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Abstract.

Eleven populations of Lutzomyia longipalpis (Lutz & Neiva), the sand fly vector of Leishmania chagas,

from different areas of Brazil were analyzed for genetic variation at 16 enzyme loci. In this region, the prevalence
of visceral leishmaniasis (VL) caused by L. chagasi is spotty and reproductive isolation among populations of Lu.
longipalpis has been reported. It is thought that morphologically similar cryptic species with varying vectorial capacity
may be responsible for the discontinuous distribution of VL. The aim was to study the genetic structure of populations
within this region and to identify demes that may represent sibling species. Genotypic frequencies within populations
were in close compliance to Hardy-Weinberg expectations, suggesting there are no sympatric species among these
11 populations. Levels of genetic distance between pairs of populations were very low (< 0.03), consistent with local
populations within a single sand fly species. When genotypic frequency data for all populations were pooled, 9 of
the 13 polymorphic loci deviated from Hardy-Weinberg expectations, indicating some degree of genetic substructuring.
Estimates of effective migration rates (N,m) among all populations were low, 2.73, suggesting that gene flow is
restricted among populations, which is probably the reason for the observed genetic substructuring.

Sand flies in the Lutzomyia longipalpis (Lutz & Neiva)
species complex!- are the major vectors of Leishmania cha-
gas Cunha & Chagas, the etiologic agent for visceral leish-
maniasis (VL) in Latin America*~ In thisregion, VL causes
more than 16,000 new clinical infections annually and fa-
talities are common especially among children. More than
90% of the VL cases reported from Latin America are in
Brazil .8 In Brazil, VL is endemic in the northeastern part of
the country, particularly in the states of Bahia, Piaui, Mar-
anhdo, and Ceara,*!* and in the southeastern region.*? There
is a great deal of variation in number of cases reported and
the epidemiology of VL in different parts of Brazil. In Para
in the lower Amazon basin, VL cases are sporadic®'® where-
as in Bahia, epidemic outbreaks, each lasting about three
years, are recorded every decade.* The reported number of
cases is increasing. Eduado de Alencar'® reported only 2,490
clinical cases in the seven-year period between 1953 and
1960, whereas 9,295 cases of VL were reported between
1983 and 1988.*' Recently, Momen 1 reported that more
than 3,000 new cases were diagnosed in 1994 alone. Fur-
thermore, VL has traditionally been a rural disease, but the
number of urban cases reported is steadily increasing.'¢

In the past 10 years the number of studies of the biology
and genetics of the phlebotomine sand fly Lu. longipalpis
has increased tremendously. We now know that this sand fly
is a complex of three and possibly more sibling species.*?
The initial cross-mating studies were done by Ward and oth-
ers> among laboratory strains collected from Brazil. They
found insemination failure in attempted crosses between sev-
eral strains and these were associated with differences in
chemical composition of male pheromones,*”1® suggesting
the presence of pre-zygotic reproductive barriers. Since then,
other investigators such as Lanzaro and others! have reported
reproductive isolation and significant genetic divergence
among strains from different geographic regions. They also
reported abnormal sperm produced by intercolony F, hybrid
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males, indicating the presence of post-zygotic reproductive
barriers. Recently, Yin and others'® have reported karyotype
differences in metaphase chromosomes of laboratory reared
sand flies from four populations: El Callgon (Colombia),
Liberia (Costa Rica), Jacobina and Lapinha Caves (Brazil).
They found that the position of the centromere on the small-
est chromosome (chromosome 4) was different in some
strains. They also described distinct G-banding patterns for
each of the strains. This complicates the taxonomic status of
Brazilian Lu. longipalpis. Flies from Jacobina, Bahia, and
Lapinha Caves, Minas Gerais are thought to be reproduc-
tively compatible because males from these localities pro-
duce pheromones of the same chemical composition based
on the terpenoids farnesene and homofarnesene.®

The morphologic differences first described by Manga-
beira in 1969° were found to be intra-specific polymor-
phisms.3% The characters are pairs of pale spots on the third
and fourth abdominal tergites of male flies. Some popula-
tions have a single pair on the fourth abdominal tergite,
whereas others have one pair each on the third and fourth
tergites. Intermediate forms have been observed both in lab-
oratory crosses® and in the field.?° Furthermore, reproductive
isolation and pheromones of different chemical composition
have been reported among populations with the same spot
morphology, indicating that this character is not species spe-
cific. Moreover, abdominal spots can only be used to differ-
entiate males.

