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ABSTRACT

This study was initiated in order to deiermine the identities and
distribution patterns of the anopheline fauna, more especially the malaria vectors,
in regions of Botswana prone to wnalaria epidemics. Field samples collected from
Shakawe, Maun and Kasane over three consecutive years were subjected to
morphological, cytogenetic, isoenzyme and PCR analyses. The results established
that Anopheles arabiensis and Anopheies funestus were the predominant vector
species,

Morphnlogical and cytogenetic analysis of a salt-~water breeder, similar to
An. gzevedui and An. listeri, from Kasane, revealed the presence of a new species.
This has been nsmed in honour of Sir Seretse Khama, the late president of
Botswana {1966-1980) and the manuscsipt bas been submitted for publication, A
description of the new species is provided here as “An. listeri sp.B”.

Chromosomal analysis of the 4n. gambiae complex specimens established
the presence of An gqrabiensis only in all four localities over the study period.
Arm 2R had one floating inversion, 2Rb, which is common in southern African
prpulations of An. arabiensis. A Hacdy-Weinberg analysis of each of the four
populations, using one degree of freedorn, revealed no significant deviations i.e.
the observed frequencies of 2Rb+, 2Rb/b+ and 2Rb did not differ significantly
from the expected frequencies. Arm 2L was uniformly monomorphic for the 2La
arrangement, which is standard for An. arabiensis. Arm 3R was polymorphic for
inversion 3Ra with the following frequencies: 3Ra’ (n=206), 3Ra/a" (n=46), IRa
(n=0). The absence of the 3Ra homozygote suggests that it may be at a selective
disadvantage in this environment, or, that it may be ausociated with a lethal gene.

Statistical analysis of the genetic variability at six isoenzy.ne loci in all
four Botswana populations revealed a deficiency of heterozygotes (at the 0.01
significance level) in each of the populations samplsd. These resnits suggest that

the Botswana population is subdivided. The effects of population subdivision



i

(measured by the tixation index F) together with the derived estinates of
migration (/¥m) revealed that: for the EST, GCD and AAT loci there is scope for
genetic divergence resulting from random genetic drift; for the wOH locus,
migration is a potent force acting against genetic divergence resulting from
random genetic drift among subpopulations; for the XN locus, the N values
and Fyr are somewhat contradictory,

PCR analysis of the Botswana sample revealed the presence of An
arabiensis only.

The results ol our four-year study suggest that An. arabiensis and, to a

lesser extent, An. funestus are the vector species in Botswana,
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CHAPTER 1

INTRODUCTION

1.1 MALARIA IN BOTSWANA: A HISTORICAL REVIEW

In Botswana, the transmission of mafaria is unstable with seasonal
outbreuks. One of the most severe outbreaks on record occurred in 1996, when
more than 70 000 cases and 214 deaths were documented for the country, The
intensity of these outbreaks is closely related to the rainfull pattern in each region.
Approximately 50% of the country’s population are exposed to malaria mainly
between October and May i.e. the rainy season.

The geographical distribution of this «isease in Botswana is not uniform,
occwrring within three main epidemiological belts namely the nerthern, central
and southern belts,

The northern belt includes areas with relatively higher rainfall, namely the
Northwest Sub-Districts (Ngamiland, Chobe) and parts of the Central District
{Tutume) (Fig. 1). The transmission of malaria in these areas is refatively stable,
accounting for more than 80% of the reported annual cases for the country. For
example, during the malaria outbreak in 1996 the average infection rate in this
particular zone was 20-40% whereas the national average was 3% (Ministry of
Health, Botswana 1996). However, (he mortality due to malaria in this region is

generally lower in comparison to other parts of the country. This could be due to



FIGURE 1

Map of southern Afica (insert) and map of Botswana
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either the general awareness of the public health personnel and the community at
large o1, some immunity against the disease in the community, or, both, This
zone borders Namibia and is separated from Zambia by the Caprivi Strip (Fig. 1).
Control measures in place include (i) early case detection and treatment with
appropriate drugs; (ii) vector control through indoor DDT spraying and  (jii)
personai protection by the use of repellents and insecticide impregnated bed-nets.
Health education and advice on chemoprophylaxis for visitors is also provided.

The centrat belt includes the remainder of the Central District and the
adjacent Ghanzi District (Fig. 1). Here the transmission is occasional, but
somewhat higher in years when the rainfall is high. When epidemics occur they
arc accompanied by generally highzr mortality rates. For example during the
1996 cutbreak of malaria in this region the average case fatality ranged from
0.8%-1.2% in comparison to the national average of 0.2% (Ministry of Health,
Botswana, 1996). The confrol measures in this belt focus mainly on disease
surveillance and treatrnent with appropriate drugs. Routine vector control or
2hemoprophylaxis is ne: practised.

The southern belt consisis of areas south of the Central District and parts of
the Notrth East District south of Francistown (Fig. 1). Transmission in these areas
is sporadic. Focal epis.ades  .ransmission have been reported in years of heavy

rainfall, No control mr :u: s are in place.



The magnitude of the malaria problem in Botswana

The annual incidence of .1alaria varic. considerably ranging from 0-90
cases reported per 1000 of the population. Since the disease is seasonal no
significant protection due to immunity is conferred on the population. This hag
been the key determinant of the clinical outcome of malaria in Botswana. Severe
and complicated cases of malaria have been reported particularly in the northern
belt and all age groups =eem to be affected more or less equally according to the
epidemiolngical reports generated by the Ministry of Health. The case fatality has

remained significantly low ranging from 0-0.2%.

Studies on the anophelines

The anopheline fauna of Botswana (then Bechuanatand) listed in Gillies and
De Meillon (1968) was compiled using published rccords and materal seen in
collections. It kists twenty-one species including Anopheles funestus Giles and
Anopheles gambiae Giles as vectors of malaria { De
Meilion and Leeson 1940). Since then, there have been a limited number of
journai publications of more recent work carried out in Botswana (Mahon e? al.,

76).

i2 THEANOPHELES GAMBIAE COMPLEX

The Anopheles gambige complex of mosquitoes comprises six
morphologically indistinguishable species varying in their vectorsial capacity,
behaviour and biclogy (Service 1985, Gillies and Coetzee 1987, Coluzzi 1992).

Once regarded as 2 single, freshwater breeding species with a salt-water variant



(Evans 193§}, the complex is now known to include three freshwater (An.
arahiensis Pattunl, An. guadricnrzdatus (Theobald) end, An. gambiue Giles) two
salt-water (An, melas Thecbald, An meres Vonitz) and one mineral water {An.

bwembae White) species.

A historical review: The earlier workers noted that populations of An. gambiae
seemed to vary in their breeding wlaces, resting sites and host preferences,
Variation in breeding sites vanged from temporary freshwater poals (o marshes
and saline habitats (Evans 1938, De ivicillon 1947). Adult females were seen to
differ in their behaviour with some resting indcors and others outdoors after
feeding (De Meillon 1947). There were also observable differences in host
preference with some females feeding on (i) humans only; (ii) animals only
(mainly cattle) and ({iii) botk humans and animals (De Meiilon 1947).

[n 1944, Ribbands (19444, 1944b) presented both morphological and
physiological evidence for the distinctness of 4dn. melas, & salt-water adapted
species found in West Africa. Muirhead-Thomson (1945} noted morphological
differences between the eggs of 4n. mwelas and An. gumbice and woent on to
demonstrate reproductive isolation between the two due to the production of
stetile hybrid male progeny. From this evidence, he corcluded that An. rmeelay was
a distinct species (Muirhead-Thomson 1947). Bruce-Chwatt  (1950)
unfortunately, discounted the cross-mating experiments Jone by Muirhead-
Thomson (1947 and his findings were, as a result, ermonecusly ignored.
Anopheles melas was sunk into synonymy then called a “variety™ and only

recognised as a goud species in 1964, Paterson (1962) carried out cross mating



experiments between East Alrican salt-water breeders and freshwater An. gambiae
and concluded that the salt-water form was a separate species.  Similar
hybridisation tests by Davidson (1962) and Davidson and Jackson {1962} helped
differentinte additional, reproductively incompatible freshwater species formerly
classified as “4dn, gambice”. Based on this evidence, Paterson (1963) concluded
that these authors were dealing with two sibling species, to whic's Paterson et al.
(1943) added « third from southern Africa. These were designated as species A, B
and C (Paterson 1964). Davidson and Hunt (1973) then presented evidence for a
sixth species, species D from hot mineral springs in Bwamba county, Uganda, In
1977, Mattingly assigned formal names to the three treshwater members of the
An. gambiae complex i.e. An. gumbiae (species A), An. arabiensis (species B),
An. guadriannulatus {(species C) and the two salt-water species i.e. An. merys in
East Aftica and 4An. melas in West Africa. In 1985, the mineralised water form,

species D, was named An. bwambae (White 1985).

Biology: The two most efficient vectors are An. gambiae and An. arabiensis.
Anopheles gambiae is endophilic and anthropophilic and exhibits a tendency to
remain indoors after feeding: making it susceptible to indoor spraying campaigns
{Davidson and Draper 1953, Gillies 1954). Adnopheles arabiensis is (1) endo-and
exophilic and (i} zoophilic and anthropophilic and is therefore less affected by
indoor spraying campaigns (White 1974, Service et of, 1978). Anopheles
quadriannlatus is predominantly zoophilic and not a vector (Boreham 1975,
White ef al, 1980\. Anopheles me'as i a vector of malaria in West Atrica (Bryan

1979, 1983 and An. merus is & vector in East Africa (Bushrod 1981, Mosha and



Petrarca 1983} though not in Kwazulu Natat {Theron 1978). Both 4n. melas and
An. merus anow lower sporozoite rates than Aa. wr. Siensis and An gambiue
{White 1974, Bushrod 1981, Bryan 1983\. Anopheles bwambae has a very
Yimited distribution and is therefore oniy implicated in the local transmission of

malaria (White 1973),

Distribution: Anapheles gambiae and An. arabiensis are sympatric over most of
the'r range i.e. most of sub-Saharan Aiaca. Anopheles quadriannulatus occurs in
the south eastetn parts of Aftica, Zanzibar and Ethiopia. A4nopheles melus is
restricted to coastal West Africa, while An. merus occurs on the eastern side of the
continent, not restricted to coastal areas. Anopheles bwambae is found only in the
hot mineral water springs of the Semliki Forest, Bwamba county, Ugarda (Gillies

and Coetzee 1987),

1.3 SPECIES IDENTIFICATION OF THE AN, GAMEB! ki COMPLEX
Since the six species that comprise the An. ganbive complex vary in their
vectorial capacity and behavioural (raits wiihi twe to four species occurring in
sympatry over their geographical distribution (Coelzee et al, 1993b), it is
imperative that they be correctly identified to assess their impact on the
transmission of malaria parasites.
Varjous techniques have been used in attenipts to identify the species with

varying success, These are briefly deseribed below.



1.3.1 Morphologica! analysis
Absolute morphologicad featires for conclusively separating An. gamibie,

An. arahbiensis and An. guudricmmdatus do not exist, despite intensive studies
carried out on them in different laboratories (Coluzzi 1964, Green 1971, White
and Muniss 1972, Reid 1973, Coetzee 1986, Coetzee 1989). Variation observed
in the means and ranges of certain characters in every stage of the life cycle of the
mosquito, afford little scope for identification purposes especially under field
conditions. Multivariate analysis of multiple me sphometric data appears to offer a
method for discriminating between the freshwater species but collection of the
necessary data is tedious and time consuming (Coetzee 1989, Pefrarca ef «ol,
1994). Morphological studies have been carried out on all the life stages of these

mosquitess. Each will be discussed briefly.

Eggs: As early as 1945, Muirhead-Thomson was able to distinguish eggs of Axn.
melas fr~m those of An. gambiue by measurement of the deck width. In East
Africa, Kuhlow (1962) established that the eggs of An. merus were slightly larger
than those of the three freshwater species. These findings were later supported by
Paterson (1963), Anapheles melas egps were later found to be ionger and broader
than those of the three freshwater species {Coluzzi 1964). H: wever, no

differences between the epas of the freshwater species seem to exist.

Larvae: Anopheles melay could be distinguished from the freshwater species in
West Africa by the larva' pecten (Ribbands 1944a, 1944b). The number of

1. anches on the inner shioulder hair was useful in distinguishing between An.



gambiae and An. arabicnsix only in areas where An. guadriannuintus was sbsent

(Green 1971).

Pupae: No characters for distinguishing between the pupae are known., Coluzzy
(1964) seemed to find pupal setae of some use in his investigations however
Coetzee (1989) found little use for these characters in distinguishing between

memboers of this complex in southern Africa.

Adunlts: Palpyl ratio: The most reliabie character for distinguishing specimens of
An. merus and An, melos from freshwater An. gambige and An. yrabiensis is the
ratio of the length of the 4™ and 5" segments of the female palp to the 3% segment
(Coluzzi 1964); there ig less than 10% overlap in this index. B yan (1980) found
that palpal ratios could be utilised to wdentily 96.2% of 4n. melas and 91.59% of
An. gambiae when they occurred togethe: 1n the absence of other members of the
complex. Bushrod (1981) utilised palpal ratios to Jistinguish Ar. merus from an,
gambiae in Tanzania with very slight overlap in the values for this index. Coetlzee
(1989) used s multivariate discriminant analysis, which showed that by plotting
palpel ratio against sensiila number, a good discrimination for An. merus could b
ohtained. Antennal sensillue: Coluzzi (1964) used thig character to separate An,
gambiae from An merus. Bushrod (1981) found a very slight overlap between
An. gambiae and An. merus in Tenzania. Himd leg banding patterns: Coetzee ef
al. (1982) used these to separate field collected specimens of southern African
populations of An, arahicnsis and An. gambiae from An. quadrianmidatus and An.

merus. Even though no overlap was detected, Coetzee (1986) later stated that



these results might not be valid for all areas on the African continent. In fact, a
study carried ovt by Shamp ef af (1989) in Kwazulu Natal showed that 4n.
quetchricimdatis and An. meruy could be ideniified correctly using Coetzee ef of 's.
(1982) mea=urements however only 56% of A4n. arabiensis could be correctly

ident’fied in this region.

1.3.2 Salinity tolerance tests
Ribbands (1944b) investigated the salt-water tolerance of a variety of An.

gambige larvae, The result was that he could distinguish freshwater An. gambiae
from An. melas by placing individual egg batches in distilled water. On hatching
out, the 1¥ stage 1arvae are transferred to a solution equivalent to 75% seawater
(23.5g NaCl/litee). Survival for two hours is indicative of An. melas.

Muirhead-Thomson (1951) then went on to differentiate between freshwater
An. gambiae from East Africa and An merus. These tests require live first instar
larvac and only those larvae preferring saline habi' s (An. merus) will survive the

experimental procedure,

1.3.3 Cross mating ~xperiments

Muirhead-Thomson (1948) was the first to demonstrate reproductive
incompatibility in crosses between An. gambioe and An. melay by the production
of sterite male hybrid progeny. Davidson {1956) while working on the geneticr of
insectivide resistence, noticed that crosses between adults fiom the north with
those from the sowh of Nigeria gave rise to male progeny with atrophied testes.

Davidson and J ckson ([962) crossed different West Adlrican [reshwater
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populations of A#. gambiue and came up with two groups, which they cailed A,
and B. Burgess ({962} established male sterility when he crossed An. melus with
freshwater An. gambige. Paterson (1962) and Kuhlow (1962) crossed 4n. merus
from East Aftica with freshwater “An. gombiae” to produce sterile males.
Paterson et al. (1963) crossed species A and B with an “unknown” which they
then went on to name species C (An. guadrianmidatus). Davidson and White
(1972) and Davidson and Hunt (1973) did similar crossing experiments in order to
estabuish the status of an. bwambge from Uganda.

Originid crosses weie between biologically different populations ie.
freshwater versus sait-water. Subsequently, this method was used to cross
unknown specimens with reference strains. If the offspring are from conspecific
crosses, fertile hybrid males are produced and if they are from interspecific
crosses, the Fy males are always sterile. Predominantly male offspring are
produced when 4An. gambia~ and An. arabiensiv males are crossed with females
from An. quadriannulaius, An. melas and An. merus. Davidson ef al. (1967) give
results for all possibie crosses between the five species recognised at that time.
Hybrids can be confirmed by the presence of (i) atrophied and non-functional
testes and (ii) asynapsis of polytene chromosomes from the salivary glands of 4
instar larvae and ovarian nurse cells. However, the technique is time consoming
nd labarious and requires well-established colony material and expertise in the

investigator. It is seldom used today for routine identification purposes.



1.3.4 Cytogenetic analysis
Characteristic banding petterns of the giant polytene chromosomes found

in the ovarian nurse cells of half-gravid females and also in the salivary glands of
4" instar larvae were found to be highly accurate for species identification in the
An. gambiae complex (Coluzzi and Sabatini 1967, 1968, 1969, Green 1972, Hunt
1972, Davidson and Hunt 1973, Hunt 1973, 1987), The distinet banding patterns
observed on the X chromosome of An arabiensis separates it from the other
members of the An. gambive complex. Anopheles merus and An. gambice share
the same X chromosome banding pattern, however, fixed inversion “op” on arm
2R of the autosomes separates one from the other. Anopheles melas, An
quadriannulatus and An. bwambae also share an X banding sequence but can be
separated by various fixed differences on their autosomal chromesomes.

