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The return of the soldiers to their? homes after the World War bro- 
ught about one very extraordinary situation. Chronic cases of malaria 
were distributed to every part of Europe, and towns, villages and farms 
were stocked with reservoirs of gametocytes. This resulted in epide- 
mics of malaria covering a period of years in certain regions, but the 
most striking fact is that over wide areas with large rural populations 
nothing happened at all in spite of the presence of anopheline mosqui- 
toes. Hardly any new malarious districts were created, since the in- 
crease in incidence occurred usually where the disease had never comple- 
tely disappeared before the War. Over large parts of Germany, France, 
England and North Italy there were no secondary cases among the wives 
and children of the repatriated soldiers. 

There were many theories as to why local anophelines were not - in- 
fected by the imported gametocytes, and it was even suggested that man, 
or the mosquito, or both had in some manner become resistent to the 
infection. The phenomenon occurred, however, only where A. m a c u 1 i- 
pen n i s is the malaria carrier, and as this is a domestic anopheline which 
is found in stables in much larger numbers than in dwellings, the convic- 
tlon has grown that in recent times domestic animals have in large mea- 
sure substituted man as its preferred host. 

In fact, Hackett and Missiroli (1931), by the use of the precipitaion test, 
were able to show that in non-malarious areas in Italy almost n.one of 
the anophelines contained human blood. 

The question then arose as to what factors had operated to dissolve 
the association between A. m a c u 1 i p en n i s and man in some areas and 
not in others. There was a division of opinion’ among the malariologists. 
Some thought that the anophelines must be biologically different in the 
malarious and non-malarious places. Thus, Roubaud distinguished two 
strains, one zoophilic by instinct and the other indiscriminate in its 
food preferences. Others, hovewer, held that the anophelines were more 
or less homogeneous but that the difference lay in the living conditions 
of man’ and his domestic animals.. James (1929) thought that malaria had 
virtually disappeared in England during the conrse of the last century 
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because of higher standards of living of the people, especially in the 
matter of housing. The dwellings are no longer as attractive to anopheli- 
nes as before and so they tend to resort almost exclusively to stables. 
Marchoux (1929) suggested that A. m a c LI 1 i p e n n i s is above all a parasite 
of anirnals and when these are rare or unstabled, the anophelines have no 
other retreat than the house. This school believes that where there is a 
strong contrast in microclimate, i. e. in cleanliness, light, temperature, 
humidity and other physical conditions, between houses and stables, the 
anophelines will confine their attention to the animals and ignore human 
beings, 

There is good evidence on both sides. Roubaud proposed the theory 
of zoophilism as early as 1920, and later found that the zoophilic ma c u - 
1 ip e nn i s had on the average more maxillary teeth than the undifferen- 
tiated one. In Holland, van Thiel (1926), and de Buck, Schoute and Swellen- 
grebel (1927) were able to prove that m a c u 1 i p en n i s was divided into 
two races by size, color and a number of biological characters, and that 
one of these races was the sole cause of malaria in Holland. There was 
a great search then for structural differences by which it might be po- 
ssible to divide A. ma cu 1 i p en n i s into its races or subspecies. 

Falleroni (1926) had previously reported that m a c u 1 i p e n n i s females 
did not all lay the same kind of egg, He described at least four kinds 
which he had observed in Italy, ttio of which he considered to be of ge- 
notypic importance and to which he gave names: A. maculipennis 
var. 1 a b r a n c h i a e to the ‘gray eggs dappled with wedgelike spots, and 
A. maculipennis var. m e ss e a e to the dark eggs of an irregular 
checkered pattern with two transverse bars. Martini, Missiroli and Hac- 
kett (1931) gave importance to this discovery by an analysis of the m a - 
c u 1 i p e n n i s populations of Germany and Italy. Eventually five separate 
subspecies were set up, each characterised by a different egg type. Other 
differences have since been discovered in certain larval hairs and in the 
male hypopygium, but the egg remains the basis of our present classifi- 
cation of the subspecies. No other character serves to differentiate so many 
groups without overlapping. 

