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Simulium (Chirostilbia) bifenestratum (Diptera, Simuliidae),
a New Black-fly Species from the Atlantic Forest,
State of Sao Paulo, Brazil

Neusa Hamada/*, Mateus Pepinelli*

Coordenacéo de Pesquisas em Entomologia, Instituto Nacional de Pesguisas daAmazdnia, Caixa Postal 478, 69011-970
Manaus, AM, Brasil * Laboratério de Hidrobiologia, Universidade Federal de Sdo Carlos, Sdo Carlos, SP, Brasil

Thelarva, pupa, male, and femaleof Simulium bifenestratum n. sp. aredescribed and illustrated. The pupae of the
new species have 10 gill filaments, thick at their base and arranged in a three-dimensional way, surrounding the
head and thorax. Its pupal cocoon is peculiar, not found in any of the known Brazilian black-fly species; it is very
thick and hard with two openings in the anterior region. S. bifenestratum n. sp. was collected in one streamin the
Bocaina mountain chain, Atlantic forest, in SGo José do Barreiro county, state of Sdo Paulo, in a high (1500 m)
natural grassland. Larvae and pupae were collected on the edges of small waterfalls and in places with-high speed

laminar water flow, attached to the bedrock.

Key words: aquatic insects - black fly - Chirostilbia - Simuliidae - Bocaina- Brazil

In this paper we describe the larva, pupa, male, and
female of a new species in the subgenus Chirostilbia,
collected in astream at the Bocainamountain chain of the
Atlantic forest, inthe state of S&o Paulo. Coscardn (1987)
divided this subgenus into two groups. Smulium sub-
pallidum and S. pertinax; S. bifenestratum n. sp. can be
placed on the latter group because of its black color, fe-
male with tarsal claws with a basal tooth and male
gonostylus with no longitudinal ridge.

The new specieshasavery distinctive pupa, with two
fenestrations in the cocoon. Crosskey (1990) reported
that a similar cocoon was observed only in the northern
hemispherefauna, being found in some Smuliums.str. in
Europe (e.g., S. colombaschenseand S. reptans) in North
America(e.g., S jenningsi group), and in some Southeast
Asian species. The pupal head plate also is very distinc-
tive, with an elevated marginal area, especially thelateral
region, forming astructure similar to acrown.

MATERIALSAND METHODS

Sampling was done on 16 May 2003, in Verde stream,
Sdo José do Barreiro county, state of Sdo Paulo, Brazil.
Thisplaceislocated in the Bocainamountain chain (Serra
do Mar), intheAtlantic forest biome. Electrical conduc-
tivity (Cole-Parmer conductivimeter), pH (Cole-Parmer
pHmeter), temperature (al cohol thermometer), geographi-
cal position (Garmin GPS) and stream width were mea-
sured at the sampled site.

Larvae and pupae were hand collected directly from
the substrate (bedrock), under the water. Larvae were
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preserved in Carnoy solution (3 parts of absolute etha-
nol: 1 part of glacial acetic acid); pupaewere preservedin
absolute ethanol. Pharate adultswere maintained alivein
acovered plastic vial, with a piece of wet filter paper, to
obtain the adults. After two days, the adults that emerge
were preserved in 80% ethanol; pupae with pharate adults
that did not emerged were also preserved in 80% ethanol.
All specimens were preserved onicein the field, and in
the laboratory they were maintained refrigerated at 4°C.
In the [aboratory, adultsin 80% ethanol were dehydrated
according to the technique of Sabrosky (1966), mounted
in atriangle and pinned, with collection labels. Perma
nent slides, when needed, were mounted using Euparal®
asthe mounting medium, after being clarified in hot 95%
lactic acid.

The holotype and some paratypes are deposited at
the Instituto Nacional de Pesquisas daAmazénia (Inpa),
Manaus, AM, Brazil; other paratypes are deposited at the
Museu de Zoologia da Universidade de S&o Paulo
(MZUSP), Séo Paulo and at the Laboratério de Hidro-
biologia, Universidade Federal de Séo Carlos (UFSCAR),
both in the state of S&o Paulo, Brazil.

Smulium bifenestratumHamada & Pepinelli,
New Species
Figs1-48

FEMALE - General scutum color dark gray (Figs 1, 2);
body length 3.2-3.5 mm (n= 2); lateral thorax length 1-1.25
mm (n=2). Wing, length 3.3mm (n=1), width L.5mm (n=
1.

The number of reared females obtained was low (n =
2), and theemerged femalesdid not have awell-preserved
scutum ascan beseeninFigs1and 2. Inthisway, scutum
pattern could not be well defined in this description.

