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Chapter 1

INTRODUCTION

Malaria is one of the most important diseases in the world today. Each year
roughly 100 million clinical cases of malaria are reported and more than one mil-
lion people die of the disease. More than 200 million people are infected, while the
discase threatens approximately two billion people (Najera et al., 1992).

Before World War Il endemic malaria was found throughout Europe. After a
high incidence of malaria in Europe during the war, malaria slowly disappeared
from the continent. The last reported focus of indigenous malaria in continental
Europe in Greek Macedonia disappeared in 1975 (Bruce-Chwatt ez al., 1975). Var-
ious reasons can be given for the gradual decrease of malaria in northem Europe,
and thereafter in the Mediterranean part of the continent. The Rockefeller Founda-
tion programme which resulted in the WHQO-malaria eradication campaign con-
tributed very much to the disappearance of malaria in Europe. During this cam-
paign the application of residual insecticides and epidemiological surveillance as
well as active case detection have played an important role. The availability of new
drugs, improved housing, land reclamation, improved agricultural techniques, im-
proved social and economic conditions, and better sanitation further reduced the
number of malaria cases. Finally, the growth of duckweed due to the use of fertil-
izers, clearing of vegetation, herbicide use and the effect of water pollution by in-
dustrial effluents, insecticides, sewage and detergents further diminished the num-
ber of anophelines found (Bruce-Chwatt and Zulueta, 1980}. In the Netherlands the
modernization of pigsties which had provided shelter for mosquitoes contributed
very much to the diminishing numbers of semihibernating Aropheles (Van Seven-
ter, 1969).

Malaria is transmitted by mosquitoes which belong to the genus dnopheles
(Diptera, Culicidae). Approximately 4) anopheline species have been described
(Bruce-Chwatt, 1985), of which some 60 are known to be malaria vectors under
natural conditions. Species of the An. maculipennis (Meigen, 1818) complex were
responsible for most of the malaria transmission in Europe. Other anophelines
mentioned as possible vectors of malaria in Europe were An. algeriensis (Theo-
bald, 1903), An. claviger (Meigen, 1804), An. hispaniola {Theobald, 1903), An.
sergentii {Theobald, 1907) and particularly 4n. superpictus (Grassi, 1899). This
species played a secondary role in malaria transmission in scuth-castern Europe.

Although endemic malaria has disappeared, every year more than ten thousand
registered cases of malaria are imported into Europe by tourists, immigrants and
other travelilers from malaria endemic areas. This has increased the concern for a
reintroduction of malaria into Europe. Climate is known to affect directly and indi-
rectly the epidemiology of malaria. A predicted temperature increase in Europe duoe
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to the greenhouse effect might enhance the risk for reappearance of malaria due to
transmission of the imported parasites by local vector species.

This paper presents a review of the ecology and distribution of the European
malaria vectors, in particular of species of the An. maculipennis complex, in order
to analyze the relationship between the particular ecology of each vector and its
role in malaria transmission in Europe. The possibility of the reintroduction of
malaria in Europe based on environmental factors is discussed.

The biology and epidemiology of malaria

The life cycle of human malaria parasites comprises a phase in the mosquito and
a phase in man (Fig. 1). Sexual forms (gametocytes) of the parasite are formed in
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Figure 1. Life cycle of the malaria parasite (Plasmodium spp.).
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the human red blood cells. When a female mosquito sucks blood gametocytes are
ingested. In the mosquito stomach, fusion of the male and female gametocytes
creates a zygote, which in turn develops into an ockinete. The ookinete penctrates
the gut wall and settles on the outer surface of the mosquito stomach to become an
oocyst. Inside the oocyst, sporozoites are formed and released into the body cavity.
In time, sporozoites enter the salivary glands of the mosquito and are injected into
the bloodstream of the human host during feeding. The duration of the period
between ingestion of parasites and formation of infectious sporozoites greatly
depends on the ambient temperature. Some of the injected sporozoites enter the
human parenchym cells of the liver and develop into pre-erythrocytic schizonts.
After completion of the pre-erythrocytic stage, merozoites are released into the
blood circulation, where they penetrate erythrocytes. The early stages of Plasmo-
dium in the red blood cell are called trophozoites. The trophozoite, after a dividing
process, (schizogony) develops into a schizont, which eventually bursts and de-
pending on the species releases 8 1o 32 merozoites into the blood. These can invade
uninfected erythrocytes. Disease symptoms are caused by the presence of the
asexual parasite stages in the human blood. Some of the merozoites give rise to
sexually differentiated forms (gametocytes). These sexual forms grow 1o maturity
and may be picked up by a mosquito. Four types of Plasmodium species normally
occur in humans: P. falciparum, P. vivax, P. malariae and P. ovale. Humans are
the only known mammalian host for the first three parasites, whereas the last one is
considered to be a zoonosis, as a similar parasite is also present in higher apes. The
period of development of malaria parasites in the mosquito is called the extrinsic
incubation period and at 25 °C lasts from 10-20 days, depending on the species.
Pre-erythrocytic development in the human host is called the intrinsic incubation
period, and may last approximately 7 days for P. falciparum, 69 days for P. vivax
or P. ovale and 14 to 16 days for P. malariae. Only P. vivax and P. ovale have the
so-called ‘hypnozoites’ that can remain dormant up to 4 years, prior to starting
their development into liver schizonts.

Plasmodium falciparum is the most pathogenic species of human plasmodia.
The trophozoites of P. falciparum are retained in the capillaries of the internal or-
gans, such as the brain, heart and spleen. The parasite density of P. vivax in the
blood can reach up to 2.5-3%. P. falciparum, however, can reach densities of
10-20 times of that of P. vivax during the first infections. If it is not adequately
treated, the infection is usually fatal within 2-3 weeks, sometimes already within
the first week after the start of the illness. Repeated infections cause an immune
response in the human host which can limit the serious effects of this disease.
Without treatment P. falciparum parasites can persist for one or two years in the
human host. In chronic infections of P. falciparum, parasites can persist up to 1.5
years in the human host, unless the individual is treated. Only in £. vivax and
P. ovale infections, the above mentioned hypnozoites can still develop into
schizonts, causing the well known relapses of tertian malaria for a period of four
years without a reinfection.
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The endemicity of malaria is classified according to the degree of transmission:

Hypoendemicity: Areas with little transmission,

Mesoendemicity: Varying intensity of transmission depending on local circum-
stances.

Hyperendemicity: Intense scasonal transmission where the immunity is insuffi-
cient to prevent the effects of malaria on all age groups.

Holoendemicity: Perennial transmission of a high degree resulting in immune
responses in all age groups, particularly adults.

The malaria-risk in endemic areas is almost exclusively limited to non-immunes.
In hyper- and holo-endemic areas (now also called stable malarious areas), the non-
immunes consist of children ageing from 3—6 months up to 5 years, immigranis and
travellers from non-endemic areas. As endemicity decreases, the potential for se-
vere epidemics increases. In the areas of irregular malaria transmission where few
people may have experienced an earlier malaria infection, ail age groups are con-
sidered susceptible during an epidemic. In the case of P. falciparum such epidemics
are often accompanied by high mortality, while in the case of P. vivax it causes
mainly morbidity. In particular people living in areas adjacent to a malaria-endemic
zone are at risk, because in years with favourable conditions for the mosquito vec-
tors, the disease can cause an epidemic in the largely non-immune population.