Isozyme analysis has been used extensively in systematics
and population genetic analysis of phlebotomine sand flies.
Caillard and others** compared two cryptic species, Lu. (Psy-
chopopygus) carrerai and Lu. (Psychopopygus) yucumensis,
and found two diagnostic isozyme loci and three other loci
that provided evidence of reproductive isolation. Rogo and
others®? used isozymes to distinguish Phlebotomus pedifer,
a vector of L. aethiopica, the causative agent of cutaneous
leishmaniasis in Kenya and Ethiopia, and Ph. elegonensis, a
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Ficure 1. Collection sites in Brazil.

non-vector that is morphologically very similar. Kreutzer
and others®® used isozyme data to identify populations of
Lutzomyia species in the Lu. verrucarum group, which in-
cludes vectors of Bartonella bacilliformis and Leishmania
species in the neotropics. Perrotti and others®* found that the
isocitrate dehydrogenase and the leucine aminopeptidase-1
loci were useful for distinguishing Ph. perniciosus and Ph.
perfiliewi, the vectors of L. infantum in southern Italy.
Isozyme analysis has been applied to a number of labo-
ratory and field populations of Lu. longipalpis. Bonnefoy
and others?® studied populations in the Yungas, Bolivia and
found them to be genetically homogeneous. They found low
levels of genetic variability and attributed it to a founder
effect. Dujardin and others?® found relatively large genetic
distances between one spot and two spot populations in Bo-
livia, but very low genetic divergence between two one spot
populations. Lanzaro and others! studied isozyme variation
among three populations from Colombia, Costa Rica, and
Brazil. They also found that hybridization of these popula-
tions resulted in sterile males in the F, generation. They con-
cluded that isozyme differences between populations are
maintained by reproductive isolation and that these therefore
represent different species. Recently, isozyme surveys of
field populations have been conducted in Colombia, Central
America, and Brazil. Munstermann and others?” and Lanzaro
and others?® found very low genetic variability and little di-
vergence among field populations in Colombia, consistent

with local populations within the same species. Similarly,
Mutebi and others?® found very low genetic variability and
little divergence among 11 populations from three countries
in Central America: Honduras, Costa Rica, and Nicaragua.
Recently, Mukhopadhyay and others® reported little genetic
divergence among three allopatric populations in Brazil (Ja-
cobina, Lapinha Caves, and Natal), again suggesting that
these populations are conspecific. They also reported genetic
homogeneity among males of the two abdominal spot mor-
phologic forms from Natal.

In this study, our aims were to study the breeding structure
of allopatric Lu. longipalpis populations in Brazil. We used
a population genetics approach and isozymes as genetic
markers. We analyzed 11 populations representing most of
the distribution of Lu. longipalpis in Brazil.

MATERIALS AND METHODS

Sand fly populations. Adult flies from 11 natural popu-
lations of Lu. longipalpis in Brazil were collected from 3
climatic regions, the Amazon basin, the Brazilian plateau,
and the tropical east coast. (Figure 1). The climate in the
Amazon basin is equatorial with annual rainfall of more than
60 inches and an average daily temperature range of 22—
32°C. In the Brazilian plateau, annual rainfall is 50—60 inch-
es, average daily temperature ranges from 13°C to 34°C, and
there are distinct wet and dry seasons. The tropical east coast
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TaBLE 1
Enzyme loci
Enzyme E.C. no*  Abbreviation Buffert

1 Aconitate hydratase-2 4413 Acon-2 CA-7
2 Aldehyde dehydrogenase 1.2.1.3 Aldh C
3 Fumarate hydratase 4.41.2 Fum TBE
4 «-Glycerol-3-phosphate

dehydrogenase 1.1.18 a-Gpd CA-7
5 Aspartate transminase-1 26.1.1 Aat-1 CA-7
6 Aspartate transminase-2 26.1.1 Aat-2 CA-7
7 Glyceraldehyde-3-phosphate

dehydrogenase
8 Hexokinase
9 Isocitrate dehydrogenase-1
10 Isocitrate dehydrogenase-2
11 Maate dehydrogenase-1
12 Malic acid dehydrogenase-2
13 Madic enzyme-1

1.21.12 G3pdh CA-7
2711 Hk TBE
1.1.1.42 Idh-1 C
1.1.1.42 Idh-2 C
1.1.1.37 Mdh-1 C
1.1.1.37 Mdh-2 C
1.1.1.40 Mel C

14 glucosephosphate isomerase 5.3.1.9 Gpi TBE
15 Phosphoglucomutase 2751 Pgm TBE
16 «, a-Trehalase 32128 Tre CA-7

* E.C. = Enzyme Commission.