Frons, clypeus and occiput dark brown with silver
pruinosity; frons longer than wide; fronto-ocular suture
absent, fronto-ocular triangle asin Fig. 4. Antenna (0.6-
0.7 mm) with silver pubescence; pedicel, scape and proxi-
mal areaof first flagellomere brownish yellow, following
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flagellomeres dark brown (Fig. 5). Palpus dark brown;
sensory vesicle elongated, small (length less than 1/4 of
length of palpomerelll), palpomereV 1.9timesaslong as
palpomeresill and V. Mandiblewith 12-14 external serra-
tionsand 28-30 internal teeth. Laciniawith 24-25 retrorse
teeth. Cibarium bare, with arms sclerotized (Fig. 3) bear-
ing small serrations. Scutum dark gray with pale golden
hairs, distributed unevenly except at thelongitudinal me-
dian region where group of hairs form aline; 1 pair of
small sub-rectangular silver spots, not well delimited, on
theanterior margin, besidethemedial lineof hairs(Figs1,
2). Anepisternum and katepisternum dark brown. Scutel-
lum light brown, with black and golden hairs; postnotum
brown. Wing veins, Sc and base of R with setae (Fig. 6).
Foreleg (Fig. 7) with coxa, trochanter and medial to proxi-
mal region of femur light brown; distal region of tibiaand
all tarsal segmentsblack. Middleleg (Fig. 8) with coxa,
trochanter, femur and most of tibialight brown; distal end
of tibia dark brown; basitarsus brown with 1/3 distal re-
gion dark brown; other segments dark brown. Hind leg

(Fig. 9) with coxadark brown; trochanter light brown; fe-
mur, tibia, and basitarsuslight brown with distal end dark
brown; following tarsal segments dark brown; calcipala
as broad aslong, not reaching pedisulcus (Fig. 10). Tar-
sal clawswith basal thumb-likelobe (Fig. 11). Femoraand
tibiaewithfiliform setae. Abdominal scleritesdark brown;
membranous areas light brown. Basal fringe with thin,
long, golden hairs. Tergitell with silver pruinosity; terg-
itesVI-1X with avarnish-like appearance. Inlateral view,
cercusround, anal lobe subtriangular (Fig. 12), in ventral
view asinFig. 13; hypogynial lobes(Fig. 15) subtriangular,
without microtrichia, internal marginal area sclerotized.
Genital fork (Fig. 14) with stem long, lateral armswell de-
veloped and with alarge anterior process, the lateral arms
form a sub-oval space. Spermatheca subspherical, with
internal cuticular microspines, not forming a pattern;
spermathecal duct and area of attachment unpigmented.

MALE - General body color black (Figs 16, 17), body length:
3.4mm(n=1); latera thorax length: 1.04 mm (n=1). Wing,
length3.1mm (n=1), width1.35mm (n=1).

Female of Simulium bifenestratum n. sp. (Diptera: Simuliidae). Fig. 1: scutum, dorsal view. Fig. 2: scutum, dorso-lateral view. Fig. 3:
cibarium. Fig. 4: fronto-ocular triangle. Fig. 5: antenna. Fig. 6: base of the wing. Fig. 7: fore leg. Fig. 8 middle leg. Fig. 9: hind leg. Fig.
10: calcipala and pedisulcus. Fig. 11: distal region of anterior leg showing the tarsal claw.
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Female of Smulium bifenestratum n. sp. (Diptera: Simuliidae). Fig. 12: anal lobe and cercus, lateral view. Fig. 13: ana lobe and cercus, in
situ. Fig. 14: genital fork. Fig. 15: hypogynia lobes, ventral view
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Male of Smulium bifenestratum n. sp. (Diptera: Simuliidae). Fig. 16: scutum, dorsal view. Fig. 17: scutum, dorso-lateral view. Fig. 18:
gonocoxite and gonostylus. Fig. 19: paramere. Fig. 20: ventral plate. Fig. 21: median sclerite. Fig. 22: antenna
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Antenna 0.6-0.7 mm in length; pedicel and scape
brownish yellow, flagellum dark brown (Fig. 22). Palpus
dark brown, sensory vesicle small, occupying lessthan 1/
5 of palpomerelll; palpomereV about 1.8 timesaslong as
palpomeres|il and 1V, sensory vesicle small, subspherical.
Scutum black, with yellow golden hairs densely distrib-

24

uted (Figs 16, 17). Scutellum dark brown, postnotum black.
Anepisternum and katepisternum dark brown. Wing
veins, Sc and base of R with setae. Legswith same color
pattern asfemale. Abdominal tergitesblack; basal fringe
with thin, long, black hairs; tergites I, V-VII, in lateral
view, with silver pruinosity. Gonocoxite and gonostylus

26

Pupae of Smulium bifenestratum n. sp. (Diptera: Simuliidae). Fig. 23: cocoon, dorsal view. Figs 24-25: anterior region, inside the cocoon.
Fig. 26: anterior region, lateral view outside the cocoon. Fig. 27: head anterior region, ventral view. Fig. 28: anterior region, dorsal view.
Fig. 29: head anterior region, ventro-lateral view. Arrows indicate gill filament along the thorax.