Some of the disadvantages of this technique are that only half-gravid
females and 4™ instar larvae can be used and a high level of expertise is required
to interpret the banding patterns. The method bas the advantage of being cheap,
samples can be stored in Carnoy’s fixative in the field for later identification, and
it is highly accurate. While chromosomal rearrangements have provided a reliable
diagnostic toal for the six named species, polymorphic inversion freqnencies in
An. gambiae and An. arabiensis populations in West Afeica (Bryan ef al., 1982,
Coluzzi et al. 1985) indicale that positive assortative mating is taking place, ie.

there is more than one species within each of these taxa.



1.3.5 Isoenzyme electrophoresis
Electrophoretic technigues to separate isoenzymes followed by
histochemical staining were first applied to the An. gambige complex by Mahon et
el {1976). They were able lo separate An. gambiae, An. guadrianmdatus, An.
arabiensis and An meruy on the distribution of allele frequencies of three
isoenzyme loci. Miles (1978} separated all six members of the complex using
species-specific isoenzyme patterms.  He incorporated his findings into a
biochemical key (Miles 1979). The diagnostic systems include EST 1, GOT,
ODH and SOD. The technique has been used for identification purposes by many
researchers {(Marchand and Mnzava 1985, Coectzee and Hunt 1986, Hunt and
Coetzee 1986, Mnzava ef al., 1989, Coetzee of ol., 19933, Braack ef al., 1994),
The advantages of isoenzyme electrophoresis are: (i) it can be carried out

on crude extracts i.e. purification of the enzymes is not required; (ii) it is simple
to perform and interpret and (iii) large samples can be processed in a relatively
short time. The disadvantages include having to either keep specimens alive or
stored in liquid nitrogen in the ficld and the need for sophisticated and expensive
laboratory equipment, The results of this procedure have to be interpreted with
care as some overlap in diagnostic systems have been recorded (Mahon er al.,
1976, Miles 1979, Marchand and Mnzava 1985, Mnzava et al., 1989, Coetzee ef
al. 1993a), Since the gene frequencies of diagnostic sllozymes may vary
geographically, it has been recommended that researchers check their results

against chromosomally identified specimens (Hunt and Coetzee 1986).



1.3.6 Cuticular hydrocarbon analysis
This method involves the extraction and the analysis of chemically stable

cuticular components using liquid gas chromatography. Carlson and Service
(1979, 1980), Hamilton and Service (1983) and Phillips ef ol (1988) used this
method in an attempt to identify An. gambiae, Arn. arabiensis and An. melas. The
accuracy of this methed is limited, as there seems to be some overlap between the
species investigated. The method is also of little practical value in the field as it is
time consuming and involves complicated and expensive gas chromatography

equipment.

1.3.7 DNA - based methods of identification

DNA prebes

DNA probe-based methods have been investigated with a view to using
them extengively in the field identification of the membe:s of the An. gambiae
complex. DNA offers several advantages: (i) the molecular structure is stable in
dessicated or “lcohol stored specriaens; (ii} most DNA differences are not specific
to sex ot developmental stage and (iii) if detection methods are based on
differences in highly repeuted coraponents of the genome, the DNA probes can be
very sensitive (Collins ¢; «f, 1988). One disadvantage is that the procedure is
very lengthy, Coilins ¢ af, (1987} produced a mube that could distinguish
between An.  arabiensis. An. gumbise and An.  melas. Tests against
chromosomally jdentified specimens proved 100% accurate (Collins e# /., 1988).
Gale and Crampton (1987a) developed two DNA probes; one could separate

males of An. arabiensis from those of An. gambiue and the other could separate



An. arabiensis and An. gumbiae from the salt-water tolerant species. Initially
these probes could distinguish An. quadriunnulatus from all except An. gambiae.
Gale and Crampton (1987b) later developed a probe that overcame this problem.
Mule specific probes like these remuin unsatisfactory. Gale and Crampton (1988)
squashed specimens onte a membrane to enable more specimens< te * = processed
in a shorter time. Membranes could be stored indefinitely but the meuiod was
cumbersome. involved radio labelling, assumed conspecific mating and depended
on the relative intensity of reactions for identifications. Hill et al (1991)
developed a non-radicactive method using three oligonucleotide probes and
squash blots which could identify the five main An. gambige complex members
but could only differentiate between males of An. arabiensis and An. gambiae.
Field tests in Tanzania and & 1ca (unpublished data) showed overlapping

results which were unsatistactory.

The Polymerase Chain Reaction {PCR) methiod

Paskewitz and Uollins (1990) introduced an identification system based on
amplifying species-specific DNA fragmenis using PCR. They produced three
“primers” derived from rDNA sequences that separated An. arebiensis from An.
gambiae. The PCR method utilises a universal plus stranded primer which is
derived from a conserved region at the 3 end of the 288 rDNA coding region and
two species-specific minus stranded primers derived from the intergenic spacers.
Tlse universal primer reacts differently with the species-specific primers: it

produces a 1.3 kb DNA fragment when the DNA from 4n. gambiae is used as a



templaie and only a 0.5kb fragment when the DNA from An arabiensis is used.
These products can then be separated electrophoretically on an agarose gel.

Scott ef of (1993} extended this work to produce four species—specific
primers that could distinguish between (i) An quadriannulatus (i) An
arabiensis (iil) An. gambi  and (iv) An. merus and An. melas. While the primers
for the last two species produce identically sized DNA fragments, this does not
pose any practical problems since the two species are allopatric in distribution.
Townson and Cnapa {1994) used tDNA-PCR to identify An. bwambae.

The PCR method has been tested; (i) against chromosomally and
enzymatically identified field specimens (Paskewitz ef ¢, 1993) where only one
identification out of 217 was disputed; (ii}) on southem African material against
enzymatically identified specimens (Bredenkamp and Sharp §993) with no dispute
and (iii} on Tanzanian material against 412 chromosomal.y identified specimens
with only three misidentifications (Van Rensburg er al., 1996},

The advantages of this method are that any life stage or sex of the mosquito
can be used, dried or alcohol preserved field specimens can be utilised, very small
portions {e.g. DNA from one leg) of the mosquito DNA can be amplified leaving
the remaining parts for use in additional anatyses and, finally, the technique is
fairly simple and the reswis easy to interpret. Some shortcomings which may
limit the extensive use of PCR include the need for expensive laboratory
equipment and chemicals. the use of ethidium bromide (« mutagen. for visualising
the species-specific DNA bands), and the need {o maintain the sterility of the

reagents and equipment.



1.4 THE ANOPHELES FUNESTUS GRQUP

Anapheles funestus is arguably second only to An. ganbiae as a vector of
malaria, and. in some arcas, may even be respousible for the major part of
transmission.  Studies by Evars and Leeson (1935, 1937) on larvae, first
established the existence of distinct “varieties” of 4An. funesius, most of which
have subsequently been recognised as good species. [t has hecome customary to
refer to the currently recognised members as being part of the An. funestus group,
Except for An. funestus which is anthrapophilic, studies have shown that other
members of this group appear to be maindy zoophilic although they also readily
bite man outdoors in the absence of other hosts (Giilies and De Meillon 1968),

Anapheles funestus is widespread and abundan! over the whole sub-Saharan
region. wherever there is enough permanent water and very little or no use of
residual insecticides. The northern riost records are from the Niger River and in
the south it extends to northern parts of Namibia, Botswana and as far south as
Maputo, Mozambique and, histori~aliy, Kwazulu-Nrtal in South Afiica. It also
occurs in the Comor: - and M.ar' igascar, but has been eradicated from Mauritius
(Gillies and De Meillon 15 8). Populations of An. furestus are relatively stable
because they breed in fairly permanent waters and are known to play a big part in
endemic maiaria (Gillies and De Meillon 1968). Anopheles funestus also plays an
important part in the transmission of baucroftian filariasis in rural areas (Taylor
1930, Gordon ef al., 1932, Henrard ef al., 1946, Kartman ef al., 1947, Smith 1955,
Nelson ¢f al., 1962) and O'nyong-nyong fever in Uganda {Haddow er al.. 1960).

Anopheles aruni Sobti is known from Zanzibar where females have been found to



hite man outdoors at night e both males and fernales can be caught in i
daytime resting in shaded banks and tree bases (Gillies and De Meillon 1968>.

Anuopheles brucei Service is known only from Lokoja in northern Nigeria
and nothing is known about the egg or adult biology. The larvae, however, have
bzen found in shady fores! streams and paitially dried riverbeds (Gillies and De
Meillon 1968},

Anopheles confusus Evans and Leeson seems to be confined to plateau areas
of eastern Africa from Kenya and Ethiopia to Sowh Africa. It is a widespread
species in Zimbabwe. Not much is krown about the adult biology and it is
presumed {0 be a zoophilic and outdoor species though De Meiilon (1941)
vecassionally found it indoors, The larvae seemed to prefer slowly flowing
streams (Gillies and De Meillon 1968),

Anopheles fuscivenusus Leeson is known only trom Zimbabwe. Not much
is known about the adult biology except that most specimens were collected in
outdoor resting sites. The early stages of this specimen are not known (Gillies
and De Meillon 1968).

Anopheles leesoni Evans is a widespread but localised species in the
savanna regions of eastern and west -a Africa. Its presence has been recorded in
Ethiopia, Kenya, Uganda. Central African Republic, Angola, Mozambique and
South Alrica. In West Alrica, it is known from Mali, Ivery Coast and northern
Nigeria. Although occasionally collected in houses (Evans 1931) it is usually
cellected in outdoor resting sites and presumed to be zoophilic (De Meillon 1933,
1916, Leeson 1937). The larvae are mostly found at the edges of slowly flowing

streams (Gillies and De Meillon 1968),




Anopheles parensis (iillies is exophilic and zoophilic. It is common ‘o the
¢astern African lowlands of Kenya, north-eastern Tanzania, Pemba Island,
Swaziland and South Africa. 1t was first recognised in Tanzania after residual
house spraying had eliminated local An. firtestus peoulations. Anopheles parensis
is not capable of maintaining the transmission of malaria {Gillies and Furlang
1964). The larvae are found in permanent swemps and ponds among reeds and
vegetation, unlike other members of the An funestus group which show a
preference for streams and moving water {Gillies and De Meillon 1968).

Anopheles rivulorun 1_eeson is found mainly in eastern and southern Afxica
from Ethiopja through FEast Africa, Pemba, Zanzibar, Angola, Zimbabwe,
Botswana, Mozambigue and South Afiica. 1t is also found locally in the West
African savanpa from Mali and the Ivory Coast to northern Nigeria. It is
exophilic and mainly zoophilic, only occasionally being found in houses (Gillies
and Be Mcillon 1968). It has been caught biting humans outdoors in fairly large
numbers in Tanzania though no gland infections were found (Gillies and Smith
1960). Wilkes et al. (1996) contradicted these results by finding sporozoite-
positive samples thus showing that An. rividorum is, in fact, a vector in Tanzania.
The larvae are usually found in gently flowing water alang the sides of rivers and
in irrigation channeis in parts of East Africa (Gillies and De Meillon 1968).

Anapheles vaneedeni Gillies and Coetzee is essentiatly an outdoor biting
species, frequently biting humans (De Meillon e¢ f., 1977 Smith er af., 1977). In
the daytime, females can be found resting in pit shelters. Laboratory tests showed
that this species was {ully susceptible 1o P. falciparnm malaria though its

involvement in the transmission of malaria is uacertain (De Meillon et «f, 1977).
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The larval habitat of this sproies is similar to that of An. fimestus (Gillies and De

Meillon 1968).

1.5 SPECIES IDENTIFICATION OF THE ANGPHELES FUNESTUS

GRCUP

1.5.1 Morphologica! analysis
[dentification of the 4. fimestus group is iainly based on egg and larval

characters.

Eges: The egps of An fiumestus, An. aruni, An. pavensis and An. vaneedeni are
indistinguishable. The eggs of An. brucei and An fuscivenosus are unknown,
Anopheles confusus differs from An. funestus in that the bosses on the chorion are
smaller, Anopheles lezsoni eggs are different from all others in the group in that
the frill occupies the full length of the egg and is continuous between floats.
Anopheles rividorum eggs have much smaller bosses on the chorion than those of
An, funestus, and the width between the floats is also usually greater (Gillies and

De Meillon 1968).

Larvae: The larvae of An. rividorum and An. brucei are indistinguishable from
euch other as are the larvae of An. fimestus, An. parensis, An. vagneedeni and An.
aruni. Anapheles rivilorn/brucei differ from the [aiter species by having greatly
reduced abdominal plaques and branched head seta 8-C. Auopheles confusus and

An. leesoni have abdommal plagues intevmediate in size between dn. fumestus et



ul., and An, rivilorum/brucei and differ from each other only by head seta 8-C
which is branched in An Jjeeson! and simple in An confusus (Gillies and De

Meillon 1968).

Adults: There are some differences in the thoracic colouration, wing markings
and size of pale areas of the male and female palps. These characters are,
however, variable within species and none can be used for aceurate identification

(Gillies and De Meillon 1968).

1.5.2 Cyfogenetic analysis

The palytene chromosomes from ovarian nurse cells of 4n. funestus wete
used as a standard and compared with those of An preensis and An vaneedeni
{Green and Hunt 1980). All three species shuare the same X chromosome banding
sequences, Anonheles parensis differs from 4n. funestus by two fixed inversions
while .1n. vaneedeni is homosequential with the Ar fimestus arrangement,
differing only in the presence of a polymorphic inversion on Arm 2. Crossing
experiments between An. vaneedeni and An. furestus (Green and Hunt 1980)
produced sterile hybrids. Green (1982} published & large amount of chromosomal
data on the other members of the An fumestus group. A summary of his
discussions on intraspecific inveision polymorphisms in the group is provided
here. An. fimestus from The Gambia provided additional importaut data to that
from southern African pupulations {Green and Hunt 1980) in that the whole
sample was monomorphic for the standard arrangement except that 3a occurred

with a relative frequency of 006, this contrasted markedly with the highly
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polymorphic populations of southern Africa (Green 1982); An rivelorum
inversions 4c¢ and 5 were recorded for Zimbabwean samples but not found in
populations from Kwazulu-Natal, relative frequencies of 0.83 for 4¢ and (.94 for
5e were recorded (Green 1982); An feesowni from Tete Pan, Kwazulu-Natal,
showed heterozygotes for Xd in three ocut of the seven insects collected and
samples from Sinoia, Zimbabwe, showed Xd but were not scored (Green 1982).
This work by Green {1982) permits, for the first time, positive identification of
wild-caught females. Previcusly. families had to be reared from wild-caught

females for identification from the diagnost ¢ characters in the immature stages.

1.6 OBJECTIVES OF THIS STUDY
The first objective of this study was to identify the occusrence of

the anopheline fauna of northern Botswane in order to hegin up-dating records
that po as far back as 1940 (Gillizs and De Meillon 1958). The second objective
of thig study included unequivocally identifying the malaria vectors in regions of
northern Botswana prone to malaria epidemics by using a combination of the
available identification methods {(morphology, cylogenetics, isounzymes and
PCR) with a view to providing information to be utilised in the country’s malaria

contral programme.
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CHAPTER 2

MATERIALS AND METHODS

2.1 FIELD COLLECTIONS

Mosquitoes were collected either biting humans indoors or outdoors,
resting indoors or feeding and resting in cattle enclosures. A list of sampled
localities and numbers collected is presented in Table 1. Collection sites are
mapped on Figs. 2 and 3. The larval collections were relatively fewer since they
had to be transported over long distances from Botswana back to the Insectary at
the South African Institute for Medical Research (S.A.LM.R.) in Johannesburg,.

All samples that were collected in Botswana were kept separately in
tubes with damp filter paper at the bottom and transported either by road or by air

to the Inseciary in Johannesburg for rearing of F, progeny,

2 LABORATORY PRCCEDURES
2.2.1  Rearing of live material
The Insectary is maintained at a constant humidity (85% RH) and a
constant temperatvre (24°C). Illumiaation is effected by tungsten incandescent
lights which are controlled by a time switch and dimuner =ystem. This system
provides a twelve-hour day with a transition period of 40 minutes between

complete light and dark.



Egg batches obtained from wild caught An gambjae females were
carefully washed off the filter paper and placed in distilied water in individual
plastic bowls. The emerging larvae were fed on a mixture of powdered dog
biscuits and yeast until they reached late fourth stage development., At pupation
and emergence of the adult, the discarded larval and pupal pelts were collected
and later mounted in Entellan (Merck). Some adults were mounted and deposited
in the museurn housed at the S.A.LM.R. This procedure ensured that immature
pelts and adults were correlated for some specimens of the An. gambiae complex,
all members of the An. funestus group and some specimens of 4n. coustani and
An. tchekedii. The An. listeri collections from Kasane were treated in the same
way except that each epgg batch was split 50:50 between bowls containing (i)
distilled water and (ii) 25% seawater (8g/] sea salt).

