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1. Introduction

Botha De Meillon highlighted in 1939 thMalaria in South Africa, as elsewhere in the world,

is an entomological disease. Its epidemiology only becomes clear when knowledge of its
entomology has been elucidatdd]. This obvious statement is as relevant today as it was

over 70 years agd\ll natonal malaria strategies across ssdharan Africa implement
interventions aimed at reducing human exposure to infectious malaria vectors. These include
insecticide treated nets, applications of residual insecticides on household walls, or the
targeting oflarval stages of vectors to reduce vector abundance, survival and/or human
feeding frequency. However, the distribution of vector compositions linked to their intrinsic
behavioural bionomics and their resistance to insecticides remains largely unknown
underemphasizegwhen planning vector control at national scales.

2. Historical inventories of malaria vectors and early maps

Thefirst globalinventory ofthe GenusAnophegés(Diptera Culicidaeinalaria vectors was
published inl901 and reproduced in 1903 and 192D §ir Rickard Christophers updated

this inventory in 1924 for the purposes as he describ&ak a necessary preliminary to
studying the geographical distribution of species, has been published in the bekef éhat,
handy means of reference to known species with their correct names, it would be useful to
medical men and others3].[In1929 an assembly of reported locations of vectors from
published and unpublished sources from the beginning of the 18@8seelopedas lists

per country location names anfr the first timeshown on regional magd]. This was

updated for the Africa region in 1938, providing bibliographic sources, locations, taxonomic
keysfor adult mosquitoes stagesd more detail®n bionanicsby the Natural history

Museum, Londong] and repeated for larval stages in 196R Puring the Second World

War, the US Sanitary Department developed a separate inveiory [

The most definitive catalogue of record&abphelinespecies for the Africa region was
published in 198 by Mick Giles andBothade Meillon,updating earlier workg] and

capturing a wealth of published and unpublished observations from across the continent,
linked to spatial grids of their distributioffSgure 1) This geaeferenced catalogue was
accompanied by comprehensive notes on the species role in malaria transmission and
bionomics 9]. Updatedinventories ofAnopheline distributions were published1972 0]

and 199 [11].

National entomologil reconnaissance formed an important part of activities mounted at
aggressive control and elimination during the first 60 years of the last century. These were
often assembled as hand drawn vector species distribution mapsdutine surveys or
compilatons of national research and surveillance. The most notableegudmal assemblies

of available information on anopheline malaria vectors was undertaken during the 1950s for
Central Africa@had, Central African Republic, Congo, Gati@handthe WestAfrican

region (Figure 2103.



Figurel: Location representation of information on Anophelingsto 1960sdistributions and range afeftAn
funestusand RighAn gambiad9]
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Some of the earliest national inventories of malaria vector speniése African continent
and its islandsvere compiled irAlgeria 14], Cape Verdells], Democratic Republic of Congo
(DRC)16], Egypt 17], Eritrea [L8], Ethiopia 19,20, Kenya 21,23, Gabon 23], Liberia 4],
Mauritius R5], Mozambique 26,27, Nigeria 28], Rwanda and Burundt9], South Africd30-
33], Sudan 34], Zambia 35] andZanzibar36,37.

During the1950s andL960s, efforts to compile national inventoriegpamaryand secondary
vectors of malaria provided important descriptions of the distributions and rarfiges
anophelinesn countries preparing for prelimination or national controllhese referenced
national inventories included those developedAogola 8], Burundi and Rwand&9],
Cameroun40], Congo41], Coted'lvoire @2], DRC43,44, Ethiopia45], Guinea46], Liberia

2



[47], Libya #8], Madagascar49], Mali [50], Mauritania p1], Morroco 2], Nigeria and
Cameroon%3,54, The Gambiagb], Sao Tome &rincipe $6], Somaliag7], Tunisiad8] and
Zanzibaf59]. Many of these national inventories provided maps showing distributions of
anopheline species (Figure 3) and covered many of the secondary vectors of malaria and
other species within thenophelinaefamily.

