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A Review of the North American Leptoconops 
(Diptera: Ceratopogonidae) 

Willis W . Wirth and William R. Atchley 

Carter's (1921) "Revision of the genus Leptoconops Skuse" was the first 
comprehensive work on this important group of biting gnats known as "black 
gnats," and remains today as the classic reference on the subject. Carter's selec
tion of critical taxonomic characters, his fine illustrations, and his careful de
scriptions of the 18 taxa known to him put the taxonomy of the genus on a sound 
footing, which remains to the present day. 

Carter recognized two genera of Leptoconopinae, Leptoconops with sub
genera Holoconops Kieffer and Leptoconops, sensu stricto, and Acanthoconops 
Carter (now a synonym of Styloconops Kieffer). Macfie (1940) regarded these, 
with Microconops Kieffer, as genera. Lee (1948) in his review of the Australian 
species followed Carter's system. Wirth (1951) briefly reviewed the American 
species and in 1952 placed the three California species in three subgenera, Holo
conops, Styloconops, and Leptoconops, noting that the California L. (Stylo
conops) freeborni did not fit well in Carter's concept of Styloconops. 

Wirth and Lee (1958) described a new genus, Austroconops, from West Aus
tralia which was intermediate in certain female characters between Leptoconops 
and Culicoides Latreille. Smee ( 1966) published an excellent revision of the 20 
Australian species including 12 new species based on characters of the male and 
female genitalia. He recognized Styloconops as a genus distinct from Lepto
conops, but did not treat Austroconops with the Leptoconopinae, leaving its 
position a moot question. 

Gutsevich (1960) recognized the two subgenera Holoconops and Leptoconops 
for the five USSR species which he keyed and described. Dzhafarov (1961) 
described five new taxa and gave a key to the species and subspecies known from 
the Transcaucasus, placing them in the subgenera Holoconops and Leptoconops. 
Cavalieri and Chiossone (1966) presented a key to the seven Neotropical species 
of the subgenus Leptoconops, including a new species from Argentina. Chan
thawanich and Delfinado (1967) revised the eight Oriental and Pacific species, 
and placed them in three subgenera, Holoconops, Styloconops, and Leptoconops. 
De Meillon and Hardy (1953) provided a key to the Ethiopian species. 

The purpose of this paper is to redescribe the previously known North Ameri
can species of Leptoconopinae and to provide names and descriptions for six new 
species and two new subgenera, a key to the North American species, and a list 
of known species. 

Because of the confusion that existed for many years in the suprageneric class
ification of the Ceratopogonidae, early authors preferred to arrange the genera 
informally into a few groups. Edwards (1926) divided the family into two groups; 
Kieffer (1925) used five groups for adults and three for larvae; Mayer (1934) 
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recognized six groups based on larvae and pupae; Thomsen (1937), Macfie 
(1940), and Johannsen (1943) generally followed Mayer's system. Tokunaga 
and Murachi (1959) did not attempt to use any subfamily and tribal classification. 
Wirth (1952) attempted to reconcile and formalize the groups based on Mayer's 
system, and arranged them into a system of four subfamilies; Leptoconopinae, 
Forcipomyiinae, Dasyheleinae, and Heleinae, and within the last named, four 
tribes: Culicoidini, Heleini, Stilobezziini, and Stenoxenini. This system has been 
fairly well accepted in general, although some changes (Wirth, 1962) have been 
and will be necessary. 

Noe (1907) suggested the recognition of the subfamily Leptoconopinae, and 
this status was followed by Enderlein (1936), Wirth (1952), and Smee (1966). 
There has been fairly general agreement in recognizing the Leptoconopinae as a 
major and distinct taxon within the Ceratopogonidae, whether as a subfamily or a 
suprageneric group. Some authors included only one genus, Leptoconops, with 
subgenera Holoconops, Styloconops, and Microconops, whereas others preferred 
raising the latter all or in part to generic status. 

Zilahi-Sebess (1960) proposed the elevation of Leptoconopinae to family 
level because of their important differences from other Ceratopogonidae, and in 
this proposal he was followed by Krivosheina (1962) and Cavalieri and Chios
sone (1966). Zilahi-Sebess based his proposal on nine adult characters and the 
structure of the larval head; Krivosheina dealt with the immatures; Cavalieri 
and Chiossone merely followed the lead of Zihali-Sebess. 

Close study of various ceratopogonid genera, however, reveals that many of the 
listed differences between Leptoconops and other ceratopogonids do not hold 
up; for example various genera contain species with reduced antenna! or palpal 
segmentation. The only really distinctive characters of the Leptoconopinae are 
the absence of the r-m crossvein and the structure of the larval head, and these 
are not sufficiently different from other ceratopogonids to warrant more than 
subfamily status. Wirth and Lee (1958) described a genus, Austroconops, from 
western Australia, the subfamily position of which is uncertain, which combines 
characters of Leptoconops and Culicoides, thus bridging this otherwise con
siderable gap between the Leptoconopinae and the Ceratopogoninae. 

Our systematic arrangement of the North American Leptoconopinae is shown 
in Table 1. We recognize only one genus in this subfamily, which we prefer to 
divide into five subgenera, as separated in the key that follows. All measurements, 
unless otherwise stated, are in millimeters. 
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TABLE I.-Numerical characters (means) of North American Leptoconops. 

Wing Costal Tibial P/H Mandibular 
Species length ratio spines ratio teeth 

Subgenus Brachyconops 
californiensis 1.07 0.30 4 0.77 20 

Subgenus M egaconops 
floridensis 1.38 0.42 3 0.60 0 

Subgenus Leptoconops 
carteri (see torrens) 

freeborni 1.85 0.55 5 0.57 19 
melanderi 1.47 0.51 7 0.72 26 
mohavensis (male) 1.27 0.25 4 

torrens 0.95 0.36 4 0.68 17 
werneri 0.74 0.21 4 0.57 II 

Subgenus Holoconops 
belkini 1.07 0.43 4 0.76 15 
bequaerti 0.78 0.44 4 0.86 17 
catawbae 0.82 0.44 4 0.83 10 
kerteszi 1.17 0.43 4 0.81 17 
linleyi 0.69 0.45 4 0.68 12 
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dian and J amaican specimens of L. bequaerti (Kieffer) and Floridian specimens 
of an undescribed species and for calling our attention to biological differences 
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phological and biological differences between L. carteri Hoffman and L. torrens 
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KEY TO THE SUBGENERA OF LEPTOCONOPS 

1. Female abdomen with lamellae broader than long ...... .. . .. . . .. . .. . .. . .. . ..... 2 
Female abdomen with elongate genital lamellae . . ..... . .. . .. .. . . .. ....... . . .. . . 3 

2. Frons and vertex with numerous spines or erect bristles; male genitalia without apicola
teral processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Styloconops 
Frons without spines or bristles, vertex with a row of setae; male genitalia with promi
nent submedian apicolateral processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . Brachyconops 

3. Female antenna with 12-13 segments; frons bare or with 1-2 setae only; palpus with deep 
enclosed sensory pit; male ninth tergum narrowed distally and bearing a median process 
or a pair of closely approximated apicolateral processes ................. Holoconops 
Female antenna with 14 segments; palpus without deep enclosed sensory pit; otherwise 
not entirely as above .. ...... . ................. . .. . ....... . ................. 4 

4. Frons bare or with at most one or two small setae; claws with basal tooth or bristle; 
spermathecae with short necks; male ninth tergum tapered with long, slender, apicolateral 
processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Leptoconops 
Frons with 4-5 pairs of mesal setae; claws without basal tooth or bristle; spermathecae 
with filiform necks; ninth tergum of male rounded and without apicolateral proc-
esses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Megaconops 

KEY TO FEMALES OF NORTH AMERICAN LEPTOCONOPS 

l. Antenna with 14 segments .... .. ....... . . .. ...... .. . ........ . ...... . . .... .. 2 
Antenna with 13 segments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

2. Genital lamellae elongate; sensory organ not sunken into third palpal segment ....... 3 
Genital lamellae broader than long, bluntly rounded posteriorly; third palpal segment 
with a deep enclosed sensory pit (tibial spurs elongate; fore tarsus with stout black 
ventral spines) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . californiensis 

3. Tarsal claws each with basal tooth; basitarsi with or without heavy spines . . .. .. . ... 4 
Tarsal claws lacking basal tooth; basitarsi without heavy spines . . . . . . . . . . . . . . . . . . 6 

4. Two large and one small spermathecae present; third palpal segment short and as broad 
as long; wing short, 0.74 . ....... ..... . ... .. ..... . .. . .. . .. . .. . ... . . . . werneri 
Two large spermathecae present, small third spermatheca absent; third palpal segment 
much longer than wide; wing long, 1.4-1.9 ...... . . .. . .. .. ..................... 5 

5. Seven tibial spines; legs with short inconspicuous hairs; fore and mid basitarsi lacking 
heavy black spines; frons without hairs or setae . . . . . . . . . . . . . . . . . . . . . . . . melanderi 
Five tibial spines; legs with abundant long fine erect hairs; fore and mid basitarsi with 
heavy black spines; frons with many long hairs ....................... . .. freeborni 

6. Fifth tarsomere longer than three and four together; tarsal claws large, without basal 
bristle; three tibial spines; terminal antenna! segment distinctly tapered distally; mandi
bular teeth absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . jloridensis 
Fifth tarsomere equal in length to third only; tarsal claws small; with basal bristle; four 
tibial spines; terminal antenna! segment not distinctly tapered apically; 16 to 18 mandi
bular teeth present . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

7. Eyes bare; abdomen moderately stout distally ............. .. . ... . . ...... . torrens 
Eyes with fine interfacetal hairs on lower portion; abdomen much elongated dis-
tally . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . carteri 

8. Two large and one small spermathecae present . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Two large spermathecae present; small third spermatheca absent ................. 10 

9. Third palpal segment broad, sensory organ considerably larger than diameter of pore 
opening; wing moderately long, l.l7, with a darkened stigma .............. kerteszi 
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Third palpal segment; sensory organ small, no larger than diameter of pore opening; 
wing short, 0.82, with darkened stigma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . catawbae 

10. Legs unicolored dark brown; wing moderately long, 1.07; third palpal segment with 
sensory pit much larger than pore opening ............................... belkini 
Legs yellowish brown, knees dark; wing short, 0.69-0.78; third palpal segment with pit 
only as large as pore or slightly larger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II 

11. Larger species, wing 0.78 long; proboscis longer, P/H Ratio 0.86; 12 to 23 mandibular 
teeth; mesonotum shining black ...................................... bequaerti 
Smaller species, wing 0.69 long; proboscis shorter, P/H ratio 0.68; 11 to 14 mandibular 
teeth; mesonotum pollinose whitish .... ... ............ ... ....... .. ... .. linleyi 

SYSTEMA nc AccouNTS 

Genus Leptoconops 

Diagnosis.-The following is based on the excellent account given by Carter 
(1921) and modified by Wirth (1952) and Smee (1966). 

Head. Eyes usually bare, widely separated in both sexes. Vertex with a trans
verse row of long supraorbital setae; frons nude, with a few setae (subgenus 
Megaconops), or with numerous long hairs or short spines (subgenus Styloconops); 
clypeus convex, hairy. Proboscis usually considerably shorter than height of head 
(the PIH ratio is that obtained by dividing the proboscis length, measured from 
the torma to the tip of the labrum, by the head height, measured between imagi
nary lines drawn between the lower eye margin and the upper eye margin). Fe
male antenna with 12 to 14 articles, which for convenience we shall call seg
ments; first segment reduced to a sclerotized ring, second and third much swollen, 
remaining segments transverse to oval except distal segment which is elongate, 
without terminal papilla; the short, intermediate segments each with two or more 
long transparent sensory spines (trichoid tube-like sensilla of Shevchenko and 
Dzhafarov, 1968); no marked difference in lengths of intermediate segments. 
Antennae of males IS-segmented, with well-developed plume. Palpus four
segmented; segments one and two much reduced and poorly separated; third 
much swollen in female and bearing a large sensory organ; fourth elongate and 
very slender. Mouthparts well developed; labrum, hypopharynx, and mandibles 
sclerotized, labium fleshy with relatively large Iabella; mandible usually with 
eight to 30 small, regular, distal teeth; maxilla with teeth larger and more widely 
separated than on mandible. 

Thorax. Arched anteriorly, with short, sparse, rarely numerous, dorsocentral 
setae; humeral pits each with two to three separate rounded membranous areas; 
scutellum with four to six strong bristles and sometimes several smaller hairs. 

Wing. Milky white, iridescent, with numerous microtrichia over entire surface; 
macrotrichia absent; distal and posterior margins with a fringe of alternating long 
and short hairs. Venation best seen in dry or stained specimens or with phase
contrast microscopy; costa short, generally not quite reaching middle of wing; 
subcosta prominent; Rl and R4 + 5 separate at base, in some species fusing a 
short distance before joining costa, forming an apparent crossvein and isolating a 
small cell, distad of this point fused costa and radius usually form a distinctly 
thickened stigma. A conspicuous intercalary vein or fold extending with slight 
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anterior arch from basal arculus to slightly in front of wing tip; r-m crossvein 
absent; media slightly bowed caudad, M 1 ending at or slightly behind wing tip, 
M2 obsolescent at base; mediocubital fork located near midlength of wing. Wing 
length is measured from the basal arculus to the wing tip, and the costal ratio 
(CR) is the length of the costa measured from the basal arculus to the apex of the 
costa, divided by the wing length. 

Legs. Moderately long; femora unarmed; tibiae each with stout ventral spur, 
fore and hind tibiae also with one or two oblique apical rows of bristles, hind 
tibia with three to seven strong spines in a distal row on inner side comprising the 
tibial comb. Basitarsi on fore and midlegs about twice as long as second tarsomere 
and about 1.5 times as long on hind legs; tarsomeres sometimes with strong ven
tral spines, at least at apices. Claws equal, small, usually less than half the length 
of fifth tarsomere; female claws similar on all legs, either simple, each with a 
bristle arising from base, or dentate, with a strong basal tooth; in male dis
similar on fore and midlegs, one simple, the other with a long basal tooth, on 
hind legs both simple. Empodium in form of minute branched bristle. 

Abdomen. In female, stout proximally, tapering distally, bearing at apex a pair 
of usually elongate, laterally flattened lamellae modified from the cerci. In the 
subgenera Styloconops and Brachyconops, the lamellae are much broader than 
long. Eighth sternum of female emarginate medially, forming a genital atrium, 
the anterior margin of the atrium sclerotized (subgenital plate) with four to ten 
strong and numerous smaller bristles. Ninth sternum of female modified mesally 
to form two postatrial sclerites, which may be separate or fused. Tenth or anal 
segment of female conically elongated between the genital lamellae. Female with 
two large sclerotized spermathecae with shape and the sclerotization of the en
trance of the ducts characteristic for each species; a small third spermatheca 
sometimes present. 

Abdomen of male slenderer than that of female; genitalia conspicuous. Ninth 
sternum very narrow; tergum usually tapering distally and, except in Styloconops, 
bearing a pair of digitiform submedian processes. Basistyle with prominent sub
basal, ventromedian, sclerotized lobe; dististyle short, tapering, armed with a 
stout blunt spine near tip. Aedeagus composed of two simple, sclerotized valves, 
fused distally with lateral projections. Parameres strongly sclerotized, each usu
ally articulated in two sclerites, the proximal one forming an oblique band 
fused with dorsolateral juncture of basistyle and tergum, the distal one with a 
prominent broad dorsoposterior apex, a ventroposterior tooth, and a projecting 
thumblike process on the ventromedian margin. 

Internal anatomy.-Gutsevich (1948) studied the internal anatomy of L. 
borealis Gutsevich. Its internal structure closely resembles that of Culicoides, 
differing mostly in such details as the nondentate apex of the hypopharynx, the 
nondentate lateral margins of the apex of the labrum-epipharynx, the hypo
gnathous orientation of the pharynx and esophagus, the complex contours of the 
esophageal pump, the form of the reservoirs of the salivary glands, the arrange
ment of the salivary ducts, the bulbiform aspect of the forestomach, and the 
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presence of four rather than two rectal glands. There is no prominent chitinous 
armature of the pharynx and esophagus such as is found in Phlebotomus. 

Immature stages.--Smith and Lowe (1948) described the immature stages of 
Leptoconops (L.) carteri Hoffman [as torrens (Townsend)] and L. (H.) kerteszi 
Kieffer. Painter (1927) described the larva and pupa of L. (H) bequaerti (Kief
fer) ; Krivosheina (1962) those of L. (H.) borealis Gutsevich; and Dzhafarov 
(1962) those of L. (L.) bezzii muganicus Dzhafarov; Clastier (1971) those of 
L. (L.) irritans Noe; and Lawrence and Mathias (1972) those of L. (S.) spinosi
frons (Carter). 

