Mem. Inst. Oswaldo Cruz, Rio de Janeiro, Vol. 88 (1): 39-48, jan./mar. 1993

CYTOLOGICAL AND ISOENZYME ANALYSIS OF THE BUCAY AND QUEVEDO
CYTOTYPES OF THE ONCHOCERCIASIS VECTOR SIMULIUM EXIGUUM
(DIPTERA: SIMULIIDAE) IN ECUADOR
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Four cytotypes of Stmulium exiguum occur in Ecuador, where this morphospecies is the
primary vector of onchocerciasis. In this paper, we give the first full description of the banding
pattern of the larval polytene chromosomes of the Quevedo cytotype and assess its degree of
genetic separation from the Bucay cytotype. Both cytotypes differ from the chromosomal stan-
dard sequence (of the Cayapa cytotype) by the fixed inversions IIL-5 and IIL-6. The Quevedo
cytotype additionally differs from the standard and Bucay cytotypes by possessing a differenti-
ated X chromosome, which is indicated by the inversion [IS-A. As the degree of reproductive
isolation between the Bucay and Quevedo cytolypes has not yet been established, they musi be
regarded as infraspecific variants of the same species. In fact, isoenzyme characterizations
showed that the Bucay and Quevedo cytotypes are differentiated only to the extent expected of
incipient species or geographical populations. Moreover, the sibling species status previously
given lo the Bucay cytotype needs be reassessed, there being inadequate analysis from areas in
Ecuador where Bucay occurs in sympalry with the standard Cayapa cytotype. No isoenzyme

electromorphs were discovered that identified all or most adult females of any one (cylofype-
pure) collection.

Key words: Blackfly — Simulium exiguum — Onchocerca volvulus — species complex — cytotaxonomy —
isoenzymes — Ecuador

Simulium exiguum sensu lato is widespread
in Latin America, occurning in Argentina,
Bolivia, Brazil, Colombia, Ecuador, Peru and
Venezuela (Shelley et al., 1989). It acts as the
primary vector of Onchocerca volvulus in the
foci of onchocerciasis found in the northwest-
ern Province of Esmeraldas, Ecuador (Shelley
& Arzube, 1985; Shelley et al., 1985; Shelley,
1988; Shelley et al., 1989; Shelley et al., 1990)
and 1s also mmplicated as a vector of this dis-
ease in Colombia and in Venezuela (Duke,
1970; Tidwell et al., 1980). Regional differ-
ences 1n the biology ot §. exiguum, and in 1its
susceptibility to infection by O. volvulus, led
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Shelley & Arzube (1985) to suggest that the
morphospecics 8. exiguum is a complex of
sibling species. Four morphologically-indistin-
guishable cytotypes (named after primary col-
lection sites) of S. exiguum are currently rec-
ognized 1n Ecuador (Procunier et al., 1985;
Procunier, 1989). The epidemiological signifi-
cance of these cytotypes is the subject of a
multidisciplinary research programme in Ec-
uador, invelving cytogenetic and biochemical
analyses, some results of which are presented
in this paper.

The two cytotypes recorded from the ma-
jor focus of onchocerciasis in Esmeraldas Prov-
ince (Fig. 1) give every indication of being
good biological species: the Aguarico cytotype
differs from the chromosomal standard band-
Ing pattern sequence (of the Cayapa cytotype)
by two fixed inversions in the long arm of
chromosome two (IIL), as well as by having
distinct sex chromosomes and several autoso-
mal polymorphisms; and, morcover, no het-
erozygotes for the interspecific IIL inversions
have been recorded where the cytotypes are
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Fig. |: distribution of Simuliun exiguum in Ecuador. Closed triangles indicate sites where S. exiguum morphospecies
has been found. Open triangles indicate sites where populations have been examined cytologically. Closed circles

indicate the collection sites of the present study.