Figure 3A) Guinea (all Anopheline specié6)] B) Sudan (exampled wiim coustani, An ziemanni, An obscurus

and An symep[34]; O Madagascarn mascarensig49]; D) Somalilandi(y T F YAl ST 1y RQUGKIf AZ

An macmahonifn pharoensis, An pretoriensis, An rhodesiensis, An tyrfgQjdE) DRC (all Anopheline

species4]; D Mauritania{ y YSt I as 'y 3l YoAlFIST 'y NHZFALSAZ !y LIKIF NI

funestus, An demeilloni, An rhodesier6i; G) Caneroon (all Anopheline speciedg]; H) EthiopiaAn
gambiag [45]
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During theGlobal Malaria Eradication edascriptionsof the anopheline vectorsshown as
sub-national distributionsyere regarded as important preludes to the attack phases

control and notably the likely impact of indoor residual heam®ying The surveillance of
malaria vectors continued in Africa where elimination was pursued (e.g. North Africa and the
islands) but entomological reconnaissance for malaria controhimegorgotten public
healthscience during the 1970s and 1980s across much ebabbaran Africgs2).

3. The revival of geoodel vector databases

In 1996, the Mapping Malaria Risk in Africa collaboratias launched63-66] to assemble,
geocode and map malaria parasite and vector surveys undertaken across Africa south of the
SaharaThe initiative focused only on documenting records of the sibling species of the
Anopheles gambiasomplex andAn. funestus.l.resulting in 335 geereferenced records of
anopheline malaria vectors froreportsof surveysindertaken betweerd920and 2004 This

was a milestone collaboratiomanagedoy scientistsacross the Africa region, and stdta
renaissance in the assemlafempirical malaria information as geoded inventories.

TheAfrican Network for Vector Resistance (ANVR) was established in 2000, and amongst its
objectives was the important goal of improving dissemination of resistancesd@at@yer



the next10 yeas, a database was developed to store the results of resistance monitoring
activities by ANVR members. This database has now been integrated for open access with the
launch of IRBasé8-70]. This database is linked tepatialdisplay platform and by 2014

contained informatiorirom 4,084 susceptibility data points for 1,5908ations using

recommended WHO methods from 54 countries worldwide between 1954 and ZQJ12 [

Two initiatives started in 2005, aiming to extend work started by MARA/AFRNAIly for
malariavectorsunder the Malaria Atlas Proje@1AP)[71,79, and a wider disease vectors
initiative to create a global gemmded repository of vectors ohagasdengue leishmaniasis
and malaria called thBisease Vectors Databd38,74. The MAP repository focussed only
on peerreviewed published reports of dominant vector spediesAfrica the complexes of
An. gambiagAn funestus An niliand An. mouchejiresulting i,234site-location reports
for the African continenfrom surveys undertaken between 1984 and 20l&Disease
Vectors Database includésecondary vectors many of whiclare nottrue vectorsof
malaria(An. coustaniAn. paludisAn. hancockiAn. marshalljiAn. pharoensiand An.

rufipeg [73, 79

The MosquitoMap initiative7p] was launched as part of the Walter R&dinformatics
Unit’ s systemat i chasedattlzelSwithsomamstt@tionCnadei ci dae
publically available in 2009. This portals transformed to cover a broader range of insect
vectors in2012 and i comprehensive oiine digital archive of species locations allowing
for mapped distributions, linked to the Walter Reed bionomics descriptions and provides
users with some abilitieto develop welbased ecological niche models of vector
distributions[77-79]

Other useful odine resources include VectorBase, that focuses on descriptions of bionomics
and gene libraries of many disease vect8@ §ndthe VectorBorne DiseasHetwork

(VecNet) 81], established i2011with an original aim to provide information necessary for
modelling approaches to elimination scenario planréaiy [

A common feature of the more recent-tine global or regional vector species location
databases is that they are oftenaapoor representation dhe entire historical reference
material for any given country; b) do not capture important unpublishedt®fom
national control agencies and research partners; and c) do not always cover the secondary
vectors reported in countries. For example, inEHiRC, the MARA and MAP databaspesrt
only4 and 20 site locations respectively ibominant Vector Spexs DV$ of the An.
gambiaeand An. funestusomplexesSome countries have recognised the importance of
updating inventories adnopheline distributions, notably where regional compendia are
incomplete for country purposes. Examples of these more contempnational inventories
are found in theCoted * | \88]iDR@§4], Eritrea B5], Kenya §6], Madagascard7], Mali
[88-90], Niger P1], Nigeria[92], Senegalq3], Tanzanid94] andcountries concerned about
re-introduction of malaria following eliminatiollorocco P5], Egypt $6] and Reunion P7].

