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Ve would initially like to point out that although, in nme, this report

represents progress up to the end of year 2, it can only present work done in the

.4 first 18 months of funding, due to the timing of the review panel' s meeting in

relation to the period of funding.

I=K ACCO•LI..

The proposed projects involved population genetic analysis of Aeres aerypti. The

main techniqae employed is gel elactrophoress of soluble roateins follored by

staining for specific enzyme activity. Using this method we have identified 22

enZyme loci in this nosquito, of which 11 are particularly variable (polymorphic) and

useful for our studies. The objectives of the research are tU study allelic

variation at these loci in order to answer the following questions about A,. aes : -.-:

(1) How genetically variable are populations? (2) How much genetic differentiation

ezists between populations? (3) Can we define areas within the distribution of A. -

aSMVnti which have populations genetically similar and differentiated from other

areas? (4) Do the world-wide patterns of genetic variation in this vector correspond

in any way to patterns of diseases transmitted by A. A293Z? Rather than go into

great detail hero on the results obtained before this contract was in effect, the

reader can consult earlier proposals and the following refereces: Tabachnick and

Powell, 19T8, 1979; Tabahnick IL Al., 1979, Powell r A.., 1980. Here we shall be

oonoerned only with new data collected under this contract an not yet published.

A total of 96 collections representing 63 localities from 21 countries (Table 1)

bave been analysed eleotrophoretically for 11 enzyme coding lci. (8 enzymes). 11any

populations have been analysed for up to 22 loci, but these additional loci will not
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be considered here as they are either monomorphic or otherwise uninformative. Where

multiple collections have been received from the same locality, unweighted composite

mean gene frequencies have been calculated, and are presented here. Table 2 lists

collections that have been analysed since Tabachnick & Powell (1979) with their

abbreviations and origins. Populations underlined are those that have been analysed

since last year' 3 progress report. We have restricted our analysis as far as

possible to material collected directly from the field, but some colonised material

of recent origin was included in the analysis. However, we have avoided making any

generalisations or inferences from colony material alone.

Electrophoretic methods described elsewhere (Tabachnick & Powell, 1979) were used

to score genetic variation at the following 11 enzyme loci in all collections: ,

.Mda, 1-, T d h- , 1U-2, 2Hk, mzM, w and Pgj, with the exception of

seven earlier populations in which T was not successfully resolved. D values

were calculated by Ilei (1972) and UPGINA tree construction was according to Sneath &

Sokal (1973). Stepwise multivariate discrininant analysis was performed using a

bionedical computer program package (BMP71h Dixon, 1977).

Tables 3-7 show allele frequencies at the eight Most polymorphic loci (n = number

of genes sampled). i is largely monomorphic; only 12 of the 63 localities exhibit

variation (5.East African forosuas, 5 South-Eastern US, 1 Iest African, and 1

100Mexican) and the frequency of .d
0  is above 0.91 in all cases except ABBE. .Ug is

100variable in only 6 localities (4 East African, 1 West African and 1 Texan) with 1k

never below a frequency of 0.75. Data for Tdh-I may be found in Wallis & Tabachnick

(1982). This locus is largely monoorphic outside of Africa, with the exception of

the north coast of South America.

Variation for hexokinase (Table 3) is fairly concordant across all three loci

(3-L, .- M, H.). Genic variability is mostly restricted to the East African

populations, and is highest of all in the a subspecies. Some variation,

-I-
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especially for HLis found in Asian and New World populations.

Tables 4-7 give gone frequencies at 5 loci for the 34 populations sampled since

Tabachniok & Powell (1979); the descriptions given here refer to Gene frequencies

from all 63 localities. ,1alate dehydrogenase is of some Geographic diagnostic use.

j 8  s essentially an A. A. forosus allele whereas i'd120 is only found at low

frequencies in this subspecies. West African populations exhibit lowest

heterozygoaities and United States populations very much higher ones. Isocitrate

dehydrogenase 2 is essentially under diallelic control with extreme disparate allele

frequencies between regions making it of great diagnostic use. Tdh-2 16 is rare in

all sylvan populations, but reaches high frequencies in domestic populations. A. A.

Angi= from Texas, Central America and the Caribbean have highest Idb-2 1 6

frequencies, but populations in the south-eastern United States resemble Asian

populations having lower frequencies of this allele.

Phoiphoglucomutase again siports the '.attingly (1957) subspecies division; all

sylvan populations from West and East Africa are highly heterozygous whereas Z 100

predominates In domestic collections. Phos;hogluconate dehydrogenase and

phosphoglucose isomerase are generally weakly polymorphic. Exceptions are some East

African fornpaus populations and the Caribbean vire g116 is common, and some New

orld populations were 3 and 05 sporadically reach higher frequencies.

Mean expected heterozygosity over 10 loci (excluding ldh1 is highest in African

populations, particularly East African ones, and lowest in Asia (Table 8).

