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ABSTRACT 

Tabanid larvae and pupae collected throughout Arizona, except 

the extreme northeastern and northwestern corners, and from northern 

Sonora, Mexico, from many different habitats and from five life zones, 

were reared to the adult stage in the laboratory. Some aspects of the 

biology, particularly life cycles, habitats of the larvae, predators 

and parasites, and diapause are discussed. The larvae and pupae of 

all species collected are described and figured. 

Tabanid larvae were found to inhabit a wide variety of aquatic 

and semi-aquatic, and a few terrestrial and arboreal habitats, espe

cially in the Southeast, Central and Plateau Regions of the State. 

Some species inhabit many kinds of aquatic habitats, either lotic, 

lentic or both; others are found in very specific niches, such as in 

submerged, aquatic moss. Aquatic habitats in Arizona have been sub

stantially altered by man and by natural climatic change, with a prob

able change in the amount of habitat available to tabanid larvae, and 

thus also a change in their abundance. 

Arizona Tabanidae have two major types of life cycle. Species 

in the Plateau Region, derived from the northern and central Rocky 

Mountains, have a cycle similar to that of most northern species. 

Adults emerge in the spring and very few larvae fail to complete de

velopment in a year. In southern Arizona, most adults emerge after 

the onset of the summer rains in July and -the larvae may require two or 

xi 
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three years to complete development, depending on the amount of mois

ture in the larval habitat. 

All larvae collected in this study were predaceous, except 

three species of the genus Chrysops. Larvae of two terrestrial species 

refused housefly larvae offered them in the laboratory. They fed only 

on larvae of insects, such as Tipulidae and Scarabaeidae, found in the 

larval habitat. 

The major enemies of larvae in Arizona are larval nematodes 

that live externally and cause scarring of the cuticle, internal nema

tode parasites and a species of tachinid fly (Carinosillus sp.). Pre

daceous Hemiptera, Coleoptera, Neuroptera and other horsefly larvae 

may also be potential enemies. 

All larvae reared, except Tabanus similis, required a period of 

cold temperature to complete development. When held at room tempera

ture in the laboratory, mature larvae became quiescent in November and 

fed little until the following April or May. In 1969, of 116 mature 

larvae placed in a refrigerator at 5® C for 105 days, 43 later com

pleted development (38%). Only 14% of 50 larvae kept at room tempera

ture during the same period completed development. Oxygen consumption 

of supposedly diapausing larvae was measured and found to vary from 

about 0.2 to 0.4^/l./mg./hr., while that for non-diapausing larvae 

varied from about 0.5 to 0.8 /^l./mg./hr. Thus, the larvae appear to 

enter a true diapause period. 

Eight hundred twenty-nine larvae and pupae were collected dur

ing this study, including the larvae of 24 species in nine genera. 
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Of these, 22 species in seven genera were successfully reared to the 

adult stage. The larva and pupa of one species of Silvius, three of 

Chrysops, one of Bolbodimyia, one of Atylotus, one of Leucotabanus, two 

of Tabanus and four of Hybomitra, as well as the larva of one species 

of Esenbeckia and one of Stenotabanus, are described and figured. 

Descriptions of the immature stages of Silvius quadrivittatus and 

Bolbodimyia atrata are the first for their respective genera. 

In general, the groupings based on the immature stages conform 

with what is presently known about adult classification. However, the 

larva of "Hybomitra" latj.cornis is much different than the other known 

larvae in the genus and thus should probably be placed in a genus other 

than Hybomitra. 



INTRODUCTION 

Adult horseflies and deerflies (Tabanidae) of North America 

were well studied, taxonomically, by several workers around the turn of 

the twentieth century, particularly by Hine and Osten Sacken. More 

recently, Brennan, Philip and Pechuman have contributed much additional 

information. During the "golden age" of adult tabanid taxonomy in North 

America, from 1875 to 1950, the immature stages were generally ignored, 

except for a few species conspicuous for their size or abundance. 

The systematic study of horsefly larvae in North America began 

with the detailed study of Tabanus punctifer Osten Sacken by Webb and 

Wells (1924), chosen because of its economic importance to livestock in 

the western United States. Subsequent work by Philip (1928, 1931), 

Stone (1930) and Schwardt (1931, 1931a) established the pattern used by 

most other students of tabanid larvae. More recently, Teskey (1969) 

and Goodwin (1967), while studying the biology of tabanid larvae, em

phasized the taxonomic characters that could be used to differentiate 

some species in the northeastern and southeastern United States. They 

described larvae previously unknown and re-described others whose pre

viously published descriptions were inadequate. Other work on tabanid 

larvae was regional, covering only a few species or providing rather 

scanty data of limited value for further studies. Marchand's (1920) 

work is an exception, being a very useful compilation of all the known 

tabanid larvae of the world. 

1 
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Most students of tabanid larvae in the United States worked 

with northeastern or southeastern species. The tabanid larvae west of 

the 100th meridian are as yet very poorly known and, of those that 

have been studied, many are also found in the eastern United States. 

The work by Webb and Wells (1924) is the only detailed study dealing 

exclusively with western species. Other, work has been superficial, 

usually providing only sketchy biological data or emphasizing only one 

or two species. The scanty representation of larval tabanid studies 

in the West seems strange since there are many interesting genera and 

species, particularly in Arizona and California, including the more 

primitive Pangoniine genera, such as Apatolestes, Brennania, Stonemyia 

and Pilimas. Arizona has 11 of the 14 tabanid genera known to occur 

west of the 100th meridian and is thus an especially interesting area 

for studying a diverse group of species. 

The purposes of this study are: (1) to initiate and encourage 

the systematic study of immature Tabanidae in western North America; 

(2) to provide detailed information on the biology, ecology and taxonomy 

of as many Arizona species as possible; (3) to use information about the 

immature stages to clarify the relationships within the members of the 

Tabanus gilanus group of horseflies. 

Philip (1968) stated that until the tabanids of the arid regions 

on both sides of the political United States-Mexico border were collected 

intensively, the factors affecting the movement of species from south to 

north or north to south would remain unknown. I hope that the results 

of the present study will provide information necessary to help explain 



the northward and southward invasions of horsefly species from Mexico 

into the United States. 