The eggs of L. kerteszi are white when laid, maturing to dark brown. They 
are banana-shaped, approximately 0.35 millimeters long and without sculpture 
on the chorion. 

The larva of Leptoconops is colorless in the first two instars, becoming yellow
ish to orange in the third, with a transparent head capsule through which the 
eyes and internal sclerites appear black. The larva is cylindrical, with 12 body 
segments, each indistinctly subdivided, giving the appearance of 21 to 23 body 
segments. The integument is bare of spines or bristles except for two small bristles 
just anterior to the mandibles. The anal segment terminates in three blunt lobes, 
one dorsal and two ventral. The larva is sluggish in movement and when disturbed 
arches its body into a circle. It feeds with a raking movement of the whole head. 

There may be a subgeneric character in the structure of the internal sclerites 
of the larval head. In L. (Holoconops) kerteszi and L. (H.) borealis, there are 
a pair of heavily sclerotized, nonopposed mandibles, a median ventral labium, a 
pair of mandibular levers, a pharyngeal apparatus with a transverse comb, an 
anteriorly projecting dorsomedian rod, and two pairs of long lateral rods ex
tending into the thorax. The posterior end of each dorsolateral rod articulates 
with the posterior end of the ventrolateral rod. Krivosheina (1962) maintained 
that these rods are equivalent to the tentorial rods of the Dolichopodidae and 
other Orthorrhapha-BJ;achycera. 

In the larva of L. (L.) carteri, the ventrolateral rods of the head sclerites are 
longer, extending into the second thoracic segment, and the dorsolateral rods are 
absent. The pharyngeal apparatus has been reduced to a U -shaped, horizontal 
sclerite lying on the floor of the pharynx and two vertical pharyngeal arches, the 
anterior one continuous ventrally with the U-shaped piece. The dorsomedian rod 
has a posterior fork but lies dorsally in the head far removed from the pharyn
geal arches; near its anterior end lie a pair of fork-shaped antenna! arches, into 
which the one-segmented antennae can presumably be retracted. In this species, 
the eyes have completely disappeared. According to Clastrier ( 1971) the larva of 
L. (L.) irritans is very similar to that of carteri. 

The pupae of L. bequaerti were described by Painter (1927), L. kerteszi by 
Smith and Lowe ( 1948), L. borealis by Krivosheina ( 1962). L. bezzii muganicus 
by Dzhafarov (1962), and L. spinosifrons by Laurence and Mathias (1972). 
Pupae are 2.5 to 4 millimeters in length, have the usual ceratopogonid structure, 
usually colored black on the cephalothorax and tan to dull orange on the abdo
men. The dorsal surface of the cephalothorax bears only low rounded protu-
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berances. The prothoracic respiratory horns are unusually short and broad, each 
bearing 10 to 15 spiracular openings around the distal rim. The operculum is 
rhomboidal and smooth and bears one or two setigerous tubercules on each side. 
The abdominal segments bear characteristic rows of spine-bearing tubercles. The 
last segment is cleft for about half its length, without spines or tubercles, the 
apices bluntly rounded and directed caudolaterally. 

lArval habitat.-In Honduras and Jamaica, Painter (1927) and Davis and 
Linley (1965), respectively, reported that the larval habitat of L. bequaerti was 
sandy soil on sloping, protected beaches or in depressions near the seacoast, 
where the sand remains continuously moist for at least several weeks. These areas 
can be recognized by a subsurface algal growth (Linley, 1968b). 

Smith and Lowe (1948) found L. kerteszi in damp sand with some organic 
matter at, or just above, high tide level in the mouths of freshwater streams 
entering Bodega and Tomales bays in California. Rees (1958) found this 
species near Salt Lake City, Utah, breeding in moist sandy soil. J . D. Foulk and 
R. D. Sjogren (personal communication) found it breeding in saline marshlands 
near the Salton Sea in California and along desert springs and seepage areas. 

Rioux and Descous ( 1965) reported on the larval habitat of L. kerteszi on the 
Mediterranean coast of France, on a sandy beach with sparse vegetation of 
Phragmites bordering a lagoon. Both L. kerteszi and L. bequaerti inhabit sandy 
areas where subsoil water is within 18 inches of the surface so that the sand is 
kept damp by capillary action (Kettle, 1969). 

Whitsel et al. (1961) indicated that the larval habitat of L. torrens and L. 
carteri is in ciacked, clay soils, and that regions where the cracks are less than an 
inch across are preferred. 

Krivosheina (1962) found the larvae and pupae of L. borealis on the sand 
banks of a tributary of the Oka River near Moscow. They occur in clean sand, 
without silt or vegetation. Bettini et al. (l969a, 1969b) reported on the breeding 
places of L. bezzii and L. irritans in marshes along the coast of Grosseto Province 
in Italy. Rioux et al. (1968) defined the larval habitat of L. irritans in the French 
Camargue as occurring in halomorphic, calcareous soil, which cracks polygonally 
in drying and is characterized by vegetation of Salicornia and Arthrocnemum. 

Laurence and Mathias (1972) found that the larvae of L. spinosifrons were 
the dominant species of insect larva in the flat or backwardly sloping shelf of the 
storm beaches in the Seychelles Islands, between high tide mark and the vege
tation fringing the back of the beach. The larvae feed on the organic material in 
the beach sand, including a rich culture of microorganisms found in this ap
parently arid environment. Modification of the head capsule to accomodate the 
enlarged adductor muscles of the mandible and their insertion on the sclerotized 
ventral rods is apparently associated with extensive use of the mandibles in loco
motion through the sand as well as their primary use in scraping food into the 
mouth. 

Biting habits.- The most detailed studies on biting habits of Leptoconops 
have been made on L. bequaerti by Kettle and Linley (1967), who found that 
L. bequaerti is diurnal in its feeding activity but with maximum peaks of activity 
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in the morning and in late afternoon. They further examined the effects of four 
meteorological variables (wind speed, temperature, illumination, and saturation 
deficit) on biting rate and found wind speed to be the most important component 
although an inverse relationship was noted between wind speed and temperature 
and illumination. Females of L. bequaerti showed a strong preference for biting 
humans on the leg, where they were four times as numerous as on the arm. 

Gutsevich (1956) stated that the bloodsucking process lasts 3Y2 to 10 minutes 
for L. caucasicus and from eight to 11 minutes for L. borealis. These midges 
swarm around a person at first and are reluctant to settle down. After settling on 
the clothing, however, they rise rapidly by climbing and short flights and bite 
chiefly the face and neck, especially the ears, also getting into the hair. L. cau
casicus and L. bezzii will attack a single human in relatively small numbers·, but 
their attacks will increase disproportionately if a larger group of people assembles. 
This habit may possibly be an adaptation to feeding on animals that gather in 
herds. Gutsevich also stressed the diurnal habits of Leptoconops, their flight be
ginning shortly after sunrise, reaching a maximum during the day at a tempera
ture of 25 to 30 o C, and ceasing approximately one hour before sundown. 
Konurbayev ( 1965) observed that attacks by L. montanus in Kirgiz, Soviet Social
ist Republic, were 40 times more severe against a moving animal or man than one 
standing and a hundred-fold more frequent on a road than in a trackless area. 
Foulk (1969) observed that females of L. kerteszi had definite midmorning and 
midafternoon activity peaks on the north shore of the Salton Sea, California. 
Winds of more than eight to 10 kilometers per hour reduced their ability to 
attack. Females of L. kerteszi and L. bequaerti will imbibe a quantity of blood 
greater than their own weight (Foulk, 1967; Linley, 1966). 

Autogeny has been reported for two species of Leptoconops. In L. bequaerti, 
Linley (1968a) found that autogenous and anautogenous forms occur within the 
same population but have different mating behaviour and in some respects be
have as separate species. Rees et at. (1970) proved that L. kerteszi could repro
duce autogenously in their lab colonies in Utah and believed that this species was 
partially autogenous in the large colony cages used. 

Resting habits.-Whitsel et al. (1961) stated that in California, adults of L. 
torrens (and L. carterz) spent a considerable amount of time resting on grasses 
and low vegetation near the ground after emergence, in the morning before flight, 
and on windy days. Pre-emergence insecticide applications took advantage of 
this habit and brought significant temporary control of adult populations. Linley 
(1965a) found that blood-fed females of L. bequaerti buried themselves in damp 
sand prior to oviposition in the laboratory, but Kettle (1969) reported that this 
behavior has not been observed in the field. Konurbayev (1965) observed that 
loose sandy soil was the resting place of L. montanus in Kirgiz SSR during the 
day. Foulk (1968) found that L. kerteszi rested on the surface of brush-shaded, 
dry sand during the day and just below the surface of the sand at night. Just be
fore oviposition the females preferred to rest on moist sand and burrowed into it 
a short way to deposit their eggs. Laurence and Mathias (1972) found adults of 
L. spinosifrons in sand samples taken from the beach during the day in the 
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Seychelles Islands. No adults were observed to be active on the surface of the 
sand during the day and no swarming behavior was seen. Females that had en
gorged on blood in the laboratory and were placed in tubes containing damp sand 
quickly burrowed into the sand, using the head and the legs, where they remained 
quiescent until the eggs matured (three to four days). Unengorged females would 
bore into the damp sand, but would come quickly to the surface when the tube 
was brought from the dark into the light. 

Mating.-According to Smith and Lowe (1948) males of L. kerteszi congre
gate in large swarms of several hundred to a thousand, varying in size from one to 
2 cubic yards. When netted, these swarms were found to include a few females. 
Females found in swarms had not taken blood so it was assumed that the blood 
meal was taken after copulation. Foulk (1969) did not observe male swarms of 
L. kerteszi at Salton Sea, California. 

Rees et a/. (1970) reported that swarming in L. kerteszi from Utah usually 
precedes mating and feeding of females, but that mating can and does occur 
without swarming. In caged populations, swarming was spontaneous if the pop~ 
ulation was greater than 1000 gnats, but below that density swarming did riot 
occur unless induced by darkening the cage except for a small lighted aperature. 
During mating, females entered the swarm and left with males in copulo. In 
mating, the male mounted the female and curved the tip of the abdomen down to 
connect with her genitalia. The pair usually remained stationary, but the female 
could carry the male around on her back or attached end to end. Copulation 
usually lasted three to five minutes. 

Smith and Lowe (1948) reported dancing swarms of male L. torrens in the 
Santa Clara Valley, but in the Sacramento Valley (where L. carteri is found) 
swarms were never found. Whitsel and Schoeppner (1967) believed therefore 
that males of L. carteri probably mate with the females in proximity of the host, 
whereas in L. torrens, mating probably occurs in the male swarms. 

Linley ( 1968a) reported that the autogenous form of L. bequaerti in Jamaica 
mates on the surface of the soil whereas the anautogenous form swarms above it. 
Earlier, Linley (1965a) stated that in the field, females of L. bequaerti are al
ready mated when they come to take a blood meal. 

Economic importance.- The vicious daytime biting habits of the "black gnats" 
have been well documented in the literature (Townsend, 1893; Noe, 1905, 1907; 
Lutz, 1913; Curtis, 1957; Rees, 1958; Whitsel eta/., 1961; Kettle, 1962, 1969; 
Dzhafarov, 1964; Molotova, 1967; Bettini and Finizio, 1968; Rees and Winget, 
1970). Agricultural work is often brought to a stand-still in valley areas of 
California where gnats are abundant (Essig, 1926; Smith and Lowe, 1948). Lin
ley and Davies ( 1971) ranked L. bequaerti among the three most serious sandfly 
pests affecting tourism in the Caribbean area. Because of its daytime biting habits 
when bathers are using the beaches, and its persistence in biting in the face of 
strong breezes and winds, the annoyance of L. bequaerti in beach areas is 
greater in proportion to its numbers than that for species of Cu/icoides. 

Scarcely anything is known or has been investigated on the role of Leptoconops 
as a disease vector. Foley and Picout-Laforest ( 1923) found that L. mediterraneus 
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Kieffer is an intermediate host of a filaria found in donkeys. Kimura (1959) re
ported a dermatitis in Japan due to the bites of L. nipponensis Tokunaga. 

Surveys.-Box-type emergence traps were found to be the most practical way 
to locate and measure the productivity of Leptoconops breeding habitats (Smith 
and Lowe, 1948; Fontaine et al. 1957; Linley, 1968a; Foulk, 1968). In some 
cases (Linley, 1968a), it was necessary to pound vigorously on the trap to disturb 
the gnats enough to leave the soil and fly up into the collecting jar. Foulk (1968) 
used flower pot and box-type emergence traps to locate and measure adult 
emergence of L. kerteszi in southern California. Rees et al. ( 1970) successfully 
used box traps baited with carbon dioxide in sampling adults of L. kerteszi in 
Utah. 

Smith and Lowe (1948) and Davies and Linley (1965) described a washing 
technique for recovering L. kerteszi and L. bequaerti larvae whereby sand 
samples were placed in an upright cylindrical contaioer standing in a lar~e flat 
pan in a sink. A jet of running water was allowed to flow through the sand for 
about 15 minutes, forcing the larvae over the top of the cylinder and down into 
the pan where they collected in the relatively quiet water in the bottom and could 
easily be counted and recovered. Linley (1968a) recovered larvae by mixing 
sand samples with magnesium sulphate solution to float out the immature stages. 
High density solutions of other materials such as sugar, glycerine, or zinc sulphate 
can also be used in the flotation technique. 

Rees and Smith (1950) sampled larvae of L. kerteszi in Utah by washing soil 
samples through a series of fine-meshed screens, but found this method too time 
consuming. Rees and Smith (1952) later surveyed for larvae by spraying a toxic 
solution on the soil and observing the larvae that came to the surface and 
squirmed around before dying. Rees and Winget (1970) obtained good and rapid 
recovery of larvae from soil samples by floating them out with a saturated 
solution of sodium chloride. 

Smith and Lowe (1948) described a method for screening larvae of L. carteri 
from soil samples. Larvae could also be discovered visually by breaking relatively 
dry soil into pea-sized particles and sorting through them by hand. Fontaine 
et al. (1957) found this method slow, but still more satisfactory than attempts to 
screen larvae or float them out of the compact clay with zinc sulphate solution. 

Colonization.-Attempts by R. D. Sjogren and J. D. Foulk (personal com
munication) to colonize L. kerteszi in California were only partially successful. 
Larvae collected in the field were reared to adults and fed on mammalian blood, 
but no swarming or mating was observed in the laboratory, and no viable eggs 
were obtained. 

Rees et al. (1970) described a successful procedure used in colonizing L. 
kerteszi in Utah. Field-collected eggs, larvae, and pupae were used initially to 
stock the colony. Larvae were cultured on a medium consisting of washed oolitic 
sand, alfalfa leaf meal, and ground dog biscuits in a ratio of 200: 1: 1 moistened 
with distilled water to a content of 15 per cent water by weight. Larvae were 
reared on medium in trays kept moist by percolating water, and the trays were 
placed in large cages for adult emergence and holding. A shroud of black 
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cloth was used to cover the holding cage except for a small window, to reduce 
light and induce swarming and mating. Adults were prevented by a screen from 
reentering the larval media trays, and fresh trays of medium were placed on the 
floor of the cage for oviposition. Females fed readily on restrained rabbits or 
guinea pigs, or on a human arm placed inside the colony cage. The colony was in 
its fifth generation at the time the report was made. 

Control.-Rees and Smith (1950, 1952) and Rees (1958) described control 
measures against the larvae of L. kerteszi in Utah. Reduction in the spring of soil 
moisture to 25 per cent saturation or less will prevent the gnats from emerging as 
adults. Covering the breeding places with two feet or more of top soil will elimi
nate gnat production. Deep plowing the top soil in the fall of the year when the 
soil is dry will eliminate gnat production in the plowed area for two or more years. 
Intensive harrowing and disking of the soil when dry will greatly reduce gnat 
production in following seasons. Whitsel and Schoeppner ( 1966) stated that 
annual disking of the soil or irrigating it could markedly reduce the emergence of 
L. carteri and L. torrens in California. Sugar beets, alfalfa, and tomatoes are 
crops suited to the gnat producing soils that can be irrigated according to sched
ules that discourage gnat breeding. Linley and Davies (1971) recommended pre
ventive measures for the control of t. bequaerti in the Caribbean area. Inas
much as this species breeds in damp sand on and near the beaches, filling and 
levelling operations that will raise the sand surface to a level greater than 21 
inches above free soil water level, and will minimize depressions or channels 
extending below this level, will effectively prevent breeding in L. bequaerti. 
Rapid establishment of turf or other thick vegetation on such land fill areas will 
cut down rain erosion and will discourage gnat oviposition. Chemical control 
measures have not been considered in this review. 