Pupae of Smulium bifenestratum n. sp. (Diptera: Simuliidae). Fig. 30: cephalic plate. Fig. 31: antenna sheaths, head frontal trichomes and
tubercles. Fig. 32: head tubercles. Fig. 33: head frontal trichomes. Fig. 34: thoracic trichome. Fig. 35: thoracic tubercles
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black; gonocoxite subrectangular; gonostylus subqua-
drangular, 0.6 timesaslong as gonocoxite (Fig. 18). Ven-
tral plateasin Fig. 20. Median sclerite (Fig. 21) elongated,
with medial concavity. Paramerewith spines(Fig. 19).

PUPA - Body length 3-4.3mm (X = 3.7 mm, n=5). Cocoon
(Fig. 23) dlipper-shaped, very hard and thick, with 2 lateral
openings. Length along dorsd surface 3.9-4.5mm (X=4.2
mm, n=5); ventral surface1.8-2.2 mm (X=1.96 mm, n=5).
Head projecting downward, with 2 pairs of frontal tri-
chomes, each with 1-2 branches (Figs 31, 33); 1 pair of
facial trichomes with 2-3 branches; large rounded tu-
bercles covered with small protuberances (Figs 31, 32,
33). Marginal area of cephalic plate el evated, especialy
lateral region, forming astructure similar to acrown (Figs
27,30, 31). Gillswith 10 filaments, thicker at the base; four

innermost filaments, thicker than the others (Fig. 26); 9
filament gillsarranged tridimensionally, surrounding the
head (Figs 24-26, 28, 29), 1 filament lies along the thorax
(Figs 26, 29). Thorax with largetubercleson the anterior
to middle region, each with protuberances and a pointed
structure on the superior side (Fig. 35); on the middle to
posterior region, 2 types of tubercles, with and without
pointed projections, that decrease in size; 5 pairs of tri-
chomes with 3-9 branches (Fig. 34) and 1 pair of simple
lateral trichomes. Abdomen asin Figs 36-38. Tergite |
with 1 pair of simpleor bifurcated setae sublaterally (Fig.
36a) and 2-3 pairs of small setae on the median region.
Tergite |l with 3 pairs of stout setae (Fig. 36b) and 3 thin-
ner pairssublaterally. Tergites!|ll and IV each with 4 ante-
riorly directed pairs of hooks (Fig. 36¢) on posterior mar-

Fig. 36: dorsal view of abdomen of pupa of Smulium bifenestratum n. sp. (Diptera: Simuliidae). a-c: setae and hooks on tergites I-1V; d-

e comb of spines on tergites VI-VIII
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gin; 1 small seta between the 2 outermost hooks, on each
side. Tergites|-IV with small, not pigmented, elongated
spots, forming an open “v” pattern on the median region
(Fig. 37). TergiteV with 1 pair of stout setalaterally and 3
pairsof small submedian setae simple-trifid. TergitesVI-
I X with comb-like groups of fine posteriorly directed spines
on anterior margins (Fig. 36d); tergites V11l and I X with
stronger spines on the central anterior margin (Fig. 36€).
Tergite VI with 2 pairs of small submedian, simple-bifid
setae. Tergite X with 1 pair of short terminal spines.
Pleural membrane usually with 2-3 setae per segment.
Sternites|11-1X with anterior medial group of microspines
(Fig. 38d); sternites V-V with 2 plates divided by medial
membranous area. SternitelV with 3 pairsof submedian
tolateral setae and 1 pair of stout hooks (simple or bifid)
(Figs38a, b). SterniteV with 2 pairsof lateral setaeand 2
pairsof stout hooks (bifid or trifid) (Figs 38b, ). Sternites
VI-VII with 4 plates, each divided by membranous aress,
each plate bearing 1 hook (simple-trifid).