Remaining adult males of the F, p- geny of the An. gambige complex
specimens were killed and their legs removed and stored in 70% isopropanol for
PCR identification. The rest of the body was preserved in liquid nitrogen for
isoenzyme electrophoretic identification. Remaining adult females of the F,
progery of the An. gambige complex also bad their legs removed and stored for
PCR identification their bodies frozen in liguid nitrogen for isoenzyme
electrophoretic identification and, wherever possible, ovaries were cropped from
half gravid females and stored in Carnoy’s fixative for chromosomal
identification. Anopheles listeri adult female progeny were offered bloed meals in

an attempt to obtain half-gravid ovaries for chromesomal analysis.
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2.2.2 Chromosome preparations

Half gravid ovaries were removed from wild or F, progeny females of the
An gambiae complex end the “An. listeri” group. The terminal segments of the
abdomen were grasped with fine forceps and the ovaries were pulled out of the
body while gently squeezing the specimen between the thumb and forefinger. The
ovaries were immediately placed in Carnoy’s fixative (3 parts ethanol: 1 part
glacial acetic acid) and lef: in a refrigerator (4°C) for a minimum of 48 hours
before they were analys.d. Chromosome preparations were made according to the
method of Hunt (19 3) and Green and Hunt (1980) as follows:

Ovarir s were removed from the fixative and placed on a slide in a drop of
50% prop’onic acid. Usiig a stereo microscope (Mag. x 12) any extraneous tissue
and ‘emains of the blood meal were carefully removed. The ovaries were teased
apart with the aid of two tungsten needles and then stained with a drop of lacto-
acetic-orcein for 5-10 minutes (Ig orcein in 25 ml glacial acetic acid plus 25 ml
85% lactic acid; this stock solution was diluted: 1 part stock solution to 3 parts
50% propicniv acid). Two drops of 50% propionic acid were added to soften the
tissue before a clean, siliconized eoverslip was placed over it. The coverslip was
tapped with a needle in order to break the cell membranes and snread the polytene
chromosomes. The whole slide was then covered with filter paper, held firmly at
either e~d, and the preparation rubbed with fingertip to remove any excess fluid
and ensure that chromosomes were absolutely flat. The slide was then warmed

briefly. Photographs were taken on 35mm film using a 100% APOPLAN oil
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immersion objective. Kodak Technical Pan film 2415 was used for all the
chromosome photographs, which were developed in Kodak HC110 at a dilution of
1:19 for 8 minuies at 20°C. Prinis were made on Ilfospeed paper and developed in
Kodak D163 for 2 minutes. All the chromosome preparations were examined and
scored using a phase contrast Vickers photoplan microscope.
Identifications of the An. gambiae material were obtained by comparing

them with the standard chromosomal map for An. arabiensis (Hunt 1988). The
An. listeri chromosomes were compared with those prepared by Green and Hunt

from Sautini, South Africa, published in Clements (1992, Fig, 1.2).

2.2.3 Isoenzyme electropheresis

Anopheles gambiae group samples fruin Shakawe, (collected in 1994)
were elzctrophoretically identified using a flat bed horizontal cooling system as
outlined in Coetzee et al (1993a). Subsequent samples were run on
polyacrylamide gels using a modified version of the vertical gel electrophoretic
technique outlined by L.E. Munstermann (pers. comm., unpublished laboratory
notes), All gels were stained according to the methods of Mahon et al. (1976) and

Miles (1978). Sce Appendix I for full details.

2.2.4 Polymerase chain reaction (PCR) ansalysis
In this procedure ocutlined by Van Rensburg er al. (1996}, the use of non-
extracted DNA from mosquito samples as a template provides a rapid and

accurate method for routine identification of the An. gambiae complex. For most
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of the specimens collected in Botswana, legs were removed, placed in sample
tubes containing 70% isopropanol and refrigerated Preserved samples were later
identified using the modified PCR method of Van Rensburg er &/ (1996) which
was adapted from the protocu! of Scott ef al. (1993). See Appendix II for full

details,



CHAPTER 3

RESULTS AND DESCUSSION

3.1 COLLECTIONS

Over three consecittive years (1993-1995), Botswana anophelines were
collected either biting humans indoors or outdoors, resting irdoors or feeding and
resting in cattle enclosures. A number ol calities were sampled (Figs. 2 and 3)

and the numbers and species of anophelines collected is presented in Table 1.

3.2 RESULTS
Crly one member of the An. gambiae complex, namely An. arabiensis was

collected in each of the localities sampled owver the study period. Anopheles
Sunestus samples were collected in Mohembe village, Kauxwi hostel and Kasane
village, however, none was found in Maun. Adnopheles coustani, An. pharoensis
and An. tchekedii were collected in each of the localities. Anopheles listeri, “An.
listeri sp.B", An. nili and An. rivulorum were collected in the Kasane area.
Anopheles preforiensis and An. rufipes were found in Francistown and An.

squermiosus in Maun and Kasape (Table 1).

3.3 DISCUSSION
The survey carried out in Botswana over the study period {1993-1993) is by
no means an exaaustive one. There are at least eleven additional anophelines

cited for Botswana in Gillies and De Meillon (1968} which. as yet, remain to be
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FIGURE 2

Map of northern Botswana showing collection areas { 4 )
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TABLE 1. DETAILS OF COLLECTIONS OF ANOPHELIVES IN BOTSWANA (1993-19%5)

Speclies Locatity Map Courdinates Collection Methods M wild No.wild  Totat No.
Adulis{w) Larvae Adolts{w+F,)
arabiensis Maun 20°(1°S, 23°26°E Resting indoors i 27
Catife kraal 3 23
Larval call g 9
15 Ed 39
Shakawe village{*24+°95) 18°10°5, 21°43°E Resting indoors Ri+123 204
Cattle kraal 2 2
Mohembo village {*94+°95) 18°15"5,21°43°E Resting indoors 33+12 45
Cartle kraal 0+14 4
Kanewi hostel (*94+°95) 19°02°5, 22*08'E Resting indooes 28+ 28
Seronga vitiage (*04+795) 19°11°5, 242 Resting indoors 2+H) 2
144+151 295
Fasane village 17°48™ 25°09'E Outdoor manbiring 1 3
Resting indoors 82 [E3)]
Chobe Safari Lodge T748'525°06°E OGuotdoor manbiting 8 21
Mowana Lodge 17°48°8525°11'E Outdoor ranbiting & 13
Kazangaln road 17°48°5,25°19°E PBig pen 4 1t
Carde kraal 7 79
38 268
coustani Maun 20°0i°5.23°26’E Catike kragl - 7
Shakewe villape 18°10°5,21*43°E Catile kraal k) 3
My 2mbo gonioon 18”1578 21°43°E Qutdoor manbiting 2 2
Kasane village 17°48'5 25°W'E Outdoor manbiting 4 4
Cattle krznl 3 3
9 i9
Junesnes Mohembo village 18*15°5,21°43°F Resting indoer; 14 76
Kauxw] fiostel 19°02'5.22°08°E Resting indoors 1 5
Kasane villags 17°48'8 25°09°E Resting indoors 6 47
31 128
“fisteri™ Kasane village 17°48°5,25°09°E Resting indoors o 20
Kazangela wad 17°48°S25°19°E Catile krnal 45 [T
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nifi

Ppharoensis

pretoriensis

rivedorum

tchiekedii

Kasane village
Mowana Lodpe
Lesoma village

Nean

Kazamgula road

Shakaw e village

Fraacistown

Kasune village

Francistown

Maun
Kazangula road

Mauan
Mohembo
Shakawe
Kazanguta roet

17245°5,23°1VE
17°48'8.25°11'E
18025 23°20°E

20°61°8,23°26°E

L7°48°5.25°19°E

18°10'8.21%43°F

21FGT'8.27°33E

17°48°8 25°09°E

21°97T'8.27°33°E

2015 23726
1748'5 25°19°E

2041°S, 23°26°E
18°15°S 2143 '€
18°10°S 21°43°E
(7°48'S 25°19'F

Pig pen 1 3
52 89

Resting indoors g g

Qutdoor manbiting 3 5

Resting ind ] 6
19 19

Larval colijections 5 5

Resting indoors 4 4
Cattle kraal 12 12

Cattle kraa] 1 [

Pig peo i I

Resting indoors b &
Cattle krzal 11 11
35 5 40

Larval collections k] 3

3 3
Caitle krnal 15 15
15 15

Larval collectinns 3 k|

3 3

Larval collections 2 2

Catthe kraal 4 3

4 2 7

Cattle krag| 4 4

Cattle kraal 3 3

Catle krag} 7 7

Catle kraal 5 5
19 4
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identificd in more currenl research. “Anopheles listeri sp.B™ is a new species
which should be added to the list whilst the “4n. gambige” of Gillies and De
Meillon {1968) will need to be changed specifically to An. arabiensis in view of
the results of this survey, More research is required at additional collection sites
in Botswana before the anopheline fauna of the country can be realisticatly

mapped and new distribution records generated.
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CHAPTER 4

A DESCRIPTION OF ANOPHELES (CELLIA) LISTERI
(DIPTERA, CULICIDAE), AND “ANOPHELES (CELLIA)
LISTER!I SP.B” (DIPTERA, CULICIDAE) FROM KASANE,
BOTSWANA

4.1 INTRODUCTION
Anopheles listeri is a southern African species occurring in Zimbabwe,

South Africa, Namibia and southern Angola (Gillies and De Meillon 1968). In
Angola, the species shows high tolerance to salinity with the larvae being found in
saline water that is greater than 1.5 times the concentration. of sea water (Ribeiro
and Ramos 1975). Gillies and De Meillon {196R), however state that the larvae
are found in open sundit pools and do not mention tolerance to salt water. Little is
known about the adult biology of this species other than that in iamibia, the
adults occur frequently in houses and bite humans readily (Gillies and De Meillon
1968). De Meillon (1931n) thought that An. listeri might be implicated in
epidemic malaria transmissios  « Namibia, despite the negative resuits of a very
small number of dissections for malaria parasites. A morphelogically similar
species, 4n. azevedoi Ribeiro occurs frequently in highly saline pools along the
south western coast of Africa, or in suitable areas inland in otherwise arid country.

Larval habitats range from tidal pools, saline canals and saltpans to brackish wells
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(Ribeiro 1974, Gillies and Coetzee 1987). The salinity of the most common
breeding sites approached that of seawater (26-35g/1, NaCl) however, some larvae
were found within extremely saline limits equivalent to 4-400% seawater. In
conditions of low salinity, An. azevedoi occurred in association with dn. lisreri
(Ribeiro 1974, Ribeiro and Ramos 1975). In the upper Karoo, Northern Cape
Province the larvae of A azevedoi were found in saline pools (14.1g/1, NaCl)
along a river-bed in association with fairly large numbers of An listeri (De
Meillon and Van Eeden 1976). In Auyola, adults of 4n. azevedoi were captured
resting in houses, outdoors. particularly in crevices in the ground, in rocky cliffs
and also in vegetation. Females were also collected biting humans outdoors
(Ribeiro and Ramos 1975). Salivary gland dissections for sporozoites were
carried out on 109 females with negative results (Ribeiro and Ramos 1975).
Collections of mosquitoes from Kagane in northern Botswana (Fig. 3),
revealed two species, one indistinguishable from Anr listeri and the other

described here 08 new.

4.2 RESULTS

52 “An. listeri” females were collected, mainly from cattle enclosures
{74%6) resting indoors (23%) ad in a pig pen (3%). These were transported to the
S.A.LM.R, Insectary. 20 laid eggs and those larvae reared in distilled water died
during the first insiar. Morphological examination of the egg batches revealed
two distinet populations. one having floats (n=11) and the other without floats

(n=9) (Figs. 5a. b). All egg batches produced larvae with well-developed
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FIGURE 3
Map of Kasane, Chobe District, showing collectiv.u £ ) and location of

salin. ot springs (£\)
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abdominal palmate setae as in An. Hsteri, but unlike An. azevedoi which has the
larval abdominal palmate setae reduced to simple hair-like processes (Ribeiro
1969, De Meillon and Van Eeden 1976).

Comparative studies were made between these two populations and the
published descriptions of An. listeri as well as preserved museum specimens of

An. listeri,

4.2.1  Anopheles listert, Botswana

MATERIAL EXAMINED: Anupheles listeri (n=34 feom 9 families) Botswana,
Kasane, Chobe District. February 1995, Hunt and Khan coll., cattle enclosure:
17 females and 9 males; indoors: 3 females and 2 males; pig pens: 2 females
and 1 male, Musevm material: Opansi: 1 female and 5 males; Bethuli; 2
females; Lobito: | male; Fransfontein: 1 feinale; Eland mineral baths: 1

femmale and 1 male; Graaf Reinet: | female; Kuruman; 1 female,

BIONOMICS: Probably in caline hot springs where XRD analysis of soil
samples indicated the presence of Halite (NaCl)}{Appendix HI, Table 5). In the
laboratory, first instar larvae died in distilled water and survived in 25% seawater,
indicating thay An, Jisteri from Kasane is an obligatory salt-water breeder, Adult
females were found indoors, biting humans (infrequently) and outdoors biting

cattle (frequently) and pigs (infrequentiy).

O - g ™ Tl
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FIGURE 4

Female wing of An. listeri Botswana. C (costa); Sc (subcosta); PHP
{prehumeral pale); BD (basal dark); PHD (prehumeral dark); HP (humeral
pale); HD (humerat dark); PSP (presector pale); PSD (presector dark) SP
(sector pale); MD (median dark); ScP (subcosta pale); PD (preapical dark);
AD (apical dark); PFS (pale fringe spot); Veins (R, R,. Ry, R, Ry).

Female wing of An. listeri from other localities (after Gillies and De Meilion
1968).

Male palp of typical An, listeri (after Gillies and De Meillon 1968)

Male palp of “An. fisteri sp.B”
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MORPHOLOGICAL ANALYSIS;

Adult: Differs from An. [isteri (in brackets) from other regions as follows: The
range of wing length, 3.26 - 3,92 mm, makes it slightly smaller than 4n. listeri
(3.4 - 5.0 mm) from the type locality of Msinga, Zululand (De Meillon 1931a).
The wing field is largely pale. with the pale and dark areas well-t ontrasted (poor
contrast between dark and pale areas). The presector dark areas of the costa and
subcosta are approximately equal in length and partially fusea {unequal and fised)
while the apices of vein R, and vein R, have dark scales (pale scales) extending
right up to the fringe spot (Fig. 4a). Female Palps: as in dn. listeri (De Meillon
1931a). Male Palps (Figs. 4 cd): two distinct male parps present with one
resembling An. lister (Fig. 4 ¢}(n=3) and the other different (Fig. 4d)}n=6) with a
much paler overall appearance; the shaft is dark proximally foilos . by = long
pale area; the club is widely pale at the exireme apex followed by a narrow, dark
region preceding a wide pale area medianally; the pale base of the club merges
with a long, pale area on the shaft. Hind Leg: the apex of the femur is dark
whereas the base of the hind t:bia is narrowly pale {Table 2) ranging in width from
0.0075-0.0125mm, (0.0075-0.01mm). The apices of the tawrsomeres 1-4 are

uniformly dark (paie or dark). Male Genitalia: as in An. Histeri, De Meillon.

Pupa: Full setal coums (Belkin 1962) are given in Table 3. Differences between
An. listeri, Botswana and Am. listeri (in brackeis) are as follows: Seta 1 on
abdominal segment I} with 7-9 branches (8-10); segment [ with 6-8 bra., " es (5-

6); segment VII simple and same tength as the segment (simple and longer tan



TABLE 2

Differences hetween An. fisteri, Botswana {n=34), “An. listeri sp.B” {n=55) and museum samples of An. listeri (n=30) and A azevedoi (n=1).

Country Location Species No. of Hind tibia | Hind tarsus | Wing length | Apex vein | Apexwvein3 | Darkareas | Darkarea B
Specimens base white range (mm) 22(R.) (R,) B on costa on subcosta
{mm) and {mean)(mm)
subcosta
fused or
separ.e?
Angoia Lobito An. listeri 2 0.01 dark 3.88-4.08 Fight light f.sed 03
South Africa | Upington An dearoni I 0.02 dark 3.68 light light szparate 0.43
N. Cape -
Opansi, An. listeri 11 0.0075-0.01 pale dark 3.72-4.08 light light separate 0.47
Kwazulu
Bethuli, An. fisteri 6 0.01 pale 3.48-3.92 light light fused u.2g
Free State
Eiland, An ligteri 4 0.04 dark 34-3.76 light light fused 04
Northern
Frovince
Graaf An. fisteri 2 0 dark. 352408 Tight Tight fused 033
Reinet,
E. Cape
Kuruman, An_ listeri i 0 dark 472 light light fused 0.45
N. Cape
Botswana Karane, An. listeri 34 0.0075- dark 3.26-3.92 dark dark separate 0.68
Chobe 0.0125
Kasane, “An. listeri 55 0.0075- pale;dark 313,60 dark dark separate 0.52
Chobe sp.B” 10,0125
Namibia Fransfontein | An. listeri 4 0.0075-0.01 pale 3.7-3.76 light light fused 0.32
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TABLE 5

Full setal vounis for punal specimens {n=34) of An. fisteri, Botswana

SETA RANGE SETA RANGFE SETA RANGE
MET ABD I ABD V1
T3} 3.3 11 i g 35
1 34 1% 1 6 3|
) 24 ABD [V 7 [
ABD] 9 1 ] 33
T 20 1 13 g 1
3 2 3 5-4 10 [
3 i 3 56 11 ]
4 3.4 4 33 74 1
3 2 5 i35 ARD VI
] 12 6 3 0 1
7 g8-10 7 14 t 1
I 1.2 ] 1-3 T2 4§
ABD Il ] 1 3 3
] 1 ic i 3 ]
] 79 11 1 5 34
2 e 14 i I3 3.4
3 33 ABDV 7 i
4 46 0 1 3 1
5 3 1 f g 1
G i 3 56 10 14
7 69 3 2-5 il -2
3 2.3 d 3 14 ]
g ] 3 4-F ABD VIII
10 33 5 1 0 1
[ABD I 7 ] 1 1
0 1 8 i-3 9 ]
T 6-8 ] 1 14 1
3 7.8 10 1 1 1
3 1-3 il 1 Paddie
4 3-5 i3 1-2 1 i
g 79 ABD VI 3 i
r3 33 0 ]
7 3 _ i
] 2.3 . 5.6
9 T 3 1
10 33 4 i




TABLE 4

Partial setal count of head and prothorax for larval specimens

{n=29) of An. Ysteri, Botswana.