Natural enemies.-Foulk (1968) observed ant lions (Myrmeleon immaculatus 
De Geer) preying on adults of L. kerteszi in California He (1968, 1969) also 
found numbers of adults parasitized by larval Microtrombidium mites. According 
to Linley and Davies (1971) a review by Bacon (1973) yielded a total of 33 
parasites and 16 predators of sandflies (Leptoconops and Culicoides). These 
include one virus, four bacteria, three fungi, fifteen Protozoa, six nematodes, 
four Acarina, one worm, 13 insects, one fish, and one lizard. 

Subgenus Styloconops Kieffer 
192 1. Styloconops Kieffer, Arch. Inst. Pasteur Africa Nord, 1:107. Type species, Lepto

conops albiventris de Meijere, by original designation. 
1921. Acanthoconops Carter, Bull. Ent. Res., 12:24. Type species, Acanthoconops spi

nosifrons Carter, by original designation. 

Diagnosis.-Frons and vertex with numerous spines or short bristles. Antenna 
14-segmented. Palpus with sensory area confined in a pit with small pore. Tarsal 
claws with small basal tooth. Basitarsus and sometimes second tarsomere armed 
ventrally with prominent spines. Female genitalia with short lamellae. Male 
genitalia short and broad; ninth tergum simple distally, without apicolateral 
processes. 
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Distribution.-This subgenus is presently known from only seven species, all 
found in the Old World tropics on shores adjacent to the Indian Ocean or western 
Pacific. We are including the diagnosis and discussion of the subgenus here 
because Wirth (1952), in his original description of L. freeborni, placed it in 
this subgenus but we now believe that freeborni more properly belongs in 
Leptoconops (sensu stricto). 

Included species.--albiventris (Meijere), 1915:98 (Leptoconops), New Guinea; australiensis 
(Lee), 1948:337 (Styloconops), New South Wales; mooloolabaensis (Smee), 1966:1021 
(Styloconops), Queensland; myersi (Tonnoir), 1924:443 (Acanthoconops), New Zealand; 
pseudosetosifrons (Smee), 1966:1023 (Styloconops), Northern Territory, Australia; setosi
frons (Smee), 1966:1022 (Styloconops), Queensland; spinosifrons (Carter), 1921:24 (Acan
thoconops), Zanzibar. 

Subgenus Brachyconops, new subgenus 

Type species.-Leptoconops californiensis, a new species described below. 

Diagnosis.- Frons without scattered spines or bristles, vertex with row of setae; 
antenna of female 14-segmented; palpus with sensory area confined in a pit with 
smaller pore; all tibiae with long, stout, apical spur; foreleg with first two tarso
meres armed with strong spines, other tarsomeres with slender, sharp, or incon
spicuous spines only; tarsal claws of females each with basal tooth; outer tarsal 
claw of male with long, slender, basal process; female genitalia with short, broad 
lamellae; spermathecae with long, filiform, sclerotized necks. Male genitalia 
with ninth tergum conical, bearing a prominent pair of clavate, submedian, 
apicolateral processes; dististyle long, distally curved; aedeagus a slender median 
rod; parameres each a bipartite, straplike sclerite with pointed distal caudal 
and ventral processes. 

Distribution.-This monotypic subgenus is known only from the deserts of 
southern California. 

Remarks.- Brachyconops forms a transition between the Australasian Stylo
conops and the section of Leptoconops containing L. freeborni and L. melanderi. 
The short, broad genital lamellae, the heavily spined proximal tarsomeres, the 
rodlike aedeagus, the threadlike spermathecal ducts, and the pitlike palpal sen
sory organ with small pore are similar to those of Styloconops. The male genitalia 
are, except for the aedeagus, entirely dissimilar to those of Styloconops, being 
more like those of L. freeborni and L. melanderi except for the differently shaped 
apicolateral processes and parameres. Brachyconops must be excluded from 
Leptoconops (sensu stricto) because of the distinctly enclosed palpal pit with 
small pore, and the unpaired, median aedeagal sclerite. Its independence from 
Styloconops and the freeborni group of Leptoconops (sensu stricto) is also shown 
in the reduced setation of the vertex and frons, more like that of Holoconops and 
the generalized Leptoconops (sensu stricto). 

Etymology.-The name Brachyconops is from the Greek, brachys (=short) 
+ konops (=gnat), referring to the short stocky body and short genital lamellae. 
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Leptoconops (Brachyconops) californiensis, new species 
(Fig. 1) 

Types.-Holotype, female USNM 70642; allotype, male, both from Palm 
Springs, Riverside Co., California, taken on 26 March 1960 by M. Wasbauer. 
Paratypes, four males and two females, as follows: type locality, same date and 
collector, two males and one female (USNM, BVC); La Quinta, Riverside Co., 
25 March 1949, G. H. and J. L. Sperry, one male; Thousand Palms, Riverside 
Co., 3 April 1955, W. R. Richards, one female (CNC); Agoura, Los Angeles 
Co., 7 April1954, J. N. Belkin, one male. 

Female.- Wing 1.07 long by 0.50 wide; CR, 0.30. 
Head. Eyes bare, widely separated, separation equal to approximately 0.35 

of total head width; vertex with three pairs of long setae in a row, frons without 
setae. Antenna (Fig. Ia) 14-segemnted; flagellar segments with lengths in pro
portion of 25-22-18-17-16-16-15-14-14-14-15-36; distal segment ovoid, slightly 
tapering distad, without terminal papilla. Palpus (Fig. 1b) with lengths of distal 
three segments in proportion of 25-50-40; sense organ a deep, irregularly ellipti
cal pit opening by a smaller round pore; mandible with approximately 20 teeth; 
P/H ratio 0 .77. 

Thorax. Shiny brownish black; mesonotum with moderately numerous sub
erect fine brownish hairs. Femora and tibiae stocky, dark brown, provided with 
numerous very slender, erect hairs; tibiae each with strong spur nearly a third as 
long as respective basitarsus, each spur with scalelike surface texture; hind tibial 
comb (Fig. li) with four spines, lengths in proportion of 28-38-38-28. Tarsi pale 
proximad, distal three tarsomeres brownish; on foreleg tarsomeres one and two 
(Fig. lj) provided with numerous stout blackish ventral spines, ventral spines 
numerous and sharp on tarsomeres one and two of mid and hind legs, incon
spicuous on distal three tarsomeres. Claws (Fig. 1 f) of all legs moderately short, 
curved and sharp, each with small sharp basal tooth. Legs with lengths of seg
ments in proportion of: (foreleg) 50-35-85-90-40-20-20-14-23; (mid leg) 50-30-
115-100-50-25-20-15-26; (hind leg) 70-30-125-120-70-50-30-17-26. Wing 
(Fig. lg) whitish with yellowish stigma. Halter with base of stem brown, knob 
white. 

Abdomen. Dull yellowish with brownish tinge; surface with sparse, short, erect, 
pale brown hairs; genital lamella whitish, short, broader than long, the posterior 
margin rounded; eighth sternum not deeply excavated, with only a small pair of 
submedian setose lobes each bearing two longer fine hairs. Spermathecae .(Fig. 
1 h) two, oval, subequal, each measuring 0.056 by 0.040, the filiform ducts sclero
tized a distance of about 0.024; small third spermatheca not present. 

Male.--Similar to female with usual sexual differences; body and legs blackish; 
thorax, abdomen, and legs with long erect dark brown hairs; antenna with lengths 
of three distal segments (Fig. 1d) in proportion of 130-54-32, plume long, dense 
and blackish; palpus (Fig. 1c) with third segment relatively short, with small 
sensory pit; claws (Fig. 1e) long, slender and curved, the outer claw with a long 
slender process about 0.7 as long as claw arising from base. Genitalia (Fig. 1k). 
Ninth tergum appearing conical in profile, dorsally at apex with a submedian pair 
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FIG. 1.-Leptoconops californiensis: a, female antenna; b, female palpus; c, male palpus; 
d, male antenna, distal segments; e, male hind leg, distal tarsomere and claws; f, same, fe
male; g, female wing; h, female spermathecae; i, female hind tibial comb; j , female fore 
leg, tarsomeres I to 2; k, male genitalia. 

of short rounded lobes; ventral side of apex with a prominent submedian pair of 
long, clavate apicolateral processes; caudoventral margin between the processes 
with a submedian pair of tubercles each bearing short spinelike setae. Basistyle 
stout at base, narrow distally, a prominent, setose, rounded, mesal lobe just proxi
mad of narrowed portion; dististyle long and gently curved, moderately slender 
distally with short, peglike subapical spine. Aedeagus consisting of a long, slen-
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der, rodlike sclerite projecting between broad basal portions of basistyles; para
meres each a bipartite, straplike sclerite, distal portions converging on midline 
just proximad to bases of apicolateral processes, apex of each paramere with 
short dorsoposterior point and a long, slender, ventromesally directed process. 

Distribution.--Southern California. 
Remarks.-The hairy body, shiny blackish thorax, brown legs, and dull yel

lowish brown abdomen of L. californiensis give a superficial resemblance to 
L. freeborni Wirth, but the latter is a larger species, the body hairs denser, with 
shorter antenna and elongate genital lamellae. 

Subgenus Megaconops, new subgenus 

Type species.-Leptoconops floridensis Wirth. 
Diagnosis.-Eyes moderately separated; frons with four to five pairs of fine 

setae; vertex with row of longer setae. Antenna of female 14-segmented, distal 
segment tapering and slender distally; palpus with sensilla borne on surface of 
third segment; proboscis short, mandible with sharp-pointed tip, without apparent 
teeth. Legs moderately stout, without strong hairs; tibial spurs inconspicuous; 
tarsi without strong ventral spines; claws strong and sharp, nearly straight, with
out basal tooth or seta in female, a minute basal seta on outer claw in male; 
em podium absent. Genital lamellae of female elongate; eighth sternum with deep 
caudomedian excavation, with fringe of fine hairs, which are longer laterally. 
Spermathecae two, necks short, minute hyaline perforations present ventrally. 
Male genitalia with ninth tergum short and rounded caudally, without trace of 
apicolateral processes; basistyle stout to apex, with inconspicuous mesal lobe 
internally; dististyle short, tapering to slender apex with long subapical clawlike 
spine. Aedeagus a long, slender, channellike sclerite with rounded caudal tip; 
parameres fused dorsally at bases, forming a short, broad median complex, joined 
anterolaterally by a pair of short, broad, basal sclerites or apodemes to the 
basistylar-tergal articulation. 

Distribution.-Known only from the type species, which is found on the sea
shores in and near the Caribbean. 

Remarks.-In most features, Megaconops is similar to Leptoconops (sensu 
stricto) , but the leg and antenna! proportions, claw structure, and setation of the 
frons are not of the kind usually found in that subgenus. The great divergence in 
the male genitalia from that found in Leptoconops (sensu stricto), which has 
simple, rounded ninth tergum and Holoconops-Iike parameres, warrants sub
generic status. 

Etymology.-The name Megaconops is from the Greek, mega (=large) 
+ konops (=gnat), referring to the large size and robust habitus of these gnats. 

Leptoconops (Megaconops) Ooridensis Wirth 
(Fig. 2) 

1951. Leptoconops (Leptoconops) jloridensis Wirth, Proc. Ent. Soc. Washington. 53:281 
(female; Florida: fig. hind leg, midleg, claws of mid and forelegs, wing, palpus, 
antenna). 
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FIG. 2.-Leptoconops floridensis: a, female wing; b, female head, anterior view; c, male 
antenna, distal segments; d, female abdomen, ventral view of terminal segments; e, male 
genitalia, aedeagus and parameres removed; f, male palpus; g, female hind leg, distal tarso
mere and claws; h, female foreleg; i, male parameres and aedeagus; j, female hind tibial 
comb; k, female hind leg; 1, female mid leg. 
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Holotype.-Female USNM 60954, Santa Rosa Island, Escambia Co., Florida, 
7 June 1949, light trap. 

Female.-Wing, 1.38 long by 0 .62 mm wide; CR, 0.42. 
Head (Fig. 2b). Eyes bare, moderately separated, separation equal to approxi

mately 0.20 of total head width; vertex with four to five pairs of long setae in a 
row; frons with four to five pairs of fine setae. Antenna 14-segmented; flagellar 
segments with lengths in proportion of 17-8-9-9-10-10-10-10-10-10-10-33, 
terminal segment distinctly tapered and slender distally. Palpus with lengths of 
distal three segments in proportion of 8-26-15; sense organ broad, not sunken 
into third segment, with dense mat of sensilla. Mandible with teeth not developed; 
P/H ratio 0.60. 

Thorax. Scutum and scutellum dull pollinose grayish black. Femora and tibiae 
stocky, dark brown to dull black; tarsi pale, claws and apex of fifth tarsomere 
dark. Legs (Fig. 2h, k, 1) with lengths of segments in proportion of: (foreleg) 
85-50-175-165-58-25-18-17-40, (mid leg) 83-43-193-168-58-25-15-15-40, and 
(hind leg) 93-53-242-198-75-58-17-19-43. Tarsomeres slender, unarmed; tarsal 
claws long, simple, lacking basal tooth (Fig. 2g); claw about half as long as fifth 
tarsomere. Hind tibial comb (Fig. 2j) with rather small spur and three spines in 
proportion of 53-45-29; wing (Fig. 2a): Yellowish white with pale stigma; halter 
brownish. 

Abdomen (Fig. 2d). Genital lamellae long and narrow; ninth sternum with 
deep, subrectangular excavation apparently forming brace for gonopore; eighth 
sternum with shallow caudomedian excavation, the margin bearing dense fine 
hairs which are longer laterally. Spermathecae two, subspherical, measuring 
0.046 by 0.040 and 0.043 by 0 .033, ventrally with minute hyaline perforations; 
necks short, parallel-sided; small third spermatheca not present. 

Male (Jamaica).--Similar to female with usual sexual differences; antenna 
with distal segments as in Fig. 2c; palpus as in Fig. 2f; claws long, nearly straight, 
with simple sharp tip, a fine seta arising ventrally near base. Genitalia (Fig. 2e): 
ninth sternum a narrow transverse ribbon; ninth tergum short and broad, 
rounded distally without apicolateral processes. Basistyle short and broad, proxi
mal portions nearly straight on midline ventrally and appressed to the narrow, 
channel-like aedeagus (Fig. 2i); angularly narrowed just past midlength with dis
tal portion narrower but still relatively stout. Dististyle moderately long and 
slender, slightly curved, tapering distally with an elongate subapical clawlike 
spine; parameres (Fig. 2i) with distal sclerites joined by a dorsal band in a short, 
broad, transverse, complex sclerite with a prominent sublateral pair of caudo
ventral processes. 

Distribution.-Colombia, Florida, Jamaica. 
Remarks.-With the mandibles lacking any trace of teeth, it is difficult to 

understand the ability of this species to bite, but two separate collections recorded 
as "biting man" are strong evidence that somehow it is able to succeed. The single 
male taken from the isolated locality in Jamaica is presumed on general char
acters of size, coloration, and close similarity in external features to be the pre-
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viously unknown male of L. floridensis, but additional collecting will be neces
sary to prove this assumption. 

Specimens examined.---CoLOMBIA: Bahia Buenaventura, "Bella Vista", 16 November 
1964, V. H. Lee, biting man near mangrove, one female. FLORIDA: Santa Rosa Island, 
Escambia Co., 7 June and 29 July 1949, light trap, holotype and two female paratypes; 
Seahorse Key, Levy Co., June 1961, Ostmark, biting man, 10 females (UF). JAMAICA: 
Negri!, Crystal Waters, Westmoreland Parish, 20 November 1968, R. E . Woodruff, light 
trap in tropical hammock, one male. 

Subgenus Leptoconops Skuse 
1889. Leptoconops Skuse, Proc. Linn. Soc. New South Wales, 4:388. Type species, 

Leptoconops stygius Skuse, by monotypy. 
1893. Tersesthes Townsend, Psyche, 6:370. Type species, Tersesthes torrens Townsend, 

by monotypy. 
1901. Centrotypus Grassi, Mem. Accad. Lincei, ser. Sa, 3:332. Nomen nudum. 
1905. Mycterotypus Noe, Renn. Accad. Lincei, 14:114. Type species, Mycterotypus bezzii 

Noe, by designation (Carter, 1921, Bull. Ent. Res., 12:3). 
1912. Mycteromyia Lutz, Mem. lnst. Oswaldo cruz, 4:24 (not Philippi, 1865), lapsus for 

Mycterotupus Noe. 
1918. Schizoconops Kieffer, Ann. Mus. Nat. Hungariei, 16:135. Type species, Schizoconops 

indicus Kieffer, by original designation. 
1921. Protersesthes Kieffer, Arch. lnst-Pasteur Afrika Nord, 1:107. Type species, 

Tersesthes brasiliensis Lutz, by original designation. 

