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Cytotaxonomy of Simulium cauchense Floch & Abonnenc and
Simulium quadrifidum Lutz (Diptera: Simuliidae) in Brazilian
Amazonia
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Simulium cauchense Floch & Abonnenc and Simulium quadrifidum Lutz are widely distributed in the Amazon
region and are morphologically similar at the larval and pupal stages. Chromosomally, these species are readily
distinguished by the position of the nucleolar organizer, which isin the short arm of chromosome | in S. cauchense
andinthelong armof chromosomeslil in S. quadrifidum. They also differ by threefixed inversions. Sex chromosomes
are undifferentiated in both species. Chromosomal resolution of the two species allowed us to evaluate four
structural features previously used as diagnostic aids at the larval stage. Characters that distinguish larvae of the
two species are the number of branches and branching patterns of the dorsal abdominal setae and the dark band on
each primary fan. Branching patterns of the gill histoblasts were often diagnostic, with S. quadrifidum exhibiting
more proximal branching and S. cauchense more distal branching. Stes where both species occurred sometimes
had larvae with one petiole branching proximally and the other distally; in these cases examination of the chromo-
somes permitted assignment of the specimen to species. Pigmentation patterns of larvae, on the other hand, are
highly variable. Color typically is sex linked in both species.
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Cytotaxonomic studies of black flies have repeatedly
demonstrated the value of chromosomal charactersin elu-
cidating phylogenetic rel ationships, revealing sibling spe-
cies and providing diagnostic aids for species identifica-
tion (Rothfels 1988, Adler et a. 2004). InBrazil, numerous
black flieshave been investigated cytotaxonomically (e.g.,
Camposeta. 1996, 2001, Charalambouset a. 1996, Hamada
& Adler 1999, Luz 1999, Rios-Veldsquez et d. 2002, Pereira
2004). While chromosomal studies are often essential in
revealing sibling species and resolving relationships, the
strongest taxonomic and phylogenetic resol ution of black
flies comesfrom acombined chromosomal-morphological
approach. This approach has permitted an analysis of
speciesdiversity intheAmazon Basin (Hamadaet a . 2002)
that ismore critical than has been possible using the con-
ventional morphotaxonomic approach alone.

Various subgeneric classifications have been used for
Neotropical black flies. Crosskey and Howard (1997) and
Crosskey (2002), for example, recognize the Neotropical
subgenus Psaroniocompsa, with 38 species and 5 spe-
ciesgroups. Py-Daniel (1983) and Coscardn (1987) con-
sider the S. amazonicum and S. quadrifidum species
groups of Crosskey and Howard (1997) to represent their
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subgenera Cerqueirellum and Coscaroniellum, respec-
tively. Py-Daniel and Sampaio (1995) ranked these two
subgenera as genera. Cytogenetic techniques can pro-
vide independent assessments of these phylogenetic
hypotheses and yield insight into classification issues.

The objective of the present study is to resolve the
chromosomal differences between Smulium cauchense
Floch & Abonnenc and Smulium quadrifidum Lutz, two
members of the subgenus Psaroniocompsa (Crosskey &
Howard 1997), and to eval uate the useful ness of morpho-
logical discriminators previously used for the larvae. S
cauchenseisknown from Brazil, French Guiana, Guyana,
and Venezuela, whereas S, quadrifidum, with a slightly
broader distribution, is known from Bolivia, Brazil, Co-
lombia, Ecuador, French Guiana, Guyana, Suriname, and
Venezuela

MATERIALSAND METHODS

Larvae were collected from 15 streamsin the states of
Amapa, Amazonas, Rondbnia, and Roraima (Fig. 1). S
guadrifidumwas collected at 13 sitesand S. cauchense at
6; the latter species was not collected in the state of
Ronddnia. Most collectionswere madein 2000 and 2001,
although two collectionswere madein 1997 and one each
wasmadein 1996, 1999, 2002, and 2003 (Tablel).