It is no longer possible to connect to this online database



4. General purpose of INFORM vector data assembly

Investments havalreadybeen madeover the las20 yeargo develop regional anglobal
species occurrence maps and databases for malaria. We have embarked on the present data
assemblies with this in md, and it is not the intention of INFORM to replicate, duplicate or
replace previous or current efforts to maintain these digital sépdes of data. Rathgethe
ambition is to capture as much historical, contemporary unpublidatdand the full range
of anopheline species as geoded digital inventories linked to original PDF mateioals
distribution to national malaria controtggrammes across AfricBhesegeo-coded
bibliographic resourcaare oftennot availableat countrylevelsfor further interrogation,
analysis or identifying information gaps. Followinghtteaderprinciples of INFOR[8], we
hope these databases and ithd) libraries, will be owned, updated and shared by national
programmes to provide a more informed basis for future vector control activities.

We have not focussed on the importagsemblie®f information related to resistance,

these data have been iiHully curated, ge@oded and validated by the IRBase initiative
[68,70 and we encourage national programmes and their research partners to share data
with this network.

The range of countries we have included in our searches of possible malania vetiole
islandand mainlanderritories that have never supported malaria transmissglandsthat

have eliminated malariandNorth African countries that have since the 1960s systematically
reduced the extent and finally eliminated malaria. As such we have made efforts to locate
literature and reports on vector species compositioriseisotho and th&Vestern Sahara
(previouslySpanish Moroccojhe African offshore islands of tidhagos Islands, Mascarene
archipelago (British Indian Ocean Territoity¢ SeychellearchipelagoNlahé Praslin, La

Digue Arideand outer islands)romelin Island (French Overseas Territory), Skilena

(Atlantic OceamBritish Overseas Territornghe Aldabra Island grouf®ldabra, Assomption,
Cosmoledo and Astové&}anary Islandg enerife, Grand Canaria, Lanzarote, Feuteventura, La
Palma, Gomera, Hierrthat have not supported malaria transmission; Reunion and

Mauritius that have eliminated malaria; and Morocco, Algeria, Tunisia, Libya and Egypt that
have largely eliminated malaria since the late 198@slerstanding the malaria vector

species range, evemith territories free of malaria, provides a basis to understand the
receptive, “potenti al ri sks of malaria, and
range of vector species.

Throughout we have used as a basis for delineating national bdesywl@vided under UN
sponsored boundary digital processj@g]. The boundary anomalies, and how we treat
these, haebeen described ithe accompanying working pap&rJo0; Section 5.3].

5. Data assembly ethods

Methods used by us to identify souradgnformation have been opportunistic, cascaded
approaches and do not adhere to methods proposed for systematic reviews canadyais
[101], as a reliancenly upon peereviewed materials would result in the exclusion of
valuable, richunpublisheddata sources at countrievels. We have used personal contacts,
casual references to surveys in ministry of health reports, searches of archives and more
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traditional peefreviewed publication searches to track down possible souraasopheline
vectorssurney data from across the continent. The following sections attempt to articulate
the approaches taken to locate information.

5.1.Data searches

We began our searches for original reference sources using the bibliographies provided in
earlier inventories published between 192987 B-6, 911]. These regional inventories

were updated with citations to reports assembled as part of national eregjibnal

inventories developed during the 1950s and 1960s (see above). Original reports not available
on-line through journal digital repositories HINARIZ02Z], were located at libraries in

Antwerp, Paris, Lisbon, London and the archives of the Mioistigalth in Arusha, Tanzania
and Nairobi, Kenya. Two additional and notable sources for unpublished materials were
identified through reviews of colonial medical administration annual reports from across
Africa published between 19HMd1955 and reportef the World Health Organization made
following consultants country visits or quarterly reporting of pilot malaria elimination projects
during the 1960s and 1970s. Full details of European andriAegi@nal library archive
searches are provided elsewkd100Q].

