could be bred from the
eggs but they were sexually defective and hence
"unable to continue the rsce, as in the case of
mulesl which are usually, but not in
instance, sterile'. We have attempted
breeding with both-' B-*-females and ™M males
(BM) (MB) .

Two Original attempts for a BM cross with

crosses

or

every
cross-

and vice versa

very small numbers of insects were unsuccessful,
the females refusing to lay eggs in spite of
repeated blood meals. Later, however, Wwhen
40 B vyirgin females were placed in a cage with
52 M males we got ova from nine BM females.
Of these the ova from only two Specimens
appeared entirely normal, hatched oyt, and

produced = BMFt generation, the average ova
measurements of these two females being entirely

within the limits set by the standard deviations
of 'the means of the measurements of the eighth
generation of the "B ' colony (table III) from
which the 'B ' larvee came. The '™M  males
had apparently had no effect on the measure-
ments of these ova in spite of tlie successful
Another BM female laid eggs with type
measurements but none of them hatched at jll,
while from two only = small
minority of the ova hatched out. The remain-
ing females laid two kinds of oy, = few coming
within M ' type average measurements and the
majority being of B type, with opnly = small
minority of either type hatching. With the
exception of .the first two BM females mentioned,
the others laid oply a small number of oyy, =
point Which is not true of 'B ' females in general.

Cross.

other females

[NOV., 1937

Dissections were made of five BM females just
before they died and active gperms were found
in the gpermatheca but the remaining 26 BM
females refused to lay eggs in spite of repeated
blood meals. This zgain is not characteristic of
B' females which, as = rule, lay eggs in
captivity without difficulty.

Up to the time of writing, four BMFX females
have laid egqgs, the average ’nun)ber per female
being much below the usual B
one most of the ova being sterile.

average and in

The average
measurements of these BMEFX ova showed that
they were of "B type in length and length of
float, and in either B or 'M' type in breadth,
number of ridges on the float, and proportion °f
length covered by the floats. Of four BMFi
females dissected, one had completely undevel -
oped ovaries and would have been gterile; the
other three, of the same 54¢, had normal ovarian
development.

The first attempt at a MB made
with 10-females of 'M' type and 20 males of
"B type but none of the females laid eggs iR
spite of repeated blood meals; eight of these
females were dissected jygt before death and no
sperms found in the gpermatheca. #
second gttempt was also unsuccessful in that
all 30 females died without laying eggs although
in 20 of them, active gperms were found. At a
third attempt eighteen died before ova were
obtained, two laid ova and one was still alive at
the time of writing. The ayerage Measurements
of the ova of these two MB females were entirely
within the limits of the "M ' type and the ova
hatched out into Jgryge, still undergoing devel-
opment. No MBFt generation has yet been
raised.

These few preliminary cross-breeding experi-
ments gave comparable results to those reported
for the crosses of varieties of A. maculipennis in

Europe. Some of the first crosses were gterile,
some laid sterile oqgqs, and the minority laid
fertile eggs which developed into am Fx genera-
tion in which some Specimens were fertile’ some
had totally undeveloped ovaries, and others laid
sterile ova. Such a state of affairs in nature
would mean that crosses of B  and ™M ' would
probably not survive and would seldom or never
13e found; of the 204'wild females whose-ova we
have measured there has not been one which had
average mMmeasurements which made its typing
difficult. All this would not seem to indicate a
true preeding between members of the same race
or yariety but much more work remains to be
done along this line.

cross was

were

The Calcutta A. Stephensi

As can be seen from table ] six female
A. gtephensi from Calcutta were of type ‘B ' but,
it was also mentioned that only = very few of
these Calcutta females laid eggs and the number
of ova was small. One other Calcutta female
(not included in table I) laid eggs Which were
of "M type in length, breadth, and length of
f]_oat’ were of B type in number of ridges on
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the float and might have been of either type in
the proportion of length covered by the floats.
An eighth female laid very few ova, most of
them not fertile, and of two quite distinct types,
about half being '™ = and the other half B
except for number of ridges on the float which
was of 'B' type throughout. Knowles and
Basu (1934) report on longevity that some of
their a. Stephensi lived 14 to 20 days and some
?nly 7 to 9 days, a difference we have noted in

be due to unconscious use of ™M ' type one time
and B type another, or to the occasional use
of laboratory-bred crosses about whose reaction
to malaria infection we know nothing ?

Conclusion

On the yhole, the evidence available geems to
point to two distinct types of A. gtephensi. so
far, the only demonstrable anatomical Jifference
between these types is in the jyerage measure-
ments of Jength Of ova, their greatest breadth

2ur

B and M ' type specimens.

This whole

Brgadrhs s Ofor TS0
A p Steplielsi “Eva

A . Tipse

b! T¥PBe

v

160 170

A\

o 150

Picture is much 1like that we have found in our
crosses and BMFX generation, and it seems

? possibility that both 'B

and M

types exist

'n Calcutta so that laboratory rearing of larvae

obtained from various sources has

SOME  crogs-breeding. It is also

note that Knowles and Basu

(1934)

resulted in
interest to

reported

of

varying rates of infection in A. gtephensi, = fact

they ascribed to temperature
Changes. Since it seems possible

the “two types of A. gtephensi
Calcutta, might this difference in

and  humidity
that there are

obtainable in
infection rates

C

B

GEARRH 1.
tytoy%ses e
in,_microns.

sova
in microns.

