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Abstract. —Keys, descriptions, and illustrations are provided to aid in the identification of
the females, males, pupae and larvae, where each is known, of the eight species assigned to the
subgenus Psilopelmia, of the genus Simulium, in the contiguous United States. Two species,
S. (P.) labellei, and S. (P.) robynae, are described as new. Remarks concerning the taxonomy
and biology of each species are provided, and the known distributions by state and county are
given.

TABLE OF CONTENTS

N o Y 1 = Vet 301
INtrOAUCHION ... oottt ettt et ettt et e e e e e 301
Materials and Methods. .. ... ... i e 302
Taxonomic TTEAtMENT .. .. ...\ttt ettt e ettt et et e et ee i 304
Genus Simulium, Subgenus Psilopelmia............ ... ... . i iiiiiiiiieiinnn 304
Keys to the Species of Psilopeimia in the Contiguous United States ............... 305
Females .. ..o e e e 305

M alES ...t e e e 305
PUDAE . ..o 307
5 o TP 308
SPecies DESCIIPLIONS . . ..ottt sttt e et e 308
Simulium (P.) bivittatum Malloch ......... ... ... ... ... e 308
Simulium (P.) griseum Coquillett. . ... ... ... .. ittt . 319
Simulium (P.) mediovittatum Knab . .. ..... ... ... ... ... 329
Simulium (P.) notatum Adams . . ... . . 338
Simulium (P.) trivittatum Malloch . ... ... ... 341
Simulium (P.) venator Dyar and Shannon ................. . ... ..o iiiun.. 353
Simulium (P.) labellei Peterson, new Species .. ................ooiuiiiuunnen.. 360
Simulium (P.) robynae Peterson, new SPecies . ...............couuiuiuiuenennn. 368
AcknOWIEdBMENTS . . .. .. 382
Literature Cited ... .. ...ttt e 383

This paper treats cight species of the subgenus Psilopelmia Enderlein, of the genus
Simulium Latreille. It is the first of several works intended to treat the species of
various subgenera of the genus Simulium. This study has some applicability to the
fauna of Canada and Mexico, but emphasis has been placed on the species within
the contiguous United States.
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Table 1. Biting Records

HOSTS Black Fly Species

bivittatum grisseum labellei mediovittatum notatum robynae trivittatum venator

Man X X X X X
Horse X X X X X X
Mule X

Donkey X

Cattle X X X? X

Dog X
Rabbit X X X

Hawk X?

Owl X?

This paper is a descriptive work with keys and figures to facilitate the identification
of the species treated, some of which are pests of livestock and, to a lesser extent,
other animals and man (Table 1). It deals with the morphospecies level of black fly
identification, or the species as they are currently known. Hopefully, it will be of use
to other systematists who may eventually utilize cytotaxonomic or other techniques
to check for cryptic species, or attempt a phylogenetic analysis of the group.

MATERIALS AND METHODS

The males of each species are rather uniform in their color patterns, and these
patterns, in combination with genital characters, usually allow accurate identification.
On the other hand. the yellowish females are quite variable in their color patterns
and intensity. This variability, whether naturally occurring or due to recency of
emergence or other factors, is especially evident between dry, pinned specimens and
those preserved in fluid. With experience, most specimens can be reliably identified
to species despite such color variations. However, there are both male and female
specimens that somehow defy identification, and no claim is made that the keys will
allow perfect identification of all specimens. The pupae and larvae are much more
difficult to separate but the keys should be helpful in most cases. Freshly preserved,
mature larvae (those with darkened respiratory histoblasts) and pupae are easier to
identify than immature specimens or those that have been preserved for a long time
in fluid. Both the keys and descriptions were prepared using recently collected, or
other available, reared adults and their associated pupal pelts and mature larvae.

Because most black fly genera contain cryptic species complexes, some, or perhaps
all of the species recognized here by morphological features may eventually prove
to consist of such complexes. As part of this study I wanted to determine, if possible,
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whether the various thoracic color patterns were due, at least in part, to some mi-
crostructure of the integument of the dorsum of the thorax, or if these patterns were
due to pigment or other factors. As can be seen by the appropriate micrographs (Figs.
130-132, 135, 141, 143, 150-151), color patterns probably are due, at least in part,
to the microstructure (microtomentum) of the thorax. Hannay and Bond (1971b)
working with Simulium vittatum Zetterstedt, and Lowry and Shelley (1990) using
three Neotropical species of Simulium, demonstrated structures, similar to those
shown here, that they indicate are responsible for various thoracic color patterns.
This approach may prove useful in separating cryptic species that are so prevalent
in the Simuliidae, if such resolutions are possible.

This study was based largely on material available in the collection at the National
Museum of Natural History, Smithsonian Institution (USNM), and that collected
and reared by the author over the past several years. Holotypes, and other important
supplementary material, were furnished from institutional and personal collections
as listed in the acknowledgments. As a result, types of all the valid and synonymous
species mentioned in the text have been examined.

To conserve space, distribution records are listed by state and county, in alpha-
betical order, followed by the earliest and latest collection dates within each county,
and the life history stages of available material (A = adults, P = pupae, L = larvae).
A complete list of locality data is available from the author upon request, and is on
file at the National Museum of Natural History.

In the literature citations of the synonymies, I usually give the page number of the
first occurrence of the name. However, in a few instances I give the page number on
which the most important discussion or notation of the taxon appears. An effort was
made to include as many references for each taxa as possible. Because it was im-
possible to examine representative specimens from all of the studies cited, I simply
accepted the identifications of most authors. Consequently, I cannot vouch for the
accuracy of many of their identifications. Obvious or suspected misidentifications
are indicated in the appropriate places in the text.