Arizona is an excellent place to begin the systematic study of 

immature tabanids in western North America because a relatively large 

number of genera occur there. Tabanid larval habitats are rather well 

defined, especially in the arid regions of the State. Therefore, the 

larvae can be collected easily, although not in abundance. Finally, 

the succession of life zones and diversity of habitats within a single 

mountain range often enable the collector to obtain several species 

from a relatively small area. 

Few tabanid species are abundant enough to be economically 

important in Arizona; although Chrysops facialis may be locally abun

dant and cause great discomfort to vacationers, cattle and wildlife in 

the Plateau Region. Tabanus punctifer, T. subsimilis, T. erythraeus, 

Stenotabanus flavidus, Hybomitra fulvilateralis, H. sonomensis var. 

phaenops and H. tetrica var. rubrilata sometimes become abundant enough 

locally to be pests of cattle or wildlife. 

Recently, Hibler, with various co-workers (1969, 1970, 1970), 

have found that Tabanus gilanus, Hybomitra sonomensis var. phaenops and 

possibly other species are capable of transmitting a filarioid parasite, 

Elaeophora schneideri Wehr and Dikmans, the etiological agent of elaeo-

phoriasis in deer and elk. This disease has possibly contributed to the 

recent decline of deer and elk populations in Arizona and New Mexico. 



LITERATURE REVIEW 

Most of the literature on immature horseflies has appeared 

since 1900. Although there are few comprehensive biological or taxo-

nomic reviews, some excellent papers illustrate the development of our 

knowledge of both the biology and taxonomy of the group. 

Relatively few workers have studied the biology exclusively, 

but some have provided either general reviews or detailed studies. 

Neave (1915) was one of the earliest authors to emphasize the biology 

of Tabanidae, giving a good discussion of the biology of some little-

known African species. Marchand (1920) provided an extremely useful 

review of the biology of all the immature Tabanidae of the world, 

bringing together in one work the contents of many papers. Webb and 

Wells (1924) contributed one of the first and still one of the best and 

most detailed biological studies of a North American horsefly, Tabanus 

punctifer Osten Sacken, adding notes on two other species. Cameron 

(1926) published a lengthy paper on the biology, anatomy and morphology 

of Haematopota pluvialis Linne in Europe, including a detailed study of 

the internal anatomy. Schwardt (1936) studied the biology of some 

species in Arkansas, particularly Tabanus lineola (= Tabanus subsimilis). 

Surprisingly, no work comparable to that of Webb and Wells or Schwardt 

has been published for other economically important species in the 

United States. In recent non-taxonomic papers emphasis has been more 

on control measures. 

4 
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The only recent attempt to provide a world-wide classification 

of Tabanidae, by Mackerras (1954, 1955), used the male genitalia of 

adults as the primary feature of comparison besides other external 

morphological features. Unfortunately, the task became so formidable 

that he was unable to provide a classification for the Tabaninae. 

Hennig (1952) and Marchand (1920) gave the only world-wide review of 

the larval classification. Hennig included a general discussion of 

the morphology of immature Tabanidae and a list of all larvae described 

up to 19 52. On a regional basis, several authors have given good 

reviews of some immature species or species groups. In Australia, 

Fuller (1936, 1937) published two excellent papers, giving biological 

and habitat information, as well as drawings of larvae and pupae, and 

including one species in the subfamily Pangoniinae, a group whose im

mature stages are little known. Her excellent discussion and drawings 

may serve as a model for the description of immature horseflies. More 

recently, English (1949, 1952, "1954, 1957, "1961) continued this work, 

with fine drawings and discussions, describing the immature stages of 

six Australian species, all from interesting and unusual habitats, 

including one Pangoniine associated with ant-lions (NeuropterasMyrmeleon-

tidae). Both Fuller and English used morphological details of the head 

capsule more than American workers. Virtually no immature tabanids 

have been described from South America, but the larva and pupa of one 

interesting species, Dasybasis fairchildi Coscaron and Philip was re

cently described by Coscaron and Philip (1967). 

In North America, immature Tabanidae were not studied systemati

cally until the 1930s. Stone (1930) described the early stages of some 
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Chrysops and Tabanus from the northeastern United States and also 

provided a key to mature larvae. Cameron (1934) studied some immature 

Tabanidae of the Canadian Prairie, but figures only the terminal aster 

of the pupae of the species he reared. More recently, James (1963) 

emphasized the larval habitats of 29 species occurring in southern 

Ontario. Roberts and Dicke (1964) compiled information on the known 

immature stages of eastern U. S. Tabanidae, with a key to the larvae 

and pupae of these species, as well as descriptions of the immature 

stages of some that were previously undescribed. 

Most recently, Goodwin (1967) and Teskey (1969) have given 

detailed taxonomic reviews of southeastern and northeastern immature 

horseflies respectively. Goodwin described the larvae and pupae of 24 

species in six genera. Teskey collected and reared 81 species in five 

genera from eastern North America, a culmination of many years' work. 

Of these, he figures 66 larvae and 72 pupae, 43 previously unknown. 

He also provides good discussions of methods, larval habitats, para

sites, thoughts on the evolution of tabanid larvae and keys to the 

genera and species of many eastern species. For a review of other 

papers on immature North American Tabanidae, see Teskey (1969). 

Although many larvae and pupae of eastern Tabanidae have been 

described, very few western species have been studied so thoroughly. 

Cameron (1934) and Webb and Wells (1924) deal primarily with western 

species, but not systematically. Other workers studying immature 

western tabanids have described only one or two species. The early 

stages of some species of the western United States have been 
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previously described because they also occur in Canada or the eastern 

United States. 

Of the 40 species of Tabanidae in 11 genera known to occur in 

Arizona, seven species in four genera were described previously. Webb 

and Wells (1924) discussed three of these: Tabanus punctifer O.S., 

Tabanus phaenops O.S. (= Hybomitra sonomensis var. phaenops O.S.), 

and Tabanus insuetus O.S. (= Atylotus incisuralis (Macquart)). The 

larva of each species was figured. Cameron (1934) also described 

larvae and pupae of Tabanus phaenops (= Hybomitra sonomensis var. 

phaenops) and Tabanus insuetus (= Atylotus incisuralis) from Canada, 

but figures only their pupal aster. Schwardt (1931, 1931a, 1936) 

described the immature stages of Tabanus lineola Fab. (= Tabanus sub-

similis Bellardi) from Arkansas. Jones (1956) gave the biology and a 

description of the immature stages of Esenbeckia incisuralis (Say), 

only the second Pangoniine known in its immature stages. Although he 

presented a good discussion of the larval habitat, his taxonomic con

tribution is vitiated by the lack of figures. Roberts (1962) described 

the immature stages of Tabanus dorsifer Walker in the first paper on an 

exclusively southwestern species. He figured portions of the larva and 

pupa, with some notes on the habitat and collecting techniques. Roberts 

and Dicke (1964) described the immature stages of Tabanus similis Mac-

quart, including a figure of the larva. This species is very widely 

distributed throughout the eastern and western United States. Of all 

the species in Arizona described previously, only Tabanus dorsifer is 

not widespread throughout the western United States. 