sympatric, although samplc sizes are small (sce
Discussion) (Procunier et al., 1985), The Bucay
cytotype also differs from the Cayapa cytotype
by two fixed inversions on IIL (different from
those of the Aguarico cytotype), but its spe-
cific status is less clear because it has been
examined in detail from just one population
far to the south of the onchocerciasis foci
(Procumer et al., 1985; site EB in Fig, 1). The
fourth cytotype has not been properly de-
scribed, but was reported to be similar to the
Bucay cytotype, from which it showed differ-
ences 1n the sex chromosomes (Procunier,
1989); the “type locality” of this Quevedo
cytotype lies between Bucay and the foci of
onchocerciasis (site EQ in Fig. 1),

In this paper, we report on the genetic re-
lationship between the Bucay and Quevedo
cytotypes using cytelogical and 1soenzyme

methods of characterization. A precise cyto-
logical description of the Quevedo cytotype is
presented for the first time. All published find-
ings have been based on the study of polytene
chromosomcs of larval salivary glands because,
unfortunately, polyteny is not well developed
in the nucler found n adult tissues of §. exi-
guum (Procunier, 1989), This inability to char-
acterize adults of the different cytotypes
prompted us to start isoenzyme analyses, with
the aim of finding diagnostic characters for
adults as well as to identify polymorphic loci
that will permit analysis of interbreeding be-
tween cytotypes and different populations.

MATERIALS AND METHODS

Collection sites — A number of collections
of S. exiguum have been made since 1984 at
three localities in Ecuador (sites EB, EQ, ERT:
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TABLE I
Summary of cytological results
Colection Date No. Identified Inversions Cytotype
No. Site Rio/River Total Males Fixed Sex

1 EB Bucay 19.9 844 17 ? [IL-5+ 6 - Bucay
2 24.7.89 31 12 IIL-5+ 6 — Bucay
3 11.9.91 30 12 [IL-5+ 6 — Bucay
4 EQ Pilal6 8.6.840 ] O standard¢ Cayapa
4 8.6.840 10 3 [1L-5 + 6 _ Bucay
5 18.7.89 13 6 [IL-5 + 6 I1S-A4 Quevedo
6 24.9.91 21 7 [1L-5 + 6 11S-A4 Quevedc
7 ERT Tanti 14.3.90 5 2 standard® Cayapa

a: data from Procunier et al. {1985); b chromosome preparations in BM(INH) collection; ¢ standard sequence of

the Cayapa cytotype;d: X-linked inversion.

see Fig. 1). Table I contains data from all
available cytological analyses performed since
1984, in order to present a complete picture of
the cytological structure of populations at these
localities,

Three collections, numbers 1-3, were made
on the Rio Bucay (site EB) near the water-
works 1in Naranjal (latitude/longtude co-ordi-
nates: 2°41°S/79°36°W, 80 m altitude). Three
collections, numbers 4-6, were made on the
Rio Pilalé (locally known as Rio San Pablo)
(site EQ), 2 km from La Mana on the Latacunga
road (0°56°S/79°13’W, 260 m altitude). One
collection {number 7) has been made on the
Rio Tanti (site ERT), 10 km from Santo
Domingo de los Colorados on the Alluriguin
road (0°18°S/79°5°W, 640 m altitude).

The dates of collection are given in Table
I. Collections 1 and 4 were made by M. Arzube,
W. J. Procunier & A. J. Shelley; collections 2
and 5 by M. Arzube & A. J. Shelley; collec-
tions 3 and 6 by M. Arzube & M. Charalam-
bous; and collection 7 by J. Sawyer.

Old collections — The cytological data of
colicction 1 are from Procunier et al. (1985).
The data from collection 4 are that present in
the chromosome slide collection in The Natu-

ral History Museum (BM(NH)) (see Table I).