T CA-7: gel buffer = 0.009 M Tris, 0.003 M citric acid, pH 7.0 (undiluted), electrode
buffer = 0.135 M Tris, 0.04 M citric acid, pH 7.0 (undiluted) (Ayala and others®); C: gel
buffer = 0.002 M citric acid, pH 6.0 (undiluted), electrode buffer = 0.04 M citric acid, pH
6.1 (undiluted) (pH for buffer C is adjusted with N-(3-aminopropyl)-morpholine) (Clayton
and Tretiak®); TBE: 0.1 M Tris, 0.05 M boric acid, 0.002 M EDTA, pH 8.6 (undiluted)
(gel and electrode buffer identical) (Selander and others™).

extends from the mouth of the Amazon River to Rio de
Janeiro and has a hot, tropical climate. Collections were tak-
en from domestic animal using either mouth aspirators or in
Centers for Disease Control (CDC) (Atlanta, GA) light traps.
The CDC light traps were used in the Amazon basin (Sal-
vaterra, Santarem, Camarg, and Bacabal) and approximately
1,000 Lu. longipalpis were captured overnight in each trap.
Mouth aspirators were used in the Brazilian plateau (Lapinha
Caves, Jacobina, Montes Claros) and the tropical east coast
(Fortaleza, Baturite, Sobral, Itapipoca) because very few
flies entered CDC light traps in these regions. Five popula-
tions were from the northeastern states of Ceara (Fortaleza,
Baturité, Sobral and Itapipoca) and Bahia (Jacobina), which
are endemic for VL. The other populations were from states
with low VL incidence; Para (Salvaterra, Santarem, Camara
and Bacabal) and Minas Gerais (Lapinha Caves and Montes
Claros). Field-collected sand flies were identified to species
using standard morphologic characteristics’ and transported
to the laboratory in liquid nitrogen. In the laboratory, they
were stored at —80°C until used in isozyme assays.

I sozyme assays. Sand flies were assayed for genetic var-
iation at 16 isozyme loci by starch gel electrophoresis.®
Sand flies were homogenized individually in 8 ul of distilled
water using a micropipette tip. The homogenate was frac-
tionated by electrophoresis on 12.5% (w/v) horizontal starch
gels. Three buffer systems, Ayala C (CA-7), C, and TBE
(Table 1), were used to maximize electrophoretic separation
and to improve visualization of histochemically stained
products. The 16 enzymes assayed are listed in Table 1.
Bands within staining regions were assumed to be controlled
by a single gene. Differences in migration distances of bands
at the same locus were designated as different alleles, and
multiple bands at the same locus in an individual were as-
sumed to be heterozygous. Loci were designated with posi-
tive or negative codes depending on whether they migrated
to the anode or to the cathode, respectively. Sand fly samples

from three laboratory stocks, Melgar (Colombia), Liberia,
(Costa Rica), and Lapinha Caves (Brazil), used by Lanzaro
and otherst were included on each gel to help with identi-
fication of the alleles. This system was initiated to allow
direct comparison of data from different studies to those of
Lanzaro and others,' Lanzaro and others,?® Mutebi and oth-
ers,?® and of future studies.

Data analysis. Genotypes of individuals were organized
into text input files and populations were analyzed for ge-
netic variability, compliance to Hardy-Weinberg (H-W) ex-
pectations, and for genetic relatedness using a FORTRAN-
77 computer program BIOSY S-1.3% The effective migration
rates (N.m) were calculated from the equation Nom = (1 —
Fer)/4F .3

RESULTS

Genetic variability. Gene frequency data associated with
each allelic variant are summarized in Table 2. The per-
centage of polymorphic loci varied from 6.3% in Bacabal to
50% in Lapinha Caves (Table 3). Taking all populations into
account, 10 of the 16 enzyme loci were polymorphic (Table
2). To determine genetic variation within individual popu-
lations, average heterozygosity (H) values were calculated
assuming that populations were in H-W equilibrium. Esti-
mated values for expected H together with average numbers
of aleles per locus and percentage of polymorphic loci in
each population are presented in Table 3. Heterozygosities
were low for populations on Margjo island (Salvaterra =
4.5%, Bacabal = 5.2%, and Camara = 6.1%) at the mouth
of the Amazon River (Pard). In the northeastern state of
Ceara, heterozygosities were moderately high (Fortaleza =
8.2%, Itapipoca = 8.9%, Sobral = 9.8%, and Baturité =
11.1%), and for the more southern populations, heterozy-
gosities were 11.7% in Jacobina, Bahia and 16.3% and
12.4% in Lapinha Caves and Montes Claros, respectively.
Heterozygosity in Santarem, deep in the Amazon basin, was
12.4%.