METHODS AND MATERIALS 

Many techniques for the laboratory rearing and study of imma

ture horseflies have evolved over the years, each worker adapting 

methods to fit particular situations and regions. Most authors have 

described some of the techniques used, but Philip (1928) was the first 

to devote an entire paper to them. He discussed the rearing methods 

used by previous workers (such as Neave and Marchand), as well as his 

own. Many of Philip's methods have now been replaced by more efficient 

techniques, but his discussion of rearing problems is still useful. I 

now present a summary of the field and laboratory methods I have used 

to collect and rear Arizona Tabanidae. 

Field Methods 

I collected most of the larvae used in this study with a hand 

trowel. Larvae and pupae that could easily be damaged with this instru

ment, such as those of Bolbodimyia atrata (Hine) and Tabanus boharti 

Philip, were collected by hand from the larval habitat. Leucotabanus 

ambiguus larvae inhabit tree rot holes with external orifices usually 

too small to admit entrance of a trowel, so they were collected by 

scooping out moist debris with a pocket knife. 

To collect larvae living in mud, mud mixed with vegetable 

debris, or in forest soil, I penetrated the soil habitat with the 

trowel to a depth of about four inches. The substrate was then broken, 

8 
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examined, and the larvae extracted by hand. For larvae that live in 

sod difficult to handle with a trowel, I first cut the sod into one 

foot square sections with a small shovel and then broke apart the sec

tions by hand. This method was at first also used for larvae from the 

cienegas of the mountainous regions of northern Arizona until I dis

covered that most larvae (at least when nearly mature) occur in moss 

and in logs that are easily examined by hand. Finally, for larvae that 

were very small, or lived in muck soils or in the fine silt soils of 

streams, or were scarce in the normal habitat, such as Silvius quad-

rivittatus (Say), I scooped the substrate in a polyethylene plastic 

bucket, added water to the substrate, and broke up the soil with the 

trowel; the soil-water mix was then poured through a fine-meshed 

plastic strainer, the contents being washed with water to remove fine 

silt and some debris; the residue in the strainer contained any larvae 

present in the original substrate; the strainer's 1.5 mm. mesh pre

vented the passage of larvae as small as 3 mm. long. 

I transported larvae from the field to the laboratory in 3 oz. 

circular tins with tight-fitting lids (Ellisco, Inc., Camden, N.J.). 

Larvae of all species were placed individually in tins to prevent pre-

dation (except for Chrysops, whose larvae appear not to be predaceous). 

I added some medium from the natural habitat, either soil, debris, moss 

or decaying vegetation, to each larva in the tin. Storage in a portable 

ice chest or in a bucket covered with a damp towel prevented overheat

ing on the trip to the laboratory. 
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After collection, I recorded information on the natural habitat 

such as water pH (pHydrion papers, Micro Essential Laboratory, Inc., 

Brooklyn, N.Y.), with an accuracy of about +0.5 units), soil composi

tion, vegetation, life zone, type of substrate (moss, soil, vegetable 

debris) in which the larvae occurred, lentic or lotic habitat and water 

quality (clear or polluted). Although I emphasized Arizona localities, 

I also collected larvae in Catron County, New Mexico, near Blythe, 

California, and in the State of Sonora, Mexico, at Agua Prieta and in 

the Sierra Manzanal near Cananea. 

Laboratory Methods 

Only one species (Tabanus punctifer) was reared from the egg 

stage, and the procedure will be discussed under that species. Larvae 

and pupae from the field were examined under a stereoscopic microscope, 

measured (length in mm.), tentatively identified and placed individually 

in 7 oz. polyethylene plastic cups such as used for refrigerator food 

storage (cup No. 280, Alladin Plastics, Gardena, Calif.). These con

tainers were ideal for rearing because they had tight-fitting lids 

that prevented moisture loss and allowed the larvae plenty of room to 

move about in search of prey and during the active pre-pupal period. 

Two types of substrate were useful for rearing, both having 

particular advantages. Standard, single-fold, bleached paper toweling 

(Crown-Zellerbach) was best for larvae living in a very wet habitat. 

I attempted to keep the moisture level of the toweling comparable to 

that of the natural habitat. About half the larvae were reared with 

this toweling. To prevent the possibility of juvenile hormone analogs 
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affecting rearing results, I also used a coarse French filter paper 

made from European timber products, Reeve-Angel filter paper, grade 

235, 33 cm. circles (Reeve-Angel, Clifton, N.J.). The standard paper 

toweling retained moisture longer than the filter paper. Since the 

standard toweling does not appear to affect the normal development of 

the larvae, it is probably preferable because of its low cost and 

general availability. Quarter pieces of toweling were folded twice to 

give the larvae protected places to feed and rest. The filter paper 

circles were cut into strips about 15 cm. long and 5 cm. wide and 

folded double. 

Living 3rd instar housefly larvae, maintained in culture, 

served as a suitable food source for most horsefly larvae. After the 

larvae were 12-15 mm. long, I did not notice significant mortality of 

horsefly larvae from retaliatory attacks by housefly larvae, as men

tioned by Philip (1928). I crushed the prey larvae for larvae less 

than 12 mm. Although many alternative protein sources are acceptable 

to tabanid larvae (earthworms, snails, ground meat, etc.), housefly 

larvae proved to be the most convenient source of prey. In general, I 

examined younger larvae every other day and mature larvae every three 

to five days, depending on the schedule of field work. In a few cases, 

tabanid larvae reached maturity in 30-40 days by consuming 5-10 prey 

larvae daily, but once mature, the larvae refused further food and be

came quiescent. 