Diagnosis.-Antenna of female 14-segmented. Frons bare, rarely with one to 
two setae; vertex with a row of setae. Palpus with sensilla scattered over mesal 
surface or confined to a large open depression on the third segment; tarsi with 
strong ventral spines only at apices of basitarsi. Female genitalia with long 
tapering lamellae; two sclerotized spermathecae present, occasionally a small 
third one, the sclerotized necks usually short; male ninth tergum with a pair of 
slender, digitiform apicolateral processes. 

Included species.-bezzii (Noe), 1905:114 (Mycterotypus) , Italy; bidentatus Gutsevich, 
1960:127, USSR; brasiliensis (Lutz), 1913:66 (Tersesthes), Brasil; bullsbrookensis Smee, 
1966:1008, Western Australia; bundyensis Smee, 1966:1007, New South Wales; camelorum 
(Kieffer), 1921a:111 (Tersesthes), Algeria; capensis De Meillon and Hardy, 1953:24, South 
Africa; carteri Hoffman, 1926:133, California; casali C.tvalieri and Chiossone, 1966:45, 
Argentina; caucasicus Gutsevich, 1953:235, USSR; chilensis Forattini, 1958:38, Chile; 
dixi de Meillon, 1936:141, Southwest Africa; endialis Smee, 1966:1010, Northern Territory, 
Australia; flaviventris Kieffer, 1917:190 (1918:34), Tunis; freeborni Wirth, 1952:115, Cali
fornia; fuscipennis Clastrier et al., 1961:93, North Chad; grandis Carter, 1921:12, Western 
Australia; halophilus Smee, 1966:1010, Western Australia; harrisoni de Meillon and Hardy, 
1953:22, South Africa; indicus (Kieffer), 1918:135 (Schizoconops), India; inopinatus Huttel 
and Huttel, 1952:45, France; interruptus (Enderlein), 1908:460 (Mycterotypus), Southwest 
Africa; irritans (Noe), 1905:118 (Mycterotypus), Italy; leptorhynchus Chanthawanich and 
Delfinado, 1967:295, North Borneo; lisbonnei Harant and Galan, 1944:170, France; 
longicornis Carter, 1921: 11, Western Australia; longipalpis (Kieffer), 1923:657 (Micro
conops), Algeria; lucidus Gutsevich, 1964:192, Alma-Ala, USSR; mackerrasae Smee, 1966: 
1006, Queensland; melanderi Wirth and Atchley a new species described below, Washing
ton; mohavensis Wirth and Atchley a new species described below, California; muganicus 
Dzhafarov, 1961:67 (as bezzii subspecies), Transcaucasus SSR; nicolayi de Meillon, 1937: 
330, Belgian Congo; nigripes Dzhafarov, 1961:68, USSR; nipponensis Tolunaga, 1937:262, 



22 GRADUATE STUDIES TEXAS TECH UNIVERSITY 

Japan; nivalis Smee, 1966:1012, New South Wales; obscurus Smee, 1966:1014, New South 
Wales; parvicheta Chanthawanich and Delfinado, 1967:297, North Borneo; petrocchiae 
Shannon and Del Ponte, 1927:734, Argentina; rhodesiensis Carter, 1921:14, Rhodesia; 
riverinaensis Smee, 1966:1009, Australia Capitol Territory; rufiventris (Kieffer), 1923:658 
(? Microconops), Biskra; siamensis Carter, 1921:20, Thailand; smeei Wirth and Atchley, a 
new name for tongipatpis Smee, 1966:1007; Western Australia; ·stygius Skuse, 1889:288, 
New South Wales; torrens (Townsend), 1893:368 (Tersesthes), New Mexico; turkmenicus 
Molotova, 1967:627, Turkemen SSR; venezuetensis Ortiz, 1952:165, Venezuela; werneri 
Wirth and Atchley a new species described below, California; woodhilli Lee, 1948:334, 
Northern Territory, Australia. 

Leptoconops (Leptoconops) carteri Hoffman 
(Fig. 3) 

1926. Leptoconops carteri Hoffman, Bull. Ent. Res., 17:133 (female; Sacramento Valley, 
California; fig. antenna, palpus, spermathecae, genital lamellae). 

1934. Leptoconops torrens (Townsend of authors, misidentified), Freeborn and Zimmer
man, Bull. Ent. Res., 25:258 (male, female redescribed from California; fig. wing, 
palpus, abdomen of female, male genitalia); Smith and Lowe, 1948, Hilgardia, 18: 
173 (western Sacramento Valley, biology, figs. larva); Ortiz, 1952, Rev. Sanid. Asist. 
Soc., 17: 168 (female redescribed from Davis, California; fig. wing, pal pus, abdomen 
of female, male genitalia); Fontaine et at. , 1957, J . Econ. Ent., 50:764 (Davis, Cali
fornia; ecological notes); Whitsel et at. 1961 , Proc. 29th Conf. California Mosquito 
Control Assoc., p. 32 (California; biology and control); Whitsel and Schoeppner, 
1966, California Vector Views, 13:17 (California; biology and control). 

Lectotype.-Female (USNM 29208), mounted, from Maine Prairie, Cali
fornia, 15 June 1922, B. G. Thompson, here designated from 35 syntyp€S from 
Maine Prairie, Franklin, and Birds Landing in the Sacramento Valley, California, 
on the basis of which this species was described (32 in USNM, one each in 
British Museum (Natural History), Johns Hopkins Univ., and Hoffman collection 
at Univ. Puerto Rico). 

Female.--See L. torrens for detailed description; differs as follows: Eyes with 
microscopic interfacetal pubescence (Fig. 3j); abdomen much elongated and 
narrowed distally; spermathecae (Fig. 3i) short oval with elongated necks bearing 
one to six microscopic flanges. 

Male.--See L. torrens for detailed description. As in L. torrens, but genitalia 
(Fig. 3c,d) with mesal lobe of basistyle small, not prominent. 

Distribution.- Level terrain of the Central Valley of California. 
Biology.- Most of the accounts of the habits of the "valley black gnat" given 

by Smith and Lowe (1948), Fontaine et al. (1957), Lauret (1958), and Whitsel 
and Schoeppner (1966) actually refer to L. carteri, which had been considered a 
junior synonym of L. torrens. The following discussion is a partial summary of 
these works. 

In California, L. carteri is associated with clay-adobe soils that have become 
cracked due to decreasing moisture. The larvae are most abundant at depths be
tween 18 and 30 inches in soils containing expanding clay in excess of 40 per 
cent. Smith and Lowe (1948) reported such clay-adobe soil to have a pH of 9.6 
and a salt concentration of 400 parts per million. The duration of the larval 
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FIG. 3.-Leptoconops carteri: a, female head, anterior view; b, female wing; c, male 
genitalia, aedeagus and parameres removed; d, male aedeagus and parameres; e, female 
palpus; f, male antenna, distal segments; g, female abdomen, lateral view of distal segments; 
h, female subgenital plate; i, female spermathecae; j, detail of eye pilosity; k, female antenna. 
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period is generally two years, but in the absence of conditions conducive to de
velopment, diapause may ensue. These larvae may delay pupation up to six years. 

The adult females of L. carteri are persistent, diurnal biters, attacking many 
different species of mammals and birds. To date there has been no attempt to 
ascertain host preferences. Whitsel and Schoeppner (1966) indicated that optimal 
conditions for flight activity occur when air temperatures are between 7 5° and 
100 ° F and the average wind speed is five miles per hour or less. Whitsel re
ported that females of L. carteri bite readily around the legs of humans, as well as 
the upper body parts, whereas L. torrens will rarely bite the legs. According to 
observations by Whitsel and Schoeppner ( 1966), L. carteri breeds in level 
terrain of the California central valley and the males do not form swarms. L. 
torrens comes from sloping terrain (sometimes steep) and the males form con
spicuous swarms. Females of L. torrens produce twice as many eggs in the labora
tory as do those of L. carteri. 

Specimens Examined.--CALIFORNlA: Fortini Rd., 1 mi. E Almaden, Santa Clara Co., 9 
June 1950, D. Gould, 25 females (BVC); Atwater, Ventura Road, Merced Co., 30 April 
1962, G. Campbell, 1 male, 7 females (BVC); 1 mi. E, 7 mi. S Atwater, 30 April 1962, G. 
Campbell, 3 males, 7 females (BVC); Clarksburg, 1 June 1940, G. B. Noble, biting man, 
2 females; 4 mi. N Corcoran, Kings Co., 13 May 1958, E. W. Mortenson, 2 females (BVC); 
Cranemore, 29 June 1941, A. W. Lindquist, 2 females; Davis, Yolo Co., 3 June 1961, R. 0. 
Schuster, 2 females; Davis, 10 June 1937, E. C. Zimmerman, 1 female; 3 mi. N Davis, 26 
May 1950, D. J. Gould, 4 females (UCD); Denverton, 8 mi. E Fairfield, Solano Co., 24 
May 1967, H. C. Pangborn, 12 females (BVC); Dixon, Solano Co., 5 June 1956, A. Morrill, 
2 females (BVC); Dixon, 11 June 1958, E. Mezger, 6 females (UCD); Dixon, 24 May 1962, 
17 June 1968, R. H. Whitsel, 10 males, 7 females; Dixon, 10 June 1963, C. A. Vickery, Jr. 
50 males, 100 females (UF); Lazy Day Ranch, San Mateo Co., 22 June 1962, 17 June 1968, 
R. H. Whitsel, 40 males, females; Livermore, Alameda Co., 27 June 1967, B. Keh, 4 fe
males (BVC); Los Trancos Woods, Santa Clara Co., 17 June 1968, R. H. Whitsel, 4 females; 
Menlo Park, Sharon Estates, San Mateo Co., 11 June 1956, R. H. Whitsel, 50 males (BVC); 
10 mi. N Visalia, Tulare Co., 15 May 1958, E. W. Mortenson, 200 females (BVC); Woodland, 
19 June 1933, S. B. Freeborn, 1 female. 

Leptoconops (Leptoconops) freeborJ:Ii Wirth 
(Fig. 4) 

1952. Leptoconops (Styloconops) freeborni Wirth, Univ. California Publ. Ent., 9:115 
(male, female; California; fig. 4 includes antenna, wing, female abdomen, fore-tarsus, 
palpus, male genitalia). 

Holotype.-Male (USNM 59915), Hueneme, Ventura Co., California, 17 
June 1948, W. W. Wirth, swept from salt marsh. 

Female.-Wing, 1.85 long by 0.85 wide; CR, 0.55. 
Head (Fig. 4b). Eyes bare, widely separated, separation less than 0.25 of total 

head width; area between and above eyes clothed with a number of large setae. 
Antenna (Fig. 4d) 14-segmented; flagellar segments with lengths in proportion of 
15-8-8-8-8-8-8-8-8-8-8-18. Palpus (Fig. 4b) with lengths of three distal segments 
in proportion of 5-23-28; sense organ not sunken into third segment, covering 
most of mesal surface of segment. Mandible with 19 teeth; P/H ratio 0.57. 

Thorax. Subshiny brownish black; provided with abundant long fine brownish 
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FIG. 4.-Leptoconops freeborni: a, female wing; b, female head, anterior view; c, male 
genitalia; d, female antenna; e, male antenna, distal segments; f, female hind leg, distal tar
somere and claws; g, same, male; h, female abdomen, ventral view of distal segments; i, 
female foreleg, tarsomeres 1 to 2. 
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hairs. Legs dark brown; segments with lengths in proportion of (foreleg) 75-48-
163-135-65-25-19-13-23, (mid leg) 68-37-201-160-77-33-22-15-28, and (hind 
leg) 100-45-240-205-105-68-30-17-30. Femora and tibiae stout, bearing anum
ber of fine long hairs, the longest more than twice as long as diameter of segment. 
Basitarsi (Fig. 4i) with numerous heavy black spines; second tarsomere with a 
few heavy spines, always two very strong spines at distal end; third tarsomere on 
mid and hind legs with a few strong spines, lacking on foreleg; fourth and fifth 
tarsomeres with strong setae but lacking heavy spines. Tarsal claws (Fig. 4f) equal 
with strong basal tooth extending to about half the length of claw. All tibiae, par
ticularly fore tibia, bearing a prominent apical spur; hind tibial comb with five 
spines with lengths in proportion of 28-34-48-52-34. Wing (Fig. 4a) grayish 
white; stigma indistinctly yellowish to brownish. Halter whitish, base of stem 
brown. 

Abdomen. Genital lamellae (Fig. 4h) moderately elongate; eighth sternum with 
deep semicircular emargination; two to three pairs of long setae extending pos
teriorly from emargination. Spermathecae (Fig. 4h) two, ovate, subequal, each 
measuring 67 by 46 microns; necks very short, arising obliquely. 

Male.--Similar to the female with the usual sexual differences; antenna with 
distal segments as in Fig. 4e; claws as in Fig. 4g, extremely long and slender, the 
outer claw with long basal process. Genitalia (Fig. 4c) with ninth tergum nar
rowed ·posteriorly; apicolateral processes long, slightly bowed mesally; postero
median margin with rather deep mesal cleft bordered on each side by tuft of two 
to three stout spines; posteroventral surface of ninth tergum with two setigerous 
lobes possessing a number of mesally directed setae. Ninth sternum with wide, 
deep excavation. Basistyle broader basally, anterior two-thirds of inner face 
darkly sclerotized; dististyle more elongate than usual, stout proximally, tapering 
distally with subapical clawlike spine. Aedeagus composed of two straight pieces 
which are fused to basimere for proximal three-fourths of length; apices rounded. 
Parameres bipartite; each with basolateral piece originating at posterolateral 
corner of basistyle, articulating at almost right angle to long distal process, the 
latter slightly sinuate with apex turned ventromesad. 

Distribution.-California, Mexico. 
Remarks.-This species was described in the subgenus Styloconops because of 

the numerous long hairs on the frons, the stout legs with thick ventral spines on 
the basitarsi and the toothed claws in the female. The structure of the male geni
talia, however, is quite different than those of the Australasian Styloconops re
cently described by Smee (1966), and that subgenus also differs in having heavy 
distal tibial spines and short, broad genital lamellae. Although atypical, we feel 
that L. freeborni is best placed provisionally in the subgenus Leptoconops. The 
large open sensory area on the palpus is indicative of Leptoconops (sensu stricto). 

Specimens examined.-CALIFORNIA: Carpinteria, Santa Barbara Co., 12 June 1953, A. L. 
Melander, 1 female; Corona del Mar, Orange Co., 28 December 1944, A. L. Melander, 
3 females; Hueneme, holotype male; Pacific Grove, Monterey Co., 7 May 1906, allotype 
female; San Nicolas Island, 2 July 1938, T. D. A. Cockerell, paratype female. MEXICO: En
senada, Baja California, 24 June 1950, A. L. Mel~nder, one male, seven females. 



WIRTH AND ATCHLEY-NORTH AMERICAN LEPTOCONOPS 

a 

~---

~ ---· 

d~ 

27 

FIG. 5.-Leptoconops melanderi: a, female palpus; b, female wing; c, female antenna; 
d, female hind tibial comb; e, male hind leg, fifth tarsomere and claws; f, male palpus; g, 
female hind leg, fifth tarsomere and claws; h, male aedeagus and parameres; i, male genitalia, 
aedeagus and parameres removed. 

Leptoconops (Leptoconops) melanderi, new species 
(Fig. 5) 

Types.-Holotype, female, Seattle, Washington, 2 August 1 908, A. L. 
Melander (no. 71136, USNM). Allotype, male, Thormanby Is., British Columbia, 
8 July 1967, E. I. Schlinger (USNM). Paratypes, five males, same data as allo
type (UCR). 

Female.-Wing 1.47 long by 0.61 wide; CR, 0.51. 
Head. Eyes bare, separated by a distance approximately equal to 0.25 of total 

head width; vertex with row of four long setae; frons without setae. Antenna (Fig. 
5 c) 14-segmented; flagellar segments with lengths in proportion of 13-7-7-9-9-
10-10-10-10-10-10-28. Palpus (Fig. Sa) with lengths of distal three segments in 
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proportion of 7-27-30; sensory organ covering most of mesal surface of third 
segment. Mandible with 26 minute teeth. P/H ratio 0. 72. 