From the gene frequency data for the 29 localities then available, Tabachnick &

4 Powell (1979) described 4 geographic areas, and separated East African populations

o4 aocording to subspecies giving 5 groupings. With the addition of collections from 5

more localities, Powell Al al. (1980) divided the felw W.!orld group into 3: Caribbean,

United States and South America. UsinG multivariate discriminant analysis it proved

possible to delineate all 7 groups in two dinensions without overlap.

~" %. .* *~' % *%**.*.***'..9.'.'*.*.*'..~ % V .'.. '.
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Since then, the number of localities from which data are available has

approximately doubled, with most emphasis being placed on areas bordering the Gulf of

Mexico. fleis overall D values were calculated for every pairwise population

omparison yielding a matrix of nearly 2000 data points. It became clear that the

United States may be divided into south-east and south-west groupings resulting in a

total of 8 geographic Groups: East Africa a (EAA), East Africa formosua (EAF),

Vest Africa (WA), Asia (ASIA), south-eastern United States, (SEUS), south-western

United States with tiexico (TEXL-EX), south and central America with Trinidad (SCA) and

the Caribbean (CAR). Table 9 presents a surarised version of the genetic distance

matrix using these groupings, with intragroup distances on the diagonal. In doing

this, three anomalous collections were omitted: WESTEX, TRIN, and GUAT. These have

rather odd and extreme gene frequencies at one or more loci. In the case of GUAT, we

have no neighbouring collections and it is therefore not known whether this is truly

indicAtive of a separate genetto-geographic region, sampling-error, or a gene pool S

isolate whose aberrant frequencies result from founder effect and drift. WESTLX .'.-.*

appears to be an example of such an isolate; two good collections (large and directly

from the field) show the same high frequency of fdh- 1 00 and low heterozygosity. In P

the case of TRI2, sampling appears to be at fault as several other collections from

the island agree with the overall picture. Ue feel that omitting these three samples

is valid as it represents only a tiny fraction of the total data, and in such a large

survey one must expect aberrant samples. Figure 1 is an UPGOIA dendrogram generated

from the data in Table 9.

Intensive sampling of A. aegvp from the southern United States has revealed a

distinct discontinuity between populations from the east (Florida, Alabama,

l4ssissippi, Louisiana and Beaumont TX) and those to the west (Texas and Mexico).

This is most noticeable in terms of Idh-2 allele frequencies (FiG. 2). Considering

the 8 south-eastern US populations, the frequency of Id- 1 16 reaches 0.33 in HA,

the r 033 i
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but in all the other seven is below 0.22. Contrarily, dh-2116 exceeds 0.28 in all

10 populations to the west of Beaumont (excluding the aberrant VESTEX), and in 8 of

these exceeds 0.46. Furthermore, despite the proximity of these populations, the

TEMSZE group is more genetically similar with the SCA and CAR groups than it is to

SEUS (Table 9). Thus, for example, GALTEX and HOUTEX are more genetically similar to

VEIEZ, PARA, SEALOTS and TRMICITY than they are to nearby BEAUTEX, DEQUIN and ABBE.

Whilst Nei's D value is perhaps the most objective measure of genetic distance

between populations, it is not necessarily quantitative distance = r e that is most

useful here. If we want to be able to define geographic-genetic groups of Aedes

naeantL, then consistent qualitative differences between groups become important.

Thus from a purely discriminatory viewpoint, one is interested in defining a group in

the most productive manner, and a procedure is needed that takes account of the

useful consistent discriminatory differences in such a way that they are not swamped

by-larger less meaningful randomly distributed variation. Of course, it is best that

discriminatory features are large as this allows assignment of a population of

: unknown origin to a group with a higher degree of certainity, but consistency has to

be balanced against magnitude. Ule have already demonstrated the use of stepwise

multivariate discriminant analysis to this end (Powell *z.1AJ.; 1980, 1982). Using

the most discriminatory characters, the technique provides several uncorrelated

composite variables from which canonical coefficents are calculated. These are then

applied to every locality's Gene frequency set and plotted two-dimensionally using

the first two canonical variables.

When the gene frequency data from the 63 localities are analysed in this way, the

situation demonstrated by Nei's D values and the dendrogram are essentially

oonfirmed. This time only WESTEX is omitted; the very low frequency of Idh-21 16 is

an anomaly and disrupts the groupinGs. Using the gene frequency data from these 62

localities, figure 3 shows the canonical plot. EAA is well separated from all the

.............. . . . . . . . . . . . . . . . ...
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other groups which form a melee of largely indistinguishable regions to the left

with lower X values. The reason for the three East African A. A. a.i samples

. forming such a distinct unit is their diagnostic Ek gene frequencies (Table 3). UL.

is particularly variable, and the low frequency of JM-100 is of great discriminatory

value.