Online electronic databases were used as one means of identifyingepesved, published
data on Anopheles species locations, most notably those published since the 1980s,
including: PubMeg103]; Google Scholat(4]; the Armed Forces Peglanagement Boaré
Literature Retrieval Systerhdp|; the World Health Organization Library Databa6€|[ and
the Institute de Recherché pour le Developmerdina digital library servicd (7). Regional
journals, including the large number of natiomaddical, public health and parasitological
journals, were not identified readily from the above sources but titles and abstracts were
available on African Journals Online (AJDI8).[

In all digital electronic database searches for published workdbedxrt keywords
"Anophelesand ‘tountryname' were used. We avoided using specialised Medical Subject
Headings (MeSH) terms in digital archive searches to ensure as wide as possible search
inclusion. Searches were supplemented through routine weeklffjcatibtns fromMalaria
World [109], the Roll Back Malaria news alert servicd)], the Environmental Health at
USAID malaria bulletinkl[1] andSanté Tropicaltor Francophone country national and
regional journals includingedecine D'Afriqué&loire [L12].

All publications were crossferenced using the bibliographies for additional sources that

may have been missed or that may correspond
controlled by commercial publisheF&nally, we compared our search firghrwith those of

MAP and MARA to check if we had omitted published materials.

Doctoral and masters theses undertaken with entomological components were sourced from
local university libraries in the faculties of zoology, medicine or related biological sciences in
Kenya, Tanzania, Senegal, Mali, Sudan, Mozambique, UK, Belgiunmemd\iaonal and
international malaria congresses and conference proceedings were also reviewed for
abstracts that contained information on species identifications at specific localities. These



two sources were very opportunistic and it is expected thvegath of information is
available across university departments in Africa, not captured by us.

In addition to formal searches on-line resources and library archives, we also contacted
entomologists working across Africa, within research institutes part of National Malaria
Control programmes, to investigate the possibilities of unpublished survey reports. In recent
years, following the scaled introduction of indoor residual hapsaying, countries have
established more rigorous malaria vectarveillance, providing a new rich source of species
location data.

5.2.0rganization of the database

The lasic principle of the database wasstwsure ssite-specifianventory. As sugmultiple

reports from the same site were collapsed to a singteyewith all citations to that site

referenced to that sitelnvariably, multiple authors of published material report on the same
surveys or aspects of entomological work from the same site across a period of several years.
Individual reportsary in the stages of vector sampled and the precision methods used to
distinguish species and sibling species of complexes. In such cases, all sampling, vector stage
and species identification methods were recorded across surveys. We have included more
than oncemdividual survey siteanlyif these could be uniquely separated by at |d#st

complete years Often, where sites were part of longitudinal surveillance this resulted in
sometimes decade long periods of enquinyaddition, multiple reports cited worky other
entomologists at the same sites, these were also captured during the data abstractions,
labelled op cit "authors" in the event that original reports could not be located.

5.3.Species identification

Throughout the data assembly we have only réed the reported presence of a species as Y
where this was described during a survey. We only recorded absence as N when the report
specified its absence during the survey. Therefore the database contains information
predominantly of species presence.

A perennial problem with assemblies of vector inventories overdigiie ambiguities in
taxonomy. These improve with time as part of detailed mosquito systematics and
improvements in morphological keys. With an expansion in the use of genetic diffttwanti
techniques from the late 1960s, species and sibling species differentiation has improved. The
default methods for species identification today are those provided by Polymerase Chain
Reaction (PCR). Improving species identification has resulteficulttgf in attributing

species reports to revised classes.

Africa is home to the most effective and efficient vectors of human malarigzambiae

Giles complex anéin. funestussilesGroup[9,113. The earliest descriptions of tiAe.
gambiaecomplex referred to a single speci@s, costalisduring the first decade of the last
century. Following the Liverpool School visit to The Gambia in 1902, this species was named
An. gambiensi&iles.The sakwater breedingmainlycoastal sibling spexs @An. melas

2 For national reviews and inventories of survey data we have often assumed that reports of vector occurrence
summarised has been undertaken within the previous decade if no specific survey date was provided.
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Ribbamls andAn. merufodnitz ) were confirmed as sibling species of the gambiae complex
in the 1940ghrough observations on salinity tolerarened slight morphological variations
from freshwater breeding\n. gambiag¢114-116.