Most of the illustrations used in this paper were prepared by various artists with
the former 406th Medical General Laboratory, U.S. Army, Japan (see acknowledg-
ments). A few of these apparently were made from pale specimens, or show features
in a slightly different way or from a slightly different angle than described in the text.
This does not negate either the figure or the description of such features in those few
instances where such differences occur (e.g., some leg patterns, ventral view of ventral
plate of the aedeagus, larval head capsules).

The scanning electron micrographs that accompany this paper were made from
reared specimens stored in alcohol, dehydrated using a critical point dryer, and
prepared for SEM study. Most of the micrographs were made using a Cambridge
Stereoscan 100, while those at very high magnifications were made with either the
Cambridge Steroscan 250 Mk 2, or the Hitachi Model 570. Micrographs were made
of structures that were difficult to see under a dissecting or compound microscope.
It was not always possible to obtain the same views of these structures, and micro-
graphs of some parts could not be obtained.

The terminology employed in this study is essentially that used by Peterson (1981)
with the few minor exceptions as described and used by Currie (1986).
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TAXONOMIC TREATMENT

Genus Simulium Latreille
Subgenus Psilopelmia Enderlein

Psilopelmia Enderlein, 1934:283 (as genus). Type species: Psilopelmia rufidorsum
Enderlein (original designation) = Simulium escomeli Roubaud (Vargas and Diaz
Najera, 1953a:146). Smart, 1945:465. Vargas, 1945¢:101. Vargas and Diaz Najera,
1957:158; Vargas and Diaz Najera, 1959:110; Hidalgo Escalante, 1959:28; Stone,
1963:16; Stone, 1965:186; Vulcano, 1967:5. Rubtsov, 1968:358; Crosskey, 1969:
68; Rubtsov, 1974:276; Peterson, 1981:376; Coscaron, 1987:30; Crosskey, 1988:
433.

Lanea Vargas, Martinez Palacios and Diaz Najera, 1946:103. Type species: Simulium
haematopotum Malloch (orig. desig.). Vargas and Diaz Najera, 1948a:69. Vargas
and Diaz Najera, 1948b:322. Vargas and Diaz Najera, 1949:285. Vargas and Diaz
Najera, 1951a:130. Dalmat, 1955:69; Stone, 1963:11. Vulcano, 1967:5. Crosskey,
1988:466.

The literature cited in the synonymy includes only those papers that contain a
characterization of the subgenus, include keys for distinguishing the various life
history stages from those of other subgenera, or which include this subgenus in
catalogs and lists.

The subgenus Psilopelmia has been amply characterized by Stone (1963), Coscaron
(1987), and, to a much lesser extent, Crosskey (1969). The subgenus, based upon the
species studied for this report, can be characterized as follows:

ADULTS: Basal section of R bare; Sc without setae ventrally. Thorax usually with
at least some yellow or orange areas, and often densely pruinose, or with a bold
dorsal pattern of one or more variably elongate, straight or curved stripes. Calcipala
usually small and inconspicuous but may extend to or slightly beyond pedisulcus.
FEMALE: Fronto-ocular triangle present; frons pruinose; cibarium with variably
developed setalike or broader denticles. Hind tibia slender, without noticeable angle;
hind basitarsus not widened; claw weakly curved, without a subbasal tooth but may
have a fairly well developed heel. Lower margin of anal lobe not emarginate, either
angulate or attenuate below and sometimes extended well below ventral margin of
cercus. MALE: Gonostylus about % as long as gonocoxite, flattened, quadrangular,
distal margin subtruncate with a variably prolonged or acute inner distal angle bearing
a single short spine; base of paramere corrugated, arms with variably developed
spines, apex of arms sometimes with a slender, wrinkled, membranous, rodlike
process that extends internally from tips of arms of paramere (I have not seen this
feature among other North American black flies). PUPA: Thorax usually but variably
granulose dorsally. Abdomen with transverse rows of spines on more than tergites
2-4, those on 8 at least 16 in number; some dorsal spines on abdomen in contiguous
comblike rows; terminal spines present but small; ventral spines present on sternites
4-6. Respiratory organ (gill), with 6—8 long, pale whitish to yellowish, slender fila-
ments. Cocoon slipper-shaped, usually tightly woven with variably thickened anter-
odorsal margin. LARVA: Antenna pale, without annulations or transverse striations;
cervical sclerites small, not strongly developed; hypostomal cleft broadly rounded,
variably deep but never reaching base of hypstoma; mandible with 1 or 2 serrations
on inner subapical margin. Anal setulae usually present but minute; posterior circlet
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with less than 120 (usually less than 80) rows of hooklets; ventral tubercles usually
present but small.

Keys to separate the adults and immature stages from those of other Mesoamerican

subgenera can be found in the various papers of Vargas and Diaz Najera listed above,
and that of Dalmat (1955). Keys for the separation of the adults and larvae of this
subgenus from oiher Nearctic taxa were given by Peterson (1981).

e

»

N

1.

KEYS TO THE SPECIES OF THE SUBGENUS PS/ILOPELMIA IN THE
CONTIGUOUS UNITED STATES

Females

Thorax, in lateral view, conspicuously arched dorsally and higher than normal, anterior

face of scutum nearly vertical (Figs. 82,95, 110, 112) ....... .. ... .. ............ 2
Thorax, in lateral view, not conspicuously arched dorsally or higher than normal,
anterior face of scutum sloped upward and backward ............................. 3
Yellow to orange species, if black then thorax with distinct patches of yellow or orange
color. Terminalia as in Figures 102, 121 .......... ... .. .. ... cviu... robynae, n. sp.
Entirely black species except postpronotal lobes yellow. Terminalia as in Figures 89,
D20 o e labellei, n. sp.