6&&&608651#*

29888 8.,

190 300 210 230 XAO 230
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including floats, the lengtii 01 tiie pgatg, tiie
number of ridges on the float, and the proportion
of the total length which is covered by the

the 'B ' type having the larger meisureilgiszssl
in each instance. There seems to be no eyidence
that climate, breeding place, food of the larva)
or size of female have any effect on the peasure-
ments of the oy, and measurements of A. culici-
facieg ova do not show that in this species there
are any significant differences in averages. B
type A- stephensi seem to be hardier than 'M

type, to live longer in captivity, and to feed
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avidly on human plgod, while ‘M type females
are induced with difficulty to feed on gny blood
and leave the impression that they prefer animal
blood. There 1is a difference between the two
types in willingness to lay eggs in captivity, the
'B' type being easy layers. In captivity, =
B' colony 18 easily established, carries
readily, and breeds true at least through the
ninth generation, whilev we have not succeeded
in establishing an ™ colony and only seven

on
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The differ®
ences in ova measurements are average differ-
ences and a glance at graphs 1 and 2, which give
the numbers of ova in each class of breadths,
and numbers of ridges on the float, will show
that individual ova may be misrepresentative of
the type to which the female helongs. However,
we have never found a wild female A. stephensi

which could not be immediately placed in ome
type or the other on the basis of two or more of

A word of caution is pecessary.

Gxaph 2.
Numbe¥ of yidges en one side
8f fleat of twe types of
A. stephensi ova.
5N ":Evy@@ 6666 Ova. , ?

V’Typ@ 2988 Ova.q_ - _o

19 20 21 22 23 14

Number of Ridges on Float-

females of the p1 generation have laid ova; these
seven bred true in egg measurements. In cross-
breeding of "B ' females with '™M ' pgleg, the
results are quite comparable to those reported
Ifor the crosses of the varieties of A. maculipennis
11 Europe. Evidence as to the malaria-carrying
potentialities of the two types is still yague but
seems O point to 'B being a good carrier and
to M not peing so. Work is continuing along
all these lines and in other directions.

the zverage measurements of from 20 to 50 ova,
and usually on the averages of even less than
20.  There i3, moreover, difference the
physical appearance Oof the ova, under the mic-
roscope, which enables one with experience im-
mediately to classify 2 group ©f ova as either
B M 1, the measurements then Dbecome
confirmatory.

These two types of A. gtephensi ova have been
referred to as B and ™M’ (Bangalore and

a in

or
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. . ‘ A. steyhensi, type form, and that the '™ type
Marikanave, from which places the first females be called A. gtephensi var. mysorensis. The
were Obtained), but cons1der1ng all the evidence average ©VvVa measurements of these
and to avoid confusion, it seems best to Sugges’t are as given in table IV.
that the 'B! type retains the name of

Table IV
< and their standard deviation Oj two tyjm 0/ A- stephensi

two types

Mean ova Measurement

o Number of ridges Proportion of
Length Breadth Lengt'}l °of oac OoN ONE SIDE OF length covered
(micbons) (microns) (microns) FLOAT by floats
Standard Standard Standard
Standard Mean Sta‘ndalrd Mean  geviation Mean s iiation ME3T deviation
Mean  jeviation deviation
A. stephensi (type 294 ? 23 18 ? 1.6 0.53 20.03
fornEl)) (erp 555 ? 24 204 ? 12
*- stephensi (var. . 160 > 12 218 ?20 13 2 1.2 0.46 20.03
mysorensis) 476 724
Appendix &
B! sbePhensi ova
Measurements Of 3l zt\é%%Ao
68 females??2, va
Number of ridges Proportion: Length of
Length Breadth Length of float on float FLOAT OVER LENGTH
Number Number . Number of
. Number Proportion
Microns Number Microns N;lfmffar Microns of ova of ova p ova
of ova
14 17 0.40 unci
210
480 150 * 0.41
15 15 116 " 0.42 13
220
490 4 160 6
. o 170 12 230 43 16 366 0.44 42
510 136 180 235 240 - Y > o 1o
250 49 18 904 0.48 252
520 117 190 466
Los 200 435 260 105 19 481 0.50 541
530
341 0.52 750
270 318 20
540 687 210 1,101
354 21 141 0.54 713
367 280
550 337 220
22 55 0.56 406
53 290 855
560 498 230
11 0.58 128
9 300 288 23
570 502 240
. Jeo s 110 353 24 3 0.60 33
580
320 406 0.62 and 1
590 182 0.63
97
330
600 105
10 . 340 50
350 12
620 26
. 360 2
630
370 13
640 3
., 380 4
650
ceo . 390 4
. ) 400 2
70
28 2,5 2,988 2,988

Total 2,E
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Appendix B

Measurements of all' M' type A. gtephensi ova
142 females?6,666 ova

[NOV., 1937

Number of ridges Proportion: Length

Length Breadth Length of float
ON FLOAT
Microns Number Microns Numbexr Microns Number Number Numbex Proportion
of ova of ova of ova of ova
400 120 150 15 10 0.32 and
0.33
410 20 130 77 160 42 10 74 0.34
120 26 140 244 170 54 11 318 0.36
430 233 150 2.483 180 341 12 1,168 0.38
440 374 160 1,959 190 421 13 1,440 0.40
450 316 170 816 200 485 14 2,415 0.42
460 1,256 180 934 210 1,535 15 947 0.44
470 1,087 190 140 220 1,372 16 261 0.46
480 1,257 200 7 230 1,116 17 29 0.48
490 651 240 675 18 4 0.50
500 559 250 356 0.52
510 549 260 243 0.54
520 136 270 10 0.56 and
0.57
530 111 280 1
540 77
550 6
560 1
Total 6,666 6,666 6,666 6,666
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Number

ova

22
105
118
373
879
1,614
1,528
1,377
490
139
14

6,666

of