Larvae were hand collected from all available sub-
stratesand fixed in Carnoy’ssolution (1 part glacial acetic
acid: 3 parts absol ute ethanol); thefixative was changed 3
or 4timesin thefield and the sampleswere maintained on
ice. Inthelaboratory, the fixative was changed once more
and the sampleswere held at 4°C, pending chromosomal
analysis.
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Fig. 1: map of the Brazilian Amazon region, showing collection sites of Simulium quadrifidum and Simulium cauchense (Diptera:

Simuliidae).

Thefollowing morphological charactersof final-instar
larvae were evaluated for their utility in speciesidentifica-
tion: presence of dark spots on the cephalic rays (Py-
Daniel 1983), branching pattern of the dorsal abdominal
setae (Hamada et al. 2003), body pigmentation pattern,
and branching pattern of the gill histoblast (Shelley et al.
1997, Hamada & Grillet 2001, Hamadaet al. 2003).

The Feulgen technique (Rothfels & Dunbar 1953) was
used to stain the polytene chromosomesin the silk glands
of last-instar larvae. Thistechnique also stained the lar-
val gonads, allowing gender identification in situ based
on gonad shape (elongate in females, oval to round in
males). The sex chromosomes then can be identified a
posteriori by association of rearrangements with gender.
Chromosomal nomenclaturefollowsthat of Rothfels(1988)
and Rothfelset a. (1978). Fixedinversionsareitalicizedin
thetext and underlined on the figures; floating inversions
appear in Roman type.

The banding sequence of S. quadrifidumwas used as
the standard sequence against which the chromosomes
of S. cauchense were compared, primarily because S.
quadrifidum had better chromosomal quality. The chro-
mosomes of amalelarvafrom Amazonas (site 5, Tablel)
were photographed under oil immersion, and maps were
constructed for intraspecific and interspecific compari-
Sons.

Larval specimens are deposited in the Clemson Uni-
versity Arthropod Collection (Clemson, South Carolina,
US) and the Invertebrate Collection of the Instituto
Nacional de PesquisasdaAmazonia (Inpa) (Manaus, AM,
Brazil). Photographic negatives of chromosomes arein
the Clemson University Arthropod Collection.

RESULTS

Larval morphology - The most consistent structural
featuresfor distinguishing larvae of the two specieswere
the dark spots on the primary rays of the cephalic fan,
which typically appeared as adark band on thefansin S
quadrifidumbut were absent in S. cauchense (Fig. 2), the
number of branches of the dorsal abdominal setae [S
quadrifidum, mean = 4.6 branches (n =6, SD = 0.5), S.
cauchense, mean = 6.7 branches (n = 9, SD = 1)] and
branching pattern of the dorsal abdominal setae, with
branching starting near the base in S. quadrifidum,
whereasin S. cauchense the branching occurs both at the
base and at points some distance from the base (Fig. 3).
The branching patterns of the gill histoblasts (Figs 6, 7)
wereoften diagnostic, with S. quadrifidumexhibiting more
proximal branching and S. cauchense more distal branch-
ing. Sites where both species occurred sometimes had
larvae with one petiol e branching proximally and the other
distally; in these cases the chromosomes permitted as-
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signment of the specimen to species. The pigmentation
patterns of the body (Figs 4, 5) were highly variable, but
color typically was linked to sex in both species, with
males being pale brownish or grayish and females dark
gray to black, particularly on abdominal segment I.

Polytene chromosomes- The chromosomes of 630 lar-
vae were examined; 162 (25.7%) could be analyzed com-
pletely (i.e., al bands were compared with the standard
reference map). For S quadrifidum (n = 265), 80 speci-

mens (30 females, 50 males) were analyzed completely,
whereasfor S. cauchense (n = 365), 82 specimens (43 fe-
males, 39 males) wereanalyzed completely (Tablell). The
low numbers of completely analyzed specimensreflected
the poor chromosomal quality, in part because most lar-
vae selected for analysis had mature (dark) gill histoblasts
to permit association of gill morphology with chromo-
SOmes.

