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The geographical distribution of the varieties of

anorheles maculipennis in Spain, with short re-

marks on their biology,
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Netional Institute of Hygiene, Madrid.

Cn the agpearance of the first work of Professors
Martini, Missiroli, and Hackett on the varieties of A. macu-
lipennis, based on the characteristics of the egg, and on
the relation between these forms and malaria, which gave
fresh topical importence to the hreeds discovered by Van Thiel,
de Buck, and Swellengrevel, in Holland, I was commissioned )
ty the Central Anti-Malaria Commission to study their distri-
bution in Spain and their ticlogy.

During the years 1¢32 and 1933, the different
Gecticns of the above-mentioned Commission sent me specimens
of pregnant females so that I might study their eges in the
latoratcry. Notwithstanding, during this early period, I
used, in order to obtain them, lamp-chimneys into which T
intrcduced the mocquitces on a Fetri dish with water.

¥ith this prccess I could not go beyond the 200
annuel tatches of eges, seeing that the major part of the
females died without laying, until, through Dr. Hackett's
visit to Stain and a journey to Italy subsidised bty the
League of Nations Malaria Commission to study this problem,
I found myself in & position to complete my preparations
and 2couire the tec*nical data indispensable to the carry-
ing-out of this work.
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I shculd like to take this opportunity cf
acknowledging my gratitude to Professotrs Missiroli and
Hackett, and to Dr. Fampszna, of the League of Nations,
and, in particular, to the doctors of the iAnti-Malarie
Commission, provincisl dispensaries and Provinciel Anti-
melaria crganisaticns as well as of the "Confederacion del
Guadalquivir", who, by supplying me with material from
their respective Secticns, made it possitle for me to
collect about 3,500 btatches of eggs from a wide variety of
regicns during the past year. In short, it may be said
that cnly the rorthern part of Spain remains to be com-
vrletely studied.

I. THE TISTRIBUTION AND THE NUMRER OF VARIETIES IN SFAIN.

Four varieties of A. maculipennis have teen met
with in Spein so far: Dbasiliei Fall., atroparvus Van Thiel,
larranckiae Felleroni, and melanoon Hackett.

These forms show notable differences in their
distrituticn. One of them, A. m. atroparvus, is sprezd
cver all the greet centrzl plateau and the south of Spain,
and ras also reen found in the north-west; which seems to
indicate that it must likewise be distributed through the
ncrthern region, in spite of our present lack of data on
this rcint.

L. maculipennis basiliel has been found up to
the present in only one rlace in the province of Orense,
near the Atlantic coast; 4. m. melanocn is distributed
througl thre eastern region, givine way to A. m. labranchiae
in the south of ALlicante and in Murcia, the only provinces
in which the last variety has yet teen found.

The data referring to the detailed distritution
are given later on in the text, the number of tratches of
eges studied of each variety in the following table:



Distribution of A. maculipennis varieties in Spain.
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Ovipositions obtained

Provinces  Localities atr. mel. Iabr. bas. Total
Barceleons Prat del Llotregat ol g0 .
Huesca Alrededores 25 a5
Burgos Mirande de Ebro 22 22
Crense Castrelo de Mino 77 13 g0
Tarregonsa La Cava 33 40 73
Valladclid Medina del Campo 11 11
Salamanca Camporerrado 160 160
" Ciudad Rodrigo 41 41
" Retortillo 215 215
Castellon Alrededores 83 e3
Madrid Capital ol 51
Valencia Saler 182 162
Toledo Talavera de la Reina 25 25
Ceceres Caminomorisco 128 128
" Torrequemada 23 93
* Coria 1R 18
Ciudad keal Deimiel 152 152
" Puertollano 201 201
Bada joz Pantano de Cijara 6g7 27
Llicante San Fulgencio 172 172
" Cliva 12 12
" Crihuela 11 11
" Pego 26 96
" Crba 7 7
Murcia Zona de huerta 42 42
Jaen Capital 15 15
" Camporredondo 49 49
Cordonta Zona de riego 136 156
" Catra 5 )
" Hornachuelos 119 119
" Fuenteove juna 17 17
Sevilla Utrera 57 o7
" Lebri ja 75 75
Huelva Gibraleon 150 150
Granada Genes de la Vega 10 1C
Cadiz Arcos de la Frontera 519 519
" Urrique 1 1
" Senlucar 4 4
Total ovipositions .... 3,546 370 285 13 3,884

IT. THE MCORPHOLOGICAL CHARACTERISTICS OF THE SPANISH
VARIETTIES.