In order to discriminate between the other geographic regions, the analysis is

rerun omitting the three EAA members. Figure 4 is the resulting plot, showing fairly

good separation of all groups. T was analysed in 52 of these 59 populations, and

as it is of some discriminatory use, the analysis is run again for these populations

including this locus, giving the plot in Figure 5.

Table 10 presents the coefficients for canonical variables in the latter two

analyses for 59 and 52 localities respectively. Alleles are listed in order of

decreasing contributory importance.

CONCLUSIONS

The patterns of world-wide variation described in previous publications have been

supported and enlarged upon here. Sylvan and domestic forms of A. aezvyti from East

Africa clearly represent distinct sympatric gene pools, with a mean genetic distance

of 0.0624 : 0.0058 between populations based upon 10 isozyme loci. There is little

genetic differentiation between populations within the West African subspecies (Table

" 9). There is three to four times as much differentiation between EAA and EAF, as

" well as EAA and UA, than there is between the two sylvan forms, EAF and VA. That is

to say, ost of the genetic differentiation in Africa is between subspecies rather

than between east and west regions. It is of interest to note that we have been

unable to locate domestic A. A. aenypti in lest Africa. This presents a dilemma as

most entomologists and epidemioloists believe that A. A. agJXo± was introduced into

the Ulew World from West Africa via the slave trade commerce of the 16th - 18th

centuries. Dispersal by human transport would seem more likely for the domestic

.-.- ," - --9 , , .-. -,. -,- -, , . -,-, ',' ' ' . . - - . ' . . . . . .".- .-.-.-.- ' . - .. . . ' .
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subspecies than the sylvan form. It is possible that A. A. a1D.p± was once present

in West Africa but has for some unknown reasons been replaced. tie will discuss this

and other alternatives in a forthcoming paper on the evolution of A. aeavoti.

Populations from Asia and the south-eastern USA are most closely related to the

sylvan forMs (Fig. 1) with average genetic distances of around 0.02 - 0.04. This

similarity is to a large extent due to lower dh-21 16 frequencies. The high

heterozyZosity of EAA populations and low heterozygosity in Asia is consistent with

the likely history of the species which probably spread from East Africa to Asia.

Apart from the SEUS group, New orld populations have the greatest affinity with the

domestic East African group, forming the second cluster.

The canonical analysis confirms the existence of these groups as distinct genetic

entities, and presents a means of "classifying" new populations. Any single

population can be removed and replotted using the resulting new coefficients to

examine -its effect on overall -isLortion of the group. For instan , if the Asian

looking WESTEX is included, the increased within group variance disturbs the

groupings. le know that WESTEX is a real genetic anomaly, as two different

collections from this locality have consistent gene frequencies, and are unlike any

neighbouring localities. We believe this is likely to be a founder effect.

The most.interesting new feature is the situation in the south-eastern USA. This

could possibly be associated with the disappearance of and reinfestation by A.

nerp± in areas around New Orleans over the last couple of decades (Trapido &

Carmichael, 1974). An original founder effect coupled with the processes of drift

and selection among the Growing Gene pool may be responsible for the Genetic

differences now observed. Aided by absence of competing populations, this SEUS type

may have spread rapidly through ississippi, Alabama and Florida to the east coast,

and West through Louisiana. The zone of contact that now exists in eastern Texas may

or may not be stable; if one population is spreading at the expense of the other, it

.. .
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is of use to know something of the epidemiological parameters of each. TEMUEX

populations are genetically more similar to Caribbean populations than they are to

ones from SEUS, and den-ue fever has recently been epidemic in the Caribbean (PAHO,

1979)* It would be of use to obtain some more inland US populations to confirm and . - - -

amplify our knowledge of the sudden discontinuity in eastern Texas.

Figure 4 demonstrates the distinctiveness of SEUS and TEI-EX, and how the former

is rather similar to the EAF group. This sylvan element of SEUS is rather an enigma

at present, but it is interesting to note that there are reports of New Orleans A.

aeomti using tree holes as breeding sites, though this may merely be due to

population overflow. The point on the plot that is closest to the EAF group is a

coposite of three collections from Mobile AL which have unusually high Zgd11 6

frequencies. When Tdhb1 is included, the picture changes little, but it becomes

easier to differentiate between EAF and SEUS, as the former has TI variants not

i monly found in any US populations. The EAF population with the low canonical

variable 2 is NYALI, collected near lombasa. This displacement is a result of low

heterozyGosity at d and Idh-1, which may indicate migration between the port of

M.ombasa and Asia by sea.

.. So at present we recognise seven distinct genetic-geographic groupings of A.