Breeding structure. To determine if mating is random
within single populations, genotype frequencies for all poly-
morphic loci were tested for goodness of fit to H-W equilib-
rium. At loci with more than 2 alleles, genotypes were
pooled considering all alleles except the most common one
as a single allele. This was done because the chi-sguare test
is problematic when the expected frequencies of some clas-
ses are low. Only minor deviations were observed and these
may be attributed to sampling errors. Genotypic frequency
data for all populations were pooled and tested for compli-
ance to H-W equilibrium. Frequencies of genotypes at 9 of
the 13 polymorphic loci differed significantly from H-W ex-
pectations, suggesting some degree of genetic substructuring
among populations.

Genetic differentiation. Genetic differentiation among
populations was quantified using Wright's Fg; statistic. The
caculated F5 was low (0.084, Table 4), but positive sug-
gesting restricted gene flow among populations. Estimates of
effective migration (N;m) for all 11 populations was low
(2.73), indicating restricted migration and immigration
among populations.

Genetic distance and similarity coefficients (Nei®) showed
low levels of genetic differentiation among populations.
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TABLE 2
Allele frequencies in 11 field populations of Lutzomyia longipalpis in Brazil

Popul ation*
Locust FTZ SVT LAP SBR JAC CMR BAT BAC ITA MC SAN
Mdh-1
(N) 54 45 66 55 65 70 59 55 70 50 50
A 0.85 1.00 0.77 0.87 0.95 0.98 0.92 0.96 0.94 0.68 0.74
B 0.07 0 0.14 0.09 0.02 0.02 0.04 0 0.01 0.30 0.16
C 0.07 0 0.10 0.03 0.02 0 0.03 0.04 0.04 0.02 0.06
D 0.01 0 0 0 0.01 0 0 0 0 0 0
F 0 0 0 0.01 0 0 0 0 0 0 0.02
G 0 0 0 0 0 0 0 0 0 0 0.02
Mdh-2
(N) 75 65 76 80 76 80 59 70 80 65 65
A 0.99 0.99 0.99 1.00 0.99 1.00 1.00 0.99 0.99 0.99 1.00
B 0.01 0.01 0 0 0.01 0 0 0.01 0.01 0 0
C 0 0 0.01 0 0 0 0 0 0 0.01 0
Me-1
(N) 75 75 57 60 70 70 49 60 64 70 70
A 0.97 0.98 0.98 0.98 0.99 0.94 0.94 0.98 1.00 1.00 0.99
B 0.03 0.02 0.02 0.02 0.01 0.06 0.06 0.02 0 0 0.01
C 0 0 0 0 0 0.01 0 0 0 0 0
Idh-1
(N) 50 40 62 50 61 50 50 50 50 50 50
A 0.98 1.00 0.90 0.99 0.97 0.99 1.00 0.98 1.00 0.86 0.99
B 0.01 0 0.07 0 0.03 0.01 0 0.02 0 0.04 0
C 0.01 0 0.01 0.01 0.01 0 0 0 0 0.10 0
D 0 0 0.02 0 0 0 0 0 0 0.10 0.01
Idh-2
(N) 40 40 37 40 32 40 40 40 40 50 50
A 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Aldh
(N) 50 60 64 50 52 30 51 68 35 55 45
A 1.00 0.94 0.86 0.90 0.90 1.00 0.81 0.98 1.00 1.00 1.00
B 0 0 0.08 0.10 0.06 0.00 0.12 0 0 0 0
C 0 0.05 0.06 0 0.02 0 0.07 0.02 0 0 0
D 0 0.01 0 0 0.02 0 0 0 0 0 0
Aat-1 (Got-1)
(N) 53 72 55 79 61 92 53 53 73 51 52
A 0.25 0.21 0.11 0.25 0.02 0.24 0.32 0.23 0.24 0.11 0.39
B 0 0.01 0.03 0.02 0 0.09 0.14 0.04 0.12 0 0
C 0.75 0.76 0.86 0.71 0.97 0.66 0.52 0.73 0.63 0.89 0.62
D 0 0.01 0 0.02 0.02 0.02 0.02 0 0.01 0 0
F 0.01 0 0 0.01 0 0 0 0 0 0 0
G 0 0.01 0 0 0 0 0 0.01 0 0 0
Aat-3
(N) 50 55 41 65 49 65 37 55 65 45 35
A 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
G3pdh
(N) 50 50 32 55 47 30 30 45 45 30 40
A 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Gpi (Pgi)
(N) 50 50 71 55 57 50 49 59 50 75 75
A 0.01 0 0 0 0.02 0 0 0.02 0 0 0
B 0.01 0 0 0.02 0.04 0 0.01 0 0.01 0.02 0.01
C 0 0.01 0.02 0 0 0.02 0 0.03 0 0.04 0.01
D 0 0 0 0 0 0 0 0 0.01 0.01 0.01
F 0 0.01 0.01 0 0.02 0 0 0 0.01 0.01 0.01
H 0 0 0.01 0 0 0 0 0 0 0 0
| 0.98 0.98 0.96 0.98 0.93 0.98 0.99 0.96 0.97 0.93 0.95
Hk
(N) 70 70 62 77 57 70 60 70 60 80 66
A 0.98 1.00 0.99 0.97 1.00 1.00 1.00 1.00 1.00 0.99 0.98
B 0.02 1.00 0.01 0.01 0 0 0 0 0 0 0
C 0 0 0 0.01 0 0 0 0 0 0.01 0.02
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TABLE 2
Continued
Popul ation*