When larvae were about to pupate (as indicated by increased 

burrowing activity and shredding of the filter paper, followed by 



eversion of the anterior spiracles at the lateral margins of the pro-

and mesothoracic segments) I substituted moist paper toweling for the 

filter paper, since the shredded filter paper sometimes adhered to the 

pupal skin and obscured taxonomic characters. After the final molt, I 

removed the larval exuviae and prepared the skins for study by stretch

ing them to their fullest extent with two pairs of Dumont No. 5 

jeweler's tweezers. The skin was stored in 70% ethyl alcohol in a 15 

x 85 mm. culture tube. 

When adult flies emerged, they were placed in a 15 x 15 x 45 

cm. screened cage supplied with a water-soaked cotton ball in a small 

dish and held for 24-36 hours to allow drying and hardening of the 

integument. I added the pupal skins to the tubes containing the larval 

exuviae for each specimen together with any needed additional informa

tion. 

Reared, adult flies often become greasy after storage, probably 

due to fat stored in the newly-emerged specimens. I de-greased them 

in ethyl acetate for two to three days. This removed all grease and 

restored the natural colors in most cases. The only apparent change 

was some matting of the tomentose hairs of the head and thorax. 

Occasionally, larvae or pupae died during the rearing period, 

or some specimens were killed purposely for reference. I put larvae 

or pupae to be preserved for reference in a hot water bath (175-200° F) 

while still alive. This caused the body to extend to its full length, 

coagulated proteins, allowing a greater contrast of the segmental 

pubescent rings against the fat body and other body tissues, and killed 
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bacteria in the gut. Killed larvae were placed in KAAD larval fixative 

for 24 hours, then stored in 70% alcohol. 

Teskey (1969) discussed several methods used to rear larvae in 

the laboratory, but few of these allow constant observation of larvae 

or the collection of all larval exuviae and determination of food con

sumed. Methods utilizing such substrates as agar, glass beads or sand 

do not appear to be useful for studying larval habits. 

Larvae that refused the usual housefly diet required special 

foods. I successfully reared larvae of Chrysops from younger instars 

by grinding up housefly larvae mixed with mud from the larval habitat. 

The terrestrial larvae of certain species, such as Stenotabanus and 

Esenbeckia, generally refused housefly larvae. I found that larvae of 

either Scarabaeidae (Coleoptera) or terrestrial Tipulidae (Diptera) 

served as an acceptable food source for these. 

During the winter of 1968-69, I placed several apparently 

mature larvae of Tabanus punctifer O.S. in a refrigerator at 5° C for 

one to five weeks to see if they required a diapause period to complete 

development. Although the results were inconclusive, it appeared that 

such a period was necessary. Teskey (personal communication, 1969) 

stated that he kept all his larvae in a refrigerator during the winter. 

During the winter of 1969-70, I put about 75% of the larvae I collected 

by 1 January 1970 in a refrigerator at 5° C for 105 days. This period 

was based on soil temperature recordings taken at different elevations 

in the State throughout the year, the length of time corresponding to 

the period of decreasing, lowest and rising soil temperatures. The 
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larvae were not offered food during the diapause period. I replaced 

lost moisture and removed dead larvae every 7 to 10 days. Larvae not 

used in either the respirometer studies or kept in the refrigerator 

were reared at room temperature (22° c) throughout the winter, and fed 

once a week. 

In addition to studying diapause in Arizona Tabanidae, I also 

measured the rate of oxygen consumption by some diapausing and non-

diapausing larvae to determine the difference, if any, in respiration 

rates, using a Warburg Constant Volume Respirometer, as outlined by 

Umbreit, Burris and Stauffer (19 57). The apparatus was prepared ac

cording to their instructions and larvae placed in the flask, with 

0.2-0.3 ml. of distilled water to prevent desiccation. Readings were 

taken hourly, following calibration, and tests conducted for periods 

of from 8 to 19 hours. I weighed the larvae immediately after the 

tests, and successfully reared most of those used in these studies to 

the adult stage. 



LIFE CYCLES OF ARIZONA TABANIDAE 

Generalized Life Cycle 

The general life cycle of the Tabanidae has been documented by 

many authors; only a brief summary will be given here. The eggs are 

laid in the spring or summer months, the females often depositing them 

in single or multi-tiered masses of 100 to 300 on emergent aquatic 

vegetation growing in a lotic or lentic habitat. Eggs may also be 

laid on rocks rising above the water surface or on other objects in or 

near the preferred habitat. They hatch in a week to 10 days. 

The larvae drop from the egg mass and burrow into the substrate. 

They are usually about 1 mm. long when newly hatched, and grow to 

maturity, passing through a variable number of instars in about one 

year. Large species may require two or three years to complete develop

ment. The known larvae of Tabanidae are predaceous, except for those 

of the genus Chrysops, whose larvae are saprophagous. As they mature, 

the larvae tend to move toward a drier part of the habitat along the 

margin of a stream or pond. About three or four days before pupation 

the larva orients its body head-upward, about one-half in'ch to two 

inches beneath the soil surface. At this time the anterior spiracles, 

between the pro- and mesothoracic segments, are everted. The larval 

cuticle splits dorsally at the anterior end and the fully-formed, 

obtect pupa pushes the exuvia posteriorly with supple body movements, 

eventually freeing itself. 

15 
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The pupa remains capable of active movement for several days, 

probably to aid in positioning itself in the soil. During the middle 

part of the pupal period it does not move actively. About a day be

fore emergence of the adult fly, the pupa again becomes very active, 

and is capable of very strong contractions of the abdominal segments. 

The adult fly within the pupal case pushes the case to the surface of 

the soil, splits open the anterior end of the case, and emerges through 

the anterior end. 

Male flies usually emerge one or two days earlier than the 

females. The freshly-emerged flies harden and are capable of flight 

within about a half hour. Males and females mate, often on hill tops 

or in meadows. Both males and females may require a food source, such 

as nectar, during the early part of adult life. Male flies probably 

die shortly after mating. As the ovaries mature, the females begin to 

search for food, usually a blood meal from a vertebrate animal. Once 

a meal is obtained, a batch of eggs matures and the female oviposits 

in the appropriate habitat, thus completing the cycle. For a more de

tailed account of a tabanid life cycle, see Cameron (1934). 