New collections — S. exiguum larvae and
adults where collected from Ecuador between
1989 and 1991 (collections 2, 3, 5, 6 and 7).
For each collection, larvaec were placed into
freshly-made cold Camoy’s fixative (75% ab-
solute ethanol: 25% glacial acetic acid) on site,
The fixative was changed within a few hours,

and larvae put into a refrigerator within three
weeks of collection. Some pupae were col-
lected and cultured individually until adult
emergence, and the resulting link-reared adults
were frozen in liquid nitrogen for biochemical
studies. However, most adults used for isoen-
zyme work were females landing on man baits.
These were stored 1n liquid nitrogen (Ecuador)
and then in a —70 °C freezer (London).

Morphological identification — Larvae for
cytotaxonomic determination were identified
using criteria in Shelley et al, (1989). Adults,
to be used in isoenzyme analysis, were super-
ficially identified as 8. exiguum in the field by
their general coloration, the absence of scutal
patterming and the predominantly yellow legs
(Shelley et al., 1989). These identifications were
later confirmed in the laboratory by studying
the slide-mounted genitalia (particularly the
paraproct) because of the possibility of finding
the closely-related §. gonzalezi at the collec-
tion sites. Larvae, pupae, and link-reared adults
of S. exiguum have been deposited 1n the col-
lections of the BM(NH) and the Instituto de
Higiene y Medicina Tropical, Ecuador.

Cytology — Polytene chromosome prepara-
tions were made using a modification of the
Feulgen method (Dunbar, 1972). Penultimate
instar larvae (with white pupal gill histoblasts)
were split open ventrally, in fresh Camoy’s
fixative, to expose the silk glands. Larvae were
then placed in distilled water for 1 hr and
subsequently treated for 1 hr in SN HCI at
room temperature. Following hydrolysis, lar-
vae were rinsed in distilled water twice (2 min
cach time) and placed 1n Feulgen for 0.5-2 hr.
Feulgen was replaced with 5O, water (lg
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potassium metabisulphite i 200 ml distilied
water + 10 ml 1N HCI) for 10 minutes and,
finally, cold tap water.

The silk glands were removed onto a slhide,
using mounted needles, and counterstained in
lacto-propionic orcein for 5-20 min (depend-
ing on the amount of initial staming), which
was then blotted off. Silk glands were mounted
in a drop of 60% acetic acid. The chromosome
preparations were made permanent by freez-
ing the slide in hiquid nitrogen, flicking off the
coverslip with a razor and then mounting in
Euparal.

Photographs of chromosomes were taken
using Kodak Technical Pan Film TP120 film
using 40x and 63x Plan-Apochromat objec-
tives on a Zeiss Universal Microscope.
Cytotype identification and chromosome no-
menclature follow Procunier et al. (1985).
Permanent chromosome preparations and pho-

tographs have been deposited in the BM(NH)
collections.

As the whole larva 15 stained in Feulgen,
the Feulgen method for polytene chromosome
preparation (Dunbar, 1972) has the advantage
of concurrently staining the rudimentary go-
nads as well as the silk glands. The Feulgen-
stained gonads can casily been seen against
the unstained dorsal integument upon removal
of the silk glands, The sex of the larva is
indicated by the shape of the developing go-
nads. Female gonads are elongate, whereas
males gonads are spherical (Puri, 1925), After
sex had been established each larval body was
stored tn 80% ethanol for future morphometric
analysis.

{soenzyme electrophoresis — The methods
of Herbert & Beaton (1989) were followed for
cellulose acetate clectrophoresis (CAE) of to-
tal protein homogenates made from adult fe-
males ot collections 2, 5 and 7 (Table I). In
preliminary trials, citric acid N-(3-amino-
propyl}-diethylamine (CAEA) tank buffer was
used where recommended (Herbert & Beaton,
1989}, but tris-glycine (TG) tank buffer was
found to be adequate for all polymorphic en-
zymes analysed 1n large samples. Using a short
glass rod attached to a slowly-rotating drill-
bit, most body parts of individual fliecs were
homogemized in 20 pl of ice-cold grinding
bufter (0.1 M Tris-HC] pH 8.0, 0.5% (v/v)
Triton X-100) in the wells of a pre-cooled
perspex block placed on ice. The homogenate