* That these egg types really represent true subspecies is shown in va- 
rious ways. A given female lays only one type of egg. Areas are known 
in which each subspecies, according to its egg type, is found in pure 
strain. A study of such strains, both in laboratory and field, shows that 
they differ even more in biological characters than in physical. In 
choice of breeding places, in sexual habits and in winter behaviour, each 
race shows a certain adaptation to the conditions of its environment, which 
is characteristic of it wherever it is found. De Buck, van de Torren and 
Swellengrebel (1933) have shown, by attempts at cross-mating in the la- 
boratory, that viable hybrid generations cannot be obtained. There is, 
therefore, a barrier to hybridization in nature. This in itself points very 
strongly to the genotypic importance of the differences between the sub- 
species. 

Since we have each of the races in pure strain in some part of Europe, 
it is possible to observe their individual relationship to the spread of ma- 
laria. One of the earliest observations was made by Grassi in 1921, in a mar- 
shy bat well cultivated area near Naples. Passing the night in the house 
of one of the peasants, he was surprised to find that neither he nor any- 
one else in the house had been bitten by the anophelines, breeding in 
huge numbers in the canals and filling the stables. He concluded that 
the local m a c u 1 i p en n i s must be a separate race which did not bite 
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human beings, but, by instinct, depended upon animals alone for food. 
We have since determined that the race in this area, Orti di Schito, is a 
pure strain of A. m a c u 1 i p e n n i s m a c u 1 i p e n n i s, which we consider 
the type and refer to, for convenience, as t y p i c us. It is characterised 
by an egg with two black bands across a bright gray field, and is the 
easiest to identify of all subspecies. Wherever we have found this race 
it seems not to be concerned in malaria transmission. 

The same may probabiy be said of m e 1 a n o o n, a new variety of which 
not so mhch is known. The female lays a uniformly black or dark egg 
flecked with white, and breeds in fresh water marshes and rice-field areas. 
It has many affinities with m e s s e a e. The race 1 a b r a n c h i a e is limited 
to the littorals of southern Italy, southern Spain and North Africa and is 
always associated with intense malaria. It is very similar in physiology and 
behaviour to A. elutus (sacharovi). It is convenient for the purpo- 
ses of our studies to include e 1 u t u s with the subspecies of m a c u 1 i - 
p en n i s to which it is so cioseiy allied. In fact, if one of the American 
races of m a c u 1 i p en n i s should prove not to have the group of straw colo- 
red hairs in the fringe at the tip of the wingl, the principal basis of the 
distinction between A. e 1 u t u s and A. m a c u 1 i p e n n i s would fail. 
These two species are very resistent tc heat and dryness and seem rather 
tolerant of the differences between houses and stables and visit both 
freely under almost all circumstances, 

The subspecies m e s s e a e, which breeds in the great inland river val- 
leys and fresh water marshes, is bound very strongiy to stables and is 
rarely induced to enter dwellings. However, on occasion, where it is pro- 
duced in great numbers and there is a relative scarcity of domestic ani- 
mals, it will attack man and, in a few localities, is reported to be a vec- 
tor of mild malaria. It probably causes some sporadic cases in North Italy 
and, according to a recent report of Martini and Zotta (1933), an ende- 
mic of a certain intensity in parts of Roumania. 

And finally in at r o p a rv u s we have a subspecies ordinarily feeding 
on cattle and only exceptionally found in dweilings. The egg lacks the 
two distinctive symmetrical bars of m es s e a e and ty p i c u s, and has a 
pattern composed of cuneiform dark spots springing from the sides of the 
egg and tapering obliquely toward the center; these .tongues sometimes 
fuse across the median line to form irregular thin bands. 

In general it is clear that the degree of association with man, naturally 
the most important factor in the spread of maiaria, seems to depend in 
large measure on racial instincts and adaptations. Hence those who have 
contended that the m a c u 1 i p e n n i s of malarious regions differs biolo- 
gically from that of non-malarious regions are fully justified. There is no 
doubt that under identical circumstances, the various races of A. ma c u - 
lipennis behav e differently. It ts equaily clear that this is not a com- 
plete explanation of the local distribution of m a cu 1 i p enn i s between 
dwellings and stables. This appears most convincingly in the behaviour 
of at r o p a r v u s under varying conditions of environment. This important 
and widespread race is the cause of whatever malaria there is in Europe 
north of the Alps, and of that northern Spain and Roumania as well. In other 
and much wider zones, however, where it is prevalent, it does not cause 
any malaria at all. In one place it is apparently restricted to stables very 
closely when in search of blood; in another it is a facultative feeder upon 

l As seems likely from a personal observation of the author on two newly-hatched 
specimens in California, 



42 L. W. Hackett 

man. Its range includes the whole northern coast of Europe from France 
through Belgium, Holland and North Germany to Danzig and beyond; we 
do not know much about its distribution in the Soviet Union. In this exten- 
sive area why is it a malaria carrier only in North Holland and the adja- 
cent region of East Friesland in Germany? The difference must lie not in 
the biology of the mosquito (for that is the same), but in some combina- 
tion of circumstances connected with its surroundings. And the same in- 
fluences must be at work, though in less degree, upon the other subspe- 
cies. 