Thorax. Mesonotum with short inconspicuous hairs. Legs dark brown, with 
short, inconspicuous hairs; lengths of segments in proportion of (foreleg) 73-45-
146-135-60-28-22-15-21, (mid leg) 57-32-183-145-73-32-21-13·22, and (hind 
leg) 70-35-203-180-96-53-28-14-24; ventral tarsal spines not stout; basitarsi 
with only weakly developed spines, other tarsomeres with spines only at apices; 
tarsal claws (Fig. Sg) equal, each with strong, sharp tooth projecting from base to 
about half length of claw; hind tibia enlarged at tip, hind tibial comb (Fig. Sd) 
with well-developed spur and seven spines with lengths in proportion of 25-35-
46-58-53-53-53. Wing (Fig. Sb) creamy white; stigma pale, indistinct. Halter 
pale, base of stem brownish. 

Abdomen. Genital lamellae about five times as long as wide; posterior margin 
of eighth sternum with deep semicircular excavation and three pairs of long, 
posteriorly directed spines. Spermathecae two, large and subequal, collapsed in 
only specimen, but appearing ovoid without distinct necks. 

Male.--Similar to female with usual sexual differences; antenna missing in 
available specimens; palpus (Fig. Sf) remarkably long and slender; claws (Fig. 
Se) slender; outer claw with long basal proceS!\. Genitalia (Fig. Si) characterized 
by ninth tergum strongly narrowed distally with prominent digitiform apicolateral 
processes; median posterior margin concave, bearing two short spinose hairs on 
each side from contiguous bases; posteroventral surface with a pair of sublateral 
setigerous lobes. Basistyle broad basally, abruptly narrowed at about midlength 
with a strongly sclerotized, rounded mesal lobe at base of narrowed portion; 
dististyle moderately long, moderately stout proximally, tapering to moderately 
slender apex bearing a subapical toothlike spine. Aedeagus (Fig. Sh) consisting 
of a pair of straight, nearly contiguous, slender sclerites with pointed apices. 
Parameres (Fig. Sh) separate, each composed of two sclerites, a stniplike basal 
sclerite originating from posterolateral corner of basistyle, and a distal irregularly 
barlike sclerite directed caudad with rounded apices abruptly turned mesad and 
ventrad. 

Distribution.-British Columbia, Washington. 

Remarks.-This species is dedicated to the memory of Dr. A. L. Melander, 
who collected the holotype, in tribute to his monumental contributions to our 
knowledge of North American Diptera, particularly those of the Pacific North
west. 

Leptoconops melanderi is related to L. freeborni Wirth, but can be dis
tinguished by the absence of hairs on the frons, and by the presence of seven 
Libial spines. The ventral tarsal spines are not as strongly developed as in L. 
freeborni and are present only as weak spines on the basitarsi and at the apices 
of the other tarsomeres. L. melanderi is not as hairy as L. freeborni and the 
antenna! segments are more elongate in the former, segments six to 13 each 
slightly longer than broad. 
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FIG. 6.-Leptoconops mohavensis, male: a, genitalia, aedeagus and parameres removed; 

b, aedeagus and parameres; c, hind tibial comb; d, foreleg, fifth tarsomere and claws; e, 
same, hind leg; f, antenna, distal segments. 

Leptoconops (Leptoconops) mohavensis, new species 
(Fig. 6) 

Holotype.-Male, two male paratypes, Needles, San Bernardino Co., Cali-
fornia, 19 May 1965, M.S. Mulla, suction trap (USNM 71l37). 

Female.-Unknown. 
Male.-Wing 1.27 long by 0 .42 wide; CR, 0.25. 
Head. Distal three antenna! segments as in Fig. 6f. 
Thorax. Mesonotum brownish black. Legs dark brown; spinelike basal 

process lacking on tarsal claws of foreleg (Fig. 6d), but present on outer claws of 
mid and hind legs (Fig. 6e); hind tibial comb (Fig. 6c) with large spur, and four 
spines with lengths in proportion of 35-58-45-35. Wing whitish hyaline, costa 
short. 
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Abdomen. Male genitalia as in Fig. 6a, b; ninth tergum strongly tapering 
posteriorly with prominent digitiform apicolateral processes; median posterior 
margin concave, bearing a clump of three stout spines on each side; poster
oventral surface with two elongate, sublateral setigerous lobes bearing several 
mesally and posteriorly projecting stout setae, the two or three posteromost 
setae very prominent. Basistyle broad basally, narrowing apically; ventromedian 
corners lobelike, darkly sclerotized; basistyle clothed with a number of long 
setae. Dististyle stout basally, tapering for about 0 .66 of length, distal third 
roughly parallel sided with subapical toothlike spine. Aedeagus composed of two 
straight, elongate, distally pointed pieces that are separate although closely ap
pressed for nearly their entire length. Parameres separate, each composed of two 
sclerites; basal sclerite straplike, originating from posterolateral corner of basi
style; distal sclerite posteriorly directed with an inwardly projecting swelling at 
about two-thirds of distance to apex, the latter tapering, mesally turned at almost 
right angle; a number of small triangularly shaped serrations on anterior surface 
of mesally turned apex; lateral edge of apex with caplike sclerotized covering. 

Distribution.-California. 
Remarks.-Leptoconops mohavenis is very similar to L. torrens (Townsend), 

but the hind tibial spines are much shorter, the next to the last antenna! segment 
is about half as long as the last (nearly as long as the last in L. torrens), and the 
male genitalia are very similar to those of L.' melanderi, with shorter, stouter 
apicolateral processes, slender apically pointed aedeagal sclerites, and distally 
flattened, ventrally bent parameres. 

Leptm:onops (Leptoconops) torrens (Townsend) 
(Fig. 7) 

1893. Tersesthes torrens Townsend, Psyche, 6:369 (female; New Mexico; figs.) . 
1908. Leptoconops torrens, Kieffer, Ann. Mus. Nat. Hungarici, 6:577 (combination); 

Carter, 1921. Bull. Ent. Res., 12:15 (New Mexico; male, female redescribed; fig. 
female pal pus, male and female antennae, male claw, male dististyle). 

1952. Leptoconops (Leptoconops) torrens, Wirth, Univ. California Pub!. Ent., 9:100 
(California; male and female redescribed; fig. female wing, abdomen, palpus, male 
genitalia). 

Lectotype.-Here designated: female, Continental Divide (7000 ft.), New 
Mexico, in Snow Entomological Museum, University of Kansas. 

Female.-Wing 0.95 (0.91-1.01, N=6) long by 0.44 (0.42-0.46, N=6) wide; 
CR, 0 .36 (0.33-0.37, N=6). 

Head. Eyes bare, widely separated, separation equal to 0.25 of total head 
.width; vertex with four to six long slender setae in a row (Fig. 7f). Antenna (Fig. 
7 a) 14-segmented; flagellar segments with lengths in proportion of 13-7-7-7-7-
7-7-7-7-7-7-20. Palpus (Fig. 7b) with lengths of distal three segments in pro
portion of 8-27-17; sensory organ covering most of mesal face of third segment. 
Mandible with 16 to 18 (N=6) teeth; PIH ratio 0.68 (0.67-0.71, N=6). 

Thorax. Shiny black. Femora and tibiae dark brown to black; tarsomeres 
yellowish brown (California specimens have legs all black). Legs with lengths of 
segments in proportion of (foreleg) 50-53-121-113-48-23-17-13-17, (mid leg) 
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FIG. 7.- Leptoconops torrens: a, female antenna; b, female palpus; c, female hind leg, 
fifth tarsomere and claws; d, female spermathecae; e, neck of same; f, female head, anterior 
view; g, female abdomen, ventral view of terminal segments; h, male antenna, terminal 
segments; i, male genitalia. 

50-25-127-107-47-24-17-12-17, and (hind leg) 55-26-143-125-70-43-20-14-18; 
tarsomeres lacking heavy spines except moderately stout ones at apices; claws 
(Fig. 7c) equal, each with a fine basal hair; hind tibial comb with well-developed 
spur and four spines with lengths in proportion of 20-42-32-30. Wing grayish, 
stigma pale brown; halter brownish. 

Abdomen (Fig. 7g). Genital lamellae very elongate. Eighth sternum with semi
circular posterior excavation bearing two lateral pairs of long setae; subgenital 
plate slightly broader than long, with slender lateral processes. Spermathecae 

I 

(Fig. 7g) two, equal, elongate, each measuring 0.059 by 0.033; necks long and 
narrow, usually with small flangelike structures (Fig. 7e); rudimentary sperma
theca lacking. 
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Maie.--Similar to female with usual sexual differences; antenna with distal 
three flagellar segments as in Fig. 7h. Genitalia (Fig. 7i), characterized by ninth 
tergum distinctly narrowed posteriorly; apicolateral processes very slender, long, 
distally hyaline; posterior margin of tergum with a mesal pair of setigerous lobes: 
Ninth sternu,m with broad excavation, membrane spiculate; basistyle long, basally 
stout, apically tapered, with a pair of conspicuous triangular lobes about midway 
on mesal face; dististyle swollen basally, narrower distally; a prominent subapical 
clawlike spine present; aedeagus composed of two mesal projections arising from 
anteromesal faces of basistyles, extending posteriorly.to level of basistylar lobes, 
with apices apparently fused in a subtriangular shieldlike structure; parameres 
with oblique basal sclerite elongate, arising from anterolateral corners .of basi
style; distal sclerites joined in a narrow mesal bridge with anterolateral divergent 
arms, posterfor portion broadly rounded caudally with small mesally projecting 
and interlocking thumblike lobes. 

Distribution.-Widely distributed throughout the southwestern United States 
into Mexico. 

Remarks.-Townsend's (1893) notes on the collection of the type series merit 
repetition: " While breaking camp the past summer, on the .Continental Divide 
in western New Mexico, at a point about six miles west of Patterson, in the 
western part of Socorro County, I noticed a small gnat in some numbers on the 
horses. This was on the morning of June 21st. The gnats were very small and 
black, but their abdomens being distended and swollen with blood gave them a 
red appearance. They were found mostly on the head and face, particularly 
around and bel()w the eyes of the animals. A few specimens were hurriedly put in 
alcohol at the time. The altitude of this place was something over 7000 feet." 
Seven pinned specimens in the BMNH collected by Townsend in the Organ 
Mountains, New Mexico, 5700 ft. , 29 August and sent by Howard and Aldrich 
were described and figured by Carter (1921). The male from Las Vegas Hot 
Springs, New Mexico (H. S. Barber), described by Carter is on a slide in the 
USNM. 

Females of L. torrens are indistinguishable from those of L. carteri Hoffman, 
except for the lack of micropubescence on the eyes; the abdomen is not so slen
der and elongate, and the spermathecae are more elongate oval with shorter necks 
bearing only one to three sclerotized flanges. Males of L. torrens also lack the 
pubescent eyes, and the basistyles of the genitalia have a much more prominent 
mesallobe. · 

Biology.- Accounts of the biology of L. torrens have been confused because · 
most of them dealt with the "valley black gnat" from the California central valley, 
which we now recognize as L. carteri Hoffman (see our discussion under carten). 
The work done by Smith and Lowe (1948), and Fontaine et al. (1957) near Davis, 
California mainly involved L. carteri. We are greatly indebted to Benjamin Keh 
of the Bureau of Vector Control, California Department of Public Health in 
Berkeley, and Richard H. Whitsel of the San Mateo County Mosquito Abatement 
District in Burlingame, California, for calling our attention to the morphological 
and biological differences separating these two very similar species. 
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The life history of L. torrens is similar to that of L. carteri, with the following 
differences as noted by Whitsel and Schoeppner (1967): males of L. torrens 
habitually form swarms, whereas swarms of L. carteri males have never been 
observed. The sex ratio of emerging L. torrens averaged 1.64 females to one male, 
whereas in L. carteri it was 1.33 to one. Over a seven-year period, emergence of 
adults of L. carteri in Solano County occurred between 15 May and 15 July, 
about two weeks earlier than L. torrens in San Mateo County (1 June-1 August). 
Females of L. torrens that were given blood meals and maintained at 75 ° F for 
four days matured an average of 43.3 eggs per female and when decapitated 
deposited an average of 30.4 eggs. Females of L. carteri when similarly handled 
matured only 18.9 eggs per female and deposited only 13.9 eggs. 

Schoeppner and Whitsel (1967) reported that carbon dioxide sticky cyiinder 
traps in the Sacramento Valley collected 1.8 per cent L. carteri males whereas 
similar traps exposed to L. . torrens in coastal localities collected only 0.05 per 
cent males. These observations indicate that males of L. carteri probably mate 
with the females in the proximity of the host, whereas mating of L. torrens 

· probably occurs in the male swarms. 
Whitsel (personal communication to Wirth, 1968) observed that females of 

L. torrens prefer to bite around the head and arms and rarely attack the legs, 
whereas L. carteri will attack low on the body and move up inside as well as 
outside the clothing, biting readily on the ankles and legs. 

Specimens examined.-ARIZONA: Allentown, 19 June 1932, 1 female; Coconino Nat. 
Forest, 30 June 1932, 1 female; Marana, Pima Co., 5 July 1939, L. P. Wehrle, 4 females; 
Sabino Canyon, Pima Co., 9 August 1965, f:. Werner, biting man, 5 females; Tortilla Flats, 
Maricopa Co., 6 August 1967, W. R. and W. L. Atchley, biting man, 50 females; Tucson, 
Moliqo Basin, 5000 ft., Pima Co., 1 August 1959, W. H. Anderson, biting man, 46 females. 

CALIFORNIA: Clear Lake Reservoir, Modoc Co., 11 July 1963, E. O'Neill, 5 females (BVC); 
Cupertino, Santa Clara Co., 27 July 1948, W. W. Wirth, swarming, 29 males, 2 females; 
Cupertino, Prospect Road, 28 June 1950, D. J . Gould, 3 males, 5 females (BVC) (UCD); 
Cupertino, Regnart Road, 8 June 1950, D. J . Gould, 25 males, females (BVC); Cupertino, 
swarming at DeWulf Ranch, 18 males (UCD) Dana Point, W side San Juan Creek, Orange 
Co., 5 June 1967, J . G. Shanafelt, 1 female (BVC); Danville, Alameda Co., 9 July 1959, N. 
Lewis, 1 female (CAS); Desert Hot Springs, Riverside Co., 15 August 1948, E. Myers and 
R. Jones, biting man, 1 female; Hillsborough, San Mateo Co., 19 July 1968, R. H. Whitsel, 
2 females; Lafayette, Alameda Co., 7 July 1959, N. Lewis, 1 female (CAS); Lambert Ranch, 
3 mi. E Irvine, Orange Co., 21 June 1960, J. G. Shanafelt, 1 female (BVC); Stevens Creek, 
Reservoir, Santa Clara Co., 19 June 1950, D. J. Gould, 100 females (BVC). 

MEXICO: Bahia de los Angelos, Baja California, 9 August 1964, J . P. Stangle, biting mail, 
3 females; 10 mi. E Navajoa, Sonora, 13 August 1959, Werner and Nutting, I female. 

NEVADA: Cabin Canyon, Virgin Mts., 10. mi S Mesquite, Clarke Co., 13 May 1970, R. C. 
Bechtel and D. F. Zolker, 30 females; Pioche, Lincoln Co., 4 June 1964, R. C. Bechte l, 
biting man, 50 females. 

NEw MEXICO: Continental Divide (7000 ft.) , C. ]i. T. Townsend, I female (lectotype, here 
designated, Univ. Kansas coli.). 

\ TEXAS: Boca Chica, Cameron Co., 6 June 1962, R. B. Eads, biting man, I female; Browns
ville, Cameron Co., 23 July 1931, H. 0 . Schroeder, 5 females; Brownsville, Los Borregos, 
Cameron Co., 5 June 1904, H. S. Barber, 1 female; Cameron Co., 29 May 1962, R. B. 
Eads, annoying, 2 females; Corpus Christi, Nueces Co., 16 May 1958, R. B. Eads, I female; 
Dallas, Dallas Co., on horse, 3 females; Rock Springs, Edwards Co., 27 June 1914, 1 female; 
Webb Co., 8 April 1959, R. B. Eads, biting man, I female. 
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UTAH: Diamond Valley, Washington Co., 17 May 1969, A. H. Brown, 3 females; Dixie 
State Park, Washington Co., 1 June 1965, G. F. Knowlton, biting man, 3 females, 30 May 
1969, S. and L. Romney, 4 females. 

Leptoconops (Leptoconops) werneri, new species 
(Fig. 8) 

Types.-Holotype, female, Hot Mineral, Imperial Co., California, 30 April 
I952, J. N. Belkin (Type no. 71138, USNM). Allotype, male, same locality, 3 
February I954, J. N. Belkin. Paratypes, 35 males, 76 females, as listed under 
specimens examined. 