More detailed information about the biology of the parasite and the epidemiolo-
gy of the disease can be found elsewhere (e.g. Bruce-Chwatt, 1985; Gilles and
Warrel, 1993; Wernsdorfer and MacGregor, 1988).

Malaria incidence in Europe

The impact of malaria in southern Europe and in the Balkan area has been much
greater than in northern European countries. Nevertheless even in northern Evrope
the importance of the disease was considerable (Bruce-Chwatt and Zulueta, 1980).
The differences between the various parts of Europe are well illustrated by the
malaria incidence in the German army in 1917-1918 (Zieman, 1937 cited by
Bruce-Chwatt and Zulueta, 1980, see Table 1).

Bruce-Chwatt and Zulueta (1980) in their book ‘The rise and fall of malaria in

Table 1. Malaria incidence in the German army in 1917-1918 (after Zieman, 1937, cited by Bruce-
Chwatt and Zulueta, 1980).

Area of malaria transmission Cases per 1000
Western Europe 26
Eastern Europe {2.8
The Balkans 1324
Turkey 183.7
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Europe’ presented an overview of the history of malaria in Europe. The most en-
demic malaria areas were found in the south (Table 2). Greece was probably the
country in Europe with the highest incidence of malaria. During the period
1931-1935 the annual number of people in Greece infected with malaria averaged
one to two million. The malaria mortality was estimated at 74 per 100.000 inhabi-
tants. Severe malaria epidemics were reported from Rumania, where the annual
number of cases was 420.000 at the beginning of this century, Yugoslavia (1942-
1943: 600.000 cases), Italy (1905: 300.000 cases) and Spain {1943: 400.000 cases).

In central Europe the malaria incidence was much lower than in the southern Eu-
ropean countries. Neither in Austria nor in Czechoslovakia or Switzerland there
was any need for large scale anti-malaria operations. In the nineteenth century the
malarious areas followed the course of the Danube and its tributaries from southern

Table 2. Malaria incidence in southern Europe and the Balkan states {after Bruce-Chwatt and Zulueta,
1980).

Country Remarks

Albania The coastal areas with its brackish marshes were highly malarious. Furthermore,
maiaria was reported in fertile valleys inland.

Bulgaria Hyperendemic and mesoendemic foci were observed in the southern coastal zone at

the Black Sea. The northern side of this zone was hypoendemic. The riverine plain of
Thracia, the valley of the Danube and the lower valleys of other rivers were hypo- or
mesoendemic. Hilly areas and higher valleys of the rivers in the south west were hy-
peendemic. In the mountainous areas focal malaria outbreaks were observed.

Cyprus Hyperendemic malaria.

France The Languedoc-Roussillon area in the south was malarious. Especially the delta of the
Rhone was highly malarious. Furthermore, there have been reports from malarious
areas in the south west of France (Guyenne and Gascony), Corstca was reported high-
ly malarious.

Greece Western Greece (Macedonia, Peloponnese and Epirus) comprised the most malarious
areas due to the distribution of rainfall, topography and rice cultivation. Here the dis-
ease was everywhere hyperendemic.

Italy Malaria was particularly severe in the south of Italy, in Latium and on the island of
Sardinia (meso-hyperendemic malaria). The central part of the country was hypo-
mesoendemic while the northern part had some hypoendemic foci.

Malta Local outbreaks of fevers were reported.

Portugal The endemic malaria zones were located in the hydrographic basins of the main
rivers. Hyperendemic malaria in some areas was associated with rice cultures.

Rumania Severe endemic malaria was reported from the valleys of the tributaries of the left

bank of the Danube and on the Black Sea shore. Moderately severe endemic malaria
was reported from the high valleys and plains of Moldavia, moderately and low en-
demic malaria areas were found in the valley and delta of the Danube.

Spain The disease was prevalent in coastal areas in the south of Spain and along major river
valleys and various endemic areas in the central part of the Iberian plateau, Rice fields
were associated with malaria.

Yugoslavia The main endemic areas were the Dalmatian coast, Micedonia, Kosovo, southern Ser-
bia and the valleys of the tributaries of the Danube. The Dalmatian coast was hyperen-
demie.
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Austria, extending on both sides of the river over Hungary. The main Hungarian
malarious areas were in the northeast with its large flood plains and cut-off bends
of rivers, and in the southwest in a region of extensive marshes and fish ponds. In
the great central plain only sporadic cases of malaria were observed.

In northwestern Europe, malaria epidemics were mamly restricted to coastal
areas. Intermittent and remittent fevers have been reported from England and Scot-
land. In the Netherlands malaria occurred in areas with brackish water in the
provinces of Zeeland, Friesland, Groningen and North Holland. In Belgium ma-
laria was reported from the coastal areas only. In Germany there were reports from
Schleswig Holstein, north Rhineland and southern Wiirttenberg, In France malaria
was reported in swampy areas in the central part of the country (e.g. the Dombes
plain and the Sologne area) and the northern coastal areas of the west coast (Nor-
mandy, Brittany and the Vendée). Malaria was a common disease in many parts of
Denmark as well as the south of Sweden and Finland. In Sweden until about 1880
there were approximately 4000-8000 cases each year.

In Poland endemic areas were found especially in swampy lowlands. In eastern
Poland the malaria incidence during 1919-1922 was 200 per 100.000. In the for-
mer Soviet Union malaria was recorded mainly in the southern Ukraine and along
the lower Volga river. Small foci were found in central Russia and sporadic cases
were recorded in northern Russia as far north as Arkhangelsk.

In southern Europe a continuous transmission of malaria from spring to autumn
was observed while in northern European countries transmission was discontinu-
ous and dynamic, with annual maxima. Furthermore, some vector species were
able to transmit malaria inside houses and stables during autumn. This type of
malaria-transmission was of particular importance in the Netherlands (Swellen-
grebel and De Buck, 1938).

The two main Plasmodium species found in Europe were P. vivax and P. falci-
parun. Whereas P. vivax occurred throughout the continent, P. falciparum was re-
stricted to the south. In the Balkan states and Italy the epidemiology of malaria had
a typical pattern with P. vivax epidemics in the spring followed by P. falciparum in
the autumn. Transmission occurred from June to October in Rumania and from
April-May to the beginning of November in Greece and southern Italy {Bruce-
Chwatt and Zulueta, 1980; Hackett, 1949). In Portugal the transmission took place
mainly between the end of April and October. P. vivax was most common in north-
crn Portugal while P. faiciparum was occasionally prevalent in the south (Cam-
bournac, 1942). In France the climate restricted the transmission of P. falciparum
to the south. A particular situation was observed in Albania and Sardinia where the
vectors built up rapidly in numbers through April, May and June and then de-
creased (Bates, 1941b; Logan, 1953).