Although the life cycles of many tabanids throughout the world 

differ from the generalized one given above, especially in habitat, 

oviposition, feeding habits and the length of the larval stages, the 

basic pattern is similar in all. One of the major differences between 

the life cycles of tabanids in temperate regions and in the Tropics is 

in adult emergence time. In temperate regions, temperature is often 

the factor controlling the emergence time of adult flies. In the 
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Tropics, the occurrence of wet and dry seasons is probably the most 

important factor. There are horseflies in Arizona from both North 

Temperate and Tropical fauna, so that the seasonal differences in the 

life cycle of each type must be discussed. 

The North Temperate Cycle 

Tabanid species derived from the northern and central Rocky 

Mountains occur in the mountainous regions of northern and central 

Arizona. These species have seasonal cycles very similar to the 

pattern found throughout northern North America. In most of them the 

eggs are laid from late June to early July. The larvae develop rapidly 

through the summer until the autumn frosts, which usually occur by late 

September or early October. They then enter diapause for the winter. 

Temperatures usually moderate in the spring by early May, and the 

larvae complete their development and pupate by the end of May. The 

time of adult emergence varies for most species from year to year, but 

usually by not more than about two weeks. Emergence occurs from early 

to mid-June, with adult activity reaching a peak from mid- to late 

June, decreasing sharply for most species by mid-July and usually ceas

ing by early August. Atylotus incisuralis (Macq.), however, emerges 

later than other species, reaching its peak abundance by early August. 

Most species found in the Plateau Region, above the Mogollon 

Rim, have a one year cycle with an obligatory diapause period. Hybo-

mitra fulvilateralis (Macq.) has a two year cycle. All larvae develop 

simultaneously, and they are rarely found after most adults have 

emerged. All larvae collected after the period of normal emergence 
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die, are parasitized, or must continue development for another year 

and pass through another diapause period. Larvae that were apparently 

healthy when collected, but were not allowed to pass through a cold 

temperature period, all passed through extra molts and eventually died. 

In contrast to the larvae in southern Arizona, Plateau Region 

species live in relatively stable habitats, such as permanent creeks, 

rivers, cienegas and ponds that do not dry up. Thus, the only limiting 

environmental factor controlling the rate of development is low tempera

ture. 

The Southern Cycle 

Most tabanid species found in southern Arizona are derived 

from the fauna to the south, mostly from Mexico or Central America. 

The seasonal cycle of these species is controlled by moisture as well 

as temperature. 

The larval stages of most southern Arizona Tabanidae live in 

relatively localized and well-defined moist habitats. Some of these 

habitats, especially rivers and creeks, although once permanent sources 

of water, are now ephemeral, and flow only when there is surface run

off from precipitation, making the organisms that live in these habitats 

dependent on rainfall for their development and survival. 

Eggs are probably deposited either on vegetation growing in and 

around moist habitats, or directly on wet soil when such vegetation is 

absent. I have seen the eggs of only one species in southern Arizona, 

Tabanus punctifer, on cattail leaves in a largespring-fed pond. Ovi-

position for most species (except for those above 7000 ft.) occurs from 

late July through August. 
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Larvae develop until cold weather begins in the late fall 

(usually by November). They then enter a diapause period for the win

ter until March or April, depending on soil temperature, as do larvae 

in the North. By the time activity begins in the spring, the soil is 

already drying and, for larvae whose habitats are subject to drying 

(semi-permanent springs, creeks, rivers, etc.), a period of enforced 

quiescence begins. Larvae living where there is permanent water con

tinue developing as soon as soil temperature permits. These latter 

larvae reach maturity, usually from late June to early July, pupate and 

emerge as adults from early July to early August. Variations from this 

general cycle will be mentioned under individual species. Pupation and 

adult emergence are probably initiated by the onset of the summer rainy 

season, possibly by the gradual increase in humidity or soil moisture. 

Adults reach their greatest abundance between mid-July and early 

August, usually' disappearing by late August or early September. When 

conditions are ideal, i.e., moisture is not limiting and food is abun

dant, all species studied in southern Arizona are capable of completing 

their cycle in one year. This has been verified by laboratory rearing. 

In nature, only a percentage of individuals of each species 

completes the cycle in one year, because of moisture limitations. In 

the spring, these larvae enter a quiescent period in response to the 

drying soil or organic substrate in which they live. They will remain 

quiescent until summer rains have re-hydrated the habitat. Development 

then continues until the soil again dries out or cold temperature pre

vents further development. Most of these larvae are probably able to 
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complete development the second summer, thus completing a two-year 

cycle. If both moisture and food are again limiting factors, a third 

year might be necessary. Since the larvae found in southern Arizona 

appear to be very resistant to desiccation as long as it is a gradual 

process, most larvae, even in a seemingly marginal habitat, will com

plete development. 

The most critical factor determining whether a larva will 

complete development in a given year, other than moisture, is the 

stage at which it enters diapause in late fall. If a larva is in the 

last or next-to-last instar, development is usually completed the fol

lowing summer. If it diapauses in an earlier instar, development may 

continue for another year and a half. Mature larvae collected after 

mid-August do not pupate in the laboratory until the following spring 

or summer, and all species except Tabanus similis require a cold 

temperature period during late instars to complete development. Very 

exceptionally, a larva may complete its cycle at room temperature. 

Because the length of the larval stage is dependent on temperature 

and moisture as well as food supply, one may find, in a single habitat 

at any time of the year, larvae of all stages, newly-hatched (less 

than 5 mm.) to mature, living together. This is in marked contrast to 

the northern species, whose larval stages are rarely found after the 

normal emergence period, unless they have a two year cycle. 

Species occurring in southern Arizona at higher elevations 

(above 7000 ft.), have cycles similar to those in the north, but also 

have some characteristics of southern species. Adult Tabanus gilanus 
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Townsend, usually found above 7000 ft., emerge in late spring or early 

summer, usually by early June, and well before the summer rains begin. 

Since the larvae live in habitats where moisture is not limiting, they 

are able to complete their cycle in one year and most larvae probably 

do. A few larvae of this species have been collected in terrestrial 

habitats, usually in moist forest soil near springs. Such larvae would 

be subject to limiting moisture and might require more than one year to 

complete their cycle. In one instance, mature larvae collected in June 

required another cold period to complete development, while others from 

the same lot pupated shortly after they were collected. 