Both species had achromosomal complement of n=3,

TABLEI

Sampling sites, dates, and collectorsfor larvae of Smulium quadrifidumand Smulium cauchense (Diptera: Simuliidag) in
BrazilianAmazonia

Nr Sampling sites Coordinates Date Collector Species
Amapéa
1 Highway BR156, |garapé AguaBranca, 02040 §/51°21'W 25/07/00 NH 1,2
near Carnot Village
2 Highway BR156, 90 km south of Oiapoque 03°11'S/51°32’W 27/07/00 NH 1,2
Amazonas
Careiroda Varzea
3 Road to Purupurd, dirt road Cobra, first bridge 0323 S/59°38' W 10/06/01 MA; JS; LA 1
4 Road to Purupur, dirt road Cobra, second bridge 03°23' §/59°38' W 10/06/01 MA; JS; LA 1
Manaus
5 Road to Riacho Ecol égico, entrance of Trigolar 02°58' S/60°03' W 02/05/96 NH 1
Chécara S8o Sebastido
6 Highway AM010 km 30, dirt road Agua Brancall, 02951’ §/59°51'W 05/10/00 MA; JS; SL 1,2
|garapé Matrinxa, Green Park 12/05/01 MA; JS 1,2
7 Highway BR174 km 40, |garapé Cabeca Branca 02°35' S/60°01" W 16/08/00 MA; JS 1
17/10/01 JS; SC 1
Presidente Figueiredo
8 Highway BR174 km 134, dirt road to comunidade 01°49 S/60°04' W 16/12/97 NH 2
do Castanhal, Igarapé Canoas 03/01/01 MA; JS 2
17/10/01 MA; JS 2
05/11/01 AP 2
12/11/02 JS 2
08/10/03 NH 2
NovoAiréo
9 Highway AM 352, Manacapuru, Novo Airéo 02958’ S/60°56' W 18/06/01 MA; JS; LA 1
10 Highway AM 352, Manacapuru, Novo Air&o 02048’ S/60°55' W 19/06/01 MA; JS; LA 1
Sdo Gabriel da Cachoeira
11 |garapé Miua 00°06' S/66°52' W 04/12/00 NH; EP 1
07/12/00 NH; EP 1
Apui
12 Rio Juma, Balneario Apui 07°12' S/59°54'W 03/05/99 NH 1
Roraima
Pacaraima
13 Highway BR174, dirt road to Maloca Bananal, 04°25' S/61°13' W 10/12/97 NH 1,2
Igarapé Bananal 13/12/00 NH; MA 1,2
20/03/01 NH; JS 1,2
25/10/01 NH 1,2
14 Highway BR174, dirt road to Maloca Bananal, 04°25' §61°13' W 13/12/00 NH; MA 2
|garapé Sorocaima 20/03/01 NH; JS 2
25/10/01 NH 2
Rondénia
GugjaraMirim
15 Dirt road to Palheta, after airport 10°47' S/65°12' W 22/09/01 NH 1

Nr: number of collection. Dates are given as day/month/year. Federal highway = BR, Amazonas state highway = AM. Date: day/
month/year. Collectors: AP, AnaMariade OliveiraPes; EP, Eleny daSilvaPereira; JS, Jeferson OliveiradaSilva; LA, LuisAquino;
MA, MiriamAlvanAguilar; NH, NeusaHamada; SC, SheylaCouceiro; SL, Sérgio LuisBessal uz. Species: 1, Smuliumquadrifidum;
2, Smulium cauchense
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with standard arm associations (Figs 8-11). The most
readily apparent interspecific difference wasthe position
of the nucleolar organizer, which wasin the extreme base
of ISin S. cauchense and in the base of IIIL in S
quadrifidum (Fig. 11). S quadrifidum had a more ex-

Fig. 2: cephalic fan of larvae of Simulium quadrifidum (A) and
Smulium cauchense (B) (Diptera: Simuliidae); arrow indicates dark
band on primary fan.

Fig. 3: dorsal abdominal setae of larvae of Simulium quadrifidum
(A) and Smulium cauchense (B) (Diptera: Simuliidae).
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panded centromere region in chromosome | than did S.
cauchense (Fig. 8).