Crossmating, hybridization methods distinguishtbdee freshwater breeding species 8in.
gambiae(A-O in the 1960s117-119. A morphologically unique sibling was identified in the
mineral springs of the Semliki National Park, Bwamba district, UgartdaamedAn.
bwambaeWhite (previously species Ojappears to be restricted to this area oalyd
probably a secondary vector when sympatric With gamime s.s.[120,12]. Thezoophilic

An. quadriannulatus andAn. quadriannulatuB were describeds siblingspecies of thén.
gambiaecomplex (previously species C) in the early 1980s but not regarded as vectors of
malaria within their geographic ranges of southern Africa and Ethioi8alpP3. An.
guadriannulatu$ from Ethiopia was later renam&d. amharicusgdunt, Wilkerson &
Coetzeesp. n[123,124 while the nameAn. quadriannulatug/as retained for the southern
African form Chromosomal investigations of species A and B were undertaken in the late
1960s and this led to the ability to distinguish betwéengambiaesensu strict@nd An.
arabiensig125|.

Differentation of An. gamlmes.s. was first recognised in the 198@sed on five

chromosomal forms: Mo pt i * ,’ S aBvagdfemdstband 'Bissai88,126,12T. Two of
theseforms were later genetically distinguishedfasgambia s.s. S fornfSavanna/
Bamakopnd M form(Mopti) [128,129 . Il n 2013, t-imamedAnMcoltizriir m”

Coetzee & Wilkersosp.n [124]. This degree of taxonomical transition makes it hard to
describe the location of members of the.gambiae complexovertime.

In the database we have recorded the gamiocia@plex to as much detail as possible from
the reports- An. gambiases.|(if only complex mentionedjn. gambiaes.s. (Species A when
possible to differentiate frorAn. arabiensié€Species B) and saltwater breeding varietis),
gambiaeS form (when idicated as &annah or Bamakar Sforms) andAn colluzz{when
indicated as M fornor Mopti form). An arabiensisAn. melasAn. merusand An bwambae
were all recorded separately where information allow&al. quadriannulatus/as recorded
under other species noteShroughout our data extractionge have simply recorded what is
available from each report, updating earlier reports with cronating orchromosomal
analyses undertaken during the 1960s and 1970s at the same giteg the same time
intervals of the complex descriptions [for exam{il&,130,13] In certain locations, where
subsequent surveys proved the absencAmfgambiaes.sand onlyAn. arabiensipresence
we have coded the presence/nh. arabiensiasbracleted [Y].

Far from being easigthe An. funestugsomplexhas taxonomic complexity similar to that of
An. gambiaeTheAn funestusgroup originally consisted of nine species: the major African
malaria vectoAn. funestus.s and eight minor onon-vectors(An aruni, An. parensisAn
vaneedeniAn confususAn rivulorum An leesonjAn bruceiandAn fuscivenosufd,11].
Subsequent studies dhe systematics of the group resulted in a reclassificatidghe group
with An. funestusAn.aruni, An. parensisAn. confususAn. vaneederandAn. funestudike
(described in Malawbheing groupedogether as members of tH&\n. funestusubgroup;
An.rivulorum An. rivulorurdike, An. bruceand An. fuscivenosusrm their own subgroup
andAn. leesoras been grouped with th&sianAnopheles minimusubgroug132-135|.



Among thefunestusgroup,An. funeatss.s. isa significant vector in thigansmission of
malaria L33]; An. rivulorumhas been recently implicated in transmission in Tanzarda
might contribute as aecondaryector to transmission elsewhe&36,137; all other species
in this group are not implicated malattansmissionDespite morphologicalimilarities
between the members of the funestus graapd other groupings described abowe have
presumed that wher\n. funestuss mentionedin reports this invariably refers .
funestuss.s.WhenAn rivulorumhasbeenmentionedspecifically we haviadicatedthis as Y
within the database under its own colunWwhere other members of the funestus group
have been specified these have been recorded under other species notes.