The forms found in our country are similar to those
of Italy, so I will not repeat the characteristics set out by
the authors mentioned above, who give excellent descriptions of
them, whichk may be consulted for their distinguishing marks;

I have, however, to make some remarks about certain morpho-
logical details which have not been mentioned, or have been
referred to only cursorily, but which help to distinguish them.



A. maculipennis basiliei corresponds exactly to
the descriptions given. I have never met in this variety the
hexagonal network found in some others, and the protuberances
of the exochorion seem very irregular, with a tendency to be
triangular, as in labranchiae, and, like those of labranchiae,
they are completely devoid of a dark spot in the centre.
These protuberances are big, so that the egg seems pure white,
contrasting with .the tlack bands, on which they are much
smaller but equally irregular. : ‘

The larva agrees likewise with the description
given by Dr. La Face, and in the adults the external spine of
the harpago is tlunt.

The A. maculipennis labranchiae of our country
varies in colour, specimens existing with well-defined black
spots, although this is unusual; the floats are characteris-
tically grooved, and very narrow, bearing out more in narrow=-
ness than in lencth the distinction from the atroparvus floats.
The protuterances of the exochorion are coarse, and of the
irregular shape already described. It may te affirmed with
- Hackett that the Spanish variety is generally darker than the
Italian form. In the larvae the hair No.l of the second
ardcminal segment is always palmate. In the adults the
harrago 1s invariatly sharp-pointed.

A. maculipennis atroparvus, perhaps because 1t is
the most widespread and commonest sort, is the one that shows
the greatest variations among its specimens. The floats,
apart from the very few grooves which occur in the zone of
their insertion, are smooth; but in some eggs I have seen
them heavily grooved. This always coincided with an
abnormally reduced size of float and with considerable
differences of dimension among different specimens; that is
to say that I was always dealing with non-typical eggs. As
to the floats, I would point out that amongst our atroparvus
there are some in which the ribs are quite clear and the rest
of the egg perfectly smooth, whilst in others there are very
ptvious grooves in addition to and parallel with the ribs,
whick give them a corrugated appearance, so that it is some-
times difficult to count them.

The differences in the protuberances of the exo-
chorion are considerable. In the normal type where the colour
¢ontrast is strong, the pale protuberances are fairly large
and rounded, with festooned edges in the light areas, while
those on the tlack parts are very small and irregular in
cutline. The colour of the egg depends on the size of the
rrotuherances; the larger these are, the whiter the eggs
appear; 1in the palest ones they look as if they were caked
on them.

In a second type, the protuberances on the dark
rarts are slightly larger, while those in the pale area are
of normal size, giving the egg a uniform greyish tinge; 1in a
third type, the protuberances on the pale areas have a
ravelled appearance; they are small, and have lost their
usual shape, giving the egg a uniformly dark appearance.
Nevertheless, in a single tatch in which nearly all the eggs
are completely uniform and dark, a few may have normal
protuterances with a greater colour contrast.
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The black spot in the centre; mentioned hy Hackett,
is found only in the first two types, and not in the thirdg,
probably owing to the stellate shape of the former.

The greyish tint ‘of the chorion, described by the
above-mentioned authors in their first reports, is hardly ever
found in our speclmens, although they are not blue-hlack like
labranchiae, : ‘

The hexagonal network described by Hackett in messeae
is found in a fairly large proportion of our atroparvus, being
more oOr less clearly marked at both extremities of the egg;
in some specimens it is large enough to cover almost the whole
surface, Owing to the absence of protuberances, this net-
work has a dark appearance.