Locust FTZ sVT LAP SBR JAC CMR BAT BAC ITA MC SAN
Pgm

(N) 77 80 53 76 52 68 49 58 64 78 64

A 0.90 1.00 0.50 0.67 0.30 0.98 0.83 0.98 0.73 0.62 0.61

B 0.03 0 0.45 0.28 0.30 0.01 0.14 0.02 0.23 0.22 0.18

C 0.07 0 0.05 0.03 0.04 0.02 0.03 0 0.01 0.07 0.18

D 0 0 0 0.01 0.04 0 0 0 0 0.02 0

E 0.01 0 0 0.01 0.30 0 0 0 0.03 0.02 0.01

H 0 0 0 0 0 0 0 0 0 0.05 0.02

| 0 0 0 0 0.01 0 0 0 0 0 0

J 0 0 0 0 0.01 0 0 0 0 0 0
Fum

(N) 65 65 58 70 79 55 50 65 55 90 89

A 0.86 0.93 0.87 0.96 0.89 0.89 0.88 0.96 0.83 0.87 0.82

B 0.12 0.06 0.11 0.04 0.10 0.11 0.12 0.04 0.17 0.11 0.16

C 0 0.01 0.02 0.00 0.01 0 0 0 0 0.02 0.03

D 0.02 0 0 0 0 0 0 0 0 0 0
a-Gpd

(N) 50 50 64 30 53 40 50 50 40 55 65

A 1.00 1.00 0.77 1.00 0.77 1.00 0.98 0.99 1.00 0.93 1.00

B 0 0 0.02 0 0 0 0.01 0 0 0.07 0

C 0 0 0.21 0 0.23 0 0.01 0.01 0 0 0
Aco-2

(N) 60 60 36 40 58 40 50 50 40 30 30

A 1.00 1.00 1.00 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00

B 0 0 0 0.01 0 0 0 0 0 0 0
Tre

(N) 45 35 52 45 71 50 40 50 50 45 45

A 1.00 1.00 0.88 1.00 0.99 1.00 1.00 1.00 1.00 1.00 0.98

B 0 0 0.10 0 0.01 0 0 0 0 0 0.02

C 0 0 0.03 0 0 0 0 0 0 0 0

* FTZ = Fortaleza; STV = Salvaterra; LAP = Lapinha caves; SBR = Sobral; JAC = Jacobina; CMR = Camarg, BAT = Baturite; BAC = Bacabal; ITA = Itapipoca; MC = Montes

Claros; SAN = Santarem.
T For definitions of loci, see Table 1.