In the Netherlands and Germany two P. vivax peaks were noted, one in April-
May, caused by an infection acquired in the autumn of the previous year and
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having a long incubation period, and the second in September due to infections ac-
quired during the summer, after a relatively short incubation period (Swellengrebel
and De Buck, 1938). In Finland and Sweden a single peak in May and sometimes 2
second less perceptible one in October were observed. The single peak in May is
characteristic for northern latitudes. The P. vivax infections in humans occurred in
the autumn, after an incubation period of 5-13 months (Bruce-Chwatt and Zulueta,
1980).

Most of the malaria cases in Poland occurred in the summer and early autumn. In
Russia two species of P. vivax were distinguished. The southern P. vivax vivax had
a short incubation time of 14-20 days, while the northern P. vivax sibernans had a
long incubation period of several months, In the northern and central parts of the
former Soviet Union the important part in the annual transmission belonged to the
first generation of mosquitoes bred out of eggs laid by the females after diapause. -
This generation had a flight in May and June and only during long, warm summers
was the second generation of importance (Bruce-Chwatt and Zulueta, 1980). The
transmission season in the central part of the former USSR was from the end of
June to August. In the south of the former Soviet Union transmission was from
May up to October with a peak in July and August (Shipitsina, 1964).

Wageningen Agric. Univ. Papers 94-5 (1994) 7



Chapter 2

TAXONOMY AND DISTRIBUTION OF FORMER
MALARIA YVECTORS IN EUROPE

Anophelines belong to the order Dipfera, sub-order Nemaiocera, family Culici-
dae {mosquitoes). One of the typical characteristics of adult anophelines is their
resting posture. The proboscis, head, thorax and abdomen lie on one straight axis.
Furthermore, anopheline larvae lie parallel to the water surface, in contrast to other
larval Culicidae (Bruce-Chwatt, 1985).

— An. maculipennis s.l. — The relation between malaria incidence in Europe and
the presence of various members of the An. maculipennis complex was not discov-
ered until 1927. Some areas were known where members of the An. maculipennis
complex occurred without malaria. This situation was characterized as anophelism
without malaria. The discovery of long-winged and short-winged varieties of An.
maculipennis and their association with fresh and brackish waler, respectively, was
the first evidence for the existence of a complex of species (Van Thiel, 1927). In
the early 1930°s more evidence about a species complex was brought forward
(Hackett and Missiroli, 1935; Martini ez al., 1931; Van Thiel, 1933). By the end of
the 1930°s most of the present species of the An. maculipennis complex were rec-
ognized (Bates, 1940%; Missiroli, 1939). The larval, pupal and adult stages of the
various members of the An. maculipennis complex are morphologically similar to
each other. However, they can be separated on the basis of egg shell patterns. More
recently, larval chaetotaxy, cytotaxonomic methods, cross breeding experiments,
the use of enzyme electrophortesis and analysis of cuticular hydrocarbons have pro-
vided more evidence for the existence of the different species in the complex
(Bullini and Coluzzi, 1978; Bullini et al., 1980; Coluzzi, 1988; Deruaz ef al., 1991;
Guy et al., 1976, Phillips et al., 1990; Suzzoni-Blatger et al., 1990).

The adults of the An. maculipennis complex are dark or medium brown. The
head has a pair of antennae which are plumose in the male and sparsely feathered
in the female. The palpi are about as long as the proboscis in male and female
anophelines. The wings have scale clusters at the junctions of forked veins (2 and
4) and more proximally on veins 2, 3 and 4. The mesonotum is laterally darkened
with a conspicuous pale frontal scale-tuft (scales thinner and sparser than in other
pale-tufted species). The male gonocoxite has 2 or 3 simple parabasal spines with
raised basal tubercules. The length of the four aquatic larval instars of the species
increases from circa 1 to 2.5, 4 and 6 mm. The frontal hairs of the larva are
plumose, the outer clypeal hairs have numerous branches. The palmate hair is re-
duced on abdominal segments I and 1I. Seta 9 of the pupa is pinnately branched on
abdominal segment VIII and simple on segments I1[-VII (White, 1978).

White (1978) described 13 members of the An. maculipennis complex compris-
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ing 9 Palaearctic species and 4 Nearctic ones. He based his analysis on chromoso-
mal evidence. He proposed an identification key largely based on egg morphology
{Table 3) and chromosome characteristics. The present paper focuses on the
Palaearctic members of the complex as described by White (1978). The species
with their synonyms and distributions are listed in Table 4. In Figs. 2 to 7 the dis-
tribution of the European species of the An. maculipennis complex is given. The
discovery of more species within the complex is expected. Ribeiro et al. (1980}
consider An. subalpinus and An, melanoon as two species. Cianchi et al. (1987)
provided evidence of reproductive isolation between sympatric populations of 4.
subalpinus and An. melanoon. Suzzoni-Blatger and Sevin (1982) reported signifi-
cant differences of the larval chaetotaxy between An. atroparvus populations origi-
nating from the south of France or Portugal and populations in England and Ger-
many. An An. maculipennis population from the south of France was significantly
different from a population in Albania.

More detailed information about the nearctic species An. aziecus, An. earlei, An.
Jfreeborni and An. occidentalis can be found elsewhere (e.g. Barr, 1988; McHugh,
1989). Barr (1988) described a fifth nearctic species, Axn. hendersoni.

Table 3. Egg determination table presented by White (1978) for the palacarctic species of the Anophe-
les maculipennis complex.

1. Egg without fleats (but rudimentary floats may develop at low

temperatures); deck uniformly pale from pole to pole. 2
Egg with floats fully formed; deck dark, barred or mottled. 3
2. sacharovi
martinius
3. Intercostal membranes of floats smooth. 4
Intercostal membranes of floats rough (finely corrugated). 5
4. Upper surface of egg sofily patterned with wedge-shaped black marks
on a pale background; ends of deck pale almost to the tips atroparvis
Upper surface of egg entirely dark or with pattern of 2 transverse
dark bars near the ends of floats, poles dark and remainder
of the upper egg surface irregularly mottled. melanoon
5. Upper surface of egg marked with 2 transverse dark bars near the ends
of the floats, with or without other pattern 6
Upper surface of egg with mottled pattern but without 2 dark transverse
bars near the of the floats 8
6. Transverse dark bars on egg sharply contrasted with unmottled pale
background colour of upper egg surface 7
Transverse dark bars on upper egg surface forming part of a diffuse
mottled pattern nesseus
7. Eggs with tips less acutely pointed; chorion of upper egg surface
relatively rough; width of egg between floats about 17% of egg length maculipennis s.s.
Eszgs with tips more acutely pointed; chorion of upper egg surface
relatively smooth; width of egg between floats about 12% of egg length beklemishevi
8. Upper surface of egg richly patterned with cuneiform dark marks on
frosted pale background; poles narrowly dark. labranchiae
9. Upper surface of egg pale with little or no motiled pattern; poles
broadly dark-capped. sicaulti
10 Wageningen Agric. Univ. Papers 94-5 (1994)
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Figure 2. Distribution of 4n. atroparvus (this paper).