.teiwti. The New World is divided into Caribbean (Puerto Rico and Jamaica), south-

eastern US (from Beaumont TX east to Vero Beach Florida) and the remaining regions

bordering the Gulf of Mexico, the TEXIJEX group (from Galveston TX west, Mexico,

Guatemala, Venezuela, Guyana, Suriname, Trinidad). Some interesting epidemiological

possibilities are suggested by these results. It has been known for some time that

epidemic yellow fever has never existed on thq Asian continent (Dudley, 1934),

although dengue has been found there (Smith,1956; Strode, 1951). Secondly for some

unexplainable reason the southern United States has not suffered dengue fever for 40

years or yellow fever since 1905, although the Caribbean continues to experience

_-, * ,, , -.% , , - -. ,. -.. -- .. , . -. - - • ', . * - ... . .-. -. % . .*. . ..,...... . . . ,.-..-." ..-. .-. . ..-.-. -... ..
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dengue, and in the case of Trinidad, yellow fever. Sporadic dengue cases have been

reported in lexico and south-west Texas in 1980. It is remarkable that populations
0

of mosquitoes in Asia and the south-eastern US show such strong genetic affinity

isozynically. It is of further interest to note that African subspecies anrmo ia- and

New Orelans dooestic form give low infectivity values for yello} fever and Dengue

viruses respectively (Gubler At Al., 1982; Tabachnilck aAl., 1982). This is

consistent with the hypothesis that isozyme-based genetic-geographic groups share

other genetic features in common, vectorial efficiency perhaps being one.

We feel that some of the heterogeneity within geographic regions reflects the

recent history of Aedes aesgrli populations with regard to their commensal

association with humans. Compared to the other well studied oomensals like the

house mouse, A. a has been =ore intensively subjected to human efforts f(

control and eradication. Insecticide control programs impose intense selection .

increased resistance to the coLpound(s), and will concomitantly alter the genetic

constitution of the local population due to hitch-hiking and stochastic loss of

variability. Eradication over large areas may ensue, leaving isolated "island"

populations. When control is relaxed, reinfestation by remaininG isolates and

invading mirants creates a new gene pool. The SEUS group appears to have arisen in

exactly such a manner.

An intuitive notion that has prevailed in population genetics for =any years is

the swamping effect of gene flow upon potentially &enetically divergent populations .-.-

(e.g., Kinura & Haruyama, 1971). From this viewpoint, it may seem surprising that te

are able to discern clear genetic-eoraph'Lc reGions, as levels of gene flow must

surely be high for this prolific commensal. Qur results would therefore seem to

support circumstantially those who de-emphasize the role of gene flow as a mechanism

for disrupting GeoGraphic differentiation (e.g., Endler, 1973). Alternatively, the

notion that association with humans necessarily leads to high rates of gene flow

-. . . . . . . . .. . . . . . . . .- ,
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among populations may be wrong.

WORK RECENTLY CO11PLETED

In addition to this report, we are able to give the results of some very recent

work on material collected this sumner in the Caribbean. Table 11 lists populations

analysed and those expected soon. Table 12 lists allele frequences for the 7 loci

polymorphic in this region.

As regards the data in teMs of world-wide analysis, it fits in with the idea

that the Caribbean, north coast of South America, Central America and Texas from a

group of related gene pools distinct from the south-eastern U.S. type. However, on a

microgeographic level, virtually all of the collections differ significantly from

each other at one or more loci. We can say that there are no overall similarities

that allow us to distinZguish the Lesser Antilles as a distinct group in itself, and

it appears that the differences observed from island to island result from the

various control methods employed in each and their relative successes (see the

enclosed Caribbean report).

A full computer analysis of the flew World populations alone is now being

undertaken, and should be greatly enhanced by the intended South American collectinG

trip. --

SUI.IARY OF CONCLUSIOVS

1. Sylvan and domestic forms of Aeries ae. from East Africa clearly represent

separate gene pools.

2. All populations analysed from Uest Africa are genetically sylvan, and are much

more similar to East African sylvan than they are to East African domestic.

3. There are two Genetically distinct forns of Aedes a in the southern US.

The boundary lies somewhere between Beaumont and Houston.

4. Population from Asia and the south-eastern US are Genetically most closely

®r.
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Srelated to sylvan forns. Where data is available, south-eastern US and sylvan forms

also have similarly low infectivities for dengue and yellow fever viruses.

* ! 5. The other ZVew World populations are genetically most similar to East African

domestic popualtions.

6. Caribbean and South American populations are most sinilae to populations from -

eldo and Texas.

7. Results so far are consistent with the hypothesis that isozyme-based Senetic-

geographic groups also possess features of vtctorial efficiency in common.

T A

As stated in the original proposal we have maintained contact with personnel at

Fort Detrick. We have advised them of the collections we have received, what data we

have collected on them, and offered to send them whatever material they may find

useful. We intend to continue this practice.

V..

• 1. .
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• Table 1, The 63 localities from which A a has been sampled.