A special all-black type with the net work covering
the whole surface was found in 0.5 per cent of the specimens
of eggs examined. - F. de Buen told me that he had obtained
from these eggs, which appear mainly in the winter, 0 O,
whose eggs were entirely normal in appearance, tt

The larvae are indistinguishable from those of
labranchiae, as in many cases Hair No.l of the second abdominal
~segment is of the typical palmate form, which at first led me
to thirk that this variety must exist in the central plain,
until I obtained larvae with the same palmate hair from
typical eggs of atroparvus which convinced me that this
feature is by no means exclusive; as the hairs of the Tfourth
and fifth segments are practically the same in both varieties,
there is, in my opinion, no real distinguishing mark.

The adult males, of which I observed several hundred,
always have the external spine of the harpago pointed, although
in some specimens it 1s sharper than in others.  As regards,
the maxillary index of the females, there is a higher percentage
of mosquitoes whose index varies between 14.5 and 17 teeth,
These data, like the previous ones, are based on specimens
caught in nature at the same season as the other varieties,
i,e., in June and July. Very complete statistics of their
variations in the province of (dceres are given in the recently-
published work of E. de Buen. :

A, maculipennis melanoon. In its general shape
the egg closely resembles that of atroparvus. The floats are
approximately the same as in that species, but in some batches
a oconsiderable percentage of eggs possess corrugated floats,
not so marked as in labranchiae, but similar to those of the -
messeae Wwhich we observed in Rome. , In other batches all the
eggs are more or less corrugated, contrary to Hackett's finding..
The hexagonal network is always clearly marked, and, as that
author observed, the spots follow its outline fairly closely.
The protuberances on the exochorion are much smaller than in
atroparvus, and are always round, with a darker spot in the
centre. As a rule, the light-grey colour of certain specimens
is due not to the size, but to the number, of the protuberances,
so that a slight increase in the number of the latter always
gives them a smooth appearance. The shade varies considerably,
appreciable differences being found among eggs in the same
batch; while some are almost completely black, others have
pale—grey areas standing out in marked oontrast.

Hair No.l of the second segment of the lerva is nearly
always branched, as in messeae. The adults, as I had occasion
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to demonstrate to Dr. La Face in the course of our tour,
sometimes have the apex of the external spine of the harpago
rounded, or rather, tlunt; in other specimens it is definite-
ly pointed, and in some the apex comes to a sharp point, i.e.,
midway betweer. the two previous shsapes.

The maxillary index of the is midway between

atroparvus and labranchiee, usually varying between 14.5 and
16.5. The majority of specimens have an index of 15 to 15.5.
As a rule the length of the wing varies between 4 and 4.3;

the most usual wing length is 4.2 (24 per cent).

AL comparison of these data with those relating to
messeae in other Furopean areas shows that the characteristics
of the specimens closely coincide, and that the only difference
is in the length of Tloat index, which is definitely lower

length of egg
in the Spanish specimens, and in thé number of ribs, which
is smaller in our variety.

It is interesting to compare the maxillary indices
obtained in the three varieties; this is lowest in the case
of labrenchiae, in which the highest percentage varies be-
tween 13.5 and 14.5, 14 predominating; on the other hand,
atroparvus shows an index of 15.5 to 18.5, while our melanoon.
is midway between the two, 15 to 15.5 predominating. The
dentel index shows that, generally spesking, the figures vary
between 28 and 2% in labranchiae, between 34 and 37 in
atroparvus, and between 36 and 39 in melanoon, i.e.,, in the
first case the figures are quite different, whereas in the
second and third they overlap slightly. I was unable to
ascertain these indices in the case of basiliei, as up to the
present the pure variety has nowhere been found, and the data
ortained from labhoratory cultures may te influenced by
artificial breeding conditions. The number of batches of
basiliei eggs was so small that I was unatle to obtain it from
various 9 2. ' '

ITTI. The Distribution »f Varisties in Relation to Environment.

The atroparvus variety is obviously the most robust,
and hence the one best adapted to any environment. It is
found both in mountainous districts and at sea level, in dry
as well as in damp areas, and is the only one able to stand
the very tarrer conditions prevailing in our great central
plateau, where the water almost dkmppeers during the summer
season and the relative humidity is very low. Its breeding-
places vary widely, and the biological observations made by
nearly all Spanish authors relate to this breed; as it has
been ‘studied in a paper by Dr. S. de Buen, I need not deal
with it any furthsr here.