Figure 3. Distribution of An. labranchiae (this paper).
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Figure 4. Distribution of An. maculipennis s.5. (this paper).

Figure 3. Disrbution of An. melamoon {1his paper).



Figure 2. Distribution of An. atroparvus (this paper).
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Figure 3. Distribution of An. labranchiae (this paper).
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Figure 4. Distribution of An. maculipennis s.s. (this paper).

Figure 5. Distribution of An. melanoon (this paper).
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Figure 6. Distribution of 4n. messeae / An. beklemishevi (this paper).
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Figure 7. Distribution of An. sackarovi (this paper).
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Figure 8. Distribution of An. superpictus (this paper).

In Europe the species An. atroparvus, An. sacharovi and An. labranchiae were
almost invariably associated with endemic malaria. An. atroparvus was the most
widespread vector, Particularly in the coastal lowlands of western Europe it was as-
sociated with malaria. In central and southern ltaly An. labranchiae was the most
important vector. An. sacharovi was the most important vector in the eastern
Mediterranean region of Europe. An. messeae and An. maculipennis s.s. were re-
ported as vectors of some significance when their densities were high, especially
when a region did not have much livestock. An. messeae was mentioned as a vector
in Eastern Europe and the Balkan area. An. maculipennis s.s. was mentioned as a
vector in the Balkan area. 4n. melanoon played a minor role only.

Other anophelines which have been mentioned as possible vectors of malaria in
Europe but which do not belong to the An. maculipennis complex are:

— Ar. superpictus — This species was reported to be a vector in Corsica, southern
Italy, Sardinia, Sicily, Rumania, southern Bulgaria, Albania, Dalmatic coast of
Yugoslavia, Yugoslavian Macedonia, Kosovo, Greece, Cyprus and Turkey
(Aitken, 1954; Aziz, 1947; Barber, 1936; Bates, 1941% Bruce-Chwatt and Zulueta,
1980; Hackett, 1937; Hackett, 1949; Hackett and Moshkovski, 1949; Postigiione et
al., 1973; Rageau et al, 1970). Its presence often coincides with that of An.
sacharovi. An. superpictus was reported from Spain as well but its numbers were
probably very low (Weyer, 1939). The present distribution of An. superpictus is
given in Fig. 8.
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— An. algeriensis — Although reported by Horsfall (1955), this species is not con-
sidered an important vector in Europe. It has been reported mainly from the
Mediterranean countries, but occasionally also in central and northern Europe. An.
algeriensis typically rests and bites outdoors. Therefore, the species is only danger-
ous at high densities (Barber and Rice, 1935%": Hedeen, 1957; Ramos et al., 1982).

—~ An. hispaniola — MacDonald (1957) mentioned this species as a potential
vector of malaria, It has been recorded in Portugal, Spain, Sardinia, southern Italy
and Greece (Ribeiro ef al, 1980). The mosquito typically rests and bites outdoors,
and is considered to be a vector of minor importance only.

— An. claviger — This species probably played a role as a vector in the transmis-
sion of malaria in some parts of Europe (MacDonald, 1957). The species was
shown to be a vector in southeastern Italy (Hargreaves, 1923). 4An. claviger is a
western Palearctic species. Under the former name claviger two sibling species
were known, namely An. claviger and An. petragnanii. An. petragnanii is not con-
sidered a malaria vector. Therefore, old data on An. claviger as a possible vector of
malaria are puzzling (Ribeiro ef al., 1977).

— An. sergentii — This species has been associated with two indigenous malaria

cases in Sicily. Sicily is reported as the northern distribution limit of this species
(D’ Alessandro and Sacca, 1967).
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Chapter 3

THE BIONOMICS OF THE AQUATIC STAGES

Eggs of Anopheles are laid singly and they float on the water surface. Eggs grav-
itate towards each other, or to anything that breaks the surface of the water. The du-
ration of the egg stages depends on the temperature of the water at the surface. Re-
sistance to drying of the eggs varies according to their age, the variant and environ-
mental conditions (Horsfall, 1955). The fecundity of adults is related 1o their size
and the physiological age (Bates, 1949; Detinova et al., 1963; Shannon and Had-
jinicalao, 1941).

The first instar larva cuts the egg shell and emerges. The larva can emerge on a
wet surface and is able to crawl to reach water. There are four larval instars and a
pupal stage which rest and feed just beneath the water surface using surface ten-
sion. When a larva is disturbed it will swim downwards or sink passively. The lar-
vae respirate by means of a pair of spiracles on the dorsal site of the eighth abdomi-
nal segment. The pupa breathes with its respiratory trumpets.

While feeding the head of the larva rotates 180 degrees and its dorsal surface re-
mains uppermost. The mouth brushes produce a current of water from the area in
front of the larva towards the maxillae. Water in breeding habitats is covered with a
gelatinous film produced by various species of bacteria. Larvae feed on particles of
the water film and swallow relatively large objects such as filamentous algae. In
general it seems that micro-organisms, particularly bacteria and yeasts, form the
basic food material of anopheline larvae (Bates, 1949; Buxton and Leeson, 1949;
Horsfall, 1955). Under crowded conditions anopheline larvae can be stressed by
interference due to larval autotoxins, cannibalism and exploitative competition.
Under laboratory conditions An. stephensi took longer to develop, showed reduced
survival, had an extended pupation period and produced smaller adults under
crowded conditions (less than 2 cm? per larvae) (Reisen and Emory, 1977). Buxton
and Leeson (1949) state that in nature food probably is not generally a limiting fac-
tor.

Most anopheline larvae are typically found in standing or slowly flowing waters.
When anophelines are reported in running water they can be found in places such
as sheltered bays or in the lee of rocks. Species reported in lake margins and in
large ponds and marshes seek protection from wave action by vegetation. Species
of the An. maculipennis complex are typically found in permanent or semi-perma-
nent standing or slowly flowing water which is sunlit and clear. Small temporary
habitats such as treeholes have been reported only very occasionally. Dense vege-
tation is avoided (Bates, 1949; Borob’ev, 1960; Buxton and Leeson, 1949; Hedeen,
1955; Weyer, 1939).
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Chemical and physical properties of the habitat have a large effect on the develop-
ment rate and mortality of the larvae. Physical factors important for the develop-
ment and survival of larvae are water temperature, waves and exposure to sunlight.
Chemical properties include salinity, calcium concentration, the presence of ni-
trogenous materials, and alkalinity.