Kenya Kwa Bendegwa Taiwan Kaohiiung
Mgandini Indonesia Grogol
ISajengo Semarang
Kombeni TandJung Priok.
Shinba Hills India Bangalore
Kwa Dzivo
Nyali Fiji Walu Bay

Uganda Bwerenga

Tanania Dar Es Salaam Guyana Georgetown

Nigeria Ogui Suriname Paramaribo
Ukana Venezuela Caracus
Mamu Haracay
Egede Guatemala Escuintla
Abor Trinidad Port of Spain
Enugu Trinidad City

Upper Volta Bobo Felicity
Kari Sealots
Bwombi Puerto Rico San Juan
Ouagadougou layaguez

Senegal Dakar Arecibo
Kedougou Baroelonata
Ntgoye Jamaica M.ontego Bay -

Ghana Akosombo United States Florida (2)

Gambia McCarthy Island Alabama
Mississippi
Louisiana (3)
Texas (9)

Mexico Piedras legras

Victoria
llontenorelos

-C.

I..-
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Table 2. Collections of Ans iszxp± analysed electrophoretioally since Tabachnick &
Powell (1979).

Saple Number Country Location Date Subsp. Habitat

name of collections collected

BUZ 1 UGanda Bwerenga 8/80 f Outdoors, urban

G 31A 1 Gambia NloCarthy Island 79 f Outdoors, villa. .'

M 4 Senegal Kedougou 9/80 f Outdoors, urban

DIR 4 Senegal Dakar 9/80 f Outdoors, urban -

I Senegal N'goye 9/81 f Outdoors, villa ;e
AM 1 Ghana Akosonbo 5/81 f Outdoors, villaZ

ML 1 Upper Volta Ouagadougou 7/81 f Outdoors, villae .
TA2P 1 Indonesia Jakarta 1/80 a Indoors, urban

FIJI 1 FiJi Walu Bay 9/80 a Outdoors, urban

V-MO 1 U.S. Vero Beach FL 7/79 a
1 U.S. Gultport 1S 9/81 a
1 U.S. Abbeville LA 9/81 a U

.DMU2TH 1 U.S. De Quincy LA 9/81 a

. 3 U.S. Hobile AL 9/81 a
2 U.S. Beaumont TX 9/81 a U

GALTEX 1 U.S.' Galveston TX 11/80 a
AUSTEX 1 U.S. Austin TX 7/79 a

1 U.S. San Antonio TX 12/79 a
* U.S. Corpus Christi TX 5/80 a

LA-ITEX 3 U.S. Laredo TX 1/80 a Outdoors, urban
1 U.S. Eagle Pass TX 5/81 a
2 U.S. Weslaco TX 9/80 a
1 U.S. Houston TX 9/81 a
1 Mexico Iontecorelos 5/81 a

2 lexico Victoria 8/80 a
AEC 1 Puerto Rico Arecibo 10/79 a Outdoors, urban

BAR 1 Puerto Rico Barcelonata 10/79 a Outdoors, urban

TRIN 1 Trinidad Port of Spain 6/80 a Outdoors, urban

-ALQZ= 1 Trinidad Port of Spain 6/81 a Outdoors, urban

.T*T IT 1 Trinidad Trincity 6/81 a Outdoors, urban
. T 1 Trinidad Felicity 6/81 a Outdoors, urban

2 Suriname Paramaribo 5/81 a Outdoors, urban U..]
1 Guyana Georgetown 10/81 a

GUAT 1 Guatemala Esouintla 9/80 a

..5- " -

'-S
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Table 3. Allele frequencies at the hexokinase loci (Hk-".Hk=L)

Ppulation n 100 113 Null Others 90 100 111 100 109 Null Others

: 3 170 0.762 0.230 0.008 0 0 0.766 0.234 0.667 0.260 0.073 0

WA., 226 0.905 0.031 0.064 0 0 0.981 0.019 0.357 0.0641 0.579 0

inn 108 0.855 0.075 0.070 0 0 0.921 0.079 0.626 0.1211 0.250 0

K 0M 122 0.951 0.008 0 0.041 0.011 0.951 0.008 0.909 0.008 0.042 0.011

SI 1118 0.8650 0 0.135 0.135 0.865 0 0.8650 0 0.135

KDZ 256 0.931 0.005 0.051 0.013 0.013 0.982 0.005 0.877 0.019 0.094,  0.010

UYA 106 0.981 0 0.019 0 0 1.0 0 0.962 0 0.038 0

D II 180 0.961 0.039 0 0 0 0.961 0.039 0.961 0.039 0 0

FitJ1 84 1.0 0 0 0 0 1.0 0 0.976 0.024 0 0

GAI A 118 0.966 0.017 0.017 0 0 1.0 0 0.898 0 0.102 0

3 134 1.0 0 0 0 0 1.0 0 0.988 0 0.012 0 '