The labranchiae variety is confined to the irrigated
zone, where the humidity is relatively high owing to the
evaporation of the water used for cultivation purroses, and
where the tempsrature is mild in winter and fairly hot in
summer, In one part (Murcia), the breeding-places of larvae
are extremely difficult to find, as they are confined to
small stagnant patches of water intended for irrigation
purposes and to a few pools. In the houses and stables of
this zone, adult srecimens are very rare, San Fulgencio
affordsanothsr example of an irrigated area whers S. de Buen




found in the dreinage channels, and in certain receptacles
used. for . voiling hemp, larvae which are.doubtless of this
-variety, as the pure strain exists there. The rice-fields
also occasionally serve as breeding-places, without, however,
modifying the general conditions; ncvertheless, they afford
an excellent treeding-place for larvae. '

I was unable to study the breedlng places and
habltat of the basiliel variety, Castrelo de Mino is situated
in a cold region, witk an Atlantic climate, an abundant rain-
fall, and considerable humidity, so that cond1t10ns are more
like those prevalllng in Northern Europe.

The melanoon variety is generally“found in the rice-
fields in the eastern part of the country, where the tempera-
ture is mild in winter and comparatiVely hot in summer, with
a relatlvely high humidity, which is checked during the day
by the rise in tempersture, but almost saturates the atmosphere
at sunset, The 5reed1ng~places are in the rice-fislds, their
drainage channels, and the so-called "prestamos" which a re
channels dug out for irrigation purposes. The water in these
rice-fields is always pure; in many cases there is plentiful
norizontal vegetation, the temperature is comparatively warm,
and there is a very abundant fauna. In some parts of the
Ibro delta, the water in the drainage channels is slightly
brackish, but it cannot be definitely asserted that this
species develops thers; it is probably atréparvus, also found
in this area, which has a preference for brackish water.

It is of interest to note that only melanoon is
found in the rice-fields running all along ths coast from the
northern part of Alicante as far as Castelldn; in the Ebro
delte it is mingled with atroparvus, which rpplacés melanoon
at Prat de Llobregat, near Barcelona.

It might be assumed that melanoon is replaced by
atroparvus in the north owing to the more severe -climatic
conditions, but in my opinion that assumption is incorrect -
it is the outcome of a biological struggle between the two for
predomlnance in the rice-fields. In Valencia, and-also in
Castelldn and Alicante, where - thanks to the irrigation system,
in some cases dating back to the Arabs - rice has been.grown
for a long time past, the melanoon variety has had time, with
the help of particularly favourable environmental conditions,
to oust atroparvus. This is prod.ktly what is happening in
the Ebro delta, on one side of which rice has been grown for
about eighty years, while on the left bank it has been cultivat-
ed for some twenty years. On the other hand, in-the
Llobregat delta, rice cultivation is of more recent date, and
consequently melanoon does not exist, or at any rate is
sufficiently rare for us not to have come across it among
the several hundred batches of eggs collected. This  vizw
is, in my opinion, much m2re likely to be correct than the
assumption that the disappearance of melanoon and its replace-
ment by atropervus is due to ths differcnes in temperature,
which is really very slight, between Cast 114n and Barcelona




IV. The different varieties and their relations with man.

Cwing to its epidemiological importance, the more
or less close relations of the varieties of mosquito with man
constitutes one of their most interesting biological peculi-
arities; unfortunately, though anxious to do so, I have been
unable to study this point on the spot in various regions for
the purpose not only of collecting blood from stable and
house mosquitoes for subseguent study by means of precipitins,
but also of making practical observations as to the food they
rrefer in each of these zones. I have no data whatsoever
regarding maculipennis basiliei and labranchiae, and although
those relating to melanoon are not very plentiful, there are
certain detailw which I should like to record.