S cauchense also differed from S. quadrifidum by
threefixedinversions. InversionI11S-1ranfromthemiddle
of section 76 to the end of section 80 (Fig. 10). Inversions
I11L-1 and I11L-2 overlapped broadly (Figs 10, 11). The
I11L sequence for S. cauchense can be derived from that
for S. quadrifidum by first inverting the I11L-1 sequence,
followed by thell1L-2 sequence (Fig. 10). Polymorphisms
were not found in S. quadrifidum. Two floating inver-
sionswerediscoveredin S. cauchense. Threelarvaefrom
Presidente Figueiredo had a subbasal heterozygous in-
versioninlL (Fig. 11, IL-1). IIL-3(Fig. 10) wasacommon
polymorphism in Hardy-Weinberg equilibrium (Gadj. =
0.1991, p > 0.05) for the one population that was tested
(Presidente Figueiredo, 8 October 2003). Both species
had undifferentiated sex chromosomes. No evidence of
sibling species was found.

DISCUSSION

S. quadrifidum and S. cauchense have consistent
structural characters that distinguish them in the adult
stage (Py-Daniel 1983, Shelley et a. 1997); however, we
found that some larval characters previously considered
diagnostic (e.g., body pigmentation) overlap, confound-
ing species identification. The polytene chromosomes
allow unequivocal assignment of larvae to species.

The polytene chromosomes of S. quadrifidumwere of
higher quality than those of S. cauchense. Inferior chro-
mosomal quality has been attributed to factors such as
larval age, water temperature, and the quality and quan-
tity of food (e.g., McCreadie & Colbo 1992). IntheAma-
zonian region, thetemperature of Simuliidae habitats var-
ieslittle (Hamada & Adler 2001), suggesting that differ-

Fig. 4: variation in pigmentation pattern of larvae of Simulium quadrifidum (Diptera: Simuliidag). A: female larva, Igarapé Agua Branca,
AP (site 1); B: male larva, lgarapé Matrinxg, AM (site 6); C: female larva, Igarapé Bananal, RR (site 13); D: female larva, Rama Paheta,

RO (site 15).
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Fig. 5: variation in pigmentation pattern of larva of Simulium cauchense (Diptera: Simuliidae). A: female larva, Igarapé Agua Branca, AP
(site 1); B: male larva, Igarapé Matrinxd, AM (site 6); C: female larva, Igarapé Canoas, AM (site 8); D: female larva, Igarapé Banana, RR
(site 13).

C D c‘? D

Fig. 6: variation in branching pattern of gill filaments of Smulium  Fig. 7: variation in branching pattern of gill filaments of Smulium
quadrifidum (Diptera: Simuliidae). A: Igarapé Agua Branca, AP cauchense (Diptera: Simuliidae). A: Igarapé Agua Branca, AP (site
(site 1); B: lgarapé Matrinxgd, AM (site 6); C: Novo Airdo, AM (site  1); B: Igarapé Matrinxd, AM (site 6); C: Igarapé Canoas, AM (site
10); D: Ramal Palheta, RO (site 15). 8); D: Igarapé Bananal, RR (site 13).
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Fig. 8: chromosome | of Smulium quadrifidum (Diptera: Simuliidae), showing standard banding sequence of short arm (top), centromere
region (middle), and long arm (bottom); C: centromere, Tt: terminal bands, ‘3h’: three heavy bands.
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Fig. 9: chromosome Il of Smulium quadrifidum (Diptera: Simuliidae), showing standard banding sequence of short arm (top) and long arm
(bottom); B: bulge, C: centromere, DNA: DNA puff, gB: gray band, p: puffing band, Pb: parababiani, Rb: ring of Balbiani, sy: symmetrical,
T: trapezoid, ‘3': three sharp bands.
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encesin chromosomal quality between species cannot be
attributed solely to water temperature. Rios-Velasquez et
al. (2002) suggested that the chromosomal quality of S.
goeldii Cerqueira& Nunesde Mello and S. ulyssesi (Py-
Daniel & Coscarén 2001) isrelated to stream size and the
degree of habitat shading, which are positively correlated
with phytoplankton and periphyton production, the main
food sources of black flies in Amazonia (Alencar et al.
2001).