Scutum unicolorous, ground color yellowish to black, with a variably dense grayish
pruinosity, without distinct stripes (stripes often discernible in alcohol preserved spec-

IMENS) (F1g. 22) .ottt e et e e e e 4
Scutum with 1 to 7 distinct stripes (visible in both dry and alcohol preserved specimens)
(Figs. 5, 39, 56, T0) ..ottt et e e e et e 5
Scutum entirely to largely yellowish orange, at most with a faint pruinosity; legs entirely
yellow; a small species, about 1.69 mm long. Terminalia as in Figure 51 ...... notatum

Scutum dark yellowish brown to black, densely grayish pruinose and often with a faint
greenish yellow hue (Fig. 22); somewhat larger species, 1.82-3.25 (av 2.59) mm long.
Terminalia as in Figure 26 .. .. ... ... . i griseum
Scutum with a single, median, usually narrow, reddish to brown stripe, remainder of
scutum rather uniformly brown to black with a dense grayish pruinosity (Figs. 39,

T0) coco0c0000000000000006000a000000000000000000606800008A800686806006000050000080 6
Scutum with 7 alternating light and dark stripes, with grayish pruinosity only on the
light stripes (Figs. 5, 56) ...ttt e et e e s 7
Anal lobe with, at most, a short, ventral convexity or lobelike process (Fig. 43b) (verified
only from Texas) .........uoiininiin e e mediovittatum
Anal lobe with a conspicuous, ventral, digitiform process (Fig. 77b) (more widely
AIStributed) . ... venator

Dark stripes on scutum distinctly yellowish orange; a pale yellowish species (Fig. 5).
Ventral digitiform process of anal lobe somewhat variable in length but not long enough
for tips to cross in normal position (Fig. 10) .......... ... ... .. .... . .... bivittatum
Dark stripes on scutum dark brown to black; a darker species (Fig. 56). Ventral digi-
tiform process of anal lobe long, slender, with a tuft of apical setae, the processes of
both sides somewhat variable in thickness but always long enough to cross each other
in normal position (Figs. 61, 136) ........ .. ... . i trivittatum

Males
(Male of notatum not known)

Thorax, in lateral view, conspicuously arched dorsally, higher than normal, anterior
face of scutum nearly vertical, top of head distinctly below top of thorax and often
about on a level with top of scutellum (Figs. 111, 113)
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1.” Thorax, in lateral view, normal, not conspicuously arched or higher dorsally than
normal, if conspicuously arched, then anterior face of scutum distinctly sloping pos-
terodorsally, top of head often nearly as high as top of thorax ......................
Pale brownish yellow species. Arm of paramere with 2 basal spines that are slightly
stronger and more distinct than remaining parameral spines. Ventral plate of aedeagus,

(8

in ventral view, as in Figures 101, 119 ... . ... ... .................. robynae, n. sp.

2." Black species. Arm of paramere with 4-5 basal spines that are stronger and slightly
more distinct than remaining spines. Ventral plate of aedeagus, in ventral view, as in

Figures 88, 118 . ...ttt it e labellei, n. sp.

3. Thoracic ground color dark brown to black, strongly contrasting with submedian and
lateral pruinose stripes; 2 submedian stripes bright grayish pruinose, that reach and
merge with pruinosity of posterior declivity

Thoracic ground color variable; scutum without 2 submedian, grayish, pruinose stripes
that reach pruinosity of posterior declivity; however, 2 variably developed but shorter,
submedian, anterior pruinose spots may be present ................c...eieeieean...

e

4. Scutum with 2 large, submedian, triangular spots that strongly taper posteriorly and
continue as 2 very slender, pruinose stripes that merge with pruinosity of posterior
declivity. Ventral plate of aedeagus, in ventral view, broadly triangular with somewhat
rounded lateral angles (Fig. 42). Arm of paramere with 2-4 (usually 2) strong, well
defined, basal spines that are continuous with a distal cluster of 15 or more smaller,
closely placed and less well defined spines among which may be 2—4 better defined

spines that approach the basal spines in size and development .......... mediovittatum

4. Scutum with 2 broader, submedian, nearly straight or less tapered, pruinose stripes
that merge with pruinosity of posterior declivity (Fig. 57). Ventral plate of aedeagus
broadly subtriangular; in ventral view, lateral margins tapered distally to apical margin
which, in flat view, is straight or slightly convex, or if basal arms somewhat tilted
ventrally (inwardly) then apical margin curved with a short, broadly rounded, median
point (Fig. 60). Arm of paramere with 4-5 basal spines that are much longer, broader,

and better defined than apical spines . ............... ... .. ... iiiienni.. trivittatum

5. Thoracic ground color paler and more yellowish to orange brown; scutum, dorsally,
matte black, at most faintly pruinose; viewed from in front with 2 outwardly curved,
bright grayish pruinose, submedian, triangular spots that originate at posterior edge of
anterolateral yellow area of scutum and extend posteriorly about ¥>-% distance to base
of wing. Ventral plate of aedeagus, in ventral view, distinctly rectangular, with distal
margin nearly straight to slightly curved. Arm of paramere with, at most, a few enlarged,
basal spines, but these not conspicuously larger or better defined than apical spines

(FIg. O oot s bivittatum

&

Thoracic ground color darker brown to black; scutum, dorsally, distinctly grayish
pruinose, and submedian scutal spots, if present, much narrower and shorter. Ventral
plate of aedcagus, in ventral view, subtriangular to subrectangular. Arm of paramere
variable (Fig. 76)
6. Thorax black, with 2 short, submedian spots. Ventral plate of aedeagus, in ventral
view, rather slender and subquadrate or, depending on angle of view, subtriangular
and tapered distally to a point. Arm of paramere with a series of poorly defined spines,

basal 3—4 of which are shorter, stouter, and better defined (Fig. 76) ......... ... venator