Development rate
The development rate of the aquatic stages of An. maculipennis s.1. depends

mainly on water temperature. The development time of the various aquatic stages
is presented in Table 5. The total development rate of the aquatic stages in relation

Table 5. Mean development times of the aquatic stages of An. maculipennis s.1. in relation to temperature.

temp.
(°C) eggs
An. atroparvus

10

development time (days)
L1 L2 L3

L4

pupa

......................... development threshold

references

Artemiev, 1980

20 35 2.5 4.0 4.6 3.0 Mosna, 1937
15-25 z5 2.0 35 38 29 Mosna, 1937
23 - - - - - 20 Corradetti, 1934
24 2 — — 12.5-22.5 24 Laarman, 1955
24 — — — - - 23 Van der Kaay et ¢l., 1982
24-25 2 2 2 3 4.5 23 Meller, 1962
2-25 1.5-3 2.5-3.5 4-85
25 2.5 2.0 2,0 2.6 2.0 Mosna, 1937
20-30 2.5 2.0 2.5 26 2.1 Mosna, 1937
24-27 2 2 13 2.5 4.3 24 Martini, 1941
27 2 2.5 3 5 Bates, 1939
2530 e optimum temperature Artemiev, 1980
2035 2.5 1.5 Mosna, 1937
30 2.5 L5 2.0 23 2.7 Mosna, 1937
30 1.6 Cambournac ef al., 1944
35 25 2.5 4.0 Mosna, 1937
35 upper limit Artemiev, 1980
35 | Cambournac ef al., 1944

An. labranchiae .
Kettle and Sellick, 1947

10-12 10-12

13-15 5 Kettle and Sellick, 1947
16-18 4 Kettle and Sellick, 1947
20 3.0 10 4.0 4.0 38 Mosna, 1937

15-25 25 20 35 45 . 3.1 Mosna, 1937

22-24 2 Kettle and Sellick, 1947
23 — — — - — 19 Corradetti, 1934

25 2,5 2.0 25 3.1 1.9 Mosna, 1937

20-30 2.5 2.5 30 4.0 2.2 Mosna, 1937

20-35 2,5 1.5 2.0 2.7 3.1 Mosna, 1937

30 2.5 20 i5 23 23 Mosna, 1937

35 2.5 2.0 20 33 Mosna, 1937
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Table 5 (centinued)

ternp.
(°C) epgs

An. maculipennis s.1.
13.9 4

14.4
17.1
19.5
20.0
23.6
24.5
248

R R W LW

An. maculipennis s.s.
10
10-12
13-15
19-21
22-24
23
25-30
35

N
—
(==

LNMM

An. melunoon
10

10-12 12
13-15
16-18 4
25-30

35

w

An. messeae

10

23 —
25-30

35

An. sacharovi
10
12-14
13-15
15
19-21
21-25
23
22-24
25
25

M\L\l

N

development time {days)
L1 L2 L3 L4 pupa

31
27
19
13
20
11

Lidiilll
I\JLHI\)'JJWUI‘QE

Lilitilld
Lilllidll

10

......................... development threshold

—_ — — — 19

.......................... optimum temperature
upper limit

......................... development threshold

.......................... optimum temperature
upper limit

emeeemm e eee—e——-development threshold
— - - g 22

.......................... optimum temperature
upper limit

e developiment threshold

......................... development threshold
- - 37

— — — - >60
- - 24

.......................... optimurm temperature

— — — - 22

- — - 12

— - - 13

_ N N - 115

references

Corradetti, 1931
Corradetti, 1931
Corradetti, 1931
Corradetti, 1931
Corradetti, 1931
Corradetti, 1931
Corradetti, 1931
Corradetti, 1931

Artemiev, 1980
Kettle and Sellick, 1947
Keitle and Sellick, 1947
Kettle and Sellick, 1947
Kettle and Sellick, 1947
Corradetn, 1934
Artemiev, 1980
Artemiev, 1980

Artemiev, 1980
Kettle and Sellick, 1947
Kettle and Sellick, 1947
Kettle and Sellick, 1947
Artemiev, 1980
Artemiev, 1980

Artemiav, 1980
Corradetti, 1934
Artemiev, 1980
Artemiev, 1980

Salitemik, 1957
Kligler, 1929

Kligler, 1930

Kligler, 1929

Kligler, 1930
Salitemnik, 1957
Corradetti, 1934
Kligler, 1930

Kligler, 1930

Kasap and Kasap, 1983
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to temperature is presented in Fig, 9. Although differences between and within
species occur, the development rate of all species is positively correlated with tem-
perature at temperatures between a lower threshold and an optimum temperature.
Above an optimum temperature a sharp decline is observed. Eichler and Pagast
{1948) expressed development rates for the aquatic stages of An. messeae in degree
days above a threshold temperature (Table 6). The photoperiod had no effect on the
duration of larval development (Vinogradova, 1960). ‘

9

sssss An. gtroparvus
wawmm An. gbronchiae
- Aa4ass An, sacharovi b
- — _ Legan curve m

Development rate (days™)
1

0.1 m
L [ -"*‘- -
L .-//,- \\ B
-
— . A/,‘: - AN -
L 1 — \ |
L I \
B - L8 \
L L -
L - .
-~ 4
ST \
i | | | \‘
0.0 Ly L 1 ! 1 1 | 1
10 20 30

Temperature (°C)

Figure 9: Development rate of larvae and pupae of An. atroparvus, An. labranchige and An. sacharovi
in relation to temperature (after references as listed in Table 5).

A Logan curve (dashed line) has been used to express the relation between temperature (7} and develop-
ment rate (dev.rafe) in the range between 10 and 35°C (Logan ef al., 1976), The development rate in-
creases exponentially from a value A at a lower threshold of 10°C to an optimum temperature with a rel-
ative increase of B. Thereafter the development rate declines sharply until the upper lethal thresheld of
35°C has been reached.

(35.0-T)
B-(350-100n - 22
devrate=4 - (eBwrfm.m e )

where
A:0.021; B:0.162; C:5.007; R 0.836
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Table 6: Temperature sum needed to complete the aquatic stages of An. messeae (after Eichler and
Pagast, 1948).

stage temperature temperature
surn threshold
(degree days) (°C)

egg 26.6 12.2

L1 18.2 14.5

1.2 238 14.0

L3 36.8 8.9

L4 839 4.4

pupa 327 10.5

rotal 222.7 10.1

Mortality

Reports on mortality of the aquatic stages of the An. maculipennis complex in
nature are sparse. Dmitriev and Artemiev (1933) reported records based on 3750
eggs in ground pools. The second instar was reached by 67% of the larvae, 40%
reached the third, 25% the fourth and the 16% that pupated all became adults.
Bruce-Chwatt (1985) cited Beklemishev who found that during the aquatic stage of
development 90-92.5% of the anophelines died. Cambournac and Simoes (1944)
observed mortality rates of the aquatic stages of An. atroparvus in rice fields of up
to 100%.

Industrial pollution influences the mortality of An. maculipennis s.1. and con-
tributed to the decrease of An. atroparvus in the Netherlands (Van Seventer, 1970).
An, messeae canmol develop in polluted water (Artemiev, 1980).

Reported mortalities of the aquatic stages of 4n. maculipennis s.1. in the labora-
tory are listed in Table 7. The mortality of the aquatic stages is temperature-depen-
dent and varies between species. An. sacharovi is the most thermophilic species of
the An. maculipennis complex. In central Asia Artemiev (1980) reported water
temperatures of the breeding sites of An. sackarovi rising to 38—40°C during the -
daytime,

Salinity also influences larval mortality. Eckstein (1936) observed larval mortal-
ity percentages for An. atroparvus at NaCl concentrations of 10.000, 5000, 2500,
500, 250 and 50 mg/l of 87%, 57%, 16%, 4%, 1% and 2%, respectively. The ob-
served mortality percentages of Anr. messeae at NaCl concentrations of 10.000,
5000, 2500, 500, 250 and 50 mg/l were 100%, 83%, 42%, 5%, 4% and (%, respec-
tively. Corradetti (1934) reported larval mortality percentages of An. afroparvus at
NaCl concentrations of 5000 mg/l and 10.000 mg/1 of 55% and 72%, respectively,
The reported larval mortality percentages of 4n. messeae at NaCl concentrations of
5000 mg/l and 10.000 mg/] were 65% and 100%, respectively.