Cluster analysis was conducted on a matrix of D values for
al pairwise comparisons among all populations by the un-
weighted pair group algorithms using arithmetic averages of
Sneath and Sokal.®s The resulting dendrogram (Figure 2)
shows that populations from the Amazon region (Salvaterra,
Camara, Bacabal, and Santarem) and populations from the
tropical east coast (Fortaleza, Sobral, Itapipoca, and Baturité)
clustered together below the 0.01 level. Populations from the

Brazilian plateau (Jacobina, Lapinha Caves, and Montes Cla-
ros) clustered together below the 0.02 level. Genetic differ-
entiation for all populations was below 0.03, suggesting that
al populations were very similar genetically. These values
are consistent with local populations within a single species.

To estimate genetic differentiation among populations
from different climatic regions, we arranged populations in
a hierarchy based on region. Variance of allele frequencies

TABLE 3
Genetic variability of populations of Lutzomyia longipalpis from Brazil at 16 isozyme loci (standard errors in parentheses)

Mean heterozygosity

Mean Mean Percentage
sample size no. of aleles of loci Hardy-Weinberg
Population per locus per locus polymorphic* Direct count expectedt

1. Salvaterra 57.0 (3.4) 1.8 (0.3) 18.8 0.033 (0.02) 0.045 (0.02)
2. Camara 56.3 (4.0) 1.7 (0.2) 18.8 0.049 (0.03) 0.061 (0.03)
3. Bacabal 56.1 (2.2) 1.8 (0.2) 6.3 0.044 (0.03) 0.052 (0.03)
4. Santarem 56.3 (3.9) 2.2 (0.4) 25.0 0.093 (0.04) 0.124 (0.05)
5. Forteleza 57.1 (2.9) 2.1 (0.3) 25.0 0.073 (0.03) 0.082 (0.03)
6. Baturite 485 (2.0) 1.9 (0.3) 375 0.084 (0.04) 0.111 (0.04)
7. Itapipoca 55.1 (3.4) 1.8 (0.3) 25.0 0.065 (0.03) 0.089 (0.04)
8. Sobral 57.9 (3.9) 2.2 (0.3) 25.0 0.069 (0.03) 0.098 (0.04)
9. Jacobina 58.8 (3.0) 2.6 (0.5) 31.3 0.066 (0.03) 0.117 (0.05)
10. Montes Claros 57.4 (4.4) 2.2 (0.4) 438 0.121 (0.04) 0.124 (0.04)
11. Lapinha 55.4 (3.2) 2.4 (0.3) 50.0 0.100 (0.03) 0.163 (0.04)

* A locus is considered polymorphic if the frequency of the most common allele does not exceed 0.95.

T Unbiased estimate (see Nei®).
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TABLE 4

Variance in allele frequencies among populations of Lutzomyia lon-
gipalpis partitioned into variance among climatic regions and
among populations within climatic regions; variance components
are combined among loci

% Total
Source Variance variance Fsr Nm

Populations within

climatic regions 0.089 62.6% 0.054 4.38
Among climatic regions 0.053 37.4% 0.031 7.81
Among all populations 0.14228 0.084 2.73

among all loci was quantified using Wright's F statistic. Ta-
ble 4 shows that 62.6% of the total variance among all pop-
ulations was attributed to differences among sampling lo-
cations within climatic regions. The variance in dlele fre-
quencies among climatic regions was 37.4%, which was al-
most half of the within region variance. The N;m estimates
among climatic regions (7.81) was amost twice as high as
that within regions*%” (Table 4), indicating higher gene flow
among climatic region than within regions.

M or phologic examination. Individual males from 9 pop-
ulations were examined under a stereomicroscope for the
presence of pale spots on the third and fourth abdominal
tergites. The aim was to estimate proportions of the two
abdominal spot forms (one and two spots) described by
Mangabeira in 1969.2 Populations from Santarem, Salvater-
ra, Camara, Bacabal, and Montes Claros consisted entirely
of males with one pair of spots on the fourth abdominal
tergite. Male flies from Jacobina all had two pairs of abdom-
inal spots, one on the third and the other on the fourth ab-
dominal tergite. However, male flies from Fortaleza, Batur-
ité, Sobral, and Itapipoca (all in the state of Ceard) were of
three types: one spot, two spot, and an intermediate form
with a small spot on the third tergite. We adopted a genetic
model described by Mukhopadhyay and others®® They as-
sumed that the spot on the third tergite is controlled by a
single gene with three phenotypes: no spot, spot, and inter-
mediate size spot (heterozygotes). We then tested the third
tergite phenotypes for compliance to H-W expectations.
Male flies from Fortaleza and Baturité were in close agree-
ment to H-W equilibrium. In Fortaleza, the expected mor-
phologic frequencies were 1-spot = 26.18, no spot = 1.18,
and intermediates = 11.64, and P.gu = 0.82, O gt = 0.18
(x? = 041, P < 0.84). In Baturité, the expected frequencies