SETA RANGE
HEAD
2 ]
3 1
4 1
5 4
6 3
7 3
8 37
g 43
10 37
1 9.15
12 74
13 35
ANTENNA
2 1
3 I
3 5-8
PROTHORAX
[ 67
2 -9
3 1

41
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segment length). Seta 5 on abdominal segments 111 - VII with 7-9, 4-5, 4-5 and 4-
5 and 3-4 branches (5-6, 5-6, 3-5, 3-5 and 1-3) respectively. Seta 9 on abdominal
segments VI-VII simple and equal to or less than half the segment length (equal to

or more than half length of segment).

Larva: Differences between dn. lisferi, Botswana and An, listeri (in brackets) are
as follows: Amtennal Seta: seta 4 is fine with 5-8 {3-4) branches. Shoulder Huirs:
inner and median hairs are branched and on small, separate basal tubercles; innes
{1-P) 6.7 brunches (4-5) and median (2-P) 8-9 branches (9-10). Palmare Setae:
second abdominal rodimentarv and leaflets ate lanceolate and undifferentiated
with 16(13) branches; third to seventh abdominal fully develoned with 16(13)
moderately broad teaflets, well defined shoulders and short, blunt-tipped ™' ments
varying in length. A partin! <efal count for the head and prothorax on slides of

larval specimens can be found in Table 4.

Egg: As in An listeri except for the cofour which is described as golden brown
{Gillies and Coetzce 1987) instead of the shiny, silver-grey colour seen in the
Botswana specimen. The boat-shaped egg has a broad upper surface (deck) which
occupies the entire dorsal surface. There are darker, irregular patches across the
middie and extreme ends of the deck where the bosses are relafivaly broadcr. The
rest of the upper surface of the deck is lighter in comparison, consisting of finer,
smaller bosses. The deck is swrrounded by a well-developed till and there is 2

compleie absence of floats (Fig. 5b).
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CYTOLOGICAL ANALYSIS: The chromosome banding patterms of An. lister,
Botswana (Fig.5) were found to resemble those of An lisferi collected in the
Northern Province, South Africa (Fig. 7; from Clements 1992) with respect to arm
X. However, the poor quality of the slide made it difficult to score the arms band

for band witl v certainty (Fig. 6).

422  “Anopheles listeri sp.B” from Botswana
A description of this species has been submitted to the Journal of the
American Mosquito Control Association for publication and copies of the two

manuscripts are included as Appendix I here.

MATERIAL EXAMINED: “dnopheles listeri sp.B” (n=55 from 11 families)
Botswana, Kasane, Chobe District, February 1995, Hunt and Khan coll., cattle

enclosure: 28 females and 13 males; indoers: 9 females and 5 males.

DISTRIBUTION (Fig. 3): “dAnopheles listeri sp.B” is known only from Kasane,

Chobe District, Botswana.

BIONJMICS: Unknown in nature, but probably in saline hot springs. An XRD
analysis of soil samples taken from the hot springs near the type locality, showed
the presence of Halite (NaC!)(Appendix IT1, Table 5). In the laboratory, first instar

larvae died in distilled water and survived in 25% seawater, indicating that “An.



FIGURE 5

Scanning =lectron micrographs of:

a:  “Anopheles listeri sp.B”; Eggs with floats (Mag. x 230} De (deck); Fr (fill);
FR (float ridge); F (float). Dorso-lateral view,

b:  Anopheles listeri (Botswana); Eggs without floats (Mag. x 230). De (deck);

Fr (frill). Dorsal and dorso-lateral views,
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FIGURE 6
Polytene chromosomes from an ovarian nurse cell of 4n listeri from Botswana

showing Arms X, 2(2R), 3(2ZL}, 4(3R), 5(3L).
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FIGURE 7
Polvtene chromosomes from the ovarian nurse cells of dnopheles listeri (from

Clements, 1992).
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listeri sp.B" is an obligatory salt-water breeder. Adult females were found

indoors, biting humans (infrequently) and outdoors biting cattle (frequently),

MORPHOLOGICAL ANALYSIS:

Adult: Differs from An. listeri (in brackets} as follows: T"e range of wing length
€3.16-3.60 mm) makes it much smaller than An. literi 2.40-5.0mm) from the
type locality Msinga, Zululand {De Meillon 1931a) and slig1tly smaller than 4»n,
fisteri (3.26-3.92 mum) from Kasane. The wing field is largely pale (Fig. 8), with
the pale and dark areas well-contrasted (poor contrast between dark and pale
areas). The presector dark areas (PSD) of the rosta and subcosta are
approximately e ,ual in length and separate (unequal and fused). The mean width
of the dark area on the subcosta differs in the :pecimens collected and the
mounted museum samples: Adn. lister (0.38 mm); An azevedoi (0.48mm); An.
listeri, Bowiswana {0.68mm) and “An.fisteri sp.B” {(0.52 mm})(Table 2). The apices
of vein R, and R, have dark scales {pale scales) extending right up to the fringe
spot. Female Palps' as in An listeri (De Meillon 1931a). Malz Palps (Figs. 4
¢,d): two distinct male palps present with one reserbling An. listeri (n=7) and the
other different (Fig. 5d) with a much paler

overall appearance (n=11). Hind Leg: the apex of the femur is dark whereas the
base of the hind tibin is narrowly pale (Table 2) ranging in width from 0.0075-
.0125 mm (0.0075-0.01 mm). The apices « {'the tarsomeres 1-4 are unitformly

dark {pale or dark). Male Genitalia: as in An. listeri, De Meillon.
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FIGURE 8
Wing of “dn. listeri sp.B” C (costa); Sc (subcosta); PP (prehumeral paie); BD
{basal dark}); PHD (prehumeral dark); HP (humegal pale); HD (humeral dark); PSP
(presector pale); PSD (presector dark); SP (sector pale); MD {median dark); ScP
{subcosta pale); PD (preapical dark); AD (apical dark); PFS (pale fringe spot):

Veins(R,,R;,R;,R,,R5).
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TABLE &

Full seta) eonnts for pupal specimens {n==34) of “dum, listeri sp.B"

SETA RANGE SETA RANGE SETA RANGE
MET ABD Il ABD VI
10 Tt Ti i 3 34
1] 33 15 1 5 33
12 13 ADD IV 7 T
ABD 1 0 i B 13
1 320 1 ] ] [
2 E3 3 43 1C 1
3 3 3 -7 ] 1
a 5 i -3 14 i
5 13 3 46 ABD VII
3 1 6 1-3 0 1
7 7-10 7 1 1 i
5 1 ] 32 2 34
ABD [ 9 1 3 12
0 1 10 i 4 ]
] TR 11 1 3 23
3 58 13 1 3 13
3 2.3 ABDV 7 73
3 3 i 1 ] T
5 3.3 1 i 9 1
3 I 3 56 16 13
7 36 3 i3 1l 1-2
] 3 3 12 4 ]
3 1 3 5 ABD VI
0 Tz ] p] 0 ]
ABD Il 7 24 3 1
g T 3 33 5 38
T 67 ] [ 14 1
2 58 10 0 ] ]
3 13 1 1 PADDLE
7 34 I3 | 1 I
3 67 ABD VI 3 -2
6 34 0 i
" 3 1 1
3 2.4 2 3%
9 T ) 1
I 1.3 d -2
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Pupa: Full setal counts (Belkin 1962) are given in Table 5. Differences between
“An. listeri 5p.B” and An. listeri (in brackets) are as follows: Seta 1 on abdominal
segment II with 7-8 branches (8-10); segment III with 6-7 braoches (5-6);
segment VIE simple and same length as the segment (simple and longer than
segmet length). Seta 5 on abdominal segments III-VIl with 6-7, 4-6, 4-3, 3-4,
and 2-3 branches {5-6, 5-6, 3-5, 2-5 and 1-3} respectively. Setz 9 on abdominal
sepments VI - VII simple and equal to or less than half the segment length (equal

to or more than half-length of segment).

Larva: Differences between “An. listeri sp.B” and An. listeri (in brackets) arc as
follows: Antennal Seta: seta 4 is fine with 3-5 (3-4) branclies, Shoulder Hairs:
inner and median hairs are branched and on small, separate tubercles; inner 9-10
branches (4-5) and median 8-19 branches 9-10). Pulmuiie Setae: zecond
abdominal mudimentary and leaflets are lanceolste and undifferentiated with
16(13) branches; third to seventh abdominal fully developed with 16(13)
moderately broad lcaflets, well defined shoulders and short, blunt-tipped filaments
varying in length (De Meillon 1931b). A partial setal count for the head and

prothorax on slides of larval specimens can be found on Tubie 6.

Egg: The shiny, silver-grey egg is boat-shaped (Fig. 5a) with a broad upper
surface (deck) The well-developed floats surround approximately two-thirds of the
uninterrupted frill. There are 16 float chambers on either side of the egg giving a
total of 32 fioat chambers. A continuous, well-developed, narrow and striated frill

{Fig. 5a) surrounds the undivided deck. There are darker, irregular patches




TABLE 6

i Parti« setal count of heac and prothorax for larval specimens (n=42)
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of
“An, listeri 5p.B”
SETA RANGE
HEAD
2 1
3 1 )
4 1
5 79
6 3
7 3-4
8 5-8
9 9-12
10 14-17
11 14-18
12 1-3
13 3-5
ANTENNA

2 1

3 1

4 3-5

PROTHORAX

1 9-10
2 8-10
3 1




FIGURE 9

Scanning electron min..graphs of the eggs of “A#n. listeri sp.B” Botswana

a

b:

Mid, upper-surface showing deck ornamentation (Mag, x 800). De (deck).

Anterior and posterior ends showing lcbed tubercles (LoT)(Mag, x 2500},

52
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FIGURE 10
Polytene chromosomes from the ovarian nurse cells of “An. listeri sp.B" showing

Ams X, 4(3R), 5(3L).
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FIGURE i1
Polytene chromesomes from the ovarian nurse cells of “4n. listeri 5p.B" showing

Arm 2(2R).
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(Tabie 8) setae suggests that setag where no overlap is observed between the two
species (setae 10 and 1| on the head of the larva; abdominal setae 1.2 and I1-7)
may be used to separate the twu species An. fisteri Botswana and “An. listeri
sp.B” in morphological ideutifications.

The chromosom=3 of “4n. listeri sp.B” were found to be homosequentiui
with those of the An. listeri chromosomes published in Clewents (1992}, The
quality of the chromosomes of “dn. listeri sp.B” were good enough to allow
comparison with Aa. listeri with respect to arms X, 2, 4 and 5. However, those of
An. listert Botswana were nof, and only partial homology could be found. Ths
aspect of the study needs to be repeated in order to obtain more preparstions and

assess any pelymorphisms that may oceur in the populations.



TABLE 7

COMPARISON OF SELECTED LARVAL SETARE: AN, LISTERI,
BOTSWANA (N=29) AND “AN. LISTERI SP.B*(N=42)

Area of difference Range per segment pair of setae
Region SETA “An. listeri An, listeri, % Overlap
sp.B” Botswana
HEAD - 9 9-12 11-14 9.86
- 10 14-17 6-12 0
-1 14-18 21-29 4]
ANTENNA - 4 7-12 12-16 15.49

NOTE: Only 71 of the 89 mounted specimens showed most sections of larvae

clearly.

TABLE 8

COMPARISCON OF SELECTED PUPAL SETAE: AN. LISTERY,
BOTSWANA (N=34) AND “AN. LISTERI SP.B” (N=54}

Area of difference Range per segment pair of sctae
ABD SETA “An. listeri An. listerl, % Overlap
sp.B" Botswana
1 -2 9-11 4-3 0
T 3 2-4 2 217

it -7 7-1 12-17 0

v -8 6-8 2-6 5.43

Vv -8 6-10 2-6 10.87
Vil -9 9-16 16-28 9.78

NUTE: Only 88 of the 8% mounted specimens showed most sections of pupae

clearly.

37
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CHAPTER S

THE ANOPHELES GAMBIAE COMPLEX

51 INTRODUCTION

In Africa, the An. gumbiae complex of mosquitoes includes major vectors of
diseases such as filariasis and malaria. The correct identification of the six
members of this important group is imperative in all malarious arcas. The
currently accepted methods for the identification of members of the An. gambiae
complex include cytogenetic, isoenzyme and polymerase chain reaction (PCR)
analysis. Extensive sampling hag shown that cytogenetic analysis has been
consistently reliable and is commonly regarded s the “gold standard™ for
identification. Diagnostic electromorphs have also provided reliable identification
providing that gene frequencies awe known for the species occurring in a given
area. Variation of isoenzymes can also be used as markers in population genetic
studies. More recently, PCR analysis provides a repid and accurate method for
the routine identification of members of this complex.

The last documented work carried out in Botswana (Gillies and De Meillon
1968} involved the morphological identificution of what .. aow known as the An.
gambiae complex, In the present study, 449 morphologically identified An.
gambioc complex female mosquitoes were collected and fransported to the

S.A.LM.R. Inscctary. Most faid egps and a total of 622 F progeny were reared.
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Nii.. wild larvae were also collected and transported back, but with limited
success due to the [ong distances over which they had to travel.

The samples were subjected to chromosomal, isocenzyme and PCR analyses
{Table 9), with particular care being taken to correlate the identifications in order
1o ensure the accurate identification of vectors in a country where little or no work

has been carried out in recent years.

52 RESULTS OF THE CHROMOSOMAL ANALYSIS
The chromosomal banding patterns of the An. gambiae complex specimens

collected from the various localities revealed the presence of onty one member of
the group, Le. Ar. arabicasis. Chromosomal rearrangements were recorded for
each arm in 252 specimens. The chromosome arm designations and inversion
notations used follow those of Coluzzi and Sabatini (1967, 1968, and 1969). Arm
2R had one polymorphic inversion, 2Rb, which is commonly found in southern
African populutions of An. arabiensis. Hardy-Weinberg equilibrium analysis of

the pooled data (Table 10} Tor this arm gives the following results:

2Rb’ 2Ru/b” 2Rb
Observed k3| 98 123
Expected 254 109.2 117.4

Expected frequencies derived from Hardy-Weinberg E = 1.0

X* = 2651 DF =1 NS

Whi=n *he data for each locality was analysed (where sample size permitted) the

foliowing resulls were obtained for:



TABLE 9

60

IDENTIFICATION OF SPECIMENS OF THE AN. GAMBIAE
COMPLEX COLLECTED IN NORTHERN BOTSWANA

LOCALITY | YEAR | CHROMOSOMES | PCR ISOENZYMES
Maun 1994 L) 39 39
Seronga 1994 1} 2 ]
Kauxwi 1994 | ! 67 4
Mohembo 1994 |} 101 56 0
Shakawe 1994 |} 110 0
Shakawe 1995 44 63 0
Kasane 1995 6B 267 18
TABLE 14

CHROMOSOMAL IDENTIFICATION OF AN. GAMBIAE
COMPLEX SPECIMENS FROM NORTHERN BOTSWANA. (n=

252).
CHROMOSOMAL ARRANGEMENTS Mo's shovving arrangement
2b | 2b+ Ja | dat+ da | da+ X
1 1 2 2 | arablensis 83
2 2 2 | arabiensis 24
2 2 2 ) arabiensis 99
2 2 1 1§ arabiensis 7
1 1 2 1 1 | arabiensis 15
!___2 2 ] 1 | arabienxis 24

NQTE: 11 specimen tubes dried out: chromosomes could not be read.
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Maun 1994:

2Rb 2Rb/b’ 2Rb
Observed 5 19 15
Expected 5382 18213 15.366

" Expected frequencics derived from Hardy-weinberg E = 1.0

X2 = 0.0697 DF =1 NS

Shakawe 199471995 (pooled):

2Rb" 2Rb/b" 2Rb
Observed 18 57 70
Expected 14.94 63.22 66.89
Expected frequencies derived from Hardy -Weinberg E = 1.0

X*=1.387 DF =1 NS

Kasane 1995:

2Rb’ 2Rb/b" 2Rb
Observed 9 32 27
Expected 9.8 3l.62 27.132

Expected frequencies derived - * Hardy-Weinberg E = 1.0

X? = 0.0092 DF =1 NS

When the data for Shakawe were individually analysed the following results were
obtained:

Shakawe 1994:

2Rb" 2Rb/b" 2Rb

Qbserved ta 36 83

Expected 8.91 42.18 45.92
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Expected frequencies derived from Hardy-Weinberg E = 1.0

X2 =2.167 DF =1 NS

Shakawe 1995:

2Rb" 2RW/B 2Rb
Observed 6 21 17
Expected 6.204 20.64 17.2

Expected frequencies derived from Hardy-Weinberg E = 1.0

X% =0.015 DF =1 NS

A Hardy-Weinberg analysis of each of the four populations (using one
depree of freedom) showed that the deviations were not significant ie. the
observed frequencies of 2Rb+, 2ZRb/b+ and 2Rb did net difer significantly from
the expected frequencies.