Female.-Wing 0.74 (0.65-0.87, N= II) long by 0.33 (0.27-0.34, N= 7) wide; 
CR, 0.2I (0.18-0.24, N= II). 

Head (Fig. 8a). Eyes bare, separated by a distance equal to approximately 0.25 
of total head width; vertex with two pairs of long setae, the mesal pair much 
higher on head. Antenna (Fig. 8a,g) I4-segmented; flagellar segments with 
lengths in proportion of I0-6-6-6-6-7-7-7-7-7-7-20, hyaline sensory filaments 
much reduced in size on segments I2 and 13. Palpus (Fig. 8j) with lengths of 
distal three segments in proportion of 3-13-13; sense organ round, not sunken 
into segment, covering most of mesal surface of third segment. Mandible with 
10 to I3 (N=4) teeth; P/H ratio 0.57 (0.54-0.58, N=4). 

Thorax. Shiny brownish black. Legs dark brown; hairs well developed; seg
ments with lengths in proportion of (foreleg) 40-23-93-83-35-14-13-9-13, (mid 
leg) 37-20-99-75-35-I8-8-I3, and (hind leg) 49-23-II3-93-49-30-I5-IO-I5; 
basitarsi with moderately strong, sharp, distal spines, other tarsomeres with weak 
spines. Tarsal claws (Fig. 8k) equal, each with basal tooth; tooth extended by a 
long filamentous process; tooth and filamentous process subequal in length to 
claw. Hind tibial comb (Fig. 8t) with well-developed spur, and four spines with 
lengths in proportion of 27-45-33-30. Wing (Fig. 8b) grayish, stigma indistinct; 
Halter brownish, ends of knobs smoky whitish in dry specimens. 

Abdomen (Fig. 8e). Genital lamellae roughly five to six times as long as 
greatest width. Eighth sternum with two pairs of spines on caudomedian excava
tion; subgenital plate reduced to a narrow sclerotized ribbon. Postatrial sclerites 
of ninth segment also ribbonlike, joined mesad in a thin filament. Spermathecae 
(Fig. 8i) three; two large subequal ones measuring 0.076 by 0.026, and a small 
third one measuring 0.026 by O.OI6, all three elongate oval with short parallel
sided necks. 

Ma/e.--Similar to female with usual sexual differences; antenna with three 
distal segments as in Fig. 8h. Genitalia (Fig. 8c): Ninth tergum strongly tapering 
posteriorly, apicolateral processes quite elongate and prominent, usually more 
swollen distally than basally; median posterior margin conical with mesal tuft 

·of four to six strong spines. Basistyle distinctly broader basally; prominent, 
darkly sclerotized, ventromedian lobe on mesal shelf of inner face; dististyle 
broad basally, distal half distinctly narrowed; apex with prominent, blunt, sub
apical spine. Aedeagus (Fig. 8d) composed of two mostly straight pieces; narrow, 
turned slightly laterad anteriorly, expanding posteriorly. Parameres (Fig. 8d) 
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FIG. 8.-Leptoconops werneri: a, female head, anterior view; b, female wing; c, male 
genitalia, aedeagus and parameres removed; d, male aedeagus and parameres; e, female 
abdomen, ventral view of distal segments; f, female hind tibial comb; g, female antenna, 
distal segments; h, male antenna, distal segments; i, female spermathecae; j, female palpus; 
k, female hind leg, fifth tarsomere and claw. 
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with basal sclerite straplike, originating from anterolateral corner of basistyle; 
distal sclerite narrow, parallel sided basally, distally expanded into quadrate 
apex, with a blunt ventromedian tooth. 

Distribution.-California, east to Missouri, south to Mexico (Zacatecas and 
Baja California). 

Remarks.-This species is named in honor of Dr. Floyd Werner of the Uni
versity of Arizona in appreciation of his interest and help in making available to 
us extensive collections of Arizonan and Mexican specimens of Ceratopogonidae. 

Leptoconps werneri differs from L. torrens (Townsend), which shares much of 
the same distribution, in its much smaller size, much shorter costa, more promi
nent hairs, especially on the legs; hind tibial spur and spines very long, especially 
in the male; third palpal segment much shorter; last antenna! segment shorter, 
preapical segments more elongated, longer than broad; spermathecae more elon
gate, small third spermatheca present, ducts of the larger ones not so sclerotized 
and lacking flanges; and in male genitalia by the stouter apicolateral processes on 
the ninth tergum and the longer and spinelike setae between them. 

Specimens examined.-ARIZONA: Brown Canyon, Baboquivari Mts., 4 August 1961, F. 
Werner, light trap, 1 female (UA); same locality, 8 August 1953, G. D. Butler, light trap, 1 
male; Cave Creek, Maricopa Co., June 1952, H. K. Gloyd, light, 1 female (FMNH); Con
tinental, 10 mi. E, Santa Cruz Co., 18 July 1961, Werner and Johnson, light trap, 5 females 
(UA); Nogales, Santa Cruz Co., 15 May 1965, C. H. Spitzer, on dead bird, 1 female; 
Pena Blanca, 10 mi. W. Nogales, Santa Cruz Co., 1 August 1961, Werner, Nutting, and 
Johnson, light trap, 7 females (UA); Sycamore Canyon, Santa Cruz Co., 22 May 195.4, G. D. 
Butler, light trap, 1 female (UA); Tubac, Santa Cruz Co., 21 August 1935, R. H. Beamer, 
1 male; Wickenburg, Maricopa Co., August 1950, H. K. Gloyd, 7 males, 19 females (FMNH). 

CALIFORNIA: Cache Creek, Lake Co., 30 April 1954, E. I. Schlinger, 1 female; Colorado 
River, Imperial Co., 22 April 1965, suction trap, M.S. Mulla, 1 female (BVC); Cronise 
Valley, San Bernardino Co., 29 April 1956, B. J. Adelson, 1 female; Hopland, Mendocino 
Co. , 27 June 1966, Knudson and Murphy, quail trap, 2 females; Hot Mineral, Imperial 
Co., 25, 30 April 1952, J. N. Belkin, 4 males, 3 females (UCLA); Laguna Lake, Imperial 
Co., 10 June 1950, J . N. Belkin, 1 male (UCLA); Malibu Beach, Los Angeles Co., 7 April 
1954, J . N. Belkin, 1 male (UCLA); Needles, San Bernardino Co., 19 May 1965, M. S. 
Mulla, suction trap, 1 male (BVC); Palm Desert, Boyd Desert Res. Ctr., Riverside Co., 23 
July 1969, 17 April 1970, S. I. Frommer and L IaPre, 1 male, 2 females (VCR); Thousand 
Palms, Riverside Co., 25 March 1955, W. R. Mason, 1 male (CNC); Victorville, San Ber
nardino Co., 2 May 1953, Schuster and Marsh, 2 males (UCD). 

KANSAS: Finney Co., I mi. S Garden City, 5 August 1953, N. and B. Marston, 2 males; 
Riley Co., 6 July 1964, N. Marston, 1 female. 

MEXIco: Agua Caliente, Sonora, 25 August 1954, Ryckman, Spencer, and Christianson, 
light, 1 female; 5 mi. W Alamos, Sonora, 14 August 1959, Werner and Nutting, light trap, 
1 female (UA); Arroyo de Calamajue, Baja California, 30 May 1962, Ryckman and Chris
tianson, light, 2 males, 1 female; 10 mi. S Canipole, Baja California, 28 August 1959, Rad
ford and Werner, light trap, 1 male (UA); 10 mi. E Navajoa, Sonora, 13 August 1959, 
Werner and Nutting, light trap, 5 males, 6 females (UA); 10 mi. W San Jose de Cabo, Baja 
California, 1 September 1959, Radford and Werner, 1 male, 5 females (UA); 6 mi. W Santi
ago, Baja California, 30 August 1959, Radford and Werner, light trap, 2 males, 12 females 
(UA); 5 mi. E Sombrereto, Zacatecas; 28-31 July 1951 , P. D. Hurd, 1 male (CIS); 7 mi. S 
Yautepec, Morelos, 15 August 1962, N. Marston, 1 female. 

MISSOURI: 6 mi. SE Cassville, 4 June 1963, N. Marston, 1 female. 
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NEW MEXICO: 5 mi. E Glenwood, Catron Co., 24 June 1953, W. W. Wirth, biting man, 
1 female; Portales, Roosevelt Co., 7 July 1964, W. R. Atchley, light trap, 1 female. 

TEXAS: Kerrville, Kerr Co., 11 August 1953, L. J . Bottimer, 1 male. 

Subgenus Holoconops Kieffer 
1918. Holoconops Kieffer, Ann. Mus. Nat. Hungarici, 16:135. Type species, Leptoconops 

kerteszi Kieffer, by original designation. 
1921. Microconops Kieffer, Arch. lnst. Pasteur Afrika Nord, 1:108. Type species, Micro

conops vexans Kieffer, by original designation. 

Diagnosis.-Antenna of female 13-segmented. Female tarsal claws without 
basal tooth. Frons and vertex without scattered spines or bristles, but with only a 
row of setae. Palpus with sensory area confined in a pit with small pore. Male 
ninth tergum narrowed distally with a closely approximated pair of submedian 
processes. Tarsi with a few moderately strong ventral spines on basitarsi and at 
apices of distal tarsomeres. Female genitalia with long tapering lamellae. Small 
third spermatheca usually present. 

Distribution.-This subgenus is well represented in the Northern Hemisphere, 
especially in desert and semidesert regions and along seashores. It is not found in 
the Australasian Region and only one species each has penetrated southward into 
the Neotropical Region to the Caribbean coast of South America and into the 
Ethiopian Region to South Africa. 

Kieffer's genus Microconops was proposed for species in which females have 
12-segmented antennae, but as pointed out by Goetghebuer (1934 ), Kieffer 
misunderstood the segmentation, and vexans belongs in Holoconops. 

Included species.- amplifemoralis Chanthawanich and Delfinado, 1967:298, Nepal; 
belkini Wirth and Atchley, a new species described below, California; bequaerti (Kieffer), 
1925:405 (Holoconops, as bequaertz), Honduras; borealis Gutsevich, 1945: 124, USSR; 
catawbae (Boesel), 1948:69 (Holoconops), Ohio; k erteszi Kieffer, 1908:576, Egypt; 
lacteipennis Kieffer, 1917:189 (1918:32), Tunis; linleyi Wirth and Atchley, a new species 
described below, Florida; m editerraneus Kieffer, 192 l b:264, North Africa; montanus Kon
urbayev, 1965:134, Kirghizia SSR; nachitschaevanicus Dzhafarov, 1961:78, USSR; pav
lovskyi Dzhafarov, 1961:74, Azerbaijan SSR; popovii Dzhafarov, 1961:72, Azerbaijan SSR; 
rufiventris (Kieffer), 1923:658 (M icroconops), B iskra; transversalis (Kieffer), 1921 a: 112 
(Holoconops), Tunis; vexans (Kieffer), 1921 a: 110 (Microconops), Algeria; xuthosceles Chan
thawanich and Delfinado, 1967:299, Thailand; yunhsienensis Yu, 1963:450, China. 

Leptoconops (Holoconops) belk.ini, new species 
(Fig. 9) 

Types.-Holotype, female, allotype, male, Helendale, San Bernardino Co. , 
California, 19 April 1959, E. I. Schlinger, around face but not biting (USNM 
71139). Paratypes, 11 males, 45 females, as listed under specimens examined. 

Female.-Wing 1.07 (0.94-1.21; N= 11) long by 0.51 (0.43-0.56; N= 10) 
wide; CR, 0.43 (0.42-0.45; N = 1 0). 

Head (Fig. 9a). Eyes bare, widely separated, separation equal to slightly more 
than 0.33 of total head width; vertex with row of four setae. Antenna (Fig. 9a) 
13-segmented; flagellar segments with lengths in proportion of 10-7-7-8-8-8-
8-8-8-8-22. Palpus (Fig. 9i) with lengths of distal three segments in proportion of 
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Fro. 9.- Leptoconops belkini: a, female head, anterior view; b, female wing; c, male 

genitalia, aedeagus and parameres removed; d, male aedeagus and parameres; e, female 
hind tibial comb; f, male antenna, distal segments; g, female abdomen, distal segments 
ventral view; h, female hind leg, fifth tarsomere and claws; i, female palpus. 

10-23-18; third segment broadly swollen, with a large deep sensory pit opening 
by a small pore. Mandible with 14-17 (N= 10) teeth; P/H ratio 0.76 (0.73-0.79; 
N= 10). 

Thorax. Shiny brownish black. Legs dark brown, with sparse short hairs; 
segments with lengths in proportion of (foreleg) 50-30-123-98-42-23-18-12-15, 
(mid leg) 49-25-148-113-52-28-18-10-15 and, (hind leg) 60-24-153-125-64-
43-23-12-15. Basitarsi with scattered, strong, ventral spines, especially on fore
legs; other tarsomeres with stout spines only at apices. Tarsal claws equal, lack
ing a basal tooth (Fig. 9h). Hind tibial comb with strong spur, and four spines in 
proportion of 30-45-44-30 (Fig. 9e). Wing (Fig. 9b) slightly grayish; stigma pale, 
rather indistinct. Halter brownish. 

Abdomen (Fig. 9g). Genital lamellae elongate. Eighth sternum with deep, 
semicircular, mesal excavation with two pairs of strong posteriorly projecting 
spines; mesal excavation with two pairs of strong, posteriorly projecting spines; 
subgenital plate moderately sclerotized, with short, boot-shaped, strongly 
sci erotized, lateral processes. Small ninth segment forming V -shaped supporting 
device for opening of gonopore. Spermathecae two, equal, each measuring 0.045 
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by 0.030, oval to slightly rectangular in shape, necks very short; rudimentary 
spermatheca absent. 

Ma/e.--Similar to female with usual sexual differences; antenna with three 
distal segments as in Fig. 9f; legs with prominent, suberect, long hairs. Genitalia 
(Fig. 9c): Ninth tergum narrowed caudally; posterior margin with apicolateral 
corners rounded; a pair of elongate, submedian, parallel, bladelike processes 
projecting posteriorly with a pair of setae at their bases and a pair of small pube
scent mesal lobes anterior to setae. Basistyle with basal half broad, apical half 
markedly narrowed; a pair of dark ventromedian lobes present. Dististyle with 
pronounced subapical clawlike spine. Aedeagus (Fig. 9d elongate, composed of 
two straight sclerites, tapered anteriorly, with a strongly sclerotized globular lobe 
lying dorsad toward posterior end. Parameres (Fig. 9d) bipartite; posterior 
sclerite expanded basally, arising from anterolateral corner of basimere; tapering 
apically, articulating with H-shaped, fused distal sclerites bearing slender an
teriorly directed arms; ventromedian processes recurved, expanded apically. 

Distribution.-Restricted to southern California and Arizona, according to 
present records. 

Remarks.-This species is named in honor of Dr. John N. Belkin of the Uni
versity of California in Los Angeles in appreciation for his continued interest 
and extensive collections of California ceratopogonids, which we have been 
privileged to study. 

Leptoconops belkini shows some affinity to L. kerteszi in the western North 
American fauna but can be distinguished by the lack of the small third sperma
theca, the wing with a pale and rather indistinct stigma, and stouter tarsal spines. 
The males of L. belkini can be distinguished from those of kerteszi by the para
meres with long, recurved, posterior processes, and the longer aedeagus with a 
globular structure lying between it and the anterior portions of the basistyles. 

Specimens examined.-ARJZONA: Superior, Pinal Co., 13 April 1935, A. L. Melander, 
2 males. CALIFORNIA: Agoura, Los Angeles Co., 7 April 1954, J. Belkin, 7 males, 10 females; 
Creston, San Luis Obispo Co., 4 May 1962, C. A. Toschi, 1 female; Crowder Canyon, San 
Bernardino Co., 24 May 1966, 3400 ft., J.D. Foulk, swarming near man, 2 males, 3 females 
(UCR); Helendale, San Bernardino Co., same data as for types, 30 females (UCR); Palm 
Desert, Boyd Desert Research Center, Riverside Co., 17 April 1970, S. Frommer and L. 
LaPre, 1 female (UCR). 

Leptoconops (Holoconops) bequaerti (Kieffer) 
(Fig. 10) 

1925. Holoconops becquaerti Kieffer, Faune de France, 11:405 (female; Honduras); 
Adamson, 1939, Trop. Agr., 16:81 (notes; Trinidad); Johannsen, 1943, Ann. Ent. 
Soc. Amer., 36:776 (syn.: hondurensis; distribution). 