Hackett states that melanoon shows a deviation from
man, so that this variety does not transmit malaria. Never-
theless, in Valencia, Dr. Hill and I made a point of staying
out of doors to see whether the local anopheles bit in the
open air, and in less than half an hour five arrived, of which
we were able to capture three., ILuengo, in 1924, stated that
in this region these culicidae frequently bit man. This
statement appears to be borne out by the comparatively large
number of these insects in the houses and stables, as I ob-
served in a short note published in the Boletin del Instituto
de Higiene of that province. Whereas, in the districts where
atrovarvus predominates, the number of mosquitoes in dwelllngs
is always much smaller than the number 1n the stables, in this
reglon the two ares almost equal. :

In the whole dlstrlct around Albufera, cattle are
very rare, as I had occasion to observe, and at Saler - a place
I have already mentioned - during my flrst visit with Dr. Hill I
found one shed containing cows and another goats, whereas on my
second visit the latter had disappear=ed. It is hardly likely,
therefore, that the thousands of anopheles in the houses there
could keep themselves alive on the four cows in the shed. 1In
Castelldn, according to Dr. Cdmara's observations, there were
nearly as many mosquitoes in the houses as in the stables.,

V. The different varieties and their- relatlon to malarla in

Spaln.

A comparison of the malaria map of our country with
the map showing the distribution of varieties willlead us, I
think, to interesting conclusions. We will leave out of
account the Cantabrian zone, for which we have no data - except
for Castrelo de Mino, where malaria exists, the fauna consist-
ing chiefly of atroparvus with a small number of basiliei -
and will confine ourselves to the three following very dissimilar
zones,

(a) Rice~-field zone, inhabited by melanoon.

In this zone, malaria is rare, and is decreasing
almost everywhere while districts of intense anophelism without
malaria are being formed. Castelldnis an example of the former,
and the places near Albufera de Valencia of the latter.



In the Abro delta, where this variety, although it
predominates slightly according to my data, is mingled with
atroparvus, malaria, which, thirty years ago, was very pre-
valent and severe (on which account the district is feared
by the Valencian rice-growers who -go there to plant and
harvest the rice), has gradually declined, until it is now
much less frequent. In my opinion, this decline is closely
associated with the biological struggle, as the outcome of
which atroparvus is being replaced by this variety, the latter
being more vigorous in this environment. ’

It would appear, therefore,’that melanoon is not an
aotive vector of malaria, and that districts ‘where it is
found alone are often free from the disease.

(b) Labranchiae zone.

"As S. de Buen observes, the region inhabited by this
variety is marked by the existence of what might be called
epidemic malaria.

This is clearly proved by the fact that in the dis-
trict of San Fulgencio and Rojales, in the province of Alicantes,
its endemicity is checked if a vigorous campalgn is conducted,
but as soon as this is slightly relaxed - as occured in 1934-
35 - veritable epidemics break out.

In the irigated part of Murcia, which is situated
within this zone, malaria persists, although the number of
mosquitoes is incredibly small; however, the anti-malarial
measures employed for the treatment of patients get the better
of the disease fairly easily. Hence the Spanish observations
coincide with those of the Italian authors, who state that
this variety is the most active vector of the human plasmodium.

(c) Atroparvus zone

If we regard atroparvus as a single variety, and
attach no importance to the differences in the colouring of
the egg, taking them to be simply individual variations, we
may say that 1t covers almost the whole of our country, and
is found in pure strain in the central plateau and Andalusia. -.

The differences in the percentage of infection are
con§iderable; 1t is always less intense north of the Carpeto-
Vetonica range separating the two Castiles, where it is rare
or non-existent except at Salamanca and in the Aragonese
irrigated zone, probably owing to the bleaker climate; south
of that range there are certain districts where malaria is
very troublesome, as in the Extremena region and Western
Andalusia, .others where its endemicity is lower, and also,
here and there, places in which anophelism exists without
malaria, as at Aranjuez, Padul, etec., although the number
of mosquitoes is considerable.

We see, therefore, that the labranChiae.zone‘i§
marked by intense malaria, the melanoon zone by }ts rarity
or absence, and the atroparvus zone by the considerable
differences in the prevalence of the disease.
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In the case of separate varieties, their greater
or lesser epidemiological importance can easily be explained
by the biological differences between them; nevertheless, as
we have already observed, the reason why melanoon is not
an active veetar is 10 be found not in its deviation by animals,
as Hackett asserts, but in physiologieal peculiarities. For
instance, whereas in the laboratory atroparvus may produce three
or four batches of eggs, melanoon can hardly be made to produce
a second batch, although the number of eggs in its first batch
is usually considerably larger th:n in the case of atroparvus;
if this also ha-'vens in nature, it would mean that ITs adul®
stage is shorter than that of atroparvus, and that the risk of

infection is therefore less, '

On the other hand, the different behavious of
atroparvus according to the locality is due to factors extraneous
to the moscuito and capable of modifying its biology.