6. Thorax brown to black, densely grayish pruinose. Ventral plate of aedeagus, in ventral
view, broad, subquadrate, with distal margin broadly rounded or nearly straight. Arm
of paramere with 6-8 larger and well defined basal spines and 8-12 smaller, weaker,

poorly defined spines (Fig. 25) ... ...t griseum
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Pupae
(Pupa of notatum not known)

Thorax of pupa, in lateral view, distinctly separated from head, anterior face of thorax
nearly vertical and projected dorsally well above level of top of head; anterolateral
margin of thorax with a vertical row of about 4 conspicuous, multibranched trichomes
on each side (Figs. 92, 93). Respiratory organ (gill) with 8 filaments ................ 2
Thorax of pupa, in lateral view, nearly continuous with posterodorsal portion of head,
anterior face of thorax variably curved dorsally and usually not projected as much
above level of top of head (Figs. 16, 32, 80); if conspicuously projected dorsally above
level of head (particularly male pupae) then anterolateral margin of thorax without
a row of conspicuous multibranched trichomes. Respiratory organ with 6-8 fila-
5013 11 (-3 P 3
Thorax with a multibranched trichome, similar to those on anterior face of scutum,
just posterior to base of respiratory organ and just anterior to anteroventral angle of
wing sheath; dorsal surface of thorax with 2 fanlike and 1-3 long single trichomes on
each side. Head with numerous closely placed granules, these less numerous on dorsum
OF TNOTAX . . ottt e labeller
Thorax with 2-3 posterolaterally situated, dorsal trichomes that are long and simple
or bifurcate. Head and thorax with numerous, tiny, closely placed granules ... .. robynae
Respiratory organ with 6 filaments branching 2+2+2 (dorsal-ventral) (rarely with 7
filaments branching 3+2+2) .. ... .. . . trivittatum
Respiratory organ with 8 filaments branching 3+ 3+ 2 (dorsal-ventral) ............... 4
Respiratory organ with 3 groups of filaments branching (2+1) + (2+1) + 2 (dorsal,
medial, ventral), the dorsal group on short petioles, the medial and ventral groups on
longer petioles (Fig. 50). Anterior margin of cocoon with only a slightly thickened,
narrow rim (Fig. 49) ... ... ... mediovittatum
Respiratory organ with 2-3 groups of filaments, mediolateral group branching (1+2)
not (2+1) as above (Fig. 17). Anterior margin of cocoon variable but usually distinctly
thickened (Figs. 16, 32, 67) ... .. . e e 5
Cocoon rather coarsely woven so that there often are distinct thicker and thinner areas,
anterior margin only slightly thickened; in lateral view, anterolateral margin nearly
straight but variably slanting anteromedially, anteroventral corners of cocoon variably
produced inwardly and, at times, they meet or nearly so to produce a narrow, antero-
ventral collarlike lip or rim (Fig. 80). Tergite 5 bare; tergites 6-9 each with a row of
short, fine, posteriorly directed spinules near anterior margin, those of 6 sometimes
reduced in number; this spine row of 6-7 separated by a median gap, but those of 8-
9 complete; this row of 7 continuous laterally with a few much smaller, comblike
SDINULES .. .o e venator
Cocoon more tightly and uniformly woven, without distinct thicker and thinner areas;
anterior margin of cocoon distinctly thickened. Other characters not as above ....... 6
Cocoon, in lateral view, with anterolateral margin nearly straight vertically or only
slightly slanting so that anteroventral corner of cocoon usually extends only slightly in
front of dorsal margin (Fig. 16). Tergite 5 bare except for a small patch of minute
spinules anterolaterally; tergite 6 with several small comblike series of minute spinules
that merge laterally with an anterolateral patch of even smaller spinules, numbers of
both types of spinules variable . .......... .. ... . ... ... ... bivittatum
Cocoon, in lateral view, with anterolateral margin slightly concave but distinctly sloping
forward so that up to about % of its total length extends in front of dorsal rim (Fig.
32). Tergite 5 and usually 6 bare, but if spinules present on 6 then without an antero-
lateral patch of minute spinules ... .. .. ... . . . ... griseum
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Larvae
(Larva of notatum not known)

Labral fan usually with fewer than 45 primary rays
Labral fan usually with 50 or more primary rays . ................uuuiinneeenneno . b
Frontoclypeal apotome usually with light brown but generally distinct head spots (Fig.
11) (head spot pattern often resembles that of S. venustum Say complex); hypostomal
bridge distinctly longer than hypostoma (more rarely subequal). Labral fan with 30—
40 primary rays. Posterior circlet with 70 or more rows of hooks ............ bivittatum
Frontoclypeal apotome usually without distinct spots, if spots faintly visible, then
hypostomal bridge either shorter or subequal in length to hypostoma. Labral fan with
variable number of primary rays. Posterior circlet with variable number of rows of
MOOKS .. e 3
Antenna distinctly brown to pale brown except base of proximal and distal antenno-
meres, and apex of middle antennomere which are colorless. Hypostomal cleft, hy-
postomal bridge and hypostoma subequal in length. Labral fan with about 34-36
primary rays. Posterior circlet with 60-70 rows of hooks .................. trivittatum

." Antenna faintly yellowish or faintly brownish on upper surface and transparent on

lower surface. Hypostomal cleft, hypostomal bridge, and hypostoma variable in length.