Arm 2L, was found to be uniformly monomorphic for the 2La arrangement,
which is standard for An. arabivnsis. Arm 3R was polymorphic for inversion 3Ra
with the following frequencies: 3Ra’ (n=206), 3Ra/a” (n=46), 3Ra (n=0). The
lack of 3Ra homozygotes could be explained by the small sample size or, this
homozygote being at a selective disadvantage, or, a balanced polymorphism
resulting in the presence of a lethal gene being homozygous in the 3Ra
arrangement, However, this is all speculation until larger sample sizes can be

analysed.

5.3 PCRIDENTIFICATIONS

The PCR analysis was carried out according to the protocol of Van
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FIGURE 12

Photographs showing PCR gels.
a: Colony material (§.A.LM.R.)
Bands produced by tDNA PCR amplification of DNA from three different
species in the An, gambiae complex.
An. arabiensis (1,4,5,6,8,10,12,13),
An, gambiae (2,3,7,9,14,15,16).
1 kb ladder (11).
Standards: 4dn. arabiensis (17), An. gambiae (18), An. merus (19).
b: Bands produced by tDNA amplification of DNA from legs
and terminal segments of material collected in Botswana (An. arabiensis).
1 kb ladder (1,18).
An, arabiensiz (2,3,4,5,6,7,8,9,10,11,12,13); legs.
No PCR band (14).
An. arabiensis (15,16); terminal segiments,
Negative control (17).






Rensburg er al, (1996) (se¢ Appendix II). A total of 622 specimens were 1ested
and 604 were identified as An. arobiensis (Fig. 12b, Table 9). Eighteen
specimens produced no bands because the alcohol in the tubes had dried out and
the DNA template was probably degraded. Of the 404 PCR identified specimens,
252 were chromosomally correlated (Table 9). The PCR onalysis enables
straightforward reliable identifications: previous tests on colony material were
found to be 100% accurate (Van Rensburg et al., 1996). PCR also preved to be of
particular use as little was known about the species composition of the 4a,

gambiae complex in Botswana when this study was initiated,

5.4 ISOENZYME ANALYSIS

Eighteen An. gambiae complex samples from Shakawe (1994} were
identified using a flat bed horizontal cooling system as outlined in Harris and
Hopkinson (1976). All other iscenzyme identifications were carried out using a
modified version of the vertical gel electrophoretic technique outlined in
Munstermann {pers.comm.., unpublished laboratory notes) (see Appendix 1). The
enzyme systems were run on polyacrylamide gels and stained according to the
methods of Mahon ef af. (1976) and Miles (1978) (see Appendix I). The stained
gels were then dried. mownted and copied (Figs. 13-16).

The isoenzyme data were analysed using BIOSYS-1, a computer program
for the analysis of allelic variation in population genetics (Swofford and Selander
1989). BIOSYS-I generated (i) the extent of polymorphism; (ii) observed and
expected heterozygosities and (iii) Wright's (1978) F-statistics. Since N

calculations were not avaitable in BIOSYS-1, estimates of N were derived from




FIGURE 13

Maun 1994;

a:

Polyacrylamide gel stained for EST.

Lane 1 (H) Human blood marker

Lane 2 Aa. arabiensis control

Lane 20 4n antrol

Polyacrylam s stained for MPI/GCD.
Lane 1 (H) Fuman blood marker

Lane 2 An. arabiensis control

Lane 20 An. merus comrol

Polyacrylamide gel stained for XDH

Lane 1 (H) Human blood marker

Lane 2 An. arabiensis control
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FIGURE 14

Shakawe 1994:

a.

Polyacrylamide gel stained for ODH
Lane 1 (H) Human blood marker
Lane 2 An. arabiensis control
Polyacrylamide gel stained for AAT
Lane 1 (H) Human blood marker
Lane 2 .:n. arabiensis control
Polyacrylamide gel stained for XDH
Lane | (H} Human blood marker
Lane 2 An, ur.. .nsis control
Pe.lvacryle .u-e gel stained for MPY/GCD
Lane 1 (<) Human blood marker
Lane 2 An, arabiensis control

Lane 9 An. merus control
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FIGURE 15

Shakawe 1995:

a.

Polyacrytamide gel stained for EST

Lane 1 (H) Human blood marker

Lane 2 An, arabiensis control

Lane 19 An. merus conirol
Polyacrylamide gel stained for MPI/GCD
Lane 1 () Human blood marker

Lane 2 { An. arabiensis control
Polyacrylamide gel stained for AAT
Lane 1 (H) Human blood marker

Lane 2 An. arabiensis control

Lane 127

o/
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FIGURE 16

Kasane 1995:

a.

Polyacrylamide gel stained for EST

Lane 1 (H) Human blood marker

Lane 2 An. arabiensis control

Lane 20 An. merus control
Polyacrylamide gel stained for MPI/GCE
Lane 1 (H) Human blood marker

Lane 2 An. arabiensis control

Lane 20 An. merus control.
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Fir values for each of the six loci in all four populations according to Slatkin
(1995). Nm = 4 (I/Fgr-1).

Gene frequencies at each of the six isoenzyme loci studied in the fonr
populations of An. arabiensis sampied are given in Tables 11-16. Heterozygosit

values for each population are given in Table [7.

The Hardy-Weinberg Law: This law states that in a large, randornly-mating
population with no selection, mutation or migration, the gene frequencies and the
genotype frequencies are constant from generation to generation. There will, of
course, be gene flow within the population gs a result of mating but the overall
gene frequencies remain constant (Lewontin 1974, Li 1976, Hartl 1988). This
stability is referred to as genetic equilibrium. Under these circumstances a deme
(more or less genetically isolated unit of population) remains unchanged in its
overall characteristics and no evolution occurs. The Hardy-Weinberg Law states
that if the gene frequencies among the parents are p and g respectively, then the
genotype frequencies among the progeny will be P’ +2pg + g¢° for autosomal
genes. However, there are certain conditions that need to be observed in order for
the Law to hold, namely (i) random mating must occur; (ii) there must be a normal
segregation of genes in gametogenesis; (iii) no selection should take place and (iv)
gene frequencies must be the same for males and ferales (Lewontin 1974, Li
1976). This law, though useful as a first approximation, ignores most of the
complexities of actual populations (Hartl 1988).  Since populations are not

infinitely large. and, rerely constant, fluctuations in ailele frequencies can occur by



TABLE 11

ALLELE FREQUENCIES AT 51X ISOENZYME LOCI INANM AR4ABIENSIS FROM FOUR LOCALITIES IN

NORTHERN BOTSWANA

KEY T(0 FOPULATIONS
Population No. On printout Population Name Original Papebation No.
1 Maun 1954 Osh
2 Shakawe 1994 [D52)
3 Shakawe 1995 (DSY)
3 Kasane 1965 (DS4)
Allele frequenctes in populadons 1 throngh 4.
POPULATION
Locuas 1 2 3 4
EST
™) 9 ) 63 2848
A 077 047 048 068
B 492 A3 286 241
C 692 17 571 5%
D 038 057 095 0L
GCD
™) 39 35 62 238
A 038 056 A58 076
B 128 069 169 231
C 1 136 2 B20
D 103 139 073 {69
E 000 .000 000 .003
AAT
[4)] 39 53 63 289
A 000 038 .000 .024
B 038 094 m 240
C 923 155 770 661
D .038 J13 19 04
QDH
™ 39 Ex 63 8%
A 000 009 .00g 59
B 836 991 952 919
C 064 000 048 022
MP1
N 39 35 62 288
A an 029 224 148
B 564 829 654 78S
c 013 4 016 036
D a5 Q29 .B65 024
E .000 000 000 {07
XDH
MN) 39 36 63 287
A {038 000 024 005
B 051 125 il 157
I fEkk) 764 .556 605
D 564 0oy 103 220
E 013 014 008 .04

TABLE 12 MEaN HETERQZY GOSITY, MEAN NO. OF ALLELES PER I.OCUS AND PERCENTAGE OF
LOCT POLYMORFPHIC FOR POPULATIONS I THROUGH 4

POPULATION NUMBER
DS1 D82 DS RE)
Mean heterozygosity per locus {biased) 381 (SE.O81) | 321 (063) | 482(075) | .451(.068)
_Mean heterozyposity per lacus (unbirsed} 386 (SE 082 250064 | 4320075} | 451 (068
| Menn heteroxyposity per locus (direct count) 256 (SE .068) | 230038 | .285(0s3) | .33]{03%
Mean number of alleles par locus 3.67 (SE 42) 367 (.33) 367142) 433033
"'mumagg of foci polymorphic (0.95 critenon) 100 8313 §3.33 100
Percentage of loci polymarphic (0.99 critenor) 100 8333 100 100
Percentiage of Joci polymorphie (no criterion) 100 L0 100 150
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chance. Natural populations are also subject 1o the systematic evolutionary forces
of migration, mutation and natural selection (Li 1976, Hart! 1988, Hartl and Clark
1989, Falconer and Mackay 1996) all of which cause non-random or directional

changes in allele frequency.

Deviations from Hardy-Weinberg expectations in the Botswana sample:
Heterozygosity is the most appropriate measure of the genetic variability of
a population (Nei 1975). [f a population is in Hardy-Weinberg equilibrium, the
observed heterozygotes must equal the expecied heterozypotes. An analysis of
the genetic variability at six loci in all four Botswana populations showed
heterozygote deficiencies {(at the (.01 significance level) in each of the four
populations: Maun 94 (Table 13) MPI; Shakawe 94 EST and GCD (Table 14);
Shakawe 95 EST, GCD and XDH (Table 15); Kasane 95 ES', GCD, AAT and
XDH (Table 16). Coefficients for heterozygote deficiency in the four populations
are given in Table 17. These resuits sugpgest that the Botswana population is a

subdivided population,

Population subdivision: Natural populations almost always display differences in
allele and penotype frequencies from one geographic region to another, Such
geographic population structure can have a profound eflect on the eveolutionary
fate of a species. The effects of population subdivision are measured by a
guantity called the Fixation Index (Fsr). Fsr is the reduction in heterozygosity of
a subpopulation and serves as a convenient and widely used measure of genetic

differences among different populations. If ail the populations are in Hardy-




TABLE 13

CHI-SQUARE TEST WITH POOLING

POPULATION: MATUIN 84, BOTSWANA {(DS1)
Locas Class Observed Expected Chi-
Frequency frecuency square DF
EST Homozygotes for most common allele 21 18.584
Cormvmont/rare heterozygotes 12 16.831
Rare homozygotes and other heterozygotes & 3.584 3.329 .65 NS
GCD Homozygotes for tuost comman allele 21 20.727
Common/rare heierozygotes 15 15.545
Rare homozygotes and other heterozygotes 3 2.727 .050 823 NS
AAT Homozygotes for most common allele 33 33.195
Commonirare heteroZygotes [ 5.610
Rare homozygotes and other heterozygotes 0 195 223 637 NS
MP1 Homozygotes for most common allele 21 12.286
Common/rare heterozygotes 2 19.429
Rare homozygotes and other heterozygotes 16 7.286 32.238 .000 S
XDH Homozypotes for most comamon allele 16 12.286
Common/rare heterozygotes 12 19,429
Rare hemozypotes and other heterozygotes 11 7.286 5.857 .016 NS
DF = Degrees of freedom P = Probability that variation is due to chance
NS = Not sipgnificant § = Sipgnificant (p<0.01)



TABLE ; 4

CHI-SQUARE TEST WITH POOLING

POQPULATION: SHAKAWE 94. B WANA 2

Loces Clnss Observad Expected Chi-
frequency frequency Sqitare DF
EST Homozygzotes for most coramon 2liele 35 31.629
Common/rare heterczygoltes 12 18.743
Rare homozypotes and other heterozygotes & 2.629 7.109 D08 5
GCD Homozygotes for maost commen allele 24 19.408
Common/rare heterozypotes 5 1418
Rare homozygotes and other heferozypotes 7 2408 15.785 .00 S
AAT Homozygotes for most common all "e 3t 30.095
Common/rare heterozygotes 13 19.810
Rare homozygotes and other heterozygotes 4 3.095 A57 A% NS
MPI Homuzygotes for most comman allele 24 23.957
Common/rare heterozypotes 10 10.087
Rare homozygates and other heterozygotes 1 257 403 958 NS
XDH Homozygptes for most common aifsle 21 20915
Common/rare heterozypotes 13 13.168
Rare he. mozygotes and ofher heterozygotes 2 1.915 006 937 N§ |
bE = Degree, of freedom P = Probability that variation is due to chance
NS = Not aguificant 5 = Significant (p<0.01)



TABLE 15
CHI-SQUARE TEST WITH POOLING

POPULATION: SHAKAWE 95. BOTSWANA (D53)

Locus Class Observed Expected Chi-
fregueney frequancy square DF P
EST Homazygotes for most common allele 34 20448
Common/rare heterozygotes 4 31104
Rare homozygotes and other heterozypotes 25 11.448 48.643 1 000 ]
GcD Homoxygotes for most conunon allels 36 30415
Cammon’rare heterozygntes 15 26171
Rare homozygotes and ather heterozygotes 11 5.415 11.55% i 001 s
AAT Homozygotes for most comman atlele 40 37.248
Common/rire eterozygoles 17 22,504
Rare homozygutes and other heterozygotes 6 3.248 3,881 1 049 NS
MPL Homozygotes for most comman allele 28 29.715
Comirsa/rare heterozypotes 30 26.569
Rare homozygotes and other heterozygotes 4 5.715 1.057 1 304 NS
XDH Homozygotes frr w08t common altele 27 19.320
Common/rare heterozygotes 16 31.360
Rare homozygotes and other heterozygotes 20 12.320 15.364 1 000 S
DF¥ = Degrees of freedom P = Probability that variation is due to chance
NS = Not significant 8 = Significant (p<0.01)

Ft

e LT g W Ca o e et et - U T e bl P R AP oy




TABLE 16

CHI-SQUARE TEST WITH POOLIN<

POPULATION: KASANE 935, BOTSWANA (DS4)

Locus Class Observed Expected Chi-
. __frequency frequen: sgmare DF
EST Homozypotes for most common aiste 1§ 100,226
Common/rare heterozygotes LI 1349.548
Rare homozygotes and other heterozygotes 66 48.226 18.758 000 s
GLD Homozygotes for mo<t comman allele 123 1105158
; Common/rare heerozygotes 113 1235970
Rare homazygotes and other heterozygotes 54 41515 .751 002 S
|7 T Homozygutes for most common allsie 153 126.120
Comnmen/rare heterozygotes 76 129.761
Rare homozygotes and other heter—ygotes &0 33120 49 819 200 8
[ MPT Homozygotes for most comeon allele 174 177263
Common/rare heterozygoes 192 97475
Rare homozygotes and other heterorygotes 14 13263 1.299 254 NS
*KDH Homozypotes for most common allele 125 104.766
Common/rare heterozygoiss 97 137.468
Rare homiezreotes and other heterozypotes 65 44766 24 966 008 5
DF = Degrees of freedom P = Prebability that variation {s due to chanece
NS = Not sigunificant S = Stgnificant (p<0.01}

gL



TABLE 17

COEFFICEENTS FOR HETERDZYGOTE DEFICTENCY OR EXCESS

POPFULATIOCN: MAUN * 3, BOTSWANA (D51}

OBSERVED EXPECTED FIXATION
LOCUS HETEROZYGOTES HETEROZYGOTES INDEX. () D
L EST i3 18816 300 -303
GCD 16 17273 062 -074
AAT 6 5721 - 061 04§
ODH 5 4710 - 058 055
MFL 2 21364 905 -906
XDH £} 323717 183 - 196
POPULA [:ON: SHAKAWE® 93, BUTSWANA (D52)
OBSERVED EXPECTED FIXATION
LOCLS HETEROZYGOTES HETEROZYGOTES INDEX (F) D
EST [ 20.390 307 -353
GCD 5 15732 0678 -682
ART 13 217% 156 173
ODH N 1 1.000 -010 000
MRl 10 10,609 04d -057
L XDH 13 14,383 3 - 020
PUPLLATION: SHAKAWE' 93, BOTSWAN: (D83)
OBSERVED EXFECTED FIXATION
LOCUS HETEROZYGOTES HETEROZYGOTES INDEX (F) D
£5T 14 36863 617 =620
SCh 3 29415 280 -286
AAT 13 2418 208 -214
T ODH 3 3.760 -050 047
| MP1 30 28976 -044 038
T XDH 1/ 37164 538 -542
POPULATION: KASANE* 95, BOTSWANA (DS4)
OBSERVED EXPECTED FIXATION
LOCUS HETEROZYGOTES HETEROZYGOTES INDEX (F) D
EST 1i8 166.930 193 -173
GCD 14 159316 283 -3g4
AAT 85 141.536 4t TH
L GbH a7 47119 -070 [0
, NPT 166 103,995 -3 M9
: XDH 102 161447 367 - 368

oL
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Weinberg equilibrium, with the same allele fimquencies i.e. only random mating
taking place, Fgr= 0. Wright's F-statistics {1978) measure the departure from the
expectation of panmictic or randomly mating proportions in the whole sample and
also within samples of local demes. An interpretation of the Fsr values for the
Botswana sample (Table 18) was made following the guidelines in Wright (1978).
In addition, the estimates of migration {/Vm) were derived from the Fgr values
generated in BIOSYS-1 (Tuble 19). An analysis of Nerr values is useful because it
gives an indication of the extent of new variation introduced into populations

brought about by some migration between localities.