M. Charalambous et al.

was divided: NADP (final concentration 10
mg/ml, necessary for the stability of some
enzymes} was added to one lot, and then both
lots were stored at =70 °C. Prior to electro-
phoresis, 8 ul of each individual homogenate
was pipetted into a cooled Helena CAE plate-
applicator well. Usually, two applications of
homogenate were made to each wetted and
blotted CAE plate, enabling at lcast 8 enzymes
(= 8 CAE plates) to be analysed for each 8 i
of homogenate. Each electrophoretic fraction-
ation (or “run”} was for 15 min at 200 volts
(100 volts for esterase and in some trials) at
room temperature (20 °C) with the tank buffer
pre-cooled (4 °C), For each electrophoresis run,
an homogenate of a clonc of Myzus persicae
(Aphididae) was used to provide standard elec-
trophoretic markers for most electromorphs of
S. exiguum.

Eighteen enzyme systems were assayed:
alcohol dehydrogenase (ADH, E.C. 1.1.1.1),
esterase (EST, E.C. 3.1.1.1; substrate alpha-
naphthyl acetate), gilucose-6-dechydrogenase
(G6PDH, E.C. 1.1,1.49), glutamate oxaloac-
ctate transterase (GOT, E.C. 2.6.1.1), glycerol-
3-phosphate dehydrogenase (GPDH, E.C.
1.1.1.8), hexokinase (HEX, E.C. 2.7.1.1),
1socitrate dehydrogenase (IDH, E.C. 1,1.1.42),
lactate dehydrogenase (LDH, E.C, 1.1.1.27),
malate dehydrogenase (MDH, E.C. 1.1.1.37),
maleic enzyme (ME, E.C, 1.1.1.40), mannose
phosphate 1somerase (MP1, E.C. 5.3.1.8), pep-
tidase (PEP, E.C. 3.4.11 or 3.4.13: substrate
L-phenylalanine-L-proline), phosphoglu-
comutase (PGM, E.C. 2.7.5.1), 6-phosphoglu-
conate dehydrogenase (6PGDH, E.C. 1.1.1.44),
phosphoglucose isomerase (PGI, E.C. 5.3.1.9),
superoxide dismutase (SOD, E.C. 1.15.1.1),
trehalase (TRE, E.C. 3.2.1.28) and xanthine
dehydrogenase (XDH, E.C. 1.2.1.37). The cel-
lulose acetate plates of all electrophoretic runs
have been depostted in the BM (NH) collec-
tion.

RESULTS

Distribution of cytotypes in Ecuador ~ The
data from Procunier et al. {(1985) (collection
1}, the BM(NH) chromosome slide collection
(collection 4) and the new collections (collec-
tions 2, 3, 5, 6 and 7) enable us to update the
distribution records of §. exiguum 1n Ecuador

(Fig. 1).

Cytology — The cytological results arc sum-
marized in Table 1. S. exiguum possesses the
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typical simuliid complement of three polytenc
chromosomes (2n = 6). All five larvae (two
males, three females) identified from the Rio
Tanti1 (site ERT, see Fig. 1) were of the Cayapa
cytotype, which possesses the arbitrarily nomi-
nated chromosomal “standard™ sequence. The
Cayapa cytotype was previously reported to be
monomorphic (Procunier et al., 19385). How-
ever, 1n the present study a new inversion,
involving the double bubble, designated 115-B
(Fig. 2) was found (frequency of inverted se-
guence (f) = 0.1; 1n one female).

Fig. 2: polymorphic inversions tn chromosome Il of
Simulivm exiguum. The breakpoints of inversions I[S-
B, HS-C and I1S-D are shown on the standard sequence
of the Cayapa cytotype (after Fig. 1, Procunier et al.,
1985). Abbreviations as in Fig. 3.