LARVA (find instar) - Length: 8.4-9mm (X=8.8mm,n=
5); head capsulelateral length: 0.66 mm (0.66 mm, n=5);
dorsal width: 0.97 mm (X=0.97 mm, n=5). Genera col-
oration dark brown (in Carnoy’s solution). Head cap-
sule (in dorsal view) with dark area on the mid to poste-
rior region, forming asubtriangular pattern (Figs 39, 41);
with simpleor bifurcated setae. Cervical scleritessmall,
eliptical, freein the membrane (Figs 39, 41). Postgenal

Fig. 37: dorsal view of part of abdominal tergites I1-1V of pupa of
Simulium bifenestratum n. sp. (Diptera: Simuliidae). Arrows indi-
cate spots, elongated and not pigmented, on the median region of
these tergites.

cleft triangular, widest at base (Figs 40, 43), postgenal
bridge 0.95 times as long as hypostoma (Fig. 43). Sub-
esophageal ganglion pigmented (Fig. 40). Antenna as
long aslabral fan stalk (Fig. 39); distal, medial and proxi-
mal articles of different sizes (proportions of articles,
proximal to distal, excluding apical sensillum, 1:1.8-
1.9:0.8-0.9) (Fig. 42). Hypostoma (Fig. 44) median tooth
shorter than the lateral teeth; two paralateral teeth; 5-7
lateral serrations and 8-9 setae (per side). Labral fan
with 45-48 primary rays. Lateral mandibular process not
seen. Body covered with simple setae. Cuticle in the
antero-lateral region of the body, around the histoblast,
not darkly pigmented, with small, white dots, each sur-
rounding a seta (Fig. 45). Ventral posterior tubercle ab-
sent (Fig. 48). Anterodorsal arms of anal sclerite shorter
in length than posteroventral arms (Fig. 46). Posterior
proleg bearing 152-158 rows (X = 154, n = 3) with 16 - 19
hooks (X =18, n = 6). Anal papillae with three branches,
each with 20 - 26 lobesfinger-shaped (Figs 47, 48).

TYPES - Holotype (Inpa) - Male (pinned), collected in
Verde stream (22°43' S; 44°37' W), Bocainamountain chain,
Sa0 José do Barreiro county, state of Sao Paulo, Brazil;
collectors N Hamada and M Pepinelli, 16/V/2003.
Paratypes - same locality, date and collector as holotype:
Inpa- 1 pinned female, 2 pharate females, and 2 pharate
males in permanent slide mounts with pinned thorax, 10
larvae and 10 pupae in 80% ethanol; MZUSP - 10 larvae
and 10 pupaein 80% ethanol; UFSCAR - 1 pinned female,
1 pharate female, and 1 pharate male in permanent slide
mount with pinned thorax, 10 larvae and 10 pupaein 80%
ethanol.

ETYMOLOGY - Thenameof thisspeciesisderived from
bis(L.) =two, and fenestra(L.) = window, in referenceto
the two openings on the anterior region of the pupal co-
coon.

DIAGNOSIS- Thelast-instar larvaof S bifenestratumn.
sp. can be distinguished from the last-instar larvae of the
other species in the subgenus Chirostilbia by the pres-
ence of white dots on the lateral region, around the gill
histoblast (Fig. 45) and by the short length of the post-
gena cleft (Fig. 43). The pupa cocoonisthick and hard,
with two openings on the anterior region (Figs 23-25); no
other known Brazilian black-fly specieshasacocoonwith
this configuration. The pupal head plate alsoisvery dis-
tinctive, having the marginal area, especialy the lateral
region, elevated (Figs 27, 30), with large tubercles (Figs
31, 32). Gill filamentsare 10in number, thicker at their base
than the apical region and arranged in athree-dimensional
way around the head and thorax (Figs 24-26, 28, 29). Three
species in the Chirostilbia subgenus have pupae with
similar numbersof gill filaments (D’ AndrettaJr 1954, Py-
Daniel 1987, Py-Daniel et al. 1988). Smuliumdistinctum
Lutz, 1910 and Smuliumriograndense Py-Daniel, Souza
eCaldas, 1988 have 10 gill filaments, but they are thinner
and arranged in a different way. Simulium friedlanderi
Py-Daniel, 1987 has 11 gill filaments, shorter and thicker
than those of the new species. Male genitaliaare similar
to those of S. distinctum and S. riograndense, but char-
acters at the larval and pupal stages can easily distin-
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Fig. 38: ventral view of abdomen of pupa of Smulium bifenestratum n. sp. (Diptera: Simuliidae) - a-c: hooks on sternites 1V-VII; d: comb

of spines on tergite VIII

guish these speciesfrom the new species. Female scutum
does not have the characteristic banding pattern of many
of the speciesin the subgenus Chirostilbia, but the geni-
taliaare similar to those of the femalesin this subgenus.

Bionomics - We have no information on the female
feeding habits of this species; it was not collected biting
humans during the field collection. Larvae and pupae
were collected in one stream with bedrock, width around
10m, at high elevation (1500 m) in natural grassland. Water
temperature was 10°C, pH was 6.9 and el ectrical conduc-
tivity wasbelow 20 uS/cm.
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head ventral view. Fig. 44: hypostoma. Fig. 45: body anterior region, lateral view. Fig. 46: anal sclerite. Fig. 47: part of anal papillae. Fig.

48: body terminal region, lateral view
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