DAKAR 274 1.0 0 0 0 0 1.0 0 0.982 0 0.018 0

OAGA 60 0.983 0.017 0 0 0 0.983 0.017 0.983 0.017 0 0

GROGOL 1511 1.0 0 0 0 0 1.0 0 0.9112 0 0.058 0

SEMIAR 54 1.0 0 0 0 0 1.0 0 0.9144 0 0.056 0

TA!P 120 1.0 0 0 0 0 1.0 0 0.967 0 0.033 0

, SAfTEX 108 1.0 0 0 0 0 1.0 0 0.981 0 0.019 0

* CCTEX 212 0.896 0.1014 0 0 0 0.896 0.104 0.888 0.104 0.008 0

EAGTEX 116 1.0 0 0 0 0 1.0 0 0.974 0 0.026 0

-. O*1EX 1111 1.0 0 0 0 0 0.868 0.132 0.965 0 0.035 0

CARAC 108 1.0 0 0 0 0 1.0 0 0.926 0 0.074 0 .

D3AY 86 0.723 0 0.267 0 0 1.0 0 0.593 0 0.107 0

UAYA 150 1.0 0 0 0 0 1.0 0 0.987 0 0.013 0

SANJ 52 0.923 0.019 0.058 0 0 0.962 0.038 0.808 0.019 0.173 0

No variants were detected at any aj locus in the other 39 localities

*. . . . * . . . . . . . . . . . :

.- .....-.. -,.-..,... .. ... .. ,-. .,.. . . . . ... .v .,-. . -- . ..".. .- .- .--...'-" -- -'. " . - .-".. .-.- ,-.. . . . .- ,-.-.. •.... .
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Table 4. Allele frequencies at the Lh locus

Population a 84 100 120 Others

aim 132 0.402 0.598 0 0
GA!21A 122 0.090 0.910 0 0
mED 102 0.043 0.948 0.009 0
DA.AR 276 0.102 0.867 0.031 0
!1OE 100 0.200 0.680 0.120 0
A1O 80 0 0,837 0.163 0
WAOA 60 0.417 0.583 0 0
TAU? 120 0.067 0.625 0.308 0
FIJI 202 0.059 0.292 0.599 0.050
VERO 120 0.159 0.683 0.158 0
GULF 42 0 0.167 0.809 0.024
ABBE 68 0 0.456 0.529 0.015
DEQUI1 46 0 0.609 0.391 0
1DBILE 164 0.118 0.646 0.236 0
BEA2TEZ 130 0 0.4841 0.516 0
GALTEX 240 0 0.313 0.687 0
hUSTEX 102 0 0.333 0.667 0
SANTEX 112 0 0.259 0.7141 0
CCTEX 278 0 0.617 0.383 0
LARTEX 378 0.050 0.401 0.549 0
EAGTEX 116 0 0.422 0.578 0
I.ESTEX 158 0 0.677 0.323 0
EOUTE! 252 0 0.1421 0.575 0.004-
.D11M= 114 0 0.342 0.658 0
VICIEX 168 0 0.384 0.616 0
AREC 194 0.026 0.361 0.613 0
BAR 80 0.013 0.474 0.513 0
Tai 60 0 0.233 0.767 0
SEALOTS 40 0 0.350 0.650 0
TRI1ICITY 124 0 0.653 0.317 0
FELICITY 22 0 0.773 0.227 0
PR k 196 0.011 0.580 0.409 0
OTOU I 88 0 0.989 0.011 0
GUAT 362 0 0.055 0.945 0

* C C ~ ****~~C**** ** . * ... •'. . . . . . . ...
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Table 5. Allele frequenaies at the t i~ locus i

Poplation n 87 100 116 125

160 0.937 0.063 0::"
S GJ.J31A 122 0 0.918 0.082 0 -::

Z: 116 0 0.966 0.0311 0
UZR 274 0 0.962 0.038 0
1.30UE 100 0 0.930 0.070 0
,L'O 80 0 0.975 0.025 0
C"AGA 60 0.033 0.967 0 0
.,I*P 120 0 0.875 0.125 0
MiJ 202 0 0.881 0.119 0
T -t0 120 0 0.792 0.208 0
GULF 42 0 0.833 0.167 0
ME 70 0 0.786 0.214 0

D U 416 0 0.891 0.109 0
0 3LE 170 0 0.870 0.130 0

BmZAUTZ 136 0 0.833 0.167 0
GIILTE 240 0 0.463 0.537 0
O ST Z 102 0 0.686 0.313 0
SAUTEX 112 0 0.500 0.500 0
CCTEX 278 0 0.528 0.162 0.010
LARTZX 308 0 0.396 0.604 0
*EIOT 116 0 0.509 0.191 0

--ST, 106 0 0.953 0.0117 0
EOUTEX 254 0 0.343 0.657 0

,Z.11, 114 0 0.1191 0.509 0
TICIE 168 0 0.714 0.286 0

1914 0 0.185 0.515 0
BI, 80 0 0.587 0.413 0

111: 60 0 0.067 0.933 0
SEALOTS 410 0 0.325 0.675 0
.?DCIrTy 118 0 0.551 0.1119 0

* F-LCITY 22 0 0.3611 0.636 0
?IRA 198 0 0.247 0.753 0
G, 11 88 0 0.693 0.307 0
G!3AT 3112 0 0.591 0.409 0

.9:.