The relative numbers of A. ma cu 1 i p enn i s which bite man or ani- 
mals in any zone will therefore depend: 

a) on which subspecies are present in the zone; 
b) on the local conditions of human and animal life. 
The presence of one s u b s p e c i es rather than another is important 

because, like species, they differ from one another in preferences and 
sensibilities. One race may have a less restricted range of host than ano- 
ther, or what may turn out to be the same thing, a broader microclimatic 
adaptation. Thus we find 1 a b r a n c h i a e and e 1 u t u s biting freely un- 
der conditions distinctly unfavorable to m e s se a e and t yp i c u s. We may 
sum this up by saying that stabular attraction acts more powerfully on 
one race than on another, though we are ignorant of the exact mechanism. 
It may be working through an instinctive host preference, or through a 
complex of physical conditions surrounding the source of blood-supply, 

The m i c r o c 1 i m a t i c fa&tor is important because, with a given sub- 
species, less frequent contact with man may depend on the degree of 
contrast between the physical conditions of the human dwelling and those 
of the animal quarters. This seems most true of very sensitive races, least 
true of the more tolerant ones. To such forms as 1 a branch i a e and 
e 1 u t u s it cannot be said that slight differences have been proved to be 
of much importance. These races are resistent to widely varying micro- 
climates and find no physiological barriers anywhere within their range 
which prevent them from seeking human as well as animal blood. Under 
such circumstances animals cannot be said to de v i ate anopheles SO 

much as to dilute the blood-supply, adding to the host population a quan- 
tity of unsusceptible individuals which serve to nullify a considerable 
percentage of infective bites. To typicus and to a less degree, mes- 
se a e, the contrast between bedroom and stable is usually too great to 
permit of any range of choice. These two subspecies are practically bound 
by their instinct or microclimatic leanings to the domestic animals. At r o - 
p a rv us, as we have seen, occupies an intermediate position. 

Whatever the influence which limit the overflow of ma c u 1 i p en n i s 
from stables to dwellings, we must draw a distinction between co m p 1 et e 
deviation and ef f e c t i v e deviation. Individuals of all the subspecies are 
often found in houses and containing human blood, and to this extent 
the deviation by animals may be considered incomplete. r’ 

Effective deviation is established when these visits to man are not suf- 
ficiently frequent to fulfil the conditions for malaria transmission. Effecti- 
ve deviation can evidently be upset for a certain length of time, or pre- 
vented altogether by other factors than meteorological ones, or the micro- 
climatic preferences of a given subspecies. Among such extraneous in- 
fluences, are an influx of gametocyte carriers, which tends to multiply the 
possibilities of malaria transmission; a scarcity or diminution in the num- 
ber of domestic animals, which may act to provoke an overflow of ano- 
phelines into dwellings; or the rate of production of the anophelines them- 
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selves, which may attain a disproportionate 
any of these factors may cause an invasion 

density. A slight change in 
of human dwellings by ‘a t - 

roparvus for example, and thus make of it a malaria carrier in one 
district while it remains innocuous in another. Thus malaria is associated 
with war and disaster, and with pioneering conditions in which a primitive 
standard of living on the part of man is combined with an unrestricted 
production of anophelines and a paucity of domestic animals. 