1965. Leptoconops bequaerti, Linley, Bull. Ent. Res., 56:37 (ovarian cycle; Figs. abdomen, 
ovarian follicles); Linley, 1966, Bull. Ent. Res., 57: 19 (feeding, longevity, egg 
maturation); Linley, 1968, J. Med. Ent., 5:53 (polymorphism and autogeny, mating, 
resting behavior); Linley, 1968, Bull. Ent. Res., 58: I (Jamaica; larval biology); 
Linley, 1969: 47 (Jamaica; larval biology). 

1934. Leptoconops bequaerti, Mayer, Arch. Naturges., 3:256 (emend.; pupa; figs.); Woke, 
1954, Ann. Ent. Soc. Amec, 47:71 (Nicaragua, biting man); Linley, 1965, Mosquito 
News, 25:306 (ovarian cycle; figs. abdomen, ovarian follicles). 
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1951. Leptoconops (Holoconops) bequaerti, Wirth, Proc. Ent. Soc. Washington, 53:281 
(records). 

1926. Leptoconops (Holoconops) hondurensis Hoffman, Bull. Ent. Res. 17:135 (male, fe
male; Honduras; fig. antenna, palpus, wing, male claw, mesonotal pits, spermathecae, 
male genitalia). 

1937. Holoconops hondurensis, Macfie, Ann. Mag. Nat. Hist., ser. 10, 20:2 (Trinidad; 
notes on female). 

1927. Leptoconops sp., Painter, Annu. Rept. Med. Dept. United Fruit Co. for 1926, p. 257 
(larva, pupa; figs.; habitat; Honduras). 

Types.-Holotype of bequaerti presumably is lost, as Kieffer usually did not 
keep types of his species unless requested to deposit them. A series consisting of 
two males, two females, four pupae and one larva, on slides from Painter's topo
typic material of bequaerti was donated by Dr. Painter to the United States 
National Museum of Natural History in 1966. From this series, a female mounted 
on a slide with a male, both in good condition, is hereby designated as neotype 
(USNM 70679). 

Hoffman (1926) designated six syntypes of L. hondurensis: three males and 
one female from Puerto Castilla, Honduras collected by Painter, and two females 
from Tela, Honduras collected by Root. One pinned male from Puerto Castilla in 
the United States National Museum of Natural History collection bearing Hof
fman's determination label is hereby selected as lectotype (USNM 70680). 

Female.-Wing 0.78 (0.75-0.97; N= 15) long by 0.37 (0.36-0.39; N=5) wide; 
CR, 0.44 (0.43-0.47; N=5). 

Head. Eyes bare, widely separated, separation equal to 0.35 of total head 
width; vertex with four setae in line. Antenna 13-segmented (Fig. 10d); lengths of 
flagellar segments in proportion of 8-5-5-5-5-5-5-5-5-5-18. Palpus (Fig. 10e) 
with lengths of distal three segments in proportion of 5-17-17; sense organ a deep 
pit slightly larger than the round pore. Mandible (Fig. 10c) with 17 (12-23; N= 
16) teeth; P/H ratio, 0.83-0.90. 

Thorax. Shiny brownish black. Legs yellowish brown, knees dark; femora and 
tibiae with a few long setae; basitarsi with several stout spines; remaining tarso
meres with sharp spines only at apices; leg segments with lengths in proportion 
of (foreleg) 45-25-90-75-35-17-15-10-15, (mid leg) 47-23-117-89-39-18-15-9-
14, and (hind leg) 55-25-117-97-48-33-17-10-15; tarsal claws (Fig. lOb) small, 
equal, with fine seta at base; hind tibial comb (Fig. 1 Oh) with rather long spur and 
four spines with lengths in proportion of 20-32-27-21. Wing white, without dark 
stigma. Halter whitish, base of stem brown. 

Abdomen. Genital lamellae elongate. Eighth segment with rather shallow pos
terior excavation; lateral processes of subgenital plate long and quite slender. 
Spermathecae (Fig. lOg) two, subequal, elongate structures measuring approxi
mately 0.050 by 0.026; necks short, conical; rudimentary spermatheca absent. 

Male.--Similar to female with usual sexual differences; antenna with distal 
segments as in Fig. lOa; palpus as in Fig. lOf. Genitalia (Fig. lOk): Ninth tergum 
tapering posteriorly with marked caudal modification into trilobed structure; 
posterior lobe narrowed to greater degree than lateral lobes, not bifid as usual in 
the subgenus; a pair of subapical setae present. Basistyle expanded basally with 
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Fto. 10.-Leptoconops bequaerti: a, male antenna, distal segments; b, female hind leg, 
fifth tarsomere and claws; c, female mandible; d, female antenna; e, female palpus; f, male 
palpus; g, female spermathecae; h, female hind tibial comb; i, male hind leg, fifth tarsomere 
and claws; j , male aedeagus and parameres; k, male genitalia, aedeagus and parameres 
removed. 

dark ventromedian lobe; dististyle swollen basad, apical two-thirds narrowed to 
rather slender apex; subterminal spine stout. Aedeagus (Fig. 1 Oj) composed of 
two slender contiguous pieces, distally fused in a rounded median process not 
extending beyond swollen basal portion of basistyle. Parameres (Fig. 10j) with 
basal sclerite slightly spatulate; distal sclerites fused in an H-shaped piece, distal 
ends conical apically, each with two mesally directed teeth (reported as three by 
Hoffman, 1926). 

Distribution.-Circum-Caribbean: Texas to Panama, West Indies from Cuba 
to Trinidad. 

Remarks.-Although this species was named in honor of Dr. Joseph Bequaert 
of Harvard University, who collected the type series in Honduras, the original 
spelling of the name was becquaerti. The form of the ninth tergum of males of 
L. bequaerti and L. Linleyi is very similar to that of L. mediterraneus Kieffer. 
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Leptoconops bequaerti can be distinguished from L. linleyi by its slightly 
larger size, shiny black mesonotum (in dry specimens), longer proboscis, stronger 
and more numerous mandibular teeth, and smaller spermathecae. The palpi 
usually have the third segment stouter with a more extensive sensory pit, and the 
legs are usually darker in bequaerti than in linleyi. 

Through the courtesy of Drs. Davies and Linley we were able to examine a 
number of long series of both the autogenous and anautogenous forms of L. 
bequaerti from Jamaica. The autogenous form is smaller (wing length 0.62-0.69) 
and has fewer mandibular teeth (12-15) than the anautogenous form, but other
wise no measurable characters could be found to separate the two forms. Varia
tion was found in the number of mandibular teeth in L. bequaerti from various 
localities around the Caribbean: 17 to 23 in the anautogenous Jamaica form, 
18 to 21 in females from the Panama Canal Zone, 20 in the female from Padre 
Island, Texas, but only 14 to 15 in females from St. John, Virgin Islands and 
from Trinidad. Variation in P/H ratios was relatively small: 0.84 to 0.96 in the 
anautogenous Jamaica form, 0.84 to 0.86 in the autogenous Jamaica form, 0.88 
to 0.89 from the Canal Zone, 0.79 from Padre Island, Texas, 0.86 to 0.95 from 
St. John, and 0.83 to 0.90 from Trinidad. 

Biology.- The biology of L. bequaerti was summarized by Linley and Davies 
( 1971 ). Linley (1968a, 1969) reported that there are two distinct forms of L. 
bequaerti in Jamaica. One is autogenous, with egg development taking place 
before emergence from the pupa; the other is anautogenous, requiring a blood 
meal to mature eggs. The autogenous form mates on the surface of the soil where
as the anautogenous form swarms above it. Larvae of both forms occupy the 
same breeding sites, but from any site adults of the autogenous form are always 
smaller than those of the anautogenous form. The following summary pertains to 
the anautogenous form. Eggs mature about 36 hours after a female has taking a 
blood meal. Each female produces about 85 eggs, scatters in the upper layers of 
damp sand into which she has burrowed a short distance. Females fed sugar lived 
a maximum of 10 days under laboratory conditions. 

The larval habitat was described by Painter (1927) and Davies and Linley 
(1965); usually it is found on sloping, protected beaches in sand that is per
manently damp or remains so for a continuous period of several weeks and is 
not washed directly by wave action. Large numbers of larvae may also be found 
in and around moist depressions in sandy soil near the sea. Where capillary move
ment would keep sand moist at a level 17 inches above the level of free soil water, 
Linley (1969) found the greatest number of larvae at a level between nine and 
fourteen inches above free soil water and fewer larvae in the one to nine and 14 
to 19-inch levels; no larvae were found in dry sand more than 21 inches above 
water level. Larval development was extremely variable in time, usually taking 
three and one-half to 11 weeks (Linley, 1968b). Mature pupae move to the sand 
surface and adults emerge from 3:00 to 11 :00 AM, but mostly before dawn. In 
Jamaica, adults are present throughout the year but are most abundant from June 
to August and again from October to January, coinciding with the seasons of 
greatest rainfall (Linley, 1969). 
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Contrary to the habits of L. kerteszi, females of L. becquaerti greatly prefer 
to feed on human legs than on their arms. They are strictly diurnal, biting 
throughout the day, with peaks between 8:00 and 9:00AM and at 5:00PM (Kettle 
and Linley, 1967). Females continue to bite in relatively windy conditions, but 
cease when the velocity exceeds 15 miles per hour~ Dispersal is dependent on 
wind strength and direction but is significant up to one-half mile, and numbers 
of individuals may be blown several miles downwind from breeding sites. 

Specimen examined.-TExAs: Padre Island, 13 mi. S on Causeway, 28 May 1952, 1 
female. 

Leptoconops (Holoconops) catawbae (Boesel) 
(Fig. 11) 

1948. Holoconops catawbae Boesel, Ohio J. Sci., 48:69 (Ohio; female; fig. antenna, palpus, 
wing, spermathecae, lamella). 

1951. Leptoconops (Holoconops) catawbae, Wirth, Proc. Ent. Soc. Washington, 53:282 
(distr. ; combination); Thompson and De Foliart, 1966, Proc. Ent. Soc. Washington, 
68:85 (Wisconsin; biting man). 

Holotype.-Female, Lakeside, Ohio, 8 July 1942, M. W. Boesel (on slide), in 
Boesel collection, Athens, Ohio. 

Female.- Wing 0.82 (0.71-0.94; N=5) long by 0.037 (0.33-0.43; N=5) 
wide; CR, 0.44 (0.42-0.47 ; N=5). 

Head (Fig. 11c). Eyes bare, widely separated, separation usually equal to more 
than 0.40 of total head width; vertex with row of four long slender setae. Antenna 
(Fig. 11c) 13-segmented; flagellar segments with lengths in proportion of 8-6-
6-6-6-6-6-6-6-6-19. Palpus (Fig. 11c) with lengths of distal three segments in 
proportion of 5-16-16; third segment with sense organ sunken into segment, 
with round pore the same size as sense organ. Mandible with nine to 11 (N=4) 
teeth (one specimen from Michigan with 16); P/H ratio 0.81 to 0.85 (N=2) (one 
specimen from Michigan, 0.65). 

Thorax. Mesonotum shiny dark brown; femora and tibiae brown, tarsi yellow
ish brown. Legs with lengths of segments in proportions of (foreleg) 40-25-93-
73-27-15-13-10-15, (mid leg) 47-20-105-85-38-20-13-8-13, and (hind leg) 
53-20-113-90-48-30-18-10-15. Basitarsus of foreleg with a few stout spines; 
other tarsomeres with only long setae except at apices. Tarsal claws small, equal, 
lacking basal tooth. Hind tibial comb (Fig. 11 b) with moderate spur, and four 
spines with lengths in proportion of 25-37-30-25. Wing (Fig. 11 a) grayish, with 
stigma pale, indistinct; halter brownish. 

Abdomen. Genital lamellae elongate. Eighth sternum with shallow caudo
median excavation bordered by two pairs of long spines; subgenital plate trans
verse, the lateral processes strongly sclerotized and short. Spermathecae (Fig. 
11 f) three; two equal, elongate, each measuring 0.066 by 0 .043, with short 
conical necks, and a small third one measuring·0.033 by 0.023. 

Ma/e.--Similar to the female with the usual sexual differences; antenna with 
distal three segments as in Fig. 11 e. Genitalia (Fig. 11 d) with ninth tergum nar
rowed posteriorly, posterior margin with elongate, submedian processes; a pair 
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FIG. 11.-Leptoconops catawbae: a, female wing; b, female hind tibial comb; c, female 
head, anterior view; d, male genitalia, aedeagus and parameres removed; e, male antenna, 
distal segments; f, female spermathecae; g, male aedeagus and parameres. 

of fine bristles lying ventrad just anterior to and at lateral edge of submedian 
processes; two submedian setigerous lobes lying below the bristles. Basistyle with 
basal half broad, apical half narrowed; basal half bearing distally a strongly 
sclerotized, ventromedian lobe; dististyle with prominent, strong, pale, subapical 
spine. Aedeagus (Fig. llg) short, composed of two straight, mesally swollen 
pieces. Parameres (Fig. llg) with distal sclerites fused in an H-shaped structure, 
the distal processes with anterior end cupped, posterior end expanded, sub
rectangular; anterolateral sclerite band-shaped. 

Distribution.-From Ohio and Wisconsin north to Quebec and south to New 
York. 

Remarks.-Leptoconops catawbae is readily distinguished from L. 
kerteszi by the small sensory pit on the third palpal segment of the female, and 
by the pale color of the stigma on the wing. L. borealis Gutsevich is a related 
species from a comparable latitude (Moscow and Chuvash) in the European 
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USSR, where it is found near sandy river margins, but L. borealis is larger (1.5 
millimeters long) and blacker, ventral spines are lacking on the fore basitarsus, 
and the female palpi are more swollen with a larger sensory pit. The North 
American collection records of L. catawbae indicate the likelihood that the larvae 
breed in the sandy margins of the larger lakes and streams in the Canadian Life 
Zone. 

Specimens examined.-MICHIGAN: Douglas Lake, Cheboygan Co., July 1959, R. W. 
Williams, feeding on man, } females. MONTANA: Medicine Lake, Sheridan Co., 9 June 1969, 
W. W. Wirth, 1 female. NEW YORK: Glenfield, Lewis Co., Independence River, 22 June 
1963, W. W. Wirth, 2 males. NORTH DAKOTA: White Lake, Moontrail Co., 8 June 1969, 
W. W. Wirth, 2 females. NOVA SCOTIA: Sable Island, 12-15 July 1967, D. M. Wood, 2 males, 
2 females (CNC). ONTARIO: Constance Bay, 2 July 1963, Downes and Forster, biting man, 
3 males, 10 females (CNC). QUEBEC: Chelsea, 26 May 1960, W. W. Wirth, biting man, 1 
female. WISCONSIN: Mazommanie Co., 15 May 1964, P. H. Thompson, biting man midday 
on river bottom, 2 females. 

Leptoconops (Holoconops) kerteszi Kieffer 
(Fig. 12) 

1908. Leptoconops kerteszi Kieffer, Ann. Mus. Nat. Hungariei, 6:576 (female; Cairo, 
Egypt); Freeborn and Zimmerman, 1934, Bull. Ent. Res., 25:261 (California, re
described; fig. male, female wing, male genitalia); Knowlton and Kardos, 1951, 163 
(Utah records); Bacon, 1953, Washington Agr. Exp. Sta. Tech. Bull., 11 :28 (Wash
ington; habits); Okada, 1954, Japanese J. Appl. Zoo!., 19: 1 (Inner Mongolia; fig. 
male genitalia); Curtis, 1957, Proc. Ent. Soc. British Colombia, 53: 18 (British 
Columbia); Ryckman, 1961, 405 (California; in jackrabbit ears); Jones, 1961 , 
Mosquito News, 21:114 (Colorado; biting sheep); Foulk, 1968, J. Med. Ent., 5:223 
(California; adult resting behavior); Foulk, 1969, Ann. Ent. Soc. Amer., 62: 112 
(adult feeling activity; California); Rees et al., 1969, Proc. 22nd Annu. Meeting 
Utah Mosquito Abatement Assoc., p. 1 (Utah; biology, control); Rees and Winget, 
1970, Mosquito News, 30:121 (Utah; biology, control); Rees eta/., 1970, Center 
Environ. Bioi., Univ. Utah Rept., 1:1 (Utah; biology, control); Rees et al., 1971, 
J. Med. Ent., 8:266 (colonization; Utah). 

1921. Holoconops kerteszi, Kieffer, Arch. Inst. Pasteur Afrique Nord, 1:265 (combination); 
Macfie, 1943, Proc. Royal Ent. Soc., London (B), 12:145 (Egypt; redescribed; fig. 
male genitalia). 