Horsefly species of southern Arizona often have some individuals 

with prolonged life cycles, due to moisture limitation in the larval 

habitat. This means that there are relatively few adults on the wing 

in southern Arizona (except for two mountain species). In the North, 

virtually all the individuals of a given species emerge each year, 

producing large numbers of each species. The abundance of adults in 

the South varies greatly from year to year. 

There are two terrestrial Pangoniine species in southern Arizona 

whose cycles differ from those given above. The larvae of Esenbeckia 

delta (Hine) and E. incisuralis var. tinkhami Philip live in forest 

soil. The adults emerge in late August and early September (E. delta) 

and in late October (E. incisuralis). Conditions necessary for initiat

ing emergence in these species are unknown but it might be the decreas

ing humidity or soil moisture accompanying the end of the summer rains 

for E. delta and decreasing temperature in October for E. incisuralis 
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var. tinkhami. Diapause requirements for these species are unknown and 

I have been unable to rear either species in the laboratory. 



THE HABITATS OF ARIZONA TABANID LARVAE 

Arizona Topography, Climate and Vegetation 

Arizona has a total land area of about 113,900 square miles and 

a latitudinal range of 31°20' N. to 37° N. Both topography and vegeta

tion are diverse. One may go from the hot, arid Colorado Desert near 

Yuma, at 137 ft. above sea-level, to alpine tundra on Humphreys :Peak 

in the San Francisco Mountains at 12,670 ft. 

Green and Sellers (1964) divide the State into six regions, 

based on differences in topography, vegetation and climate (Fig. 1). 

Three of these regions, the Southwest, Northwest and Northeast, are 

arid or semi-arid lands, but differ greatly in topography and elevation. 

The other three regions, Central, Plateau and Southeast, contain most 

of the tabanid species recorded from Arizona. Nichol (1952) and 

Humphrey (1965) provide excellent discussions and maps of the natural 

vegatation of Arizona. 

The Plateau Region consists of three forested plateaus, the 

Kaibab, the Coconino and the Mogollon. It encompasses three life zones, 

Transition, Canadian and Hudsonian, in order of increasing elevation, 

each with particular vegetative associations. The Transition Zone 

(6000-9000 ft.), characterized by the Rocky Mountain ponderosa pine 

(Pinus ponderosa scopulorum Engelm.), is the major forest type covering 

much of the Kaibab and Mogollon Mesas (Lowe, 1964). The Canadian Zone 

(7500-9500 ft.), characterized by Douglas fir forest (Pseudotsuga 

23 



24 

SOUTHWEST 

STATE OF ARIZONA 
I" I" I- I- l»..... 

s*ou*no |;spuTHEA^T I'UIJWIU 
l\ w'SlVrti'-i i """• £ »? 

fiM 
FIG.  1.  SECTION BOUNDARIES AND TOPOGRAPHICAL FEATURES OF 

ARIZONA (AFTER GREEN AND SELLERS,  1964)  

BY PERMISSION FROM ARIZONA CLIMATE,  CHRISTINE R.GREEN AND 

WILLIAM D.  SELLERS,  EDITORS, TUCSON: UNIVERSITY OF ARIZONA 

PRESS,  COPYRIGHT 1964.  



25 

menziesi franco) and white fir [Abies concolor (Gordon & Glendenning) ] , 

occurs at somewhat higher elevations than the Transition in the Plateau 

Region. The Hudsonian Zone (8500-11,500 ft.) has the Engelmann spruce 

(Picea engelmanni Parry) and alpine fir [Abies lasiocarpa (Hook.)] as 

the most common conifers (Lowe, 1964). Juniper woodland is most promi

nent on lower, north-facing slopes. The Mogollon Plateau is an exten

sion of the Rocky Mountain chain from New Mexico and contains all the 

typically Rocky Mountain tabanid species that reach Arizona. 

The Central Region is a transition area from the high, coniferous-

forested plateaus to the low, arid desert to the Southwest, and the iso

lated mountain ranges and grasslands to the Southeast. It is sharply 

delineated to the North by the Mogollon Rim, a steep escarpment extend

ing from the Verde River in Yavapai County to the White Mountains in 

Apache County, separating the plateau highlands from the lower, rolling, 

forested mountains and hills of the Central Region. This area includes 

elements of three life zones: the Upper Sonoran, the Transition and 

the Canadian. Within the Upper Sonoran Zone, three major formation-

classes occur: woodland, chaparral and grassland (Lowe, 1964). At 

lower elevations (5000-6000 ft.) in the Central Region, evergreen wood

land, consisting primarily of evergreen oaks, predominates. Coniferous 

woodland, primarily ponderosa pine and Douglas fir, occurs at higher 

elevations (6000-8000 ft.). 

The Southeast Region is characterized by isolated mountain 

chains running Southeast to Northwest, separated by low, arid river 

valleys. Some mountain peaks are above 9000 ft., and one (Mount Graham) 
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is above 10,000 ft. The vegetation varies from desertscrub in the 

river valleys to Engelmann spruce and alpine fir in the highest ranges. 

These higher ranges include five life zones: Lower Sonoran, Upper 

Sonoran, Transition, Canadian and Hudsonian. There is also an exten

sive area of mesquite-grass grassland which is particularly noticeable 

in the southern part of the region. 

Since the tabanid fauna of the remaining three regions is 

rather uniform, I have combined these regions into a single arid or 

semi-arid desert and basin region for the purposes of this study. All 

three regions—Southwest, Northwest and Northeast—have low rainfall, 

usually ten inches or less, but differ in vegetation and topography. 

The Southwest Region is low, hot desert with predominantly creosote 

bush-saltbush vegetation. The characteristics of this Region extend 

into the Southeast Region along the Santa Cruz, San Pedro and Gila 

Rivers and in the San Simon Valley. The Northeast and Northwest Re

gions have rather similar vegetation, mostly short-grass plains, pinyon-

juniper woodland, and northern sagebrush desert; but while the north

western part has extremely rugged terrain, the northeastern part 

consists, primarily of flat plains interspersed with flat-topped mesas. 

The only breaks in this arid or semi-arid assemblage of vegetation are in 

the Carrizo Mountains, in the extreme northeastern corner of the State, 

and parts of the Kaibab Plateau on the north rim of the Grand Canyon. 