"hat are these factors?

Some years ago, Missiroli and Hackett discussed the
various theories which had been put forward up to that time
to explain anophelism without malaris, and I agree with them
thet none is altogether satisfactory. Moreover, this
phenomenon must have a definitely local character, certain
factors which are decisive in some places being absent in others.
In the case of Spain, climatic conditions might explain the
absence of maleria on the Cantabrian coast and north of the
plateau, but cannot account for the position at Algodor and -
Aran juez, which are very near and possess the same climate -
the former being malarious and the latter not.

Ls regards deviation by animals, the interesting
experiments of Roubaud have shown that there is a clearly-
marked distinction in the zoophilism of the anopheles of
Camporredondo (Jaen); nevertheless, although cattle are found
in that zone which might attract them, endemic malaria is

widespread.

I should now like t0 record some personal observations
I have made in the course of my worlk, which may possibly throw
some light on the matter, My object is not to put forward a new
theory, but to draw attention to certain somewhat obscure
points in the biology of mosquitoes, from the detailed study of
which it may be possible to draw valuable conclusions.

It is a noteworthy fact thet in our country malaria
does not appear to have any direct connection with the large
number of ponds to be found in so many places, which are
capable of feeding a hugh and vigorous swarm of anopheles; on the
contrary, the prevalence of the disease is in inverse ratio
to the number of these ponds. For instance, in Cdceres, where
there is possibly more malaria then anywhere else in Spain,
there are many places where, owing to the excessive drought,
there is hardly enough water during the summer months to maintain
small larval breeding-places in what remains of the streams
and wells; nevertheless, malaries is widely prevalent.

These larval breeding-places produce mosquitoes which
are small in size and usually have a rather low maxillary index.
This denotes a morphological change due to the unfavourable
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cornditions of the acuatic environment, of which the following
nay be mentioned: {(a) the excessively high temperature of

the water, which, although it accelerates the cycle of
evo;ution, is pregudlolal to the anoPneles- {b) the scarcity
of aquatic vegetati n and piankton; s)over-population by
anopheles; (d) prolonged stagnatlon with too rich a bacterial
flora; (e) salinity.

It 1s not going too far to assume that the considerable
morphological changes caused by de¥elopment under these conditions
are gecompanied by physioclogical changes in these mosquitoes,
regarding which little or nothing is known.

0f what nature are those changes likely to be? It
is highly probatle that in the case of a badly-nourished mosquito,
or cne which has passed through precarious conditions during
its aquatic life, the development of the ovaries will be retarded,
and it will also have a greater need of food to make good to
some e: tent the deficiency during its larval stage.

Both these factors would be highly condumcive to the
propagation of the parasite, both because it would have a
longer time in which to complete iis evolution; and because of
the greater risk of infection to which the mosouito is liable

if it feeds more freguently.

This is not the first time that attention has been
drawn to the small ponds where conditions are unfavourable, in
thelr relation to malaria. The brackish water areas have
teen regarded as more malarious for some time past. Moreover,

2&ssandrini pointed out that mosguitoes which develop in g
favourable aquatic environment are less likely to transmit
malarias than those bred under adverse conditions during their
larval stage. Nevertheless, the explanation given by this
author, that it is owing to their vigour that they are immune
to the parasite, is untenable, besause it has been proved that
they are just as likely to become infected as weakly specimens,

The question is deserving of study, not only on account
of its theoretical interest, but in view of the practical
consequences which might ersue if my observations proved it be
correct, as this would nonfine the camraign against anopheles
to ponds where conditions are definitely unfavourable, and
where greater precautions would be taken, if 1t were mot possible
to drain them.

My investigations into this question were cut short
suddenly before I was able to draw any conclusions, but I
traist that it will soon be possible for me to resume my work,
onee the causes which prevented me from ¢ontinuing it have been

removed.,