:'
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Table 6. Allele frequencies at the = locus 19"

Population n 80 100 120 Others

I 126 0.254 0.381 0.333 0,032

* 0AIA 118 0.195 0.763 0.025 0.017

ZD 132 0.039 0.549 0.339 0.073

I Dim 276 0.061 0.578 0.335 0.026

I.M0U 100 0.100 0.660 0.180 0.060

im 80 0.225 0.238 0.325 0.212

CUAGA 60 0.083 0.517 0.100 0

FIJI 202 0 0.886 0 0.114

-210 120 0.158 0.809 0.033 0

GULF 42 0.024 0.952 0.024 0

3UBE 70 0.014 0.814 0.113 0.029

DT-QUrn 146 0.109 0.804 0.022 0.065

,DBfILE 52 0.115 0.807 0.039 0.039

GLTEX 240 0 0.846 0.154 0

,1TEX 102 0 0.990 0.010 0

S,1TEX 112 0 0.946 0.054 0

CCTEX 278 0.020 0.926 0.054 0

AGTEX 116 0 0.819 0.181 0

EOUTEI 182 0 0.879 0.121 0

M 170 0.017 0.977 0.006 0

T3IZIT 124, 0 0.871 0.129 0

ILCI'T 22 0 0.864 0.136 0

PARA 196 0.011 0.989 0 0

G"I'M 1 88 0 0.985 0.011 0

GUAT 330 0.015 0.985 0 0

U The followin, populations were fixed for Z;2100:
TAMP, BEAUTEX, LARTEX, WESTEX, IIOU1EX, AREC, BARB, TRIN, and SEALOTS (Ra138.2)

N7
.. ." %.
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Table 7. Allele trequenoies at the ZrA and Z loci. 20

Population n 86 100 116 130 Others n 93 100 105

rJ 1214 0.024 0.895 0.081 0 0 126 0 1.000 0

G61UJA 122 0 0.9811 0 0.008 0.008 122 0 1.000 0

r-a 122 0 0.979 0 0 0.021 144 0 1.000 0

DLUR 248 0 0.926 0 0 0.074 286 0 1.000 0

CUAGA 60 0 0.967 0.033 0 0 60 0 1.000 0

* LO 120 0.017 0.933 0.050 0 0 120 0.100 0.892 0.003

GULF 142 0.071 0.929 0 0 0 142 0 0.881 0.119

D-SQUI1 116 0 1.000 0 0 0 16 0.217 0.783 0

170 0.029 0.803 0.168 0 0 170 0 0.962 0.038

-ZEAJTEX 132 0.063 0.937 0 0 0 136 0.010 0.990 0

G 'LTEX 2140 0 0.996 0.0014 0 0 2140 0.013 0.987 0

OSTElX 96 0.031 0.969 0 0 0 102 0.078 0.922 0

SkIE 112 0 1.000 0 0 0 112 0.009 0.991 0 -

CM 274 0 1.000 0 0 0 276 0.077 0.883 0.040

LA,.TEX 391 0 1.000 0 0 0 391 0.187 0.812 0.001

ZWITEX 116 0 1.000 0 0 0 116 0.052 0.948 0

,VESTS 914 0 1.000 0 0 0 100 0.057 0.943 0

ECUTE! 2514 0 1.000 0 0 0 190 0.105 0.895 0

,= = 116 0 1.000 0 0 0 116 0.302 0.483 0.215

ABEC 1914 0 0.768 0.232 0 0 19 0.010 0.902 0.088

80 0 0.1463 0.537 0 0 80 0.100 0.812 0.088

TINIm 60 0 1.000 0 0 0 60 0.250 0.750 0

T1flCITY 121 0 1.000 0 0 0 80 0.016 0.984 0
I- .

PARA 192 0 1.000 0 0 0 156 0.010 0.921 0.069

GUAT 1814 0 1.000 0 0 0 188 0.293 0.707 0

The followin, populations are fixed for both z= 1 00  nd pz. 100:
NOOYE, AXOO TANP, FIJI, ADfE, VIC1EX, SEALOTS, FELICITY and GTUfi (1= 90.3).

if...Io
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Table 8. flean expected heterozygontty values with standard errors 21

for each genetio-geographiO region based on 10 loci

(2zanumber of localites)

Group if He S. E.