Larvae from the Rio Bucay (EB) were all
identified as belonging to the Bucay cytotype.
This cytotype differs from the standard sc-
guence of the Cayapa cytotype by two
tandemly-arranged fixed inversions: I1L-5 and
[IL-6 (IIL-5 + 6; Fig. 3; Table I). The three
collections (numbers 1, 2 and 3; Table I) made
at this site over cight years show that EB re-
mained a pure locality containing only the
Bucay cytotype. The Bucay cytotype was origi-
nally described as being monomorphic
(Procunier et al., 1985; collection 1). While
this was so 1n 1989 (collection 2), a number of
polymorphic 1inversions were found in 1991
{collection 3): 1IS-C (1 = 0.017; 1n one male),
[1S-D (f = 0.05; in onc male and onc female)
(Fig. 2) and IIIL-A (f = 0.017;, in one male;
Fig. 3).

In 1984, both the Bucay and Cayapa
cytotypes were wdentified from the Rio Pilalo
(site EQ), collection 4). Unfortunately, we have
no records of inversion frequencies or of het-
erozygotes for inversions IIL-5 + 6 1in this

sample, and the chromosome banding pattern
1s no longer readable. Only one cytotype
(Quevedo) was 1dentified from EQ in 1989
(collection 5) and 1991 (collection 0) (Fig. 4).
This cytotype possesses the same fixed mver-
sions as the Bucay cytotype (lIL-5 + 6), but
additionally has a sex-linked inversion. The
X-linked inversion, designated IIS-A (Figs 3,
4}, occurs 1n the short arm of chromosome 11,
and involves the double-bubble. A number of
autosomal polymorphic inversions were also
present. 11L-A, which is shared with the Bucay
cytotype, was found in 1989 (collection 3; f =
0.038; in one male} but not in 1991 (collection
6). In 1991 (collection 6) the autosomal poly-
morphisms designated IL-B (f = 0.024; in onc
female), IIIL-B {f = 0.024; 1n one female) and
IHIL-C (f = 0.024; 1n one male; Fig. 3) were
present i the EQ population.

Whilst not giving a chromosomal descrip-
tion of the Quevedo cytotype, Procunicr (1989:
361) states that “the Quevedo cytoform differs
trom the Bucay sibling by having distinct sex
chromosomes™. The collections made at Rio
Pilalé (EQ) arc from the same site in which
the Quevedeo cytotype was originally found
(Shelley & Procunier, unpublished observa-
tions). Together, these facts indicate that the
IIS-A 1nversion 1s the rearrangement referred
to by Procunier (1989) as being the sex chro-
mosome difference between the Bucay and
Quevedo cytotypes. The Bucay cytotype pos-
sesses undifferentiated sex chromosomes (X, X,
females and X Y, males). All Quevedo
cytotype temales were found to be X, X, (n =
21) and the males were all X, Y, (n = 13). All
the known cytological differences found be-
tween the Bucay and Quevedo cytotypes arc
summarized 1n Fig, 5.

In 1989 and 1991 the Bucay and Quevedo
cytotypes were found in pure populations at
the EB and EQ sites, respectively (Table I). It
remains possible that other cytotypes might
have occurred but that thcy were not found
becausc of small sample sizes. The maximum
frequency another cytotype couid have attained
can be calculated using the binomial probabil-
ity. In 1991, at the Rio Bucay (EB) site the
maximum frequency is 9.5%, while for the
Rio Pilaldo (EQ) site 1t 1s 13.3%; if another
cytotype had been present at a higher frequency
there would have been a 95% probability of
detecting it (secc Post & Millest, 1991).

fsoenzymes — Only adult females from col-
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I1g. 3: polytene chromosomes of a Quevedo female, collected from the Rio Soloma (17.9.91). Inversions I1S-A and
[[L-5 + 6 are present in the homozygous state. The breakpoints of inversions IL-B, 11IL-A, IIIL-B and {IL-C are
shown. Sections 42, 70 and 71 can be seen more clearly in Fig. 2. I, I, [l = chromosome number; S(L) = short
(long) arm of chromosome: ¢ = centromere; no = nucleolar organiser; rb ~ Ring of Balbiani; pb = parabalbiani; gb

= grey band; b = bubble.

lections 2, 5 and 7 (Table I} were tested (in the
first half of 1991).