Wageningen Agric. Univ. Papers 94-5 (1994) 23



Table 7: Reported mortalities of the aquatic stages of An. macufipennis s.1..

stage temperature mortality references
°C) (%)
An. atroparvus
egg - 18 Van der Kaay et al., 1982
egg -~ 20 Meller, 1962
larvae 30 14 Mosna, 1937
larvae 3s 100 Mosna, 1937
larvae 29 dying larvae Danilova and Zubareva, 1932
larvae-pupae 20 0 Mosna, 1937
larvae-pupae 24 35 Van der Kaay etal., 19827
larvae-pupac 25 0 Mosna, 1937
larvae-pupae 30 18 Mosna, 1937
larvae-pupae 20-35 90 Mosna, 19373
pupae 24 1-11 Laarman, 1955
pupae 34 30 Cambournac and Simoes, 1944
pupag 35 78 Cambournac and Simoes, 1944

An. labranchioe

larvae-pupac 20 0 Mosna, 1937
larvae-pupae 25 0 Mosna, 1937
larvag-pupae . 30 0 Mosna, 1937
larvae-pupae 35 100 Mosna, 19374
larvae-pupae 20-35 2 Mosna, 1937
An. maculipennis s.1.

larvae 4 100 Sautet, 1936
An. maculipennis s.s.

larvae <17.5 torpid larvae Artemiev, 1980
farvae >35 torpid larvae Artemniev, 1980
An. sacharovi

larvae 4 100 Sautet, 1936
egg - 25 Mer, 1931

egg 25 26 Kasap and Kasap, 1983
larvae-pupae 25 79 Saliternik, 1957

14% of the population died during the fourth larval stage and 4% during the pupal stage
the pupal mortality was 13%

78% of the population died during the larval stage and 12% during the pupal stage

78% of the population died during the larval stage and 22% during the pupal stage

no larval mortality

1
2z
3
4
5

Bates (1939) showed that larval survival depends on the ratio between the
minerals in a medium and not on the absolute amount of one mineral. Various
European anopheline species showed significant differences in the amount of cal-
cium needed to enable larvae to survive in a medium containing an excess of
magnesiumm sulphate.

Anopheline larvae have various natural enemies. There is not much quantitative
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information about the effects of a predator or a parasite on a population of larvae
under natural conditions. Predation may act on each stage of the mosquito but will
usually affect the immature stages most (Service, 1976). Among the enemies of
Anopheles larvae are fish, amphibia, reptiles, birds, and insects. The number of
mosquitoes caten by a predator depends on size and number of both predator and
prey, the presence or absence of alternative prey, temperature, interaction between
different predator species, and the presence or absence of shelters for the prey and
predators (Buxton and Leeson, 1949; Laird, 1988). The fish species Gambusia affi-
nis has been used in mosquito control. In small bodies of water containing little
vegetation it can almost eliminate early stages of Aropheles. Protozoa, fungi and
hydrachnid mites have been described as parasites of mosquito larvae (Bates,
1949). By living close to vegetation and floating materials, larvae are protected
from predators. Mosquito larvae mostly form a subordinate part of the aquatic
community. Consequently, their removal does not result in a radical change in the
physical or biological aspects of a community (Bates, 1949).

Meller (1962) observed a density effect on the development rate and the size of
An. atroparvus larvae and pupae. When the larval density was more than 1 larva
per 3.5 ¢cm?, mortality as well as development time increased. Furthermore, a den-
sity dependent cannibalism was seen (Table 8).

Table 8: Density effects on development time (days) and larval mortality of An. atroparvus (24-25°C;
after Meller, 1962).

density larval cannibalism development time
mortality mortality larvae

[em?/ larvag] (%) (%) (days)

7.5 12 4 11-17

3.8 8 4 11-18

1.9 14 10 : 14-24

1.3 30 13 17-25

0.9 35 19 17-28

Fecundity

The fecundity of An. maculipennis s 1. is presented in Table 9. Shute (1936) re-
ported up to 17 batches of eggs produced by one female An. atroparvus at 24°C.
Those insects which survived long enough to produce more than 10 batches of eggs
laid approximately 2500 eggs.

Fecundity depends mainly on the physiological age of the female. Detinova ef al.
(1963) observed a negative correlation between mean fecundity and gonotrophic .
cycle (Fig, 10),

Various authors found a positive correlation between the size of the female and
the number of developing eggs. Since adults are larger in the cool months of spring
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Table 9: Fecundity of An. maculipenniss.\..

number of number of eggs per batch
batches season mean range references

An. atroparvus

109 145 58-274 Van Thiel, 1933

-- 212 Van der Kaay er af., 1982
- 260 Van der Kaay ef al., 19822
- spring 250 100-350 Cambournac and Hill, 1938
- 151-200 Meller, 1962

An. labranchiae
500 132 22-295 Van Thiel, 1933

An. maculipennis s.s.

100 170 57-291 Van Thiel, 1933

100 summer 175 106-216 Shannen and Hadjinicolao, 1941
224 summer 214 122-300 Shannon and Hadjinicolao, 1941
100 spring 305 161-412 Shannon and Hadjinicolao, 1941

An. melanoon

100 163 64-280 Van Thiel, 1933 (An. melanoon)

72 summer 302 185304 Shannon and Hadjinicolao, 1941
(4n. subalpinus)

100 spring 353 207-515 Shannon and Hadjinicolao, 1941

(An. subalpinis)
An. messeae

100 130 74-256 Van Thiel, 1933

An. sacharovi

- February 100 Mer, 1931

- May 280 Mer, 1931

- July 100 Mer, 1931

- August 210 Mer, 1931

-- November 100 Mer, 1931

102 summer 152 83-349 Shannon and Hadjinicolao, 1941
100 spring 272 161-342 Shannon and Hadjinicolao, 1941
- 128 55217 Kasap and Kasap, 1983

! after the first blood meal.
2 after the second blood meal.

than in summer, the number of eggs per batch in spring will be higher (Detinova er
al., 1963; Shannon and Hadjinicalao, 1941). Detinova et al. (1963) reported a mean
fecundity of An. messeae in the USSR to decrease gradually from 282 eggs in June
to 235 eggs in July, 180 eggs in August and 132 in September. The average fecun-
dity in the first gonotrophic cycle was 289, 263, 255 and 180 eggs in June, July,
August and September, respectively. For the second gonotrophic cycle these num-
bers were 294, 255, 226 and 205, respectively. The mean fecundity of the females
which have overwintered decreases from 195 eggs in April to 172 and 149 eggs in
May and June, respectively (Detinova ef al., 1963).
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Figure L0: Fecundity of An. messeae in relation to the gonotrophic cycle (after Detinova ef al., 1963).