EAA 3 0.209 t 0.014-

ZAF 6 0.185 + 0.012

hA 15 0.107 & 0.004

ASIA 6 0.081 & 0.007

SEUS 8 0.137 .. 0.008

TE. -X 11 0.130 t 0.012

SCA 9 0.102 & 0.010

CAR 5 0.179 t 0.017

Overall 63 0.117 & 0.005

9

~.. --.
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Table 9. lei's overall D values within (on diagonal) and between 22

genetic-geographic groupings.

(nanumber of pairwise population comparisons used)

WA EAF EAA ASIA SElS TEM4EX SCA CAR

UA 0.0095
t0.0007
n.105

E&! 0.0181 0.0185
.0010 ±0.0030
n90 n=15

EAA 0.0695 0.0624 0.0197
±0.0030 ±.-0058 ±0.0082

nx45 n=18 nz3

ASIA 0.0239 0.0193 0.0398 0.0113
tP.0012 ±0.0023 ±0.0033 tP.0025
n90 n36 n=18 nx15

SEOS 0.0357 0.0328 0.0487 0.0168 0.0157
10.0019 &0.0033 -0,0035 t0.0020 +0.0022
=z120 n:48 m"24 nu48 n=28

T=IEX 0T0759 0.0712 0.0458 0.0424 0.0284 0.0127
±0.0017 --0.0033 M±0,0032 &0.100022 t0.0014 ±01.0012

n,15O n=6o nx30 n60 n=80 n--45

SCA 0.0559 0.0529 0.0371 0.0300 0.0301 0.0243 0.0208
&0.0028 ±0.0048 ±0.0032 .0032 t0.0024 tO.0020 ±0.0031
nz105 n-_42 n=21 m~42 n-56 n=70 n=21

CAR 0.0910 0.0762 0.0500 0.0536 0.0453 0.0332 0.0357 0.0370
±0.0020 &0.0044 .-. 0052 t00022 ±0.0023 0.0019 +_0.0026 &0.0067
n=75 n-30 nx15 n=30 n-O n-50 n=35 n=10

WA EAF EAA ASIA SEUS TEXI.EX SCA CAR

.,,I.
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Table 10. F-values and coefficients 1 and 2 (X and Y) for

canonical variables in analysis of 59 localities (Fig. 4)

and 52 localities (including T (Fig. 5).

59 localities analysis

Variable Coefficient 1 Coefficient 2 F-value to enter or remove

P100 - 8.860 -6.680 38.2005

ia1 5.398 -1-377 19.9160

100  -16.200 -20.517 17.8895

n2,.IULL -18.755 26.088 10.9124

. Uj10 0  114.026 - 0.852 8.1005

*:i .1 1 16  -25.740 - 4.343 6.9890

Ad 00 - 1.811 - 5.993 5.2055

COUSTANT 7.723 32.588

52 localities analysis

Variable Coefficient 1 Coefficient 2 F-value to enter or remove

zd116 -23.915 5.498 42.008

Idh-2116 - 5.257 - 0.099 38.104

zd 10  - 9.061 - 1.755 13.366

.T~dk 1 60  9.813 - 0.595 8.308

-15.971 -10.275 6.985

,100 8.695 -15.827 5.260

80
I 20.927 74.252 10.292

CONSTANJT 15.941 26:398

.V.'.

.-:Z...,>.v- v. -.C.. ....-* ,'- ' '............ .... .,." ............... ... .. "'""



24

Table 11. flew populations of Aeries ae-vz t sample- and analysed electrophoretically. 24

Country Collection origins Date collected Abbreviation

Coloobia Malaga; Santander dept. 4/82 /MLAGA

Antigua St. Johns 4/82 ANITIG

lbntserrat Plymouth and elsewhere 4/82 iJONT

Dominica Fortune 5/82 DO]FOR

Point Itichel 5/82 DOIIPI!

Soufriere 5/82 DOILSOU

St. Vincent Kingstown and elsewhere 4/82 STVT1

lartinique Fort de France 6/82 HART

Aruba Oranjestad 5/82 ARUBA

Anguilla Valley 5/82 AIIGP

Janaica Kingston 6/82 JAfIMIG

Also expected soon: Turks & Caicos, Barbados, Grenada, Bonaire, Curacao

4 .'
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FIGURE XMAINGS.

Figure 1. UGlA dendroGram generated froo the 80etiQ distance data-given in

Table 10.

Figure 2. idha 1 16 allele frequencies (shaded areas) in the southern US.

Figure 3. Canonical plot of 62 kdes garypti populations based on 10

polymorphic loci. Each population is represented by the initial

letter of its group (except OX" for EAA); overlap of populations from

.- different groups is represented by .

Figure I. Canonical plot of 59 Aedes APzn.U populations based on 10
polynorphic loci.

Figure 5. Canonical plot of 52 Aere zjaxn.U. populations based on 11
polymorphic loci.
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