Posterior circlet with variable number of rows of hooks . ......... ... ........... .. 4
Hypostomal cleft extended about %5 distance to base of hypostoma. Labral fan with
30-36 primary rays. Posterior circlet with about 60 rows of hooks ............. griseum
Hypostomal cleft extended over Y2 distance to base of hypostoma. Labral fan with
about 36 primary rays. Posterior circlet with 75-80 rows of hooks ............. venator
Antenna longer than stalk of labral fan by %2 or more length of distal antennomere;
entirely pale yellowish. Posterior circlet with about 85-90 rows of hooks ....... robynae
Antenna at most slightly longer than stalk of labral fan; at least basal 2 antennomeres
transparent whitish to colorless. Posterior circlet with fewer than 80 or more than 100
TOWS Of HOOKS ... o e 6
Posterior circlet with about 68-76 rows of hooks. Basal 2 antennomeres colorless.
distal antennomere faintly brownish ...................... ... ... ... mediovittatum
Posterior circlet with about 110-116 rows of hooks. Antenna entirely transparent
WIS e labellei

SPECIES DESCRIPTIONS

Simulium (Psilopelmia) bivittatum Malloch
Figs. 1-17

mulium bivittatum Malloch, 1914:31 (9, original description, key, catalog, fig. 7);
holotype ¢, Type #15415 (USNM). Knab. 1914:83 (citation); Knab, 1915a (as
1914):179 (citation); Cole and Lovett, 1921:227 (biting bathers in Oregon); Cam-
eron, 1922:4 (citation); Dyar and Shannon, 1927:37 (9, key, description); Enderlein,
1930:96 (2 head); Hearle, 1932:18 (citation); Knowlton, 1935:1073 (annoying hors-
es); Essig, 1938:552 (biting bathers in Oregon); Knowlton, Harmston and Hardy,
1938:104 (Idaho); Twinn, 1938:54 (distribution in Idaho); Stains and Knowlton,
1943:278 (9, 3, key, description, figs. 81-82, 122-123, 125); Smart, 1945:502
(catalog); Vargas, 1945a:77 (2 differentiated from S. mangabeirai Vargas); Vargas,
1945¢:120 (catalog, synonymy, distribution); Knowlton and Fronk, 1950:5 (Utah);
Pan Amer. Sanit. Bur., 1950:160 (literature reference (wrong reference cited, should
be 770, not 769)); MacNay, 1954:156 (Saskatoon); MacNay, 1955:201 (Alberta);
Peterson, 1955:114 (Utah); Fredeen, 1956:4 (Alberta); MacNay, 1956:291 (Al-
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berta); Rubtsov, 1956:748 (citation); Fredeen, 1958:820 (Alberta); MacNay, 1958b:
272, (Saskatchewan, attacking horses); MacNay, 1958¢:340 (Saskatchewan, at-
tacking horses); MacNay, 1959a:41 (Saskatoon, annoying horses); MacNay, 1959b:
138 (Saskatoon, annoying horses); Peterson, 1959:151 (biting records); Peterson,
1960a:267 (predators), Peterson 1960b:99 (2, 8, pupa, key, distribution, type, type
locality); Wiseman and Eads, 1960:46 (Texas records); Fredeen and Shemanchuk,
1960:729 (biological notes, Alberta); MacNay, 1961c:15 (Saskatoon, annoying
horses); MacNay, 1962:179 (biting humans and animals, Alberta); Rubtsov, 1963:
531 (citation); Fallis, 1964:445 (feeding on horses); Jenkins, 1964:25 (reference to
predators); Vulcano, 1967:7 (catalog, distribution); Travis, Lee and Labadan, 1969:
124 (biology); Shemanchuk and Depner, 1971:82 (trapping); Tipton and Saunders,
1971:11 (Utah); Hall, 1974:65 (California); Jones and Akey, 1977:374 (citation),
Barnard, 1979:854 (in car top trap); Lacey and Mulla, 1979:88 (fig. 2, recovery
rate); Chance and Craig, 1986:1297 (citation); Braimah, 1987a:504 (larval filter
feeding); Braimah, 1987b:514 (larval filter feeding); Braimah, 1987¢:2395 (larval
feeding behavior); Smith and Rapp, 1987:136 (first record in Nebraska); Burger,
1987:138 (biology); Currie and Craig, 1988:159 (larva, fig. 3); Francy et al., 1988:
345 (possible vector of Vesicular Stomatitis virus New Jersey serotype); Service,
1988:196 (trapping); Pruess, 1989:433 (larval colonization on artificial substrates);
Krameretal., 1990:487 (harboring Vesicular Stomatitis virus New Jersey serotype).
Crosskey, 1990:148 (citation).

Simulium (Simulium) bivittatum, Peterson and Wolfe, 1958:564 (Canada).

Simulium (Neosimulium) bivittatum, Rubtsov, 1940:130 (assigned to subgenus Neo-
simulium).

Simulium (Lanea) bivittatum, Vargas, Martinez Palacios and Diaz Najera, 1946:138
(compared with S. (L.) zempoalense V., M.P. and D.N.); Wirth and Stone, 1956:
405 (9, 8, pupa, key, California);

Simulium (Psilopelmia) bivittatum, Vargas and Diaz Najera, 1958:13 (9, &8, pupa, key,
pupal and larval descriptions, figs. 1-16, notes); Anderson and Voskuil, 1963:127
(feeding on farm animals, California); Stone, 1965:186 (catalog, distribution); Ab-
delnur, 1968:125 (2, 8, pupa, larva, keys, Alberta); Cole, 1969:110 (brief descrip-
tion, distribution, biting); Diaz Najera, 1969:31 (citation); Depner, 1971:1150
(biology, Alberta); Peterson, 1981:369 (2, &, figs. 42, 62, generic and subgeneric
key); Fredeen, 1985:15 (2, 3, pupa, keys, fig. 23, map 16); Shipp, 1985:1826 (biology,
Alberta); Currie, 1986:41 (pupa, larva, keys, biology, figs. 111, 139, 178); Corkum
and Currie, 1987:207 (biology immature stages); Coscarén, 1987:30 (list, distri-
bution); Pruess and Peterson, 1987:530 (biology, distribution, Nebraska); Crosskey,
1988:466 (world list, distribution); Duque, Mufioz de Hoyos and Rothfels, 1988:
300 (citation).