Salvaterra
H Bacabal
- Camara
Fortaleza
Itapipoca
— Baturité
— Santarem
— Sobral
Montes Claros

S Lapinha Caves

Jacobina

I 1 T 1
0.03 0.02 0.01 0
Nei's Genetic Distance D

Ficure 2. Dendrogram constructed from values for D for field
populations of Lutzomyia longipalpis collected in Brazil.

were 1-spot = 81.42, no spot = 0.42, and intermediates =
12.17, and Prge = 0.94, Oy 0 = 0.07 (x> = 6.86, P <
0.009). Extreme deviation from H-W equilibrium were ob-
served in Sobral and Itapipoca. In Sobral, the expected fre-
quencies were 1-spot = 2.45, no spot = 144.45, and inter-
mediates = 38.11, and p,.gu = 0.12, Gy 9o = 0.88 (x* =
12591, P < 0.001). In Itapipoca, the expected frequencies
were 1-spot = 34.66, no spot = 1.66, and intermediates =
15.68, and prgpo = 0.82, Qo o = 0.18 (x> = 47.74, P <
0.001). Genotypic frequencies are presented in Table 5.

DISCUSSION

We observed heterozygosities ranging from 4.5% to
16.3% among the 11 populations studied. Some were higher
and some lower than those expected for a typical insect,
7.8% (Nevo®), but all were within the ranges of values pre-
viously reported for Lu. longipalpis. Bonnefoy and others®
reported a very low heterozygosity of 3.6-3.7% within a
single population of Lu. longipalpis sampled in different sea-
sons in the Yungas of Bolivia. Lanzaro and otherst surveyed
three laboratory strains and reported an overall heterozygos-
ity of 5.7%. A similar range of heterozygosities (5.1-5.4%)
was reported by Munstermann and others?” among 5 field
populations in central Colombia. Mukhopadhyay and oth-
ers® reported heterozygosity ranging from 3.9% to 10.7%
among 5 laboratory strains. They also reported very high

TaBLE 5
Numbers and percentages (in parentheses) of different male morphologic forms (1 spot, no spot) found in different populations of Lutzomyia

longipalpis in Brazil*

Male morphology

Population State Number examined 1 spot No spot Intermediate
Fortaleza Ceara 39 26 (66.7) 1 (2.6) 12 (30.7)
Baturité Ceara 94 83 (88.3) 221 9 (9.6)
Sobral Ceara 185 18 (9.7) 160 (86.5) 7 (3.8
Itapipoca Ceara 52 42 (80.8) 9 (17.3) 1(1.9)
Salvaterra Para 100 0 (0) 100 (100) 0 (0)
Camara Para 96 0 (0) 96 (100) 0 (0)
Santarem Para 187 0 (0) 187 (100) 0 (0)
Jacobina Bahia 100 100 (100) 0 (0) 0 (0)
Montes Claros Minas Gerias 100 0 (0) 100 (100) 0 (0)

* One spot have a prominent pale spot on the third abdominal tergite, no spot do not have one, and intermediates have a smaller spot.
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heterozygosity, H = 15.7%, for afield population from Lap-
inha Caves in Brazil. In contrast, heterozygosity for the lab-
oratory strain from the same site was 3.9%. Dujardin and
others® surveyed four field populations in Sud Yungas and
Charcas, Bolivia and reported low heterozygosities ranging
from 2.5% to 3.7%. In our earlier studies,?® we reported het-
erozygosities ranging from 6.5% to 14.4% for three field
populations from Colombia. We have also reported hetero-
zygosities ranging from 2.2% to 6.5% for 11 field popula-
tions from three countries in Central America.?® Some of the
variation in heterozygosity seen among the studies discussed
above may be due to the number of enzyme loci sampled.
Sample sizes of 20 or more loci are known to give more
reliable estimates but most of the studies above involved 10—
16 loci.