In 1951, De Meillon provided a list of otlaaophelinespecies found infected with the

malaria parasite occurring under natural conditions in Afti88[He further classified these

as primary An. gambiae@nd An. funestugroups), secondary (implicated in transmission in

restricted areas and where exhibg anendophilic naturgand tertiary (wher@ncertainty

exised on source of plasmodigectors wereshortlived and mostly exophilichhe list of

secondary vectors includgkh. brunnipegmainly in DRCANn. hancockiAn. hargreavesAn.

moucheti moucéti, An. nilj An. pharoensiand An. rufipesExamination of over 8,000

specimengluring the 1950érom across West Africa confirmed the likely roles of these

vectors and showed almost no sppoite infections or oocystevelopment in the "tertiary"

species and significant infection r @8%s among D

As might be expectedur most detailed understanding of the infectivity rates, bionomics and
biology ofanophelinedn Africa is for the gambiae and funestus groups. Far less is known
about the roles, behavior and importance for control of "secondary"” vectors. Since the 1950s
this has improved marginally for several vector groApsmouchetis an important vector in
equatorial forestsn Central and Wegkfrica[140-143). This vectowas originally divided into
three morphological form&n. moucheti mouchetiype form),An. moucheti bervoetand

An. moucheti nigeriendis44]. However recent classifications recogniz&s. mouchetand

An. bervoetsas formal species whifn. moucheti nigerienssconsidered as a

morphological variant withiAn. mouchetjl42,143. TheAn. nilicomplexcomprises four

formal speciesAn. nilis.§ An.somalicusAn. carnevalaand An. ovengensjd45,144. An.
somalicushas never been incriminated in human malaria transmission, however the three
other members are highly anthropophilic and are important vectors of malaria within their
geographical rangieom most of West, Central and East Africa mainly populating humid
savannas and degraded rainforest ardas,148. BothAn. mouchetandAn. niliwe regard

as dominant vectors and in recording their presence information have specified under other
species notes the species compositions where reported.

One additional vector, not previously consideasd primary/secondary vectsrAn.
mascarensidound uniquely on the islasdf MadagascarComoros and Mayottend we
consider an important secondary vecgmross its island nictj249,15Q.

The lists provided by Ddeillon and Holstein of dominance of vectors in relation to malaria
transmission did not include those found predominantly in North Africa. Vectors in this sub
region have beepreviouslyreviewed including bonomics and infectivity rateandthe

following are egarded aprimary vectorsvithin their ecological nichesn. labranchia@and



An. segenti and An.multicolor, whilewe regardAn. pharoensifor this subregion)asa
secondary vectd95,96,151156].

Vectors for whichhere remairs some ambiguityegardingtheir specific roles in malaria
transmission across the wider Africa region, despite isolated repa@p®aizoiteinfectivity
rates likely longevitand irregular human feedingnclude! y @ R1G7, Knl: doustanand
An ziemann{15§], An. flavicostaAn. squamosuy#n. brunnipesAn. rufipe§159-161], An.
brunnipesAn. hargreavesAn. marshalivar. gibbinsj162], An. algeriensjgAn. maculipennis
(within the Africa regiomand An. hispanoli§l54]; also see for broader coverage of
bionomics 9,151,156. All thesespeciesve regard as incidentaipnimportant vectors of
malaria.We have reported what was stated in the reports and often left these uncorrected
as taxonomic differentiation has improved anetlkassifications have occurred with time, for
example we recordn. salbaiwhere this was stated b#n. hervyfor the same pecies after
its re-classification, we are also uncertain about earlier descriptioAs.ahauritaniuyiza-
vizAn coustani

In summary, we regard the following classifications as priamatgecondarywectorsandall

other Anghelinae as eitheincidental vectoren rare circumstances oonfirmed non

vectors of malaria. Given the taxonomic difficulties described earlier and their changes with
time we regard abensu lat@womplex descriptions as referring to one of the primary vectors
within their respective groups

Primarywithin their ecological range

An. gambiaes.|
An. gambiaes.s(all molecular forms)
An. coluzzii
An. arabiensis
An. melas
An. merus
An. funestus.s
An. nilis.|
An. nilis.s
An. carnevalei
An. ovengensis
An. mouchets.l
An. moucheti moucheti
An. moucheti nigeriensis
An. labranchiae
An. sergentii
An.multicolo®