The distribution of the anopheline larvae is partly due to the selectivity of the fe-
males when ovipositing in certain habitats. The larva has only limited possibilities
of selecting its environment. Ecological studies of the oviposition behaviour of the
female adults have given puzzling resuits. Bates (1949) concluded that it is very
likely that the adults react to both the location of the habitat and the habitat-condi-
tion through visual and chemical cues.

To determine the optitnum temperature for the various species is complex. At in-
creasing temperatures the growth rate can increase, but simultaneously mortality
rates may increase too. Furthermore, at.relatively high temperatures emerging
adults will be smaller than at lower temperatures. Consequently the number of eggs
per female decreases.

Breeding sites of An. maculipennis s.l.

An. atroparvus

The aquatic stages of this species are typically found in clean, sunlit, standing
brackish and fresh water with horizontal submerged vegetation. The species has
been found in cultivated parts of river deltas, river margins, marshes of coastal
areas, lakes, brackish polders, canals and drainage ditches, rice fields, springs,
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ground pools with little vegetation, wells, and cement tanks {Camboumac and Hill,
1938; Pires et al., 1982; Pittaluga ef al., 1932; Sinton and Shute, 1943; Van Thiel,
1927; Zotta, 1938). An. atroparvus has been reported up to 1800 m. altitude (Cam-
bournac, 1942).

Reported salinity of the breeding sites varies from 300-700 mg/l in Germany
and Yugoslavia to 800-2500 mg/] in the Netherlands (Adamovic, 1980; Van der
Torren, 1935; Weyer, 1939). Van der Torren (1935) reported An. atroparvus in
the Netherlands at chloride concentrations of up to 8000 mg/l. Bates (1939) ob-
served a difference in the tolerance of NaCl by An. atroparvus depending on
whether a calcium salt was added to the medium or not. Bates {1941?) reported that
potassium nitrate had an unfavourable effect on larvae. Under laboratory condi-
tions De Buck et /. (1932) and Hackett and Missiroli (1935) reported a preference
of An. atroparvus for oviposition in fresh water rather than in a salt solution. Bates
(1940 found that An. atroparvus in Albania under laboratory conditions showed
complete indifference to the NaCl content of the water. The species showed a
pronounced preference for dark background colours and for water containing cal-
cium. In nature the gpecies is able to breed in fresh water but is out competed by
the better adapted An. messeae. An. airoparvus breeds in waters which are slightly
too salt, or warm for An. messeae (Hackett and Moshkovski, 1949). In fresh water
areas where An. messeae is absent, such as in parts of Italy, Spain and Portugal,
Anr. atroparvus may occur (Bates and Hackett, 1939). Camboumac and Hiil (1938)
reported An. atroparvus in Portugal in water with total chlorides varying between
50 and 130 mg/l. Ramos et al. (1977) reported a salinity in the Algarve (southern
Portugal) of 110 to 820 mg/l. However, in salt-water works the larvae tolerated a
salinity of 3200-3300 mg NaCl/l. In one case the waler contained 16.600 mg
NaClA.

Pires et al. (1982) reported a pH of the breeding sites in the range 6.7-7.0 with
extremes of 5.5 and 9.0. Ramos et al. (1977) observed a pH ranging from 3.5-7.0.
Cambournac and Hill (1938} reported a pH between 6.0 and 8.0. Adamovic (1980)
observed a pH of more than 8.

An. labranchiae

This species breeds in sunlit, stagnant fresh and brackish water containing hori-
zontal vegetation in all coastal areas and in some inland zones. It has been reported
in marshes, sluggish canals and rivers, quiet edges of flowing streams wherever a
growth of algae can develop, rice fields, ponds, ground pools, grassy pools, tanks
and wells {(Bruce-Chwatt, 1985; Falleroni, 1926; Hackett and Moshkovski, 1949;
Logan, 1953). An. labranchiae has been reported up to an altitude of 1720 m.
(D’alessandro ef al., 1971).

In Europe An. labranchiae is normally found in brackish water. The salinity of
the breeding site can reach 10.000 mg/l (Weyer, 1939). The species only breeds in
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fresh waters where An. atroparvus, An. melanoon and An. messeae do not occur. In
Sardinia, Corsica, Sicily and a small area of southeastern Spain where it is the only
maculipennis form it has spread into all types of fresh water from hill streams to in-
land marshes (Hackett, 1949; Hackett and Moshkovski, 1949; Trapido and Aitken,
1953; Zulueta, 1990). In Sardinia the species has been reported in breeding habitats
with a salinity of 151-1385 mg/]1 (Loddo, 1955). Bettini et al. (1978} reported An.
labranchiae in central Italy in fresh water.

In Sardinia this mosquito has been reported in breeding sites with a pH ranging
from 6.8-7.9 (Loddo, 1955), in slowly moving streams, occasionally in fast-run-
ning water, and even in turbid water (Logan, 1953). An. labranchiae is better
adapted to warmer walers than An. atroparvus (Hackett and Missiroli, 1935).

An. maculipennis s.5.

An. maculipennis s.s. has been found in hilly areas at altitudes of up to 2300 m
(Postiglione ef al., 1973) and in protected spots in hill streams, margins of rivers,
(spring-fed) ditches, rice fields, ponds, springs, and (artificial) pools (Barber, 1935;
Fallerom, 1926; Lewis, 1939; Rice and Barber, 1937, Zotta, 1938).

Cousserans et al. (1974) reported the species in a habitat with a pH of 7.8 and a
chloride content of 71 mg/l. Pichot and Deruaz (1981) found a pH of 6.95. Breed-
ing occurs in water rich in oxygen (Artemiev, 1980). An. maculipennis s.s. tolerates
moving water better than 4n. messeae and An. subalpinus (Bates, 1941%). Missiroli
(1935) associated the species with water which is subject to wide daily fluctuations
in temperature.

An. melanoon

An. melanoon is typically found in sunlit stagnant water with a large surface area
and some vegelation. This species has been reported in marshes, marginal zones of
lakes, rice fields, ponds, and ground pools (Bates, 1941%; Falleroni, 1926; Hackett,
1934; Logan, 1953; Rice and Barber, 1937), An. melancon (subalpinus) has been
found up to an altitude of 1200 m. (Postiglione eral., 1973). -

The breeding sites have a low nitrate content and a salinity of less than 1000 mg -
NaCl/l (Bates, 1941). :

An. messeae

The aquatic stages of An. messeae are typically found in stagnant fresh water.
Horsfall (1955} reported An. messeae in clear sunlit collections of water 30—-50 cm
deep where there is abundant growth of submerged vegetation. Plants rising above
the surface of the water caused a decrease of larvae when surface and subsurface
biota disappeared. The species has been reported near rivers, in marginal zones of

Wageningen Agric. Univ. Papers 94-5 (1994) 29



lakes, swamps, flood plains, pools, ponds, and ditches (Barber, 1935; Bates, 1941%;
Hackett, 1934; Hackett and Moshkovski, 1949),

In the laboratory An. messeae showed little preference for fresh water for ovipo-
sition {Hackett and Missiroli, 1935). De Buck ef al. (1932) reported no oviposition
preference for fresh or brackish water (35507000 mg/1). In nature, saline waters
are unfavourable. In many parts of its distribution area, An. atroparvus breeds in
waters which are slightly 100 salt for 4n. messeae (Hackett and Moshkovski, 1949).
Pichot and Deruaz (1981) reported a pH of the breeding sites of 6.95.