Nm values derived for the Botswana populations: The estimated number of
migrants per generation (M) caleulaed from Fer values (Slatkin 1995) for the
entire Botswana population ranged between 0.58 and 8.08 (Table 19). Nm velues
less than or approximately equal to 2 observed for the EST, GCD, AAT and MPI
loci suggest that there is scope for genetic divergence resulting from random
genetic drift (Hartl 1988, Hart] and Clark 1989} in these loci. Nmr values (8.08)
calculated for the ODH locus suggest the” ODH could be under strong selective
pressure resulting in no divergence between populations or, alternatively, that
migration is a potent force acting apainst genetic divergence resulting from
random genetic drift amang subpopulations where these findings are supported by
the Fygr value (table 18) which suggested little genetic differentiation for that
locus in alt the populations sampled. Nat values (3.32) for the XDH locus suggest
that there shovld be little or no genetic divergence which is contradicted by Lhe

findings of the Fsranalysis in the Maun 94 and Shakawe 94 popalations. Similar




TABLE i8
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A summary of Wright's F-statistical analysis on the Botswana sample
and the implications of the results obtained for six loci.

BOTSWANA
Genetic
Fsr ranges Divergence Gene fMow
(Wright, 1978) } (differentiotion) Levels Mpun 94 Shalawe | Shakawe95 | Kasape 95
9
[ MNone High XDH
0-0 05 Little High onH ODH JDH ODH, XDH
005013 Moderate Fairly High | EST EST, AAT | GCD EST, GCD
015025 Creat Low XDH, AAT EST AAT
20.25 Veary grest Very Low | MPL GCD GCD, MP), | MPL AAT MPL
XDH
TABLE 19

Analysis of Fgr and derived estimates of Nm for six polymorphic loci
from four local populations of in. gambiae complex mosquitoes

(Botswana).
Fsp VALUES
LOCUS | MAUNG4 | SHAKAWE 94 | SHAKAWE9S | KASANESS | AVERAGE | AVERAGE
Fer N vilue
EST 014 0.13 0.17 0.15 018 T2
GCD 029 0.28 0.07 0.07 018 14
AAT 022 0.12 A7 024 021 0.94
ODH 0.03 0.03 0.01 0.03 0.03 8.08
MBI .27 03 0.3 034 0.30 0.58
XOH 0.24 037 -0.35 0.02 0.07 332

The Fgr values are the averages for a locw of the v.lues computed for each allele,
The estimate of Nm is based on Wright's formul- (Slatkin, 1995).

Nm="/y (/Fsr~1).
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contradictory results were abtained from two separate studies on Aedes aegypti
where Powell af o, (1980) showed that this species, with respect to Fgr values,
has a complex structure with substaniial genetic differsniiation even though
extensive gene flow (NMm>9) was documented across approximately 150 km in

Puerto Rico by Apostol er al. (1995).

55 DISCUSSION

An understanding of the genetic structure of An. gambiae complex
populations is critical in evaluating the possibility of the genetic manipulation of
this specizs in order to either block malaria transmission, o, to aid in the control
of vectors based on currently available technology. The importance of species-
specific enzyme protein phenotypes in studies of the An. gambige complex has
been discussed by Mahon ¢f al. (1976). Identifications based on diagnostic
allozymes for example those at EST-1 (4da. melas). AAT {An. guadriannulatus)
and SOD {An. bwambae, An. merus) can be made regardless of sex and stage of
the gonotrophic cycle, An extensive study on the enzyme variation in the An
gambiae complex was carried out by Miles (1978) in a number of different
localities. The allele flequencies were calculated, though no attempt was mads to
analyse them, This allele frequency data was laler utilised by Lehmam ef ol
(1996).

A brief comparison will be made here between the Botswana study and one
similar to it carried out by Lehmann ef al. (1996). Lehmann ef al. (1996) analysed
the genetic variation of .n. gumbiae to assess the interpopulation divergence over

6000 kilometers using five polymorphic microsatellite loci and six allazyme loci.



The frequencies of the six allozyme loci used 1 their study were obtained from
Miles (1978).

F-statistics wer: caleulated based on Wright (1978) for microsatellite and
allozyme data using the BICSYS [ statistical computer analysis programme,
These calculations showed low estimates of interpopulation differentiation which
corresponded to high estimates of the averape migration index (Am > 3)
sugpesting that gene flow across the continent is only weakly restricted. Active
dispersal was ruled out as being a possible cause for these resulls as mark —
release — capture experiments (Gillies and De Meillon 1968) have supgested that
active dispersatl in An. gambiae is restricted to a few kilometers. In contrast with
the low levels of differentiation cbserved in An. gambige populations in the
Lelmann ef al. (1996) study. the Botswana An. argbiensis populations showed
varying levels of pgenetic differentiation (Tables 18,19) across a smaller
geographical range when subjected to F-statistical analysis using BIOSYS 1. The
results of the Botswana siudy would seem to be more compatible with the high
ievels of chromosomal ~ inversion — based genetic population struchue recorded
in An. gambiae populations particularly {rom East and West Aftica (Coluzzi et
al., 1979, Petrarca ef af., 1987,

At this point, therelore, there seems te be insufficient information to explain
oither tne low differentiation of »#, gambiae populations (Lehmann et al., 1996)
across Africa over a distance of 6000 kilometers or, the varying levels of genetic
differentiation seen in the An arabiensis populations over much smaller
geograph'cal distances within Botswana. Information based on additional genetic

loci, different genetic markers, and, populations on different geographical scales is
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needed before any final conclusions can be reached on the nature of the Botswana

An. arabiensis populations.




CHAPTER ¢

DISCUSSION

6.1 SPECIES CONC.. - -INTRODUCTION

The immense diversity of species in nature can not be discussed without
mentioning both classification and numenclature. Aristotle, popularly known as
the originator of biclogical classification, suggested the existence of “higher” and
“lower” forms of life, according to how “perfect” these were; an idea that was
subsequently translated «olutionary lerms {Mayr, 1969}  Linnaeus
introduced the hinomial mewwa of nomenclature making use of Aristotle’s system
of logic in his classification. The system was based on visible morphological
differences and the idea that gpecies were divine creations. Since Linnaeuns’ ideas
on taxonomy were based on data that were limited to observable characteristics,
they cannot justifiably be considered as a “species concept”. Today, the
conceptual distinctness of, and the relationship between “genetical species” and
“taxonormic species™ are generally accepted by population biologists.

There aee currently two rival concepts of species in genetical terms. Most
population biologists agree that species are real biological entities, however, there
exist two schools of thought regarding the genetical nature of species and how
they arise. These rival concepts are (i) the “Isolation Concept” and (i) the
“Recognition Concept”™. Both will be described briefly in an endeavour tc

indicate the r- pns for 1y preference of the Recognition Concept.
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6.2 THE “LISTERP GROUP OF MOSQUITOES IN BOTSWANA
Just how “species™ are recognised in the anophelines. and what implications

chromosomaliy homosequential species like An. listeri De Meillon, and “An.
listeri sp.B™ have for such recognition is a matter of debate. The fact that both
species were found to share the same X chromosome arrangement is contrary 1o,
for example, Kitzmiller's {I977) expectations. In his review of anopheline
cytology, he states that in most cases the X chromosomes are distinctive enough
o permit species identification on their own and then goes on to quote the An
gambice complex as an example of fixed inversion differences on the X marking
species differences in An gambive s.5., An. arablensis and An. quadriannulatus.
By saying this, lie ignores a previous statement in which he mentions that three
other species of the group share two of these X arrangements: An. merus and An.
gambige share one arrangement which differs by one inversion from the X shared
by 4n. melus, An. quadriannulatus and An. bwambae which differs by a further
three inversions from An. grahiensis. Placing total dependence on chromosomal
arrangements as species markers would put cytologists on an equal footing with a
taxonomist who equates pigeon-holes with bjological species.

It has been suggested by M.J.D. White ([973) and G.B. ¥V 'hite {(1973) that
in anopheline speciation, chromosomal rearrangements may be a primary cause of
speciation giving weight to the idea that such rearrangements bear a causal
relationship to speciation. This idea sugpests that chromosomal rearrangements
should be expected to serve as very good species markers. However, neither of

these authors offer any convincing evidenre v . ich would warrant abandoning the




view that chromosomal rearrangements should be seen as coincidental, chance

events and not causal of the speciation process.

6.3 THE ANOPHELES ARABIENSIS MOSQUITOES FROM BOTSWANA
Collections of the An. gambine complex ot mosguitoes from Botswana which
were subjected to morphelogical, cytogenetie, isoenzyme ¢lectrophoretic and PCR
analyses revealed the presence of only An arabiensis. According to a paper
presenied at @ regional malaria conference (Francistown, 1995), malaria in
Botswana was predominantly transmitied by An. gambiae, An. arabiensis and An,
Junestus. Also stated in the paper was that three members of the An. gambiae
complex had been identified (4n gambiae s.5., An  arabiensis, An
quadriunnilatus) with An. gambiae 5.5. and An. arubiensis occurring in sympatry
throughout the Northwest District, Tutume and Francistown and An
quadriagrmmulatus ocowrring in Nata, Shakawe and Kazangula (Figs. 1,2). Our
fout-year study. which overlapped with the study period mentioned in the paper
presented at this Conference, confirmed the presence of An. arabiensis only in the
same areas of northern Botswana. These conflicting reports only serve to
reinforce the importance of cortect identification of vector species in any malaria
control programme. The results of this study suggest that An. arabiensis and. to &
lesser extent, An. furestus are the vector species in Botswana.
Electrophoresis of the Botswana sample was initially carried out in order
to identify the specimens and was not intended to be used as a tool for measuring
ispenzyme variability, hence the limited number of loci used in the analysis.

Statistical analyses of genetic variability at six loci in all four populations showed
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heterozygote deficiencies in: MPI locus (Maun 94); EST and GCD loci (Shakawe
94); EST, GCD and XNH loci (Shakawe 95) and EST, GCD, AAT and XDH loci
(Kasane 1995). These suggest that the Botswana population is subdivided.

Southern African dn. arabiensis is usually monomorphic for ODH-95.
The Botswana sample was monomorphic for ODH-95 in most specimens with a
small minority of samples showing ODH 95/100. This is in contrast with a
Namibian sample (Coetzee, 1996) which displayed the ODH-100 allele
frequently. ODH-100 is diagnostic for An. gambiae s.s. showing little overlap
with 4n arabiensis in East and southern Africa (Miles 1979). Miles (1978)
recorded the greatest amount of variation in An. arabiensis from the Cameroon,
Nigeria and Senegal where ODH-100 was common leading to a misidentification
of the species in as many as 7% of the specimens tested,

The aspartate aminotransferase (AAT) isoenzyme system was initially
utilised by Miles (1978, 1979) to separate poprlations of Ar. quadriannulatus
from other members of the 4n. gambiae complex. T tr. quadriannulatus bunds
were “slow” and arbitrarily designated “95”, All other members of the An
gambiae complex were “fast” and designated “100”. In this study, resolution of
the bands was improved by changing to the staining system of L.E, Munstermann
{pers. comm., unpublished laboratory notes). Heterozypotes were recognised with
ease, In South Africa, Coetzee ef al. (1993a) established that An. quadriannulatus
was highly polymorphic, though always migrating slower than the “95"
designation, while the other gambige complex members were only rarely
polymorphic with a mobility of either “100” or faster. AAT was higbly

polymorphic in the Namibian sample of An. arabiensis and overlapped with the
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diagnostic An. gquadriamulatus electromorph (Coetzee ef al, 1993a). The
variation found in An. arabiensis from Namibia was unexpecied. If we consider
Coetzee’s (1996) hypothesis that Namibian A#, arabiensis may well be a different
species to Sovth Aftican An. arabiensis, then using AAT as the marker, it conld
be postulated that the Namibian 4n agrabiensis spreads castwards across
Botswana to Kasane and the South African An arabiensis spreads westwards to
Kasane where they meet but do not mate. This would account fer the massive
deficiency of heterozygote: (Table 16) in the Kasane An. arabiensis which was
highly menomorphic,

The possibility thet the taxon An. arabiensis may consist of more than one
species becomes more acceptable in the light of the chromosomal variation
recorded in West Africa (Coluzz ef al., 1979, Petrarca et al., 1987) together with
the frequently recorded differences in behaviour. Coluzzi ef al 1979} recorded
marked geographical differences in both the distribution and the frequency of
inversion polymorphisms in East and West African populations of An. arabiensis.
Inversion 2Ra for example, occurred in populations from Senegal to the Sudan,
but was never reported for southern savanna populations. Arm 2R in the
Botswana population vad one floating inversion, 2Rb, which is commonly found
in southern African popufations. In West African forest town samples, 2Ra was
absent and 2Rb fixed, which is in contrast with savanna populations in West
Africa, but similar to those in East Africa (Coluzzi et of., 1979). Arm 2L in the
Botswana sample was uniformiy monomorphic for 2La arrangement, which is
standard for An. argbiensis. Arm 3R was polymorphic for inversion 3Ra with the

frequencies: 3Ra {(n=206), 3Rafat+ (n=46), 3Ra (n=0). The lack of 3Ra
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homozygotes in the Bots'vana population was either due to the fact that the
sample size was smiz i, or, this homozygote was al a seleciive disadvantage, or, a
balanced polymorphi=a resulted in the presence of a lethal gene being
homezygous in the 3Ra arrangement.

The possibility that tw~ species may share the same or extremely similar
DNA sequences kas already been demonstrated for the diagnostic PCR bands in
(i} East African An. merus and Wes African An melas (Scott ef al, 1993) and
(i) An. merus and An. guadriarmudatus (Van Rensburg ef al., 1996). The method
utilised by Scott ef al. (1993) cannot, therefore, be expected to provide edditional
insight into the specific status of 4n. . chiensiy populations.

Additional insights imo the specific stutus of An. arablensis pupulations
may be provided by microsatellite DNA ma] vs (Zheng, ef al, 1993, Lanzaro ef
al., 1993), mitochondrial DNA, RFLP’s and RAPD's. This work remains to be

cartied out for the Botswana and other Afiican samples of Anr. arabiensis.
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APPENDIX I

ISO-ENZYME ELECTROPHORESIS: METHODS

Vertical poly-acryi amide gel electrophoresis (PAGE)

SANDWICH ASSEMBLING:

I

2.

Wash glass plates with detergent and rinse with distilled water.

Wipe plates with 70% ethanol.

Assemble plates and make sure the spacers (1mm) are perfectly aligned with
the glass plates.

Use grey clamps to hold plates in position.

Fit the sandwich into the gel caster stand.

Level the caster and insert biack clemps with noich facing upwards.

Turn black clamps, but not more than 180°,

POURING OF THE GEL:

Make 8 633 ACRYL AMIDE: BIS-ACRYL AMIDE SOLUTION (33:1):

1.
2.

3

18ml of the 40% stock salution (acryl:bisacryl 33:1) kept in fridge.
3mi 10x TBE (Tris-borat: EDTA) buffer (0.025ra final concentration) pH 8.5.

Add distilled water to get a final volume of 120ml.



THIS SOLUTION I8 ENOUGH FOF. 4 GELS.

4.

Just before pouring the gels take 20ml out of the gel solution and add 200ul
refrigerated 10% APS (Ammonium persulphate) and 20u} TEMED (N, N, N°,
N’ - Tetramethylethylenedianine). Then pour the base gel of all 4 gels to seal
the bottom.

Wait 10-15 min. for po.ymerization of the base gel.

To the remaining gel solution add 600 r] 10% APS and 60ul TEMED. Make
sure it is mixed thoroughly before pouring it on top of the polymerised base
gel layer,

Insert the 1mm combs, making sure no air is trapped underneath the combs
and remove all the air bubbles.

Leave gel for 1hr to polymerize completely, before removing the combs.

PRE-RUNNING OF GEL

[

. After gel polymerization (1hr), take out the combs and wash out the wells

carefully with distilled water.

Add 1 x TBE buffer to the wells and put top buffer chamber on top of the gels.
P -k clamps and seal chamber to gel plates to prevent [eaking of buffer.
Add u small quantity ot buffer to the top buffer chamber to see if there are any
leaks in the set up.