Attempts were made to reveal 18 different
enzymes, using at least four adults of each
sample. Each 20 pl of homogenate from an

individual fly provided for at least 20 clectro-
phoretic runs (1.e. all 18 enzymes could be
analysed from one fly).

Four enzymes were easily detected and it
was routinely possible to interpret the poly-
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Fig. 4: polylene chromosomes of a Quevedo male, collected from the Rio Pilalo (24.9.91). The fixed inversions [1L-
5 + 6 and the X-linked inversion 1IS-A are present. Abbreviations as in Fig. 3.
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Fig. 5: idiogram of the Bucay and Quevedo cytotypes
compared with the standard sequence of the Cayapa
cytotype. Inversions shown on the left and nghtoccur in
the Bucay and Quevedo cytotypes, respectively. Dotted,
dashed and solid lings mark the fixed, sex and polymor-
phic inversions.

morphism shown, 1.e. two or more electro-
morphs (= 1soenzymes) were regularly revealed
and their relative mobilities could be assessed
accurately: PGM, PGI, IDH (faster migrating
supernatant form) and ME,

Eight enzymes were routinely revealed, but
polymorphism was erther absent (3) or some-
times unreadable (e.g. electromorphs of TRE
migrated for sunilar, overlapping distances and
could not always be distinguished with cer-
tainty): GPDH, HEX, MDH, MPI, PEP,
6PGDH, TRE and XDH.

S1x other enzymes could not be detected in
S. exiguum: ADH, EST, G6PDH, GOT, LDH
and SOD.

Diagnostic isoenzymes — No electromorphs
were found that i1dentified all or most adult
females of each collection. Only one resolved
electromorph was found to be restricted to one
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Fig. 6: PGM electromorphs (anodic) of individual females
of Simulium exiguum. Specimen nos. 70-72: Bucay
cytotype from collection 2; 118-120: Quevedo cytotype
from collection 5. g = genotype; s = standard clone of M.
persicae; 0 = origin: — = 5 mm; § = anodic direction of
migration.

TABLE II

Frequencies of alleles and genotypes of PGM

(a) Frequencies of alleles of PGM

Collection no. > 2 5 7
} Allete
a 0.0556 0.0000 0.0000
b 0.0833 0.1316 0.0625
¢ 0.7685 0.5088 04167
d 0.0741 (.3333 0.5104
e 00185 0.0263 0.0104

{b) Observed (and expected) frequencies of genotypes

of PGM
Collection no. = 2 5 7
! Genotype
aa 0 (0.140) O (0.000) 0 (0.000)
ab 0 (0.505) 0 0000 O (0.0OOY
ac 4 (4.658) 0 (0.000) O (0.000)
ad 1 (0449 0O (C.000) O (0.000)
ae I (0.112 O (0.000) O {0.000)
bb 1 (0.336) 2 (0930) 0 (0.158)
be 5 (6978) 6 (7.700) 4 (2.527)
bd 2 (0.673) 4 (5.044) 2 (3.09%
be 0 (0.168) 1 {(0.398) O (0.063)
e 35(31.802) 19{14.630) 7 (8.212)
od 3 (6.208) 14(19.504) 21 (20.633)
e 1 (1.550) 0 (1539 1 (0420)
dd 1 (0.262) 9 (6.220) 13(12.378)
de 0 (0.149) 2 (1.008) 0O (0.51%
ee 0 (0009 0 (0.027) 0 (0.000)
Total 54 57 48
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collection, namely allele a of PGM in 6 out of
34 females from collection 2 (see below).