Summary of Larval Habitats 

Aquatic and semi-aquatic habitats are the most important ones 

available to immature Tabanidae in Arizona. Twenty-one of twenty-two 
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species reared during this study were found in such habitats; only 

Leucotabanus was found in an exceptional habitat, the rot holes of 

sycamore, willow and cottonwood trees. The larvae of Tabanus gilanus 

were once found in a terrestrial habitat, and the larvae of two other 

species, Esenbeckia delta and Stenotabanus flavidus, although not suc

cessfully reared, were found in terrestrial habitats. 

Northern Arizona, especially the Plateau Region, has many 

lentic and lotic habitats; in southern Arizona, especially the south

eastern part, lotic habitats predominate, except for occasional 

cienegas, spring-fed pools and man-made water projects such as stock 

tanks and artificial lakes. This difference in the number of lentic 

habitats is reflected in the composition of the tabanid fauna. Only 

three of eight exclusively lotic species studied are confined to 

southern and central Arizona; while five of the seven exclusively 

lentic species studied, including all species of Hybomitra, are found 

only above the Mogollon Rim. From the Verde River to the White Moun

tains, the Rim demarcates the southernmost extension of Hybomitra and 

Atylotus in Arizona. It is an absolute barrier to the southward dis

persal of them only because there is no suitable habitat for their 

development anywhere south of the Rim. As may be expected, the distri

bution and abundance of tabanids in Arizona depends on the versatility 

of the larvae, i.e., their ability to develop in many types of aquatic 

or semi-aquatic situations, and the amount of suitable habitat present. 

Species such as Tabanus punctifer that develop in many aquatic habitats, 

over a wide range of temperature, pH and elevation, occur throughout 
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the State and may benefit from man-made manipulations. Other species, 

such as Bolbodimyia atrata, have very specific habitat requirements 

and restricted distribution, and are very sensitive to changes in the 

habitat, either natural or man-made. 

The desert tabanid fauna is rather scanty because the sources 

of water are limited and there is little habitat diversity. Thus, one 

finds there only species that are highly adaptable to different habi

tats or those that are specifically adapted to desert streams and 

springs. 

Lentic Habitats 

1. Lakes. Most Arizona lakes, including all those south of 

the Mogollon Rim, are artificial. This has not, however, resulted in 

an increase in tabanids in southern Arizona, nor has it greatly in

creased the habitats available because only three species, Chrysops 

pachyceras var. hungerfordi, C. virgulatus and Tabanus punctifer, uti

lize such artificial habitats. 

Large natural lakes are rare in Arizona, but a few remain in 

the Plateau Region. There are few tabanid species adapted to natural 

lake habitats. These are Tabanus similis, T. punctifer, T. species B 

and Hybomitra sonomensis var. phaenops. 

2. Ponds. Small ponds, natural and artificial, are more 

numerous than larger lakes. There are very few natural ponds in 

southern Arizona, and those that still exist, such as spring-fed ponds, 

will be discussed below. Most ponds in southern Arizona are stock 

ponds, sewage ponds and other man-made bodies of water. Stock ponds 
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are scattered throughout southern Arizona, particularly in the South

east Region, where small drainages are easily dammed to form pockets 

of trapped run-off water. I rarely found any tabanid larvae in such 

habitats, possibly because these ponds tend to dry up in May and June. 

Only Tabanus punctifer and T. subsimilis subsimilis occur in these 

artificial ponds. 

Natural ponds do not support any greater variety of species 

than lakes. These ponds are usually formed in the Plateau Region from 

snow-melt water running into shallow depressions, and, if small, may 

support little or no aquatic vegetation; or a complex group of aquatic 

plants if larger and permanent. Only Chrysops facialis, Hybomitra 

aatos and H. sonomensis var. phaenops, occur here. 

3. Cienegas (Fig. 54, Appendix C). Cienegas are marshy de

pressions where water accumulates at the soil surface in small pools. 

In the Plateau Region, such areas have a luxuriant stand of grass and 

usually patches of moss on rocks, logs or on the soil surface. Such 

cienegas may be very small, only ten to twenty square meters. Others 

may cover an entire meadow of several acres. There are very few 

natural cienegas left in the Southeast Region. Those that remain are 

small, and have sedges or a variety of moisture-loving plants on muddy 

ground. All cienegas sampled in this study were permanent. 

The cienega habitat is one of the richest in Arizona, based on 

the number of species occupying it. Horsefly larvae in the northern 

cienegas inhabit an organic substrate (moss) when mature, and an inor

ganic one (soil) during early instars. Larvae in the southern cienegas 
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always inhabit inorganic (soil) substrate. Species inhabiting the 

northern cienega habitat are Chrysops facialis, Atylotus incisuralis, 

Tabanus dietrichi, Hybomitira fulvilateralis, and H. sonomensis var. 

phaenops. 

Cienegas in southern Arizona are caused by spring seepage or 

by the water table lying very close to the soil surface. In either 

case, the result is a permanent marshy spot. Less than 100 years ago, 

there were many such areas in southeastern Arizona, but most have 

either been drained or have dried up due to lowering of the water 

table because of increased use of water by man. Most of the few re

maining natural cienegas are either privately owned and protected, or 

owned by conservation agencies, and will presumably be kept in their 

natural state. Species found in southern cienegas are: Chrysops 

pachyceras var. hungerfordi, Tabanus species A and T. puhctifer. 

4. Spring-fed Ponds (Fig. 55, Appendix C). These ponds are 

formed in natural depressions and occur in the northern and southern 

parts of the State. In the South, Quitobaquito Spring is an excellent 

example of a natural, desert spring pond. Sylvania Spring in Cochise 

County and Monkey Spring in Santa Cruz County are examples of spring 

ponds in the southeastern mountains. Lindbergh Spring, in Coconino 

County, is a good example in northern Arizona. Species associated 

with spring-fed ponds are: Chrysops facialis, C. pachyceras var. hunger-

fordi, C. virgulatus, Tabanus species A, T. pruinosus, and T. punctifer. 

5. Stock Tanks. Occasionally, stock tanks that leak at the 

seams, around the base or overflow create temporary or permanent marshy 
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spots. Where such a moist area is permanent, one may find Tabanus 

punctifer larvae, especially below 5000 ft., or Tabanus species A 

larvae above 5000 ft. Since the wet spots are subject to abrupt change, 

I do not consider them to be major larval habitat. 