An. sacharovi

The aquatic stages of An. sacharovi are typically found in stagnant brackish wa-
ters in Europe but in Turkey this species occupies any suitable water, fresh or brack-
ish where horizontal vegetation is present. The species has been reported in coastal
marshes and lagoons, clogged mouths of streams entering the sea, irrigation canals,
drainage and spring-fed ditches, rice fields, grassy pools, ponds, and seepages {Bar-
ber, 1935; Bates, 1937; Bruce-Chwatt and Zulueta, 1980; Hackett and Moshkovski,
1949; Horsfall, 1955; Kasap and Kasap, 1983; Postiglione, 1973). In Israel An.
sacharovi has been reported in standing and slowly moving water habitats, such as
swamps, fish ponds, pocls, seepages, and river banks covered by floating horizontal
vegetation (Pener and Kitron, 1985%). In the Asian part of the former Soviet Union
the species was found up to an altitude of 2000 m (Chinayev, 1965).

In Sardinia 4n. sacharovi has been reported in breeding sites with a salinity of
160--19.100 mg/1 and a pH ranging from 6.7-7.4 (Loddo, 1955). Saliternik {1957}
reported a water depth generally greater than 30 cm and a pH range from 7 to 8.8.

Breeding sites of An. superpictus

The larvae of An. superpictus are typically found in clear gravelly beds of hill
streams without vegetation which flow from the mountains into the coastal plains.
The species can live in slowly flowing streams. Conditions are most favourable
during the driest period when there are {almost) no floods. They are found in stony
edges of streams, rice fields, swamps, irrigation channels, ditches, ponds, small
pools, springs, seepage argas, cisterns, wells, pits, and drillings (Barber, 1935;
Bates, 1941Y; Bates, 1949; Hackett and Moshkovski, 1949; Postiglione ef al., 1973;
Tshinaev, 1963; Weyer, 1939). Pener and Kitron (1985%) reported one larva in a
polluted habitat in Israel. A gravel bed s not a prerequisite for the breeding site as
Weyer (1939) also noted this mosquito in a sandy bedded site. Tshinaev (1963) ob-
served An. superpictus eggs to sink to the bottorn of the water where oxygen is sup-
plied by the photosynthesis of green filamentous algae and by intake of atmospheric
air in the small more rapidly flowing waters. In the Asian part of the former Soviet
Union 4n. superpictus has been reported up to an altitude of 2000 m. (Chinayev,
1963).
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Table 10; Fecundity of An. superpictus.

number of number of eggs per batch

batches season mean range references

100 summer 140 93-163 Shannon and Hadjinicolao, 1941
100 spring 162 67-173 Shannon and Hadjinicolao, 1941

Table 11: Mean development times of the aquatic stages of An. superpicius in relation to temperature.

temp. development time (days)
(°C) eggs LI L2 L3 L4 pupa references
17 >28 — — - 20 5 Kligler, 1929
18-21 - - - - - 22-24 Ulitcheva

(cited by Tshinaev, 1963)
24-25 - — — — — 13-14 Ulitcheva

(cited by Tshinacv, 1963)
25-27 — - — — — L11-12 Ulitcheva

(cited by Tshinaev, 1963)

The larvae of An. superpictus prefer a high salinity, comparable to that preferred
by larvae of An. sacharovi (Weyer, 1939).

The fecundity of An. superpictus and the development times of the various
aquatic stages are shown in Tables 10 and 11. The photoperiod had no effect on the
duration of larval development (Vinogradova, 1960).

Competition between species

The coastal distribution of 4n. labranchiae and An. sacharovi in the Balkans and
Italy differs from the situation in North Africa and Turkey where these species
have an inland as well as a coastal distribution. The coastal distribution in the
Balkans and Italy is probably explained by the absence of other species of the macu-
fipennis complex. Only in arecas where other species of the complex were absent
did these species penetrate inland (e.g. Sicily and Sardinia). The competition be-
tween the various members of the An. maculipennis complex is related to the salin-
ity of the breeding sites. Bates {1939) tested the survival of species of the An. macu-
lipennis complex in different dilutions of sea water (I'ig, 11). Each of the species of
the An. maculipennis complex has a characteristic salinity preference in its breed-
ing sites. Resistance to dehydration in saline solutions is common for An.
labranchiae, An. sacharovi and An. atroparvus. Hackett and Moshkovski (1949)
reported Ar. sacharovi to be more tolerant to salt than An. labranchiae. Tolerance
for NaCl seems to be identical for An. labranchiae and An. atroparvus when calci-
um salts are present, however, when these are absent An. afroparvus shows greater
mortality. Eckstein (1936) and Corradetti (1934) reported An. atroparvus to be
more tolerant to salt than 4An. messeae. Artemiev {1980} reported that the degree of
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Figure 1i: Average number of larvac of members of the An. maculipennis complex surviving for three
days in different dilutions of sea water {first instar larvae kept at 27°C; after Bates, 1939).

salt tolerance increased from An. maculipennis s.s., An. melanoon (including An.
subalpinus), An. messeae, An. atroparvus (o An. sacharovi,

Horsfall (1955) reported that only rarely did two or more species of the An.
maculipennis complex occupy the same site concurrently. When this was the case
one or the other was usually decidedly dominant. An. sacharovi, An. labranchiae
and An. atroparvus are able to breed in brackish water and show a predominantly
coastal distribution. An. messeae, An. melanoon and An. maculipennis s.s. are defi-
nitely associated with fresh-water. Postiglione ef a/. (1973) observed mixtures of
An. sacharovi, An. maculipennis s.s. and An. subalpinus in Turkey. The degree of
dominance of An. sacharovi partly depended on the salinity of the water. Barber
(1935) described a fresh water pool near a river in Greece which contained a mix-
ture of eggs of An. sacharovi and An. messeae. In autumn the pool became brackish
and An. messeae disappeared. Van der Torren (1935) observed the competition be-
tween An. atroparvus and An. messeae in the Netherlands depending on the chlo-
ride concentration of the breeding habitat (Fig. 12). Both larvae can be found in
brackish as well as fresh water. However, An. atroparvus prefers brackish water
above 1000 mg/] chlorides while An. messeae prefers water with less than 750 mg/l
chlorides. He pointed out that breeding sites with a low salinity surrounded by
breeding sites with a high salinity can be invaded with An. atroparvus while breed-
ing sites with a high salinity surrounded by breeding sites with a low salinity can be
mnvaded by 4n. messeae. In Rumania the fraction An. atroparvus found in the envi-
rons of Bucharest depends on the amount of rain. During wet seasons the percentage
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