Pat top buffer chiamber into lower buffer chamber (containing pre-cooled 1 x
TBE buffer 0.1M pH 8.5) with the electrodes next to each other.

Fill top buffer chamber to the level indicated on the buffer chamber,
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7. Put ihe satety lid on and pre-run the gel for thr at 307V (with no regard to
milliamps). Pre-running cleans the gel of other ions present and the gel is

now ready for loading of the samples,

SAMPLE PREPARATION AND LOADING

Mosquito samples are homogenised separately in 1.5ml eppendorf tubes using

15ul grinding buffer, and an homogenising stick.

1. Use liquid nitrogen to squash each mosquito in the 1.5ml eppendor{ tube.

2, Add 15ul grinding buffer and squash sample further,

3. Clean the homogenising stick against the side of the eppendorf tube.

4, All specimens are left on ice while crushing/grinding is being carried out.

5. Spin homogenised specimens in a microcentrifuge at 14 000 rpm for 3
minutes. Make sure the eppendorf hinges are on the outside and that the
centrifuge is balanced.

€. After the pre-run phase, the gels can be taken out of the efectrophoresis unit.
Save the buffer from the top buffer chamber making sure that the positive
electrode is kept dry while the buffer is being poured off.

7. Use the micro-syringe and load 3ul of blood in the first well on each plate as &
marker.

8, The micro-syringe can be rinsed in between samples using distilled water. if
the plunger is sticky in the barrel. take the plunger out, rinse and wipe clean,

and place back in barrel.
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9. Loading of specimens depends on the enzyme system being tested.
*load 1ul/15ul for AAT, EST and XDH
*Load 3ul/15ut for ODH and MPI
10. Top buffer chamber can be put back onto the gels as described for the pre-

run.

RUNNING OF PAGE GELS

1. Gels are nn for 10 minutes at 100V (The milliamps should never exceed 40).
2. After 10 minutes the volis are tumed up to 250V (watch mA) till the blood has
travelled for 2em. (XDH gels will rung up to 4-5 em for a good separation).

3. The gels are rung for a further 10 s.inutes at 100V,

4. Gels can now be removed and stained for the relevant enzyme systems.

Colonies utilised in stundardising the PAGE electrophoretic system for use in our
study are existing colonies of the An. gumbiae complex housed and maintained at

the Botha De Meillon Insectary, SAIMR, Johannesburg,
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SPECIES COLONY NAME ORIGIN
ARABIENSIS KGB Kanyemba, Zimbabwe
Malmix Malahlapangs, Kruger Park,
South Africa
Ma Maputo, Mozambique
Man Mananga, Swaziland
Dakar Dakar, Senegal
GAMBIAE fan P20 Iworo, Nigeria
16 58 Lagos, Nigeria
GAG Georgetown, The Gambir
MERUS Mafayeni Mafayeni, I atal, South Africa
Merdar Dar-gg-Salanm, Tanzania
QUADRIANNULATUS Slkuguad Slkukuza, Kruger Park,
South Africa
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ISO-ENZYME ELECTROPHORESIS: RECIPES; STAINING

TECHNIGUES

recipes for stains, buffers, grinding solution and gels

40% Stcck Acryl:Bisaeryl (33:1)

120g acrylamide

3.6g bisacrylamide

Made up to a final velume of 300 ml in WA RM distilled water swirling GENTLY

by hand. (DO NOT use stirrer).

6% (33:1) Gels From 40% Stock Solation

Quantities used to make 4 gels

18ml 40% stock acryl:bisacryl (33:1)
3ml 10 x TBE buffer
99ml distilled water

120m} Total volume
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To the 120m! mixture add 600ul APS 10% (stored in refrigerator) followed by

60ul TEMED, Pour gels immediately after adding TEMED,

[1% APS must be made fresh each week, and stored at 4°C.

19 x TBE (im) Buffer Stock Solution (pH 8.9)

98.25 g TReS (MWt = 121.1}
17.50g BORIC ACTD (MWt = 62)
5.56g EDTA tetrasodium (MWt = 380.2)

made up to 2 final volume of 1 litre.

1+ 'TRE (0,1 M) Running Buffer

600ml of 10 x TBE made up to 6 litres in distilled water.

Running bufler may be used for 3 runs only.

40 x TC Cone. Buffer ('t'vis - Citrate, pH 7.1)

91.7g TRIS (MWt 121.1)

47.0g CITRIC ACID (MWt 210)
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Made up to | litre ir: distilled water,

Grinding Solution

10% SUCROSE
1% TRITON X 100 DETERGENT
1.3 DILUTION OF TRIS-CITRATE 1ANK BUFFER

BROMOPHENOL BLUE (Add enough for good colour).

QOctanol Dehyrogenase (GDH) And Superoxide Dismutase (SOIY) (Mahon ef

al., 1976)

10.0mg NBT (Mitro-blue tetrazolium)

12.5mg NAD (Nicotinamide adenine dinucleotide)
2.0mg PMS (Phenazine methosulphate)

0.iml Cetanol

0.5ml Ethanol

50.0mi 0.05m Tris-HC1 buffer

Procedure



I.  Add NAD, NBT, Octanol, ethanol and Tris-HC! in a beaker. Stir using

magnetic stirrer,

2. Add PMS stirring until a pinkish purple colour appears.

3. Pour over gel and place in dark oven {37°C) until blue bands show up (ODH).

4, Add extra PMS and put back in oven until SOD bands show up.

5. Rinse gel and fix with 1% acetic acid,

Aspartate Aminotransferase (AAT) (Munstermann, pers.comin,, snpubliskied

laboratory notes)

50mg Cysteine suiphonic ~cid

50mg o Ketoglutaric acid

32 units {0.027 ml) Glutamate dehydrogenase
20mg NAD

20mg NBT

50ml 1M Tris - HC1 pH 8.0

Procedure
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1. Mix all ingredients in a beaker using a stirrer.

2. Pour over gel and incubate at 37°C adding & touch of PMS after 15 minutes,

3. Rinse and fix with 1% acetic acid ence bands show up.

Esterasc (EST) (Steiner and Joslyn 1979)

0.66g Sodium phosphate {monocbr sic)

0.27g Sodium phosphate (dibasic)

50mi distilled water

4ml 1% o - naphthyl acetate in acetone {made up fresh every week)

1. Addall ingredients into a beaker and piace on a magnetic stirrer

2. Pour half over gel. Place gel and leftover stain in dark cupboard for 15

minutes

3. Use l:fi over stain to make 50myg Fast blue RR into a paste, Pour this over

gel.

4, Leave at room temperature in the dark until bands show up. Rinse a:.i nx gel

with 1% acetic acid.




Xanthine Dehydrogenase (XDH) (modified Miles 1978)

20mg NAD
12ing NBT
lmg PMS
20mg hypoxanthine

4 drops10% Potassium hydroxide

50ml] 0.05 Tris - HCI pl1 7.1

Procedure

1. Add afl inpredients and stir in beaker in the DARK undl hypoxanthine

dissolves (10 - 20 minutes).

2. Pour over gel and incubate in oven (37°C) until bands show up.

3. Rinse and fix with 1% acetic acid.

Mannosephosphate Isomerase (MPI) And Glycerol Behydrogenase (GCD)

{(modified Harris and Hopkinson 1976)

14mg NADP (activity declines after some time)
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Tmg NBT

l4mg mannese - ( - phosphate

28mg hydrated magnesium chloride

8mg Glucose phospoate isomerase

30ul Glucnse - 6 - phosphate dehydrogenase (activity declines once

opened)

30ml 0.2m Tris - HCL«pH 7.5)

5ml Glyce,ol
Proceaure

1. Add all ingredients and sti~ 1, be aker for at least 10 minutes.

2. Pour over gel and incubate at 37'C. After 30 minutes add a little extra PMS

and incupate until bands show up.

3. Rirse and fix gel with 1% acetic acid.
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APPENDIX HI

PCR PROTOCOL

1. Legs from each alcohol preserved sample were dried briefly on & paper towel,
placed in a microcer ' -ifuge tube (0.5ml) and kept on ice throughout the
procedure,

2. 12.5ul aliquots of a PCR mastermix were placed into the microceatrifuge tubes
with the tissue sample and the tip of the adjustable Gilson pipette was used ta
homogenise the tissue.

Mastermix consisted of 0,5 units of taq polymerase {Adva, ced Biotechnologies
Thennostable Tag Polymerase), 1.25ul 10 x PCR buffer, 125u] of cach
nucleotide, ImM MgCl, and 0.3uM of each of the 5 primer (sequences as per
Scott ¢f al., (1993), produced by the Biochemistry Deparument of the
University of Cape Town).

3. Auioclaved distilled water was added tv bring the total volume to 12.5ul.

4, The reaction mixture ib cach tube was overfaid with mineral wil (35ul).

3. Each tube was placed in a Hybatd thermual eycler and run through a 30 cycle
reaction wlich consisted of denaturation at 94°C for 30 seconds. annealing at
50°C* for 30 seconds and extension at 72" for 30 seconds. An sutoextension of
10 mins at 72°C completed the procedure.

6, 10ul f the amplified product of each sample was mixed with 4uf of a ficoll

loading dyc and loaded onto a prepared 2.5% wrnrose gel stained with ethidium
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bromide (0.3ug/mi get). A 1 kilobase DNA ladder was also loaded to help
measure sizes of unknown fragments.

7. The samples were run electrophoretically in & TRE buffer at 100 miiliamps
until the bromopheno! biue bad migrated + 3om,

8. The DNA fragments - cre visualied on an ultrviolet transitluminator and

photographed on polaroid film.
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APPENDIX I

TWO PAPERS SUBMIT FED FOR PUBLICATION TO THE JOURNAL OF THE
AMERICAN MOSQUITO CONTROL ASSOCIATION, REVISED AS PER

EDITORIAL REQUEST, ACCEPTED FOR PUBLICATION JANUARY 1993,

Attached is a copy of the letter of acceptance from the Editor of the Journal of the
American Mosquifo Control Association with recommended revision of the original
submitted manuscript. These revisions have been made and the revised two manuscripts
are tncluded here in their entirety de=<pie duplications that accur, eg. with tables, in the
body of the thesis. The manuscripts have a0t been given thesis page numbers but are
included rather as an insert into the thesis.

All references to the name proposed for the new species have been deleted or
reptaced with "xxx" since there is no desire to infringe the Mwernational Code for
Zaological Nomenclature and comprise the name before it appears in & valid publication,
Throughout the thesis the new species is referred to as "An. listeri sp. B".

The contributions of each of the three authors to the papers are as follows: R.A.
Khan collected the specimens, carried out comparative analyses {morphological and
cytogenetic) of the new species with An. listers and drafted and revised the manuscripts.
M. Coetzee co-supervised the work, helped with the E.M. photographs of eggs and the
analysis of the data, and gave critical comment on the manuscript. R.H. Hunt, supervisor,
assisted with the field collections, generated the chromosome maps and gave critical

caminent on the manuscript.




Colo “&?@g
December 16, 1997 ’ Uniiversity

Dr. R, Abdulla-Khan

Collepe af Veterinary MMedicine

Department of Entomology gt Binmedien Sciences
S.ALM.E Deparenent of Micrahinlady

ity Frrt Cubling, Colarmla BOS23- 1677
P.O. Box 1038 Teleplaaer (6 70) 491-6136
Iohanresburg 2000 PAX: (970} 491-1415

South Africn
Dear Dr. R, Abdulla-Khan,

I have now received two reviews of manuseript M4398: "A description of Anopheles (Cellia)

sp. nov, (Diptera, Culicidae) from Kasane, Botswana™ by vourself, M. Coetzee and R, H, Huny,
Both reviewers were interested in and recognized the importance of vour finding a new Species in the
Anopheles subgenus Cellfa. However, both felt strongly that you have niot followed the proper format in
describing 4 new species and that your manuscript has an iiappropriate emprasis on the habitat and
b.clogy of the species, rather than a formal taxonomic deseripton, I bave read through your manuseript
as well and lhink that you have done an impressive amount of work but have to agree with the reviewers,
I personally think that you have two manuscripte ere anel propose that you submit two new manuscripts.

In the first manuscript. you need to follow nut: reviecers' recommendations and write a formal
taxonomic description of Anopheles (Ceilliu) sp. rov. 1. should follow The International Code of
Zoological Nomenclature and luchude telzgraphic deseriptions and drawings of larval and pupal stages,
tables of setal counts as well as corrected drawing of wings. Follow the morphological terminology of
Harbach and Knight (1980). Please vse some of tae recent species descriplions in JAMCA as examples of
the currect format, The most recent in JAMCA is:

Ribeiro, H. 1997. New species of Toxarhynchites (Diplera ; Culicidae) from Macau (China). JAMCA
13: 213217

Als. , if possible you should discuss proper descriptions of new species with Dr. Jupp at the National
Institute for Virology. He is an excellent mosquito taxonomist in South Africa, The second manuscript
would constitute a description of the collection m.thods, larval habitats and other observaticns that you
have made for Anopheles

If this is agreeable to you, please make the corrections recommended by both reviewers and divide
the material into two manuscripts, each ont. 7 the {nformaticn ouilined above. After you have made
these changes return the manuscripls to me on uis¥  .f possible provide the manuscripts in a Word 6.0,
Wordperfect 5.1 or 6.0 format. 7 will edit the manuscript and, if necessary return it to you for further
consideration. Then we will forward it fo the JAMCA office for final processing. 1 will tell the aditorial

ofTice to publish these as compamon papers in a single issue. In that way you can cross reference material in
the (wo papers in yout revisions.

' LUl O, A

William C. Black IV
Co-Editor

Journal of the American
Mosquito Control Association
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ABSTRACT

Anopheles (Cellla) xooexxxx, 8 new mosquito species from Kasane, northern Botswana
is described on the basis of the examination of a type series of 37 females and 18 males.
Diagnostic features on the egg, larva and pups are presented. Comparisons of the new species

with close relatives, An. fisteri, and An. azevedoi are made.

Running title: Description of 4n. xcexxcxx sp.nov.




INTRODJCTION

During a mosquito survey cartied out in 1995 in Kasane, Chobe District, north-eastern
Botswana (Abdulla-Khan et al. 1998), specimmens of an anopheline mosquito belnnging to a
new, undescribed species were collected biting humans indoors and feeding on cattle in
enclosures.

Wild females were returned to the laboratory, isolated for ovipositing, and the progeny
r-aved to adults as individual families (Hunt and Coetzee 1986), Each pinned adult had
associated latval and pupal pehs niounted on slides. Eggs were stored in 70% slcohol for
scanning electron micrography.

The descriptive terminology used is that of Harbach and Knight (1980). Diagnostic
characters for separation ~f Anopheles listeri De Meillon, An. azevedoi Ribeiro and the new

species are given.

TAXONOMIC TREATMENT

Anopheles (Cellia) xxoooooex, new species (Figs. 1-4, Tables 1,2).

Female: Wing length 3.16-3.60 mm. Wing (Fig. 1a): largely pale, with pale and dark areas
well-contrasted. Median dark (MD) areas of costa and subcosta separate, approximately equal
in length, Apex of vein R, with dark scales extending to the fringe spot. Palps: identical to 4n.
listeri De Meillon. Legs: femora dark: hind tibiae narrowly pale at base and apex, fore and

mid-tibiae pale at apex only; all tarsomeres dark.

Male: Wings and legs as in femate. Genitalia: as in An. /isteri (De Meillon 1931, Gillies and
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De Meillon 1968). Palps (Fig, [b,c): of two types, one identical to An, fisteri (Fig. 1b) and the
other with a paler overall appearance (Fig. 1c}; shaft dark proximally, followed by a long pale
area; club: widely pal. at apex followed by a narvow dark region preceding a wide pale area

medianly; pale base of club contiguous with pale area on shaft.

Pupa: Full sc1af r ~mts are provided in Table 1. The following are diagnostic for 4»,
sxxxxxxx: Abdomen: .eta 1-11, 7-8 branches; 1-111, 6-7 branches; 1-VII, simple, same length
as segment (Fig. 2); 5~ to 5-VII with 6-7, 4-6, 4-5, 3-4 and 2-3 branches respectively; 9-VI

to il simple, equal to or less than half the segment iength.

Larva: Full setal counts are provided in Table 2. The following are dizgnostic for 4n.
xxxxxxsx: Prothorax: setas Pp and P, branched, on small separate tubercles (Fig. 3a); P, 9-10
branches, P, 8-10 branches. Abdomen: 1-I and 1-Il rudimentary, leaflets lanceolete and
undifferentiated with 16 brenches (Fig. 3b); 1-III to 1-VII fully developed with 16 moderately
broad leaflets, well-defined shoulders and short, blunt tipped filaments varying in length (Fig.

3ec)

Egg (Fig. 4a): shiny, silver.grey, boat-shaped egg with broad dorsal surface (deck). The
undivided deck is surrounded by a weil-developed, narrow, striated frill, inverrupted in the
middle on each side by well-developed floats consisting of 16 float chambers. Under light
microssopy, two dark, irregular patches occur across the deck on each side of the mid-centre
of the deck. This coloration is not apparent on scanning electron micrographs (Fig. 4a). The
exochorion in these patches consists of relatively broad, irregular bosses when compared with
the remainder of the upper surface of the deck which comprises finer, smaller bosses.