FEusimulium clarum Dyar and Shannon, 1927:21 (9, &, key, original description, figs.
38, 52-53); Lectotype 3 (here designated) and 2 paralectotype 33, Type #28336
(USNM). Hearle, 1932:9 (description, biology, British Columbia) (misidentifica-
tion); Stains and Knowlton, 1943:266 (9, 3, key, description, figs. 27, 34-35, 55—
56); Fitch, Swenson and Tillotson, 1946:216 (misidentification, feeding on nestling
red-tailed hawks); Knowlton and Fronk, 1950:5 (Utah); Travis, Lee and Labadan,
1969:115 (biological notes).

Simulium (Eusimulium) clarum, Rubtsov, 1940:121 (citation); Peterson and Wollfe,
1958:564 (valid species, Canada).

Simulium clarum, Smart, 1945:503 (catalog, valid species); Vargas, 1945c¢:126 (cat-
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alog, valid species, synonymy, distribution); Peterson, 1955:114 (syn. of S. biviz-
tatum, Utah); Fallis, 1964:446 (feeding on long eared owl). Crosskey, 1990:415
(citation, but identity uncertain).

Simulium (Lanea) clarum, Vargas and Diaz Najera, 1951a:149 (valid species).

Simulium (Psilopelmia) clarum, Stone, 1965:186 (catalog, syn. of S. bivittatum; Cal-
ifornia); Cole, 1969:110 (syn. of S. bivittatumy);, Crosskey, 1988:466 (syn. of S.
bivittatum).

Simulium meridionale Malloch, 1914:49 (clarum in part; nec Riley, 1887) (apud
Dyar and Shannon, 1927).

Simulium (Simulium) idahoense Twinn, 1938:50 (8, original description, fig. 3a, b);
holotype 8, Type #4449 (CNC). Vargas, 1945a:77 (citation, 8 syn. of S. bivittatum).

Simulium idahoense, Stains and Knowlton, 1943:278 (syn. of S. bivittatum); Smart,
1945:502 (catalog, syn. of S. bivittatum); Vargas, 1945¢:120 (syn. of S. bivittatum).

Simulium (Lanea) idahoense, Vargas and Diaz Najera, 1951a:149 (syn. of S. (L.)
bivittatum).

Simulium (Psilopelmia) idahoense, Vargas and Diaz Najera, 1958:13 (syn. of S.
bivittatum); Stone, 1965:186 (syn. of S. bivittatum); Cole, 1969:110 (syn. of S.
bivittatum); Crosskey, 1988:466 (syn. of S. bivittatum).

FEMALE. General body color bright yellow to yellowish orange, to brownish
orange. Length: body, 2.3-3.3 (av 2.8) mm; wing, 2.2-2.7 (av 2.4) mm.

Head dark brown to black, densely silvery white pruinose on frons and clypeus,
less dense on occiput. Frons moderately broad, at vertex about % as wide as at
narrowest point, less than 2 width of head, and slightly wider than long; moderately
covered with relatively long, decumbent, pale yellow pile. Clypeus concolorous or
slightly lighter than frons; slightly longer than wide; moderately covered with rela-
tively long, ventromedially directed pale vellow pile. Occiput densely covered with
long, pale yellow pile; postocular setae pale, closely bent over eye margin. Scape and
pedicel of antenna pale yellow to yellowish orange, usually concolorous or slightly
lighter than flagellum which varies from pale yellow to brown; basal flagellomere
slightly but distinctly longer than pedicel; fine pubescence pale yellow. Mandible with
about 32-38 serrations. Blade of maxilla with 24—32 retrorse teeth. Palpus pale brown,
palpomere 3 darkest; with pale yellow setae admixed with some brownish setae;
palpomere 5 about '3 longer than palpomere 3. Sensory vesicle about %2 as long as
its segment, proximally situated, its neck very short, arising middorsally and extended
vertically, with a round mouth. Median proximal space of cibarium shallow, broadly
U-shaped, with a shallow median depression and 2 sublateral lobes each bearing a
series of short but usually conspicuous, stout seta-like denticles that sometimes extend

F—

Figs. 1-10. Sirmulium bivittatum. 1. Head of 9. 2. Palpus of 2. 3. Female sensory organ,
enlarged. 4. Proximal end of @ cibarium showing armature. 5. Female thorax, dorsal view. 6.
Hind, mid-, and fore legs of 2. 7. Claw of 9. 8. Male thorax, dorsal view. 9. Male terminalia:
a. ventral view; b. lateral view; c. terminal (end) view; d. lateral view of gonostylus; €. inner
view of left gonostylus. 10. Female terminalia: a. ventral view; b. lateral view. Abbreviations:
an Ib, anal lobe; cerc, cercus; gen fk, genital fork; goncx, gonocoxite; gonst, gonostylus; hyp vlv,
hypogynial valve; m scl, median sclerite of aedeagus; pm, paramere; spmth. spermatheca; v
plt, ventral plate of aedeagus.
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part way across median depression; dorsolateral arm short, rather broad, heavily
sclerotized.