Allele and genotype frequencies of PGM -
Only this enzyme displaycd polymorphism that
differentiated the collections analyzed (other
results will be presented elsewhere following
turther collecting). The differcnt electromorphs
of PGM occurred singly or in pairs in indi-
vidual female flies and in a manner consistent
with there being in the populations a total of
five co-dominant alleles at a single locus for
this dimeric enzyme. Alleles (revealed as isoen-
zymes) were scored as a-e {with decreasing
anodic mobility) and were identified in differ-
ent electrophoretic runs by reference to a stan-
dard electromorph from a clone of M. persicae;
the presumed diploid genotypes are shown in
Fig. 6. The observed frequencies of ecach allele
and genotype are given for each collection in
Table 11, along with the expected frequencies
of each genotype based on Hardy-Weinberg
ratios. For many genotypes, the expected fre-
quencies are less than five, and so statistical
comparisons (Chi-square) are not accurate
(Sokal & Rohlf, 1981). This is common with
such data and therefore, following usual prac-
tice, genotypes have been grouped to permit
analysis. From Table II it is clear that the
major differences between samples lies in the
frequencies of alleles ¢, d and perhaps b.
Conscquently, genotypes were grouped so that,
for these three alleles, their homozygotes (bb,
cc, dd) and most frequent heterozygotes (be,
c¢d) werc not combined, with the constraint
that expected frequencies of each genotype had
to be greater than five (Table III).

Comparisons of the observed and expected
frequencies 1n Table I showed a highly sig-

TABLE III

Frequencies of grouped genotypes of PGM

Expected
Observed (Hardy-Weinberg)
Collectionno. = 2 5 7 Combined Combined
Grouped
1 Genotypes

bb &bd 3 6 2 11 10.5
be 5 6 4 15 17.2
ce 3519 7 61 51.5
cd 314 21 38 54.3
dd 1 913 23 14.1
“others” 7 3 1 11 11.4
Total 54 57 48 159 159
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nificant deviation from Hardy-Weinberg ratios
when the samples were combined (Chi-square
= 12.6, probability (p) < 0.05) but not for each
individual population treated alone (for which
bb + bd and be had to be grouped with “oth-
ers”; Chi-square < 1.8, p > 0.05).

Further, when combining samples in pairs
(2 +5,2+7,5+7), asignificant difference
from Hardy-Weinberg ratios was found (Chi-
square > 12.0, p < 0.01) only when collection
2 (which was a pure Bucay cytotype locality)
was mcluded. These results indicate that col-
lection 2 was from a population that was not
freely interbreeding with the others (i.e. not
panmictic), although the null hypothesis of
panmixis was not rejected for each of the
populations treated individually.

DISCUSSION

The Quevedo cytotype of 8. exiguum has
now been described from its “type locality™,
and 1s clearly closely-related to the Bucay
cytotype as they share the same fixed inver-
sions {IIL-5 + 6). It differs from the Bucay
cytotype (XX, females, X,Y, males) in hav-
ing a differentiated X chromosome (X, X, fe-
males, X, X, males), indicated by inversion I1S-
A, which occurred 1n all larvae examined from
collections 5 and 6. An analogous situation is
found with two members of the S. damnosum
complex in West Africa. Simulium sirbanum
and §. sudanense share the same fixed inver-
sions (relative to the standard) but were con-
sidered different cytospecies as the inversion
IS-3 is linked with the most frequent X chro-
mosome in S sudanense but with the most
frequent Y chromosome 1n S. sirbanum (Vajime
& Dunbar, 1975). Howcver, analysis of new
samples suggests that the only difference be-
tween the two putative cytospecies 1s that S.
sudanense possesses a differentiatcd X chro-
mosome, indicated by the inversion IS-3
(Vajime, 1989), If there had been two
cytospecies, only four chromosomal classes of
individuals should have occurred 1n the sym-
patric populations; females and males homozy-
gous for the standard sequence (IS-st/st; i.e.
XX and X, Y,) representing S. sirbanum, and
females homozygous for the inverted sequence
(IS8-3/3; 1.e. X, X,) and males heterozygous for
[5-3 (15-st/3; 1.e. X,;Y,) representing S,
sudanense. Vajime (1989) found, though, that
females heterozygous (IS-st/3) and males ho-
mozygous (IS-3/3) for the inverted sequence
occurred 1n sympatric populations. The pres-