In the present study, there was a trend towards low het-
erozygosities in sylvatic areas of the lower Amazon on Ma-
rajo Island, but moderate ones in semiarid rural areas of
northeastern Brazil and high ones in peridomestic and urban
areas of Jacobina, Montes Claros, Santarem and Lapinha
Caves (near Belo Horizonte). Heterozygosity for the popu-
lation from Lapinha Caves (16.3%) was very similar to the
value of 15.7% reported for the same population by Mukho-
padhyay and others.®®

Genotypic frequencies for all populations in the present
study were in close agreement to H-W expectations, sug-
gesting that these represent single populations composed of
individuals with random mating. This was especially signif-
icant for the population from Sobral, where reproductive iso-
lation has been reported between two morphologic forms:
one spot and two spots.® In the present study, we examined
male morphology to ensure that both morphologic forms
were included in our collection, and to determine the pro-
portion of each form in the total collection. The results (Ta-
ble 5) show that the one spot phenotype made up 86.5% of
collections from Sobral and the two spots only about 10%.
The occurrence of intermediate forms (3.8%) suggests that
there was mating between the two. Although the abdominal
spot phenotypes at Sobral are clearly not in H-W equilibrium
(assuming that this character is controlled by a single gene),
there was no evidence of assortative mating from the iso-
zyme data. This suggests that the spot phenotype is poly-
genic and/or that there is a large environmental component
to this phenotype. Previous studies®?° have made it clear that
the two morphologic forms are not maintained by reproduc-
tive isolation between forms. This observation is supported
by this study.

Analysis for compliance with H-W equilibrium for data
pooled from all populations suggested some degree of ge-
netic substructuring. Earlier studies®® showed that the flight
range of adult Lu. longipalpis is limited, usually not more
than 300 meters. Considering the physical distance among
the populations sampled, isolation by distance may account
for the observed genetic structuring. Estimates of effective
migration rates (N,m) for all populations in this study were
low (2.73). Estimates for N,m for three neighboring popu-
lations (10—60 km) on Margjo Island (Salvaterra, Bacabal,
and Camara) 10—60 km apart was large (25.79), indicating
that these populations are essentially panmictic. Similarly,
N.,m among populations in Ceara, which are within 200—700
km of each other, was 6.91, which is higher than the overall

N.m (2.73), reinforcing the isolation by distance explanation.
Similar observations were reported in central Colombia in
which populations of Lu. longipalpis in neighboring areas
exhibited higher N.m values when compared with the total
population.** Alternatively, stabilizing selection at allozyme
loci may explain the observed structure. An excellent ex-
ample comes from the work of Karl and Avise.*? They used
restriction fragment length polymorphism makers and found
genetic discontinuity for the American oyster (Crassostrea
virginica) between the Atlantic coast and the Gulf of Mex-
ico, whereas earlier studies had reported uniformity in allo-
zyme frequencies.*?

The degree of genetic divergence among populations or
taxa has traditionally been measured by estimating genetic
distance. The statistic most often used is Nei's genetic dis-
tance D. Dujardin and others?® have correctly pointed out
that Nei’s genetic distances cannot be used to define species.
However, Lanzaro and Warburg® summarized Nei's genetic
distances for populations within species and at various tax-
onomic levels and found a strong correlation between ge-
netic distance and taxonomic classification of phlebotomine
sand flies. The levels of genetic differentiation measured by
Nei’s genetic distance (D) among the 11 populations in the
present study were very low, less than 0.03. These popula-
tions are very similar genetically and consistent with popu-
lation within the same species. Cluster analysis (Figure 2)
grouped populations from the Ceara and Para below the 0.01
level of Nei's genetic distance, indicating that these popu-
lations are genetically indistinguishable.

Two types of evidence suggest the presence of more than
one sibling species of Lu. longipalpis in Brazil: 1) repro-
ductive isolation?® and 2) karyotype morphology and G-
banding.’® In the present study, we did not find evidence
supporting the existence of more than a single species among
the field populations of Lu. longipalpis we surveyed. None
of the populations were fixed for alternative electromorphs
at any locus. Deviations from H-W equilibrium for pooled
data can be explained by restriction in migration rates among
populations or errors in sampling. Furthermore, the genetic
distance we calculated (D ~ 0.03) is consistent with popu-
lations within a single sand fly species. We intended to use
genetic distance to provide clues in our effort to determine
the taxonomic status of our study populations. This approach
has previously been used to differentiate sibling species for
other insect species, such as sibling species in the genus
Anophel es 4446
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