Thorax pale grayish yellow to yellowish orange laterally and brownish yellow to
brownish orange dorsally. Postpronotum pale yellow to yellowish orange, distinctly
paler than scutum, sometimes pruinosity of thoracic vittae extends onto all or part
of postpronotal lobe; covered with moderately long, semi-erect to erect, pale yellow
pile. Scutum with 7 alternating stripes, median and sublateral stripes of yellowish to
brownish orange ground color, median stripe reaching anterior margin, sublateral
stripe extended to base of postpronotal lobe; median stripe ending posteriorly at
anterior edge of posterior declivity; sublateral stripe extended to near anterolateral
angle of scutellum; submedian and lateral stripes bright silvery white pruinose, sub-
median stripe united with pruinose posterior declivity, lateral stripes usually extended
to hind margin of notopleural ridge but sometimes extended to, and united with,
posterior declivity; pollinose stripes anteriorly sometimes extended, in varying den-
sities, overall or portions of postpronotal lobes essentially surrounding dark sublateral
stripes; scutum moderately covered with short, recumbent, pale yellow (golden yellow
in some views) pile which is longer along lateral margin and still longer and semi-
erect to erect posteromedially. Scutellum yellow to yellowish orange; densely covered
with long, pale yellow setae. Postnotum brownish black to black, with a light silvery
white pruinosity, and often with a faint to distinct, narrow, median yellowish basal
spot or longitudinal line. Pleuron usually pale grayish yellow but sometimes brownish
orange, moderately pruinose; katepisternum usually brown to brownish black, some-
times mottled with yellow or rarely entirely yellow or orange; anepisternal membrane
pale grayish yellow, lightly pruinose; mesepimeral tuft small, pale yellow.

Wing membrane hyaline; veins yellowish; base of costa and stem vein with paie
vellow setae, rest of setae on veins pale yellow, spinules black; fringe of calypter and
anal lobe pale yellow. Halter pale yellow, with pale pile.

Legs: Foreleg yellow to orange yellow, base of first tarsomere sometimes yellow
otherwise all tarsi brown to black, slightly swollen. Midleg with coxa yellowish brown
to brown, femur, tibia and basal % of 1st tarsomere and basal half of 2nd tarsomere
yellow, rest of tarsomeres brown to black. Hind leg with coxa yellowish brown to
brown, femur yellow, browned on about apical Y, tibia yellow, browned on apical
Y4 to Y3, 1st tarsomere yellow, brown on about apical %, 2nd tarsomere yellow on
basal %2 (including pedisulcus), remainder and apical tarsomeres brown to black; hind
basitarsus about 5 or 6 times as long as broad; calcipala small, inconspicuous; ped-
isulcus small, inconspicuous, but deep. Claw simple, evenly but not strongly curved
from base.

Abdomen largely grayish yellow, sometimes more brownish orange, terminal seg-
ments dorsally and pleural membranes more grayish; basal scale (tergite 1) pale
yellow, with a fringe of long pale yellow pile; tergites 2—6 dark matte brown, these
slightly increased in size posteriorly; pleural membrane of segments 3 and 4 each
with an irregular dark mark; abdomen moderately covered with mostly short, re-
cumbent, pale yellow pile; sternites 1-7 weakly sclerotized, often difficult to discern,
sparsely covered with short, pale setae; sternite 8 more heavily sclerotized, dark
brown, with long, mostly yellow setae interspersed with some dark brown setae.

Terminalia as in Figure 10. Anal lobe broad dorsally, slightly broadened ventrally
to just below ventral margin of cercus where there is a varyingly prominent bulge at
its posterior edge, then tapers obliquely anteriorly to a moderately long, slender,
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fingerlike process that is about %3 as long as total height of anal lobe; anal lobe
moderately setose, digitiform process covered with short, fine setae. Cercus promii-
nent, subrectangular, slightly higher than long, hind margin strongly rounded, mod-
erately setose. Hypogynial valve rather short, not extended to anterior margin of
cercus, each valve with a short median lobe that is bare and weakly sclerotized and
often difficult to see, medial margins of lobes diverge obliquely, and sparsely micro-
setose basally. Stem of genital fork long, heavily sclerotized, about 3 times longer
than arms; arm short, weakly sclerotized, with a prominent rounded lobe at inner
distal corner, and a narrow, heavily sclerotized ridge along proximal margin and with
a long, slender toothlike process at inner proximal angle; arm narrowly attached to
segment 9. Spermatheca subglobular, heavily sclerotized, with a faint reticulate pat-
tern.

MALE: General body color velvety brown to black, thorax dorsally variously
marked with yellow or orange. Length: body, 2.4-3.0 mm; wing, 1.8-2.1 mm.

Clypeus densely grayish pruinose. Occiput, lower marginal area between eyes, and
frons with long, brownish or black setae; clypeus with erect, yellow pile. Scape, pedicel
and basal half of first flagellomere yellow, rest of antenna brown to black; first
flagellomere slightly longer and more narrow than pedicel; fine pubescence pale
yellow. Palpomere 3 black, 4 and 5 grayish brown, all with black pile; palpomere 5
slightly less than 3 times longer than palpomere 3. Sensory vesicle small, globular,
about % to Y, as long as its segment; neck short, indistinct, with a small round mouth.