Numerous, large, lobed tubercles are located at both anterior and posterior ends of the deck.
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The nucropylar apparatus is smalt covered by a thir:, unornamented layer of exochorion. The
micropyiar chariael is flat, with a cone-shaped micropylar process. The base of the micropylar

apparatus is smooth. The undersurface has a fine, reticular pattern.

Type data. Holotype. Female: Kasane, Botswana (17°48’S, 25°U9'E), February 1995. No.
BOT 169.10. Associated larval and pupal pelts mounted on shde with same data and
identification number. Paratyyes: 5 females (BOT 169.1, 2, 3, 6 and 7) and 4 males (BOT
169.4, 5, 8 and 9) with associated immature pelts with same data and identification number,
All specimens reared from eggs obtained from a single wild female, collected in a cattle
enclosure by R. Huni and B.A. Khan, Deposited in the collection of the South Africrn
institute for Medical Research (SAIM). Eggs of wype family subjected to electron microscopy

and photographed (Fig. 4a).

Material examined: in addition to the type material, other snecimens examined were progeny
from 10 wild femaies (BOT 116, 135, 147, 148, 166, 168§, 170, 171, 172, 195) collected from
either a cattle enclosure (22 females, 9 males) or indoors biting humans (9 females, 5 males),

February 1995, Deposited in the SAIM.

Etymofogy: The uew species is named in honor of Sir Seretse Khama, the late president of

Botswana, 1966-1980,

DISCUSSION

Anopheles xoooxxx sp.nov. belongs to the Am listeri group sharing most

morphalogical features in the adult, pupal and larval stages. Notable differences between An.
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xxxxxxxx., An. listeri and An. azevedoi (Rikeirc 1969), a third member of the group, are
presented in Table 3. Adults of all thres key out to section VII no. 12 of the key to female
Anopheles i Gillies and Coetze -~ (1987). Larvae key out to section IX of the larval key but
are casily separated by the characters in Table 3. The eggs of Ar xxxxxxxx with floats (Fig.
4a) differ from An. azevedoi and An. listeri which have no floats (Fig. 4b and Gillies and

Coetzee, 1987).

The bionomics and cytogenetics ¢~ cacteristics are given in Abdulla-Khan et al. (1998).
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[able 1. Full setal corwnts for pupal specimens of Ar xxxxxxxx sp. nov. (n = 34),

[ SKTA | RANGE | ] SETA : SETA RANGE |
MET ABD I ABD VI
10 1-4 11 Simple 5 3-4
11 2-4 14 Simple 6 2-3
12 1-3 ABD IV 7 1-4
ABD [ 0 Simple 8 1-3
1 Fan | Simple 9 Simple
2 4-6 2 4-5 10 Simple
3 2 3 3-7 11 Simple
4 5-6 4 1-3 14 Simple
5 1-3 5 4-6 ABD VII
6 Simple 6 1-3 0 Simple
7 7-10 7 4 1 Simple
9 Simple 8 34 2 34
ABD Il S Simple | 3 1-2 |
0 Simple 10 Simple 4 Simple
1 7-8 i1 Simple 5 2-3
2 6-8 14 Simple 6 1-4
3 2-3 ABD YV 7 2-3
4 4 0 Simple 8 Sitaple
5 2-3 1 Simple 9 Simpie
6 Simple 2 5-6 10 1-3
7 1-6 3 1-3 11 -2
8 2 4 1-2 14 Simple
9 Simple 5 4-5 ABD VIl
10 1-2 6 34 0 Simple
ABDIII 7 2-4 4 Jimple
0 Simple 8 3-5 9 3-8
| 6-7 9 Simple 14 Simple
2 3-8 10 Simple 1 Simple
3 1-3 11 Simple Paddie
- 4 3-4 14 Simple i Simple
5 6-7 ABD VI i 2 -2
6 3-4 0 Simple
7 2 | Simple |
3 2-4 2 5-6
9 Simple 3 Simple ]
10 1-3 4 1-2
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Table 2. Full setal counts for larval speciincons of A, xxexrxrx sp. nov (n=42),

SETA

SETA | RANGE

SETA RANGE RANGE || SETA | RANGE
s i

Cranium 12 5-10 ) Simple 13 1-2
0 Stmple 13 3-4 8 2-3 -VHI
i Simple Abd-1 9 Simple 0 Simpie
2 Simple [} 1 16 10 2 1 Simple
3 Simple 2 Simple 1t Simple 2 3-6
4 Simple 3 Simpie 12 Simple 3 Simple
5 7-9 4 3-4 13 1.2 4 Simple
6 3 5 1-3 Abd-V 5 -2
7 a-d & 3-6 0 Simple
3 5-8 7 4-9 1 16
9 9-12 3 Simple 2 1-2
0 14-17 9 Simple 3 2-4 L
§ 14-18 10 1-2 4 Simple
12 13 40 11 Simple 5 Simple
i3 3-5 12 Simple [ 6 1-2
14 3-4 13 2-4 7 3-8

Antenna Abd-il 8 2-3
2 Simple 1 16 9 Simple
3 Simple 2 Sipic 10 2
4 33 3 3 11 1-2

Prothorax 4 woaple 12 Simple
1 9-10 5 23 i3 1-3
2 210 6 4-7 Abd-VI
3 Simple 7 4-9 0 Simple
8 2-3 8 2-3 i i6
14 2 g 2-4 2 1-2

Mesuthorax 10 1.2 3 Simple

1 23 | 11 Simple 4 Simple
2 Simple 12 Simple 5 Simple
3 Simple 13 1-2 6 1-2
4 Simple || Abd-IlI 7 3-8
3 Simple |; 0 Simple 3 1-2
6 Simple || 1 16 9 Simple
7 Simple 2 1-2 10 1-2
8 2-3 3 2-4 11 Simple
9 Simple 4 2-4 12 3-4
19 2-4 5 Simple 13 1-3
13 4.5 6 35 -Vil




14 5-6 8 1-3 0 Simple
Metathorax 9 Simple 1 16

I Simple 10 2 2 1-2

2 Simple 11 1-2 3 Simple
3 Simple 12 | Simple "4 | Simple
4 Simple 13 1-3 5 Simple
5 5-8 Abd-TV 6 12
6 2-4 0 Simple 7 3-8

7 5-8 1 16 8 12
8 4-9 2 1-2 9 Simple
9 5-11 3 2-4 10 12
10 4-8 4 24 [T 1 1-2
i1 4-9 S Simple || 12 2




Table 3. Characters used to distinguish An. xxxxxxxx sp.nov.. An. fisteri and dn. azevedoi

CHARACTER | An xxvaooox An. listeri An, azevedoi
Adult None None None
Pupae
Seta 1.VI1 Simple, as long as | 1.5 length of 0.6 tength of
segment VI segment VI segment VIII
Seta 9-VII <0.5 length of 20.5 length of Equal to length of
segment VIII sepment VIII segment VIII
Larvae
Mesothorax seta | Simple Simple Brarched (De
M9 Meillon + Van
Feden 1976).
Simple (Ribei.
1969}
Egg With floats No floats No floats




FIGURE LEGENDS

FIG. 1. a.

FIG. 2.

FIG. 3.

FIG. 4. a.

Female wing {from right to left): C (costa); Sc (subcosta); BD (basal dark);
HP (humeral pale); HD) (humeral dark); PSP (presector pale}; PSD (presector
dark); 8P (secior pale); ASP {accessory sector pale); MD (median dark); SCP
(subcostal pale); PD (preapical dark); PP (preapical pale), AD (apical dark);

AP (apical pale); PFS (pale fiinge spot), Veins (R, R., R;, R, Ry).

An. listeri male palp (also seen in some An. xxxxrxxx specimens})

Male palp seen in An. xxxxxxxx only.

Pupa of An. x.ooooocx @ seta 1-VIL equal in length to abuominal segment VI

Larva of An. xxxoooex:
Prothoracic setae 1-2
Abdominal palmate setae 1-II underdeveloped

Fully Jeveloped palmate seta 1 on seginents III-VIL

Egg with floats — An. xxxexaxx
Egg without floats — An. listeri

Fr (frill); De (deck); FR (float ridge); F (float)
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ABSTRACT

Morphological analysis of anopheline mosquitoes from Kasane, Botswana, revealed a
new species, Anapheles xxxxxxxx, closely related to azevedoi and Jisteri. A description of the
type locality and biological characteristics of An, xxxxxxer are given. Comparisons are made
with An. listeri and An. azevedoi. The banding patterns of the giant polylene chromosomes of

An. xxxxxxxx were compared with those of An. Jisteri and found to be homosequential.

Running title: Biology and cytogenetics of Ax. xoooooox



INTRODUCTION

A recent survey of the mosquitoes from Kasane, Botswana revealed an new species
Anopheles xxxxxxxx Abdulla-Khan, Coetzee and Hunt (1998), that is morphologically very
similar to An. listeri De Meilion and An. azevedoi Ribeiro, The present paper summarises our
knowledge of the distribution and biclogical characteristics of the three species and presents &

photomap of the polytene chromosomes of A1: 7.

DISTRIBUTION

Anapheles listeri is widespread in southern Africa accurring in Zimbabwe, South Africa,
Namibia and southern Angola (fig. 57 in Gillies and De Meillon 1968). It was collected
Botswe - - Mowana Lodpe, Chobe, in the cattle enclosure and pig pen (Fig. 1),

Gullies and Coetzee (1987 (fig. 28)) provide a map of the distribution of An. azevedoi
showing several records along the arid coastal belt of Angola (Ribeiro 1959, 1974, Ribeira and
Ramns 1975) and one from the Uppington district of the Northern Cape Province, South Africa
(De Meillon and Van Eeden 1976).

An. xooooooe is known only from the type locality, Kasane, Chobe District, north-eastern
Botswana. Collections were carrizd out at four sites; Chobe safari Lodge (17°48°S, 25° 09°E),
Mowana Lodge (17° 48'S, 25° 11°E), a cattle enclosure and a pig pen on the Kazangula road
(17° 48’5, 25° 19°E) (Fig. 1). An. xoooooce was collected only at the Mowana Lodge and the
cattle enclosure. The area is in close proximity to the Zambezi and Chobe rivers and includes two
saline hot springs on the Chobe river side whose activity depends on the rainfall in the region,

The mean altitude for Kasane is 935 m above sea level and the min-max temperature range
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during the rainy season is 19-30°C. Ax. xxexxexx has not been colfected from any other area.

ADULT BIOLOGY

Little is known about the adult biclogy of An. fisters other than that in Namibia, the adults
frequ 'y occur in houses and readily bite humans (Gillies and De Meillon 1968), De Meillon
(1931) thought that Ar. lisferi might be implicated in epidemic malaria in Namibia, despite the
negative results of a small number of dissections for malaria parasites,

In Angola, achlts of An. azevedoi were captured resting in house, outdoors, particularly
in crevices in the greund, in rocky cliffs and also in vegetation. Females were alse collected
biting humans outdoors {Ribeiro and Ramos 1975). Salivary gland dissections for sporozoites
were carried out on 109 females with negative results (Ribeiro and Ramos 1975).

Adult females of An. xxexxxxx were collected biting humans indoors (Mowana Lodge)

and feeding on cattle in enclosures (Kazangula road).

LARVAL BIOLOGY

Anopheles listeri shows high tolerance to salinity, with the larvae being found in saline
water that is > 1.5 times (52.5g/1, NaCl) the concentration of sea water (Ribeiro and Ramos
1975). Gillies and De Meillon (1968} however, state that the larvae are found in open sunlit
pools and do not mention tolerance to salt water.

Anopheles azevedei occurs frequently in highly saline pools along the south-western coast
of Angola, T.arval habitats range from tidal peols, saline canals and saltpans to brackish wells

(Ribeira 1974, Gillies and Coetzee 1987). The salinity of the most common larval breeding sites
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approaches that of sea water (35-36g/1, NaCl) however, some larvae have been found in water
with salinity of up to 400% sea water. In conditions of [ow - iinity, An. azevedoi occurs in
association with An. listeri (Ribeiro 1974, Ribeiro and Ramos 1975). In the upper Karoo,
Northern Cajse Provinge, the larvae of An. azevedoi were found in saline pools (14, 1g/1, NaCl)
in association with fairly large numbers of An. listeri (De Maeillon ar.d Van Eeden 1976},

The larval habitat of An. xomoooone is unknown, but is probably in saline hot springs. An
X-ray difiraction analysis of soil samples taken from the hot springs arcund Kasane showed the
presence of Halite (NaCl). In the laboratory, egg batches obtained from wild females were
divided 50:50 into bowls containing either distilled water or 25% seawater equivalent (8 g/l
NaCl)., All first instar larvae died in the distilled water and survived to adulthood in 25%

seawater. indicating that An. xxxxxxxx is an obligatory salt-water breeder.

CYTOGENETICS

Girnt poiytene chromesomes are found in ovarian nurse cells of half-gravid anopheline
female~ (Coluzzi 1968). The banding patterns on these chromosomes have, in many cases,
provided a taxonomic tond for the identification of morphoiogically similar species, for example,
the Anopheles gambige Giles complex (Coluzzi et al. 1975), the An. marshaliii (Thecbald)
complex {Lambert 197%).

The F, female progeny of the An. xxxconex that were not preserved for museum
specimens, were held in cages for five days befor being offered a blood meal. Those that
became half-gravid were dissected and the ovaries stored in Carnoy’s preservative (Huat and

Coetzee 1986). Chromosome preparations were made according to the me “nd of Gree 1 and

Hunt (1980).
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Crue ter serre difficulty in stimulating ovarian developiment i» unmated females, only five ovaries
were obtained from 4. xeoreexy, Of these, only two p' .1 ations had chromasomes that could
be scored. These were compared with the chromosomes of An. fisteri (Fig. 2) from Sautini,
Northern Province, South Africa. No differences were seen in the banding patterns of the two
species. A similar sivation exists in the .1n. gambice complex where An. quadrianmiatus
{Theabald) species A and B, share homosequential banding sequences (Hunt et al 1998).

The polytene chromosomes of An. azevedoi are unknown,
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FIGURE LEGENDS

Fig. 1. Map of the Chobe district, north-easterts Botswana, showing four collection points (9)

and the localities of two hot springs (A).

Fig. 2. The polytene chromosome complement of Anapheles listeri from Sautini, Northern

Province, South Africa. C = centromere.
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APPENDIX IV

SPECIES CONCEPTS

The Isolation Concept of species

Dobzhansky (1937) believed that the species gene pool was delimited
through the action of “isolating mechanisms”, He initiated a line of thought that
was to influence the majority of biologists working in the field of species concepts
and modes of speciation long after he proposed that two distinet populations are
reproductively separated by ad hoc characteristics which he termed “isolating
mechanisms™.

Isolating mechanisms fall into two distinct catcgories: (i) Premating
isolating mechanisms (seasonal and habitat icoladon; ethological isolation;
mechanical isolation) and (ii) Postmating isolating mechanisms (gamete mortality;
zygote mortality, hybrid inviability; hybrid sterility). These criieria emphasise
events that take place when two species meet, and put litde c.aphasis on how
different sexes within the same species behave when they come into contact with
one another (Paterson 1985) even though conspecific interactions are of greater
importance to the reproductive suceess of a species.

In the Isolation Concept the sefection of isolating mechanisms is brought
ahout at the interface of two populations that have diverged. It is suggested that
two populations in allopatry diverge genetically in such a way that even though no
cthological barriers are faced between the two entities, any resulting hybrids are

disadvantaged (sterile, not viable etc.).

Y
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Natural selection then favours those individuals that mate with their “own
kind™ and any incipient isolating mechanisms are therefore reinforced (Avala ef
al, 1974). This speciation by reinforcement requires selection to take place in
sympatry which is unlikely because the smaller population of disadvantaged

hybrids would become extinet us a result of negative heterosis (Paterson 1978).

The Recognition Concept of species

Paterson (1978) using evidence quoted by several authors in support of the
isolation theory, proceeded to demonstrate some inherent flaws in both their
experimental and their theoretical arguments. He went on to redefine a species as
that most inclusive population of individual, biparental organismis which share a
common fertilisation system (Paterson. 1985). He suggested that individuals in
their normal habitat share a common specific mate recognition system (visual,
auditory, chemical, tactile and/or other) which is an essential prerequisite to
fertilisation of a conspecific mate. The Recognition Concept does not depend on
the relationship of one species to populatiors of other species. In allopatry, if the
specific mate recognilion system changes to such an extent that members of the
original population are no longer recognised as potential maies, speciation can be
saird to have oceurred, If the populations return to sympatry without significant
changes to the recognition system and fertilization does occur, one of two
possibilities may arise. If the hybrid offspring are sterile, the smaller population
will go to extinction. If, on the other hand, the hybrids are only partly infertile,

natural selection will eliminate the cause of the infertility. In large, randomly
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mating populations, any genetic changes accumulated in allopatry would become
polymorphisms within a homogeneous population.

The Rero,nition Concept of species considers species to be the incidental
consequences of adaption to a new environment. This concept is a non-relational

one in contras: to the Isolation Concept of species.
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