Polymorphismswere not found in S. quadrifidumand
wererestricted to two floating inversionsin S. cauchense.
Low levels of inversion polymorphism are characteristic

Oswaldo Cruz, Rio de Janeiro, Vol. 100(3), May 2005 255

of other black fliesin Brazil (e.g., Camposet a. 1996, 2001,
Hamada & Adler 1999, Rios-Velasquez et al. 2002). The
chromosomes of black flies in the central and northern
areas of South America, however, aretypically polymor-
phic (e.g., Procunier et al. 1985, Conn et al. 1989, Millest
1992, Hirai et al. 1994). Theecological correlatesof chro-
mosomal polymorphism in black flies remain poorly un-
derstood.

Although the position of the nucleolar organizer is
usually conserved among closely related species (Rothfels
1988, Hamada & Adler 1999), it differs between S.
quadrifidumand S. cauchense. In other members of the
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Fig. 10: chromosome 11, showing standard banding sequence of short arm (top) and long arm (middle) of Simulium quadrifidum and long

arm of Simulium cauchense (bottom) (Diptera: Simuliidag). Limits of

inversions 111S-1, I11L-1, and I1IL-2 of S. cauchense are indicated

by brackets on the standard maps of S. quadrifidum. The map of IIIL for S cauchense (bottom) was made by cutting and reassembling
the standard map of S. quadrifidum. The IlIIL sequence for S. cauchense (bottom) can be derived from the S. quadrifidum sequence
(middle) by first inverting I1IL-1 and then inverting I11L-2 on the middle map. The limits of the common floating inversion I1IL-3 in S.

cauchense are bracketed on the map of S. cauchense (bottom). BI:

nucleolar organizer.

blister; bm: basal marker; C: centromere; Em: end marker; NO:
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Fig. 11: idiograms of polytene chromosome of Simulium quadrifidum and Smulium cauchense (Diptera: Simuliidae). |: chromosome I;
II: chromosome I1; I11: chromosome I11; C: centromere; B: bulge; Bl: blister; bm: basal marker; Em: end marker; gB: gray band; NO:
nucleolar organizer; Ph: parabalbiani; Rb: ring of Balbiani; T: trapezoid; Tt: terminal bands; ‘3h’: three heavy bands; ‘3': three sharp bands.
Fixed inversions are underlined and shown on the left side; floating inversions are shown on the right side.

TABLEI

Total number (n) of larvae of Smulium quadrifidum and
Smuliumcauchense (Diptera: Simuliidae) examined
chromosomally, with the number of female and malelarvae
analyzed completely, in the Brazilian Amazon region

Species

State Smuliumquadrifidum Smuliumcauchense

Sitenumber n  Females Males n Femaes Males
Amapa

1 5 1 2 12 0 0
2 5 0 0 12 2 1
Amazonas

3 8 0 0 - - -
4 5 1 0 - - -
5 1 0 1 - - -
6 53 8 25 10 3 1
7 78 0 6 - - -
8 - - - 178 24 28
9 3 0 0 - - -
10 1 0 0 - - -
11 19 3 4 - - -
12 13 6 1 - - -
Roraima

13 26 7 7 129 9 6
14 - - - 24 5 3
Rondbnia

15 43 2 1 - - -
Total 265 30 50 365 43 39

n: total number of larvaeidentified using at |east one diagnostic
chromosomal feature (e.g., position of nucleolar organizer), but
not necessarily analyzed completely; -: species not collected.
Table | provides specific information on sites and dates.

subgenus Psaroniocompsa (sensu Crosskey & Howard
1997), the nucleolar organizer islocated in chromosomell
(e.g., S daltanhani, S. goeldii, and S. ulyssesi) (Rios-
Veldsquez et a. 2002, Pereira2004) or chromosomelll (eg.,
S. roraimense and S. oyapockense of the S. amazonicum
group) (Luz 1999). The position of the nucleolar orga-
nizer alone, however, must be used with caution ininfer-
ring relationships.

The current study provides atemplate for comparing
the chromosomes of other species in the subgenus
Psaroniocompsa sensu Crosskey & Howard (1997). The
evaluation of additional morphospecies could reveal sib-
ling species and test the validity of the current subgenera
and species groups.
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