1921. Leptoconops (Holoconops) kerteszi, Carter, Bull. Ent. Res. 12:21 (syn.: /aurae Weiss 
and var. peneti Langeron; female from Egypt and Tunis redescribed); Wirth, 1952, 
Univ. Calif. Pub!. Ent., 9:110 (distribution; redescribed female, male genitalia; Fig. 
female palpus, male genitalia); DeMeillon and Hardy, 1953, J . Ent. Soc. Southern 
Africa, 16:21 (Cape Prov., South Africa); Clastrier et al., 1961 , Arch. lnst. Pasteur 
d'Aigerie, 39:91 (N. Chad; male redescribed; fig. genitalia); Rioux et al., 1964, Arch. 
Inst. Pasteur Tunis, 41:153 (Tunis; fig. male telomere); Rioux and Descous, 1965, 
Ann. Parasitol. Hum. Comp., 40:219 (France; larval habitat; Fig. palpus, male 
genitalia). 

1921. Leptoconops kerteszi var. americanus Carter, Bull. Ent. Res., 12:2 (Utah; female; 
Fig. wing); Essig, 1926, MacMillan, New York, p. 541 (notes, California, Utah); 
Thorpe, 1931 , Pan-Pacific Ent., 4:146 (bad biter in Death Valley, California); Rees 
and Smith, 1950, Mosquito News, 10:9 (Utah; systematic and habitat notes; control); 
Johannsen, 1952, 172 (fig. wing, genitalia); Okada, 1954, Japanese J. Appl. Zoo!., 
19:2 (in key). 

1943. Holoconops kerteszi var. americanus, Johannsen, Ann. Ent. Soc. Amer., 36:776 
(combination). 
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1912. Mycterotypus [aurae Weiss, Arch. Inst. Pasteur Tunis, p. 25 (female; Tunisia). 
1913. Mycterotypus [aurae var. peneti Langeron, Arch. Parasitol., 16:283 (female; Tunisia). 

Types.-Location of holotype of L. kerteszi unknown. Three female syntypes 
·of L. americana Carter in the USNM and Liverpool School of Tropical Medicine, 
of these 1 female in USNM is hereby selected as the lectotype of L. americana 
(USNM 71140). 

Female.-Wing 1.17 (1.00-1.35; N= 10) long by 0.53 (0.46-0.68; N= 10) 
wide; CR, 0.43 (0.40-0.48; N= 10). 

Head (Fig. 12b). Eyes bare, widely separated, separation equal to 0.37 of total 
head width; vertex with four setae in a row. Antenna (Fig. 12b) 13-segmented, 
flagellar segments with lengths in proportion of 12-8-8-8-9-9-9-9-9-9-25. Palpus 
(Fig. 12b) with lenghts of distal three segments in proportion of 8-23-17; sensory 
organ sunken into large deep cavity opening by small round pore. Mandible with 
16 to 19 (N = 7) teeth. P/H ratio 0.81 (0. 76-0.88; N = 1 0). 

Thorax. Shiny brownish black. Legs brownish black, tarsi paler; segments with 
lengths in proportions of (foreleg) 53-28-115-97-42-23-17-12-16, (mid leg) 49-
23-140-108-50-31-20-10-15, and (hind leg) 53-25-140-120-75-43-25-13-15. 
Basitarsi with four to five strong spines (Fig. 12h), other tarsomeres with strong 
spines only at apices. Tarsal claws equal ; long bristle, often well developed, 
arising from base of each claw. Hind tibial comb (Fig. 12d) with well-developed 
spur and four spines with lengths in proportion of 30-41-37-31. Wing (Fig. 12a) 
grayish white, stigma distinct, brownish in color. Halter whitish, stem brown. 

Abdomen (Fig. 12f). Genital lamellae moderately elongate. Eighth sternum 
with deep semicircular excavation bearing two pairs of long, posteriorly 
projecting setae; subgenital plate slightly broader than long, with strongly 
sclerotized lateral processes. Post atrial sclerites fused mesad in a slender ribbon 
looped anteriorly around gonopore. Spermathecae (Fig. 12g) three, two large 
ones measuring 0.069 by 0.043 and 0.059 by 0.043, with short necks, and a 
small third spermatheca measuring 0.030 by 0.023. 

Ma/e.-Similar to female with usual sexual differences. Genitalia (Fig. 12c) 
with ninth tergum narrowed posteriorly, with two submedian digitform processes; 
a pair of setae on mesal face anterior to processes; a pair of setigerous lobes 
cephalad of setae. Basistyle broad basally, posterior half abruptly narrowed; a 
pair of low, rounded, ventromedian lobes on the mesal face of basal portion; 
dististyle broad proximally, distal third tapered, apex often with bladelike ex
pansion, bearing a stout, subterminal, flattened spine. Aedeagus (Fig. 12e) com
posed of two short, straight sclerites extending only about half of length of ex
panded basal part of basistyle. Parameres (Fig. 12e) each with basal sclerite 
arising obliquely from outer comers of ninth segment; distal sclerites fused in an 
H-shaped piece, caudal portion knobbed apically with mesally projecting denti
cles. 

Distribution.-A widely distributed species occurring throughout the Near 
and Middle East, Central Asia, Africa, southern Europe, and western North 
America. 
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F IG. 12.-Leptoconops kerteszi: a, female wing; b, female head, anterior view; c, male 
genitalia, aedeagus and parameres removed; d, female hind tibial comb; e, male aedeagus 
and parameres; f, female abdomen, distal segments; g, female spermathecae; h, female fore
leg, tarsomeres I and 2. 
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Remarks.-Leptoconops kerteszi is closest morphologically to L. catawbae 
(Boesel) in the Nearctic Region. The females of L. kerteszi can be distinguished 
by the broader third palpal segment with its larger sensory organ, long wing and 
distinct stigma, and greater number of mandibular teeth. The males can be dis
tinguished by the shape of the parameres, width of separation of the two setae 
lying near the posterior margin of the ninth tergum, and the shape of the dististyle 
and lobe on the mesal face of the basistyle. Criteria for distinguishing L. kerteszi 
from L. belkini are included in the discussion of the latter species. 

Biology.-The biology of L. kerteszi in the United States has been investigated 
in detail by Smith and Lowe (1948), Rees (1958), Foulk (1968, 1969), and 
Rees et al. (1970). In California, this fly has been called the "Bodega black gnat" 
due to its great abundance on the Pacific Coast at Bodega Bay; however several 
authors have suggested this to be a misnomer inasmuch as it is a widespread and 
pestiferous species near saline and alkaline bodies of water throughout western 
North America. 

Smith and Lowe (1948) found the larvae of L. kerteszi to be abundant in damp 
sand one to three inches below the surface above the high tide level in streams 
entering Bodega Bay. Such sand had a chloride content of about 640 parts per 
million. The duration of the larval stage is from eight to ten months with no 
evidence of diapause. Pupae surface in the sand erect on the tip of the abdomen 
to facilitate emergence. Males were found to form large swarms in the lee of 
windbreaks. Females feed on various mammals, including man, and birds. 

Rees (1958) and Rees et al. (1970, 1971) presented notes on the life history 
of L. kerteszi in Utah. Females produced approximately 50 to 95 eggs; which 
were deposited on suitably moist soil three to four days after mating. Larvae were 
not detected in the field until the following spring, when they were found about 
six inches below the surface in soil saturated with moisture. In the laboratory, 
larvae completed development in 21 to 23 days. Pupation occurs on the surface 
of the soil in early April, and several days later adults emerge. Emergence occurs 
over a period of about three weeks and adults are on the wing for about six weeks 
in April, May, and June. In the emergence area, density was equivalent to about 
83 million gnats per acre. Females feed only during daylight on warm calm days. 
If undisturbed they require two to seven minutes to complete a blood meal. On 
man, they will feed on any exposed area of skin, but prefer to bite where wearing 
apparel touches the body and at the margin of the hair line on the head. Twenty
four hours after emergence, mating swarms consisting principally of males and 
numbering several hundred individuals occur near the breeding areas. Other 
swarms consisting mainly of females form readily near available hosts when 
climatic conditions are favorable. Flight range is unknown but gnats have been 
annoying at least one mile away from any possible larval habitat. 

Mating occurs usually during swarming and prior to feeding. During mating, 
females enter a swarm of males and exit in copulo. Laboratory tests proved that 
blood meals are not necessary for females to produce viable eggs. Partial auto
geny thus seems to characterize the Utah populations of L. kerteszi. There was 
no correlation between autogeny and body size as reported by Linley (1968a) for 
L. bequaerti. 



WIRTH AND ATCHLEY-NORTH AMERICAN LEPTOCONOPS 49 

Foulk (1969) studied the attack activity of L. kerteszi along the north shore 
of the Salton Sea in southern California. Females showed definite midmorning 
and midafternoon peaks of biting activity. Winds in excess of eight to 10 kilo
meters per hour reduced their ability to attack. In light winds, the leeward side of 
the body is attacked. Normally the head of a human host is preferred to lower 
parts of the body, and a moving host is attacked more than one not moving. Brush 
rabbits were found with gnats feeding on their ears. 

Foulk (1968) studied the resting behavior of adult L. kerteszi in California. 
Resting sites were on the surface of brush-shaded dry sand from midmorning to 
midafternoon and immediately beneath the surface grains of dry sand through
out the night. When the sun warmed the sand to approximately 18 ° C in the 
morning, the adults would emerge and take flight. 

J . D. Foulk and R. D. Sjogren (personal communication) reported on eco
logical studies of L. kerteszi in southern California where it occurs in isolated 
areas near the Pacific Coast, but more extensively inland, especially in desert 
areas in Riverside County, where frequently it becomes a biting pest of man. 
Adult females feed on mammals and oviposit on surface of damp sand. Breeding 
grounds include desert springs and seepage areas, and 1500 acres of saline marsh
land along the north shore of Salton Sea. The larvae inhabit the top two inches of 
sand, and the larval stage overwinters. Adults are present from mid-January to 
early November. Adults of both sexes and both engorged and unengorged females 
spend the night immediately beneath the surface of dry sand. During the day, 
males swarm over dry sand. Females seek blood meals, attacking man most 
severely in midmorning and midafternoon, preferably attacking around the head. 

Bacon (1953) described the biting habits of L. kerteszi in the Columbia Basin 
of central Washington. The gnats "attacked singly and insidiously, seeming to 
prefer the neck of the host just below the hairline, the forehead near the edge of 
the headgear, and the arms near the edge of the shirt sleeves. The gnats engorged 
quickly and left red welts which continued for two or three days. Leptoconops 
was found both near water and among the sagebrush well back from the moist 
areas. Specimens were taken as early as April 22 at O'Sullivan Dam and seemed 
to continue there and at other locations throughout the summer." 

Curtis (1957) reported a horde of L. kerteszi attacking man about noon in the 
caribou country of British Columbia along a hot dry grassy slope near creek, 
biting fiercely in the hair and ears of the observers. 

Specimens from the hot, interior desert localities of the western states are much 
smaller and paler in color than those from the Californian coast. No structural 
features have been found to separate these forms and we interpret this as another 
expression of the ecological rules of Bergmann and Gloger. 

Leptoconops (Holoconops) linleyi, new species 
(Fig. 13) 

Types.-Holotype, female; allotype, male; Fort Pierce, Jack Island, St. Lucie 
Co., Florida, July 1970, J. R. Linley, reared (USNM 71175). Paratypes, 
7 males, 30 females, 7 pupae, 1 larva, as listed under specimens examined. 
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Fto. 13.- Leptoconops linleyi: a, female wing; b, female antenna; c, female palpus; d, 
female hind tibial comb; e, female hind leg, fifth tarsomere and claws; f, female mandible; 
g, female fore leg, tarsomeres 1-2; h, male palpus; i, female spermathecae; j, male aedeagus 
and parameres; k, male hind leg, fifth tarsomere and claws; l , male genitalia, aedeagus and 
parameres removed. 

Female.-Wing 0.69 (0.62-0.75; N=7) long by 0.35 wide; CR, 0.45 (0.43-
0.47; N = 7). 

Head. As in L. bequaerti. Antenna (Fig. 13b) 13-segmented, proportions as 
in L. bequaerti. Palpus (Fig. 13c) with third segment more slender than in L. 
bequaerti, the internal cavity of the sensory pit smaller than in that species. 
Mandible (Fig. 13t) with 11 to 14 usually weakly sclerotized teeth; PIH ratio 
0.63 to 0.73. 

Thorax. Blackish, mesonotum with whitish pollen giving it a dull grayish black 
appearance. Legs yellowish to slightly brownish; knees dark, apices of femora 
sometimes brownish. Femora and tibiae with inconspicuous hairs; basitarsi (Fig. 
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13g) with several stout spines; remaining tarsomeres with sharp spines at apices. 
Leg segments with lengths in proportions of (foreleg) 35-20-78-68-26-17-13-9-
14, (mid leg) 42-18-100-85-30-20-14-9-13, and (hind leg) 40-20-100-85-40-28-
15-10-14. Tarsal claws (Fig. 13e) small, equal, with fine seta at base. Hind 
tibial comb (Fig. 13d) with moderately long spur and four spines with lengths in 
proportion of 15-21-22-20. Wing (Fig. 13a) whitish, without dark stigma. Halter 
whitish. 

Abdomen. Genital lamella elongate. Genital sclerotization similar to that of 
L. bequaerti. Spermathecae (Fig. 13i) two, equal to slightly unequal, measuring 
0.062 to 0.064long by 0.036 wide; necks short, rudimentary spermatheca absent. 

Male.--Similar to female with usual sexual differences ; palpus as in Fig. 13h; 
hind tarsal claws as in Fig. 13k. Genitalia (Fig. 13j,) as in L. bequaerti. 

Distribution. --Seacoasts of Florida, Massachusetts, and North Carolina. 
Remarks.-Leptoconops linleyi is closely related to L. bequaerti Kieffer, 

which it replaces on the seacoasts of the North American mainland from Mass
achusetts to Florida. It can be distinguished from L. bequaerti by its slightly 
smaller size, whitish pollinose thorax, shorter proboscis, fewer and weaker man
dibular teeth, and larger spermathecae. 

This species is named for Dr. John R. Linley of the Florida Department of 
Health Entomological Research Center at Vera Beach in recognition of his im
portant contributions to our knowledge of Floridian and Caribbean biting 
midges. Dr. Linley sent us numerous specimens of L. bequaerti, which aided 
us in the recognition of these two species. 

Specimens examined.-FLORIDA: Bahia Honda Key, Monroe Co., 11 April 1970, W. W. 
Wirth, sweeping beach near sea, 3 males, 1 female; Biscayne Bay, E. Slosson, 1 female; 
Bonita Beach, Lee Co., 17 April 1970, W. W. Wirth, seashore, biting man at noontime, 
bright sun, 3 females; Boynton Beach, Palm Beach Co., 7 August 1951, W. W. Wirth, biting 
man on beach at Tropical Gardens, 2 females; Fort Pierce, same data as holotype and allo
type, 3 males, 2 females, 3 pupae; Fort Walton, 6 September 1943, M. Wright, 1 female; 
Lake Worth, Slosson, 3 females; Lake Worth, 7 August 1951, W. W. Wirth, light trap, 1 
female; Vero Beach, 7 March 1961, Entomological Research Center, light trap, 3 females. 

MASSACHUSETTS: Yarmouth, Great Island, Cape Cod, 28 June 1961, W. J . Wall, reared 
from intertidal sand, 1 male, 2 females, 4 pupae, 1 larva. 

NoRTH CAROLINA: Nags Head, 15 July 1959, W. W. Wirth, 1 female; Wrightsville Beach, 
3 September 1926, 10 females. 

SUMMARY 

Descriptions and illustrations are presented for the 13 known North American 
"black gnats" of the genus Leptoconops, including the following new species: 
belkini, californiensis, linleyi, melanderi, mohavensis, and werneri. The Lepto
conopinae are ranked as a subfamily of Ceratopogonidae, rather than as a sepa
rate family, and only one genus is recognized, with 5 subgenera: Styloconops, 
Holoconops, Leptoconops, sensu stricto, and two new subgenera: Brachyconops, 
type species californiensis a new species described herein, and Megaconops, type 
species floridensis Wirth. The known species of the world are listed for each 
subgenus. Homonymy was discovered and a new name, L. smeei, is proposed for 
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L. longipalpis Smee, 1966 (preoccupied in Leptoconops by Microconops longi
palpis Kieffer, 1923). Keys are presented to the subgenera and to the females of 
North American species. A review is also made of the literature on immature 
stages, biology, and control. 
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