ence of these other chromosomal classes sug-
gests that reproductive isolation is not com-
plete and, therefore, two cytospecies are not
present, However, the occurrence of these other
chromeosomal classes is at such low frequen-
cies as to imply that the population 1s not
panmictic, but that two chromosomal forms of
one species, 3. sirbanum, do occur and shown
a high, but incomplete, degree of reproductive
1solation,

The Bucay and Quevedo cytotypes have
not yet been analyzed in sympatric popula-
tions. Therefore, the occurrence of females
heterozygous for IIS-A (i.e. X,X,) and the
degree of reproductive isolation between these
cytotypes 1s unknown. Consequently, at present,
Quevedo and Bucay must be considered to be
chromosomal forms of one cytotype, Bucay,

The 1soenzyme characterization indicated
that the Bucay and Quevedo cytotypes are not
differentiated to the extent shown by closely-
rclated simulild morphospecies: the allelic simi-
larity was 95% over 8 loci (20 “major” alleles,
1.e. each with overall frequency of > 1%) or
100% over the same 8 loc1 (9 “major” alleles,
each with frequency > 50% 1n any one popu-
lation), whereas 1t was 64% between S. horacioi
and §. metallicum (or S. ochraceum) over 8
toc1 (14 “major” alleles, 1.e. each with fre- -
quency of > 50% 1n any one population)
(Agatsuma ct al., 1986). Moreover, unlike the
latter three species, no major alleles were
unique to one or other population- allele a of
PGM was restricted to collection 2 (which was
cytologically pure for the Bucay cytotype) but
at a frequency too low for detailed genetic
analysis or diagnostic purposes (Table II).

The differences in PGM genotype frequen-
cies between the two samples believed to be
pure for the Bucay and Quevedo cytotypes
(samples 2 and 5, respectively) are consistent
with those between regionally (and temporarily)
tsolated populations of one biological species.
Besides being separated by distance, the three
populations were collected in different drain-
age systems and at different altitudes (increas-
ing south to north), and these are just some of
the factors that might i1solate the cytotypes.

The principal hmitation of our investiga-
tions so far has been the absence of adequate
material from sympatric populations, in which
a defictency of chromosomal or isoenzyme het-
erozygotes would indicate specific status. The
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same limitation means that the “taxonomic™
status of the Bucay cytotype as a “sibling
species’ (Procunier, 1989) shoud not be as-
sumed as most of the specimens characterized
so far have been collected from one locality
(Rio Bucay at Naranjal). For example, a pos-
sible scenario 1s that inversions IIL-5 + 6 are
polymorphic, rather than fixed, and are found
at 100% frequency in the Bucay and Quevedo
populations as these represent one end of in-
version-frequency clines, This is reflected by
the possible clines in frequencies of PGM al-
leles ¢ and &, with the Bucay population more

markedly differentiated at the southem end
(Table II).

The discovery in the BM{NH) collections
of Bucay and Cayapa cytotypes collected at
the same time from the Quevedo site (EQ;
Table I) clearly shows that the distributions of
some of the cytotypes of S, exiguum do over-
lap 1n some areas. Further collections are be-
ing made from putatively allopatric and sym-
patric populations, so that we can investigate
more fully the genetic relationships of these

cytotypes.
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