>

3 An. multicolohas been an important, although weak, vector in the southern provinces of Tunisia, Oases in
Algeria and Fezmaegion of Libya [163]
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Secondaryvithin their ecological range

An. hancocki
An. pharoensfs
An. mascarensis
An. rivulorum
An.bwambae

5.4 Samplingandspecies identificatiomethods

For each record we documented whether adults or larvae were sampled, a summary of
methods used to sample vectdfer exampleanimal bait catches, bed net traps, CDC light
traps, human landing catchdsyman bait catchés indoor resting searches, pyrethrum
spray catches, exit trapsytdoor bait traps, Ifakara tent traps, monks word trdas;al
searcher larvae reared to adul If there were no details available themknown' was
recorded, often the case from natialreviews of previous unpublished data. We also
recorded the methods used to identify species, whether by morphological keysmainsg,
Polymerase Chain Reaction (PCR), Chromosome Banding Sequencesh&\# pnzyme
electrophoresis.

When a site ws sampled more than once within an overlapping time period-samgled
using more definitive species identification techniques all reference sources were included
and al methods of vector sampling didentification included in the respective columns.

5.5.Survey locations

Data geecoding, defining a decimal longitude and latitude for each survey location, was a
particularly demanding tasklosquito systematighiowever often report longitude and

latitude of survey locations and detailed descriptions of survey Bltas. recent use of

Global Positioning Systems (GPS) during survey work doeslenatims of vector survey

to be definedwith greater precisionTo position each survey location whéregitudes and
latitudeswere not availablén the original survey reportge haveused a variety of digital
resources, amongst which the most useful were Microsoft Encarta Encyclopedia (Microsoft,
2004) and Google Eh (Google, 2009). Other sources of digital place name archives
routinely used include@GEOnet Names Server of the National Geosgatglligence

Agency, USAG7 ; Falling Rai n GeladpAexandria Diggdl lobeeyl Ga z e
prepared by Uiversity of California, USRG9; African Data Samplet{0]; MapCartal71];

4 Note, despite a poor vector of malaria there has been recent evidence that in the face of ITN use on Senegal
River thisrector has increased its importandé{l, it contributes to transmission in irrigations schemes in
Kenyd165 and remains a potential vector in Egydbwever, there are two genetically different fornirs

north Africa/Saharan countries versus south&frica [166]

5 It was not always clear if human landing and human bait catches were different, the latter could include
sampling subjects protected by specially constructed bed nets that served as traps

5 Keys to the coding abbreviations used for each sampling method are provided in the-spaaoitig
databases provided to national malaria control programmes
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Maplandia 172]; Global geodatabassgties [L73]; Open Street Mapl[/4; VMAPO175];
IslamicFinderl[7q].

Across Africa a number of national digital, GPS confirmed;mdacegazetteers exist for

populated places, health facilities or schools. These are increasing in number, precision and
coverage. These were obtained on request fro
education and health and NGO partners and proved waheble locating communities in

Burkina Fasdenya, The Gambia, Mozambique, Madagascar, Somalia, Malawi, Mauritania,
Ghana, Niger, Namibi&enegal, Somali@puth Africa, TanzanidgandaZambia and

Zanzibar.

Several reports that had summarizestional data did not provide village or community
names but locations and species identificationssvgown on maps. Here we have
extracted the locations and have labelled them dispaent 1, 2 etc. If mapped
presentations were of a high enough resioln we were able to locate the village names
using Google earth underlying the shown location.

All coordinates were subjesd to a final check using second level administrative boundary
Global Administrative Units Layers (GAUL) spatial database delvatapeevised in 2008 by
Food and Agriculture Organization (FAO) of the United Na#8rik/[]. The spatial selection
tool in ArcGIS 10.1 (ESRI, USA) was used to verifyvpogtkeralong the coastline were
located onland as defined by GAUL 2008. Thebé&l lakes and Wetlands (GLWD) database
developed by the World Wildlife Furid/B] was used to ensure inland points were
positioned odandand not watetbodies Here we aimed to identify survey coordinates that
fell slightly off the coastline, located tive river or in incorrect administrative units, every
anomaly was rehecked and rpositioned using small shifts in combination with Google
Earth.
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