Prescutum black. Postpronotum yellow, concolorous with anterolateral corner of
scutum, with long, pale yellow pile. Scutum varying from entirely black to reddish
brown, and with varying amounts of yellow or orange; usually black with anterolateral
corner yellow and a central black portion that reaches anterior margin, lateral margin
and most of notopleuron rather broadly yellow and grayish pruinose, extended to
near base of wing; posterior declivity varying from all black and densely grayish
pruinose to having varying amounts of orange or yellow to being entirely yellow
roughly in an M-shape; scutum when viewed from in front, with an outwardly curved,
bright grayish pruinose mark originating at posterior edge of anterolateral yellow
area of scutum and extended posteriorly to about half distance to base of wing;
scutum densely covered with recumbent, golden yellow pile that is longer anteriorly
and laterally, posterior declivity with long, erect to semi-erect yellow pile some of
which is directed anteriorly. Scutellum varying from yellow to dark yellowish brown,
distinctly paler than scutum; densely covered with long, yellow setae. Postnotum
brownish black, grayish pruinose, contrastingly lighter than velvet black of scutum.
Pleuron black, mesepimeron mottled with yellow below wing base and behind mid-
coxa; anepisternal membrane yellow to brown; mesepimeral tuft yellow.

Wing membrane hyaline, veins pale yellowish; base of costa and stem vein with
yellow pile, rest of setae on veins black; fringe of calypter and anal lobe yellow. Halter
pale yellow with yellow pile.

Legs, especially hind leg, somewhat variable in color. Foreleg usually yellow except
for black tarsus, sometimes coxa, trochanter and dorsal surface of femur and tibia
brownish and apex of tibia with a narrow brown ring. Midfemur, tibia, basal ¥, of
basitarsus and basal half of second tarsomere yellow, remaining portions brown to
black. Hind leg usually with basal % of femur, basal %, of tibia, basal %, of basitarsus,
and basal % of second tarsomere yellow, remainder of segments black, sometimes
hind femur entirely black. Yellow portions of all tibiae with a dense grayish pruinosity;
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all yellow portions of legs with yellow setae and dark portions with black setae; hind
femur and tibia with some long. black setae along posterodorsal margin: when hind
femur entirely black it is variably covered with black and vellow setae. Hind basitarsus
not swollen. about 3 times as long as broad. calcipala short, extended about ¥ distance
to pedisulcus: pedisulcus deep but not conspicuous. Claw short and slender.

Abdomen with tergites black and remaining portion largely grayish yellow; basal
scale with a fringe of long. pale vellow pile: tergite 2 with a narrow central black
portion and lateral portion yvellowish with a dense grayish pruinosity: tergites 3-5
and 9 velvety; tergite 6 varying from having same color pattern as tergite 2 to being
entirely black but in all cases entirely densely grayish pruinose; tergites 7-8 velvety
dorsally and densely pruinose laterally. pruinosity of tergite 8 confined to lateral
edges: tergite 10 small. rectangular. about 25 broader than long: dark portions of
tergites with mostly short, black setae and occasionally with a few longer pale vellow
setae intermixed; vellow and pruinose portions of tergites and pleural membrane
with longer. yellow setae. Sternites 2-3 weakly sclerotized, pale yellow; anterior
portions of sternites 4-8 brown to black. posterior portions vellow, with a few short
black setae.

Terminalia as in Figure 9. Gonocoxite subconical, tapered distally. greatest width
and length nearly equal, sparsely setose on distal half. Gonostylus subquadrate, short,
only slightly longer than greatest width at base. sparsely covered with long setae,
apical margin with outer distal corner rounded and inner distal corner produced as
a short. narrowly rounded process bearing 1 small spine. Ventral plate of aedeagus
broadly rectangular. about % broader than long: in ventral view, body widest at
junction with basal arms. tapered distally, apical margin nearly straight to slightly
rounded but may have medial portion nearly straight, basal arm straight to slightly
bowed. short, body and basal arms nearly equal in length, proximal margin between
arms broadly concave: ventral plate. in lateral view, with short ventral lip whose
ventral face is nearly straight: ventral surface densely covered with short setae. Median
sclerite of aedeagus short. stem slightly longer than arms: arms short and imperfectly
separated, distal margin of each arm oblique with a narrow, sclerotized ridge. Ae-
deagal membrane densely covered with minute, pale, irregular. ridgelike cuticular
thickenings arranged in vaguely comblike series. these clearly visible only at mag-
nifications of about 200 x or more; when viewed at 400 x they appear to consist of
a series of minute setulae. Basal plate of endoparameral organ where it attaches to
inner margin of outer corner of gonocoxite, subrectangular and bearing a series of
conspicuous sclerotized, ridgelike thickenings (appearing corrugated or similar to a
leaf with strong veins); arm about 2'> times as long as basal plate. bent medially at
about a right-angle from basal plate and extended internally for a short distance and
then curved posteriorly at nearly another right-angle so that arms of both parameres
approach medially and run parallel distal to median sclerite of aedeagus: arm of
paramere composed of 20 or more poorly defined and irregularly sized teeth and
teethlike corrugations.

PUPA. Length 2.2-3.6 (av 2.7) mm. Respiratory organ (gill) (Fig. 17) 1.7-2.2 (av
1.9) mm long. usually distinctly shorter than pupa; consisting of a short, rather slender
base covered with minute spicules. and 8 filaments arranged in 3 groups whose
branching pattern is somewhat variable but usually as follows: a ventral group of 2
filaments on a long petiole. a dorsal group branching (2+1) (dorsal-ventral) on a
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Figs. 11-17. Simulium bivittatum. 11. Head capsule of larva, dorsal view. 12. Head capsule
of larva, ventral view. 13. Respiratory histoblast of mature larva. 14. Tip of mandible of larva.
15. Hypostoma of larva. 16. Cocoon and pupa, lateral view. 17. Basal portion of respiratory
organ (gill) of pupa.




































































































































































































