Summary 

Peculiarities in the markings and structure of the .egg enable us to 
divide the species A. m a c u 1 i p en n i s into five varieties’which are con- 
sidered to be true subspecies because of the biological differences between 
them, as shown particularly in choice of breeding pf%ce, and infertility of 
cross-mating. The instinctive preferences of each subspecies determine in 
a broad way its contact with man and hence its relation to the spread 
of malaria, but this is modified by the physical conditions of dwellings 
and stables (temperature, humidity, etc.), to which some races are more 
sensitive than others. Thus t y p i c u s and m e 1 a n o o n are virtually con- 
fined to stables in their search for blood, and mess e a e has only a 
slightly greater latitude of choice. At r o p a r v u s is less narrowly restric- 
ted by its food or microclimatic preferences and under certain conditions 
enters bedrooms freely. L a b r an c h i a e and e 1 u t u s, however, have a 
tolerance for a wide range of physical conditions and will take either 
human or animal blood as occasion offers. These two races are associa- 
ted with the most intense malaria. But any subspecies may become a 
carrier if effective deviation by domestic animals is upset or prevented 
by disproportionate anopheline density, paucity of animals or an influx 
of gametocyte carriers, such as may often occur in the wake of disaster, 
or under primitive or pioneering social conditions. 
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HOBE~UIFIE -aAHHbIE QB 3l-IkI~EMklOJIOI’kiPi MAJWI’MM B EBPOIIE 

J7. B. f’akemm (PH;M) 

~CJM. ,wipewropa 0TiIena 3npaBooxpaHewiR PoK@ennepoBcKoti opraIlkf3auw 

M3 3KCl-Iepl4MeHTaJIbHOf! AIaJI5llpkitiHOii CTaHJJHM 

OCO6eHHOCTI? PMCyHKa I? CTpyKTypbI FIIlu rI03BOJIRKIT pa3fleJIHTb BI?A 
A. maClllipenniS Ha WITb pa3HOBIJAHOCTefi, FIBJIFIEOIQHXCFI IdCTMHHbIlliM rIOA- 
BIJAaMI?, pa3JIkiYaIO~kiXCR rI0 I?X 6IwrOrWIeCKBM OCO6eHHOCTRM I? B YaCT- 
HOCTM 110 MeCTaM BbInJIOAa I? He cKpeIL?kiBaKNIJkIxcR J%exAy Cob'ofii. MH- 
CTkiHKTId KOMapOB; B 3HaWTeJIbHOE CTeFIeHkI 06ycnosnkiBaIoQae CTeFIeHb 
KOHTaKTa C qeJIOBeKOM, a CJ-IeflOBaTeJ-IbHO, ki POJIb B paCI-IpOCTpaHeHMH 
MaJIflpMH, HeOflMHaKOI3bI y pa3HbIX HOfiBMAOB A. ITIaCUlipenniS. Pa3HbIe 
lIOJi,BMAbI 06naAaIOT pa3HOii CTeneHbH3 YyBCTBMTeJIbHOCTB K KOJIe6aHwIM 
TeMI-IepaTypbI, BJIaxHOCTI? I? &JyIYiX @M3MYeCKMX @aKTOpOB, OnpefleJVI- 
~UMX EbI6op noMeIqeHwI (xnesa, )KMJIbIe IIoMeLlJeHkiR I? T. A.). nOABM&bI 
typicus ki melanoon I-IOBMAMMOM~ I-IOYTM kicKflIowTenbH0 MAYT B xnesa; 
messeae OTJIMYaeTC5I HeCKOJIbKO 6onbrrreG IIIkIpOTOfi BO BKyCaX. Atroparvus 
cue MeHee npkIXOTJ-IMB B OTHOLLIeHMkI MWKpOKJIHMaTWIeCKBX yCJIOBId Id B 
H3BeCTHbIX yCJ-IOBWIX OXOTHO JIeTMT B YeJIOBeYeCKOe NuIbe. Labranchiae 
I? elLltLlS (sacharovi) BbIAepEGiBaIOT 3HaYMTeJIbHbIe KOne6aHwI @i3MYeCKMX 
yC.JIOBEIti M 6e3 pa36opa I-IbIOT KpOBb YeJIOBeKa M HMBOTHbIX. I-fOCJ-IeAHMe 
ABa IIOJl,Bl?Aa BCTpeqamTCFI B Hau6onee MaJIRpEItiHbIX MeCTHOCTfIX. 

l-@M BbICOKOfi IIJ-IOTHOCTkI KOMapOB, MaJIOM KOJWYeCTBe AOMaLLIHerO 
CKOTa W-II3 6onbrrroM IIpMTOKe raMeTOHOCMTenei? nIo6aB pa3HOBMAHOCTb 
,4. maCUlipellniS MOxeT nOAAep>KIdBaTb MaJIFIpdiHyN 3WiAeMIGo. 
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