6. Irrigation Run-off. In Maricopa, Pinal and Yuma Counties, 

where there is extensive crop irrigation, run-off from irrigation may 

accumulate in low areas and allow tabanid larvae to exist in places 

where they would not normally be found. Tabanus punctifer and T. 

subsimilis occur in such places. 

Lotic Habitats 

Lotic habitats are widespread throughout Arizona, although the 

majority of streams and springs in the State are in the Plateau, Cen

tral and Southeast Regions. The major streams in the desert regions, 

such as the Colorado, Little Colorado, Salt and Gila Rivers are large, 

but support few tabanid species. There were more permanent streams 

(Santa Cruz and San Pedro Rivers) in southeastern Arizona as recently 

as 80 years ago, but the combination of drought, arroyo-cutting, over

grazing and man-caused lowering of the water table has transformed 

many of these streams into dry, sandy washes most of the year and rag

ing torrents during heavy rains. Such areas, once probably very pro

ductive tabanid habitats, now support a tabanid fauna only along short, 

permanent stretches. Other man-made projects, such as artificial lakes, 

threaten most of the remaining permanent springs and streams not in 

private ownership. 
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1. Rivers (Fig. 56, Appendix C). The major rivers of Arizona 

provide suitable habitat for the larvae of three species—Silvius quad-

rivittatus, Tabanus dorsifer and T. punctifer—all rather widely dis

tributed throughout the state. 

2. Creeks (Fig. 57, Appendix C). This habitat supports the 

largest number of tabanid species in Arizona. To support a tabanid 

fauna the creeks must be at least semi-permanent, drying up only during 

very dry years. Some species, such as Tabanus gilanus and Tabanus 

species B, are quite tolerant of semi-permanent streams while others, 

Bolbodimyia atrata and Tabanus boharti for example, cannot tolerate 

even temporary dessication. Species found here are: Chrysops facialis, 

C. pachyceras var. hungerfordi, Bolbodimyia atrata, Tabanus boharti, 

T. dorsifer, T. gilanus, T. species A, T. species B, T. morbosus, and 

T. punctifer. 

3. Springs and Spring Seepages. This habitat includes flow

ing springs, seepages from hillsides or steep slopes, and marshy areas 

around flowing springs. Where there is little or no vegetation around 

some springs, tabanid larvae live in mineral soil, or they may live 

in grasses, ferns, moss and liverworts. Some spring waters have a 

high calcium carbonate content, and it is precipitated out on rocks 

and vegetation. Tabanid larvae rarely inhabit such places. Springs 

and seepages occur at all elevations, but particularly above 4000 ft. 

in the Southeast Region. These springs are widely scattered through

out the mountains and are the major habitat for a few species, espe

cially in the Tabanus gilanus group. Species found here are: Tabanus 
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species A, T. gilanus, T. species B, T. pruinosus, T. punctifer, and 

"Hybomitra" laticornis. 

5. Irrigation Ditches. These ditches are common especially 

in Maricopa, Pinal and Yuma Counties. I have never collected T. punc-

tifer from irrigation ditches but one larva of this species was col

lected by Dr. George D. Butler, Jr., in a ditch that had mud on the 

bottom. I have seen T. punctifer larvae floating on the surface of 

the water in canals and submerged on the surface of the mud and vege

tation in cement-lined canals. 

Terrestrial and Arboreal Habitats 

1. Terrestrial Habitats (Fig. 58, Appendix C). Three tabanid 

species were discovered in terrestrial habitats; all the habitats were 

similar, damp forest soil under oak-juniper or mixed, deciduous hard

wood canopy. Species found in this habitat are: Esenbeckia delta, 

Stenotabanus flavidus and, rarely, Tabanus gilanus. 

2. Arboreal Habitats (Fig. 59, Appendix C). One species, 

Leucotabanus ambiguus Stone, was found occupying an arboreal habitat, 

in tree holes. This type of habitat was reported previously for several 

other tabanid species, particularly in tropical areas. English (1957) 

described the larva and pupa of Chalybosoma casuarinae English from 

the holes bored by longicorn beetles in casuarina trees, in Australia. 

Alteration of Tabanid Habitats by Man 

Natural phenomena such as climatic change and stream channeli

zation have certainly affected the distribution and abundance of 
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Tabanidae in the past. With the advent of the white man in Arizona, 

and particularly since the mass breeding of cattle, development of 

irrigated agriculture on a large scale, and the need for mass recrea

tion areas for a growing population, alteration of wetland habitats 

has been progressively accelerated. 

In the arid deserts of the Southwest, Northwest and Northeast 

Regions, the major changes have been associated with water reclamation 

and conservation projects such as damming of major rivers and small 

springs to provide water for man, livestock and irrigated agriculture. 

In some cases large, sterile reservoirs were built, in others stream 

flow was diverted to crops and cities and such streams are no longer 

permanent. 

In the Southeast Region, natural climatic change has altered 

the flow of some streams such as the San Pedro and Santa Cruz Rivers, 

but man has further interrupted stream flow by lowering the water 

table, draining cienegas and springs, and damming drainages to form 

artificial lakes and stock ponds. There are few permanent streams, 

springs and cienegas left in southeastern Arizona and those that re

main are in private ownership. 

Few stream habitats in the Central Region have been greatly 

disturbed, except for the larger rivers such as the Gila and the Salt. 

This is because these streams are mostly within the National Forests 

and are maintained in their natural state for recreation purposes. 

Wetlands in the Plateau Region have been greatly altered by 

man for livestock raising and for recreation. Many of the natural 
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cienegas and swampy meadows have been dammed, forming small ponds for 

cattle or larger lakes for recreation. These artificial habitats are 

usually rather sterile and support little or no emergent aquatic vege

tation. Cattle are grazed extensively throughout the Plateau Region 

and often trample and foul the cienega habitat. 

In desert areas, and throughout the Southeast Region, stock 

ponds, irrigation tail water and artificial lakes provide suitable 

habitat for Tabanus punctifer and Tabanus subsimilis nippontucki. 

Although it is impossible to know how abundant these species were be

fore the streams dried up, they are probably less abundant now than 

when streams were permanent. The draining of springs and cienegas in 

the Southeast Region has probably decreased the amount of habitat 

available to Tabanus species A. 

Habitat alteration can also change the species composition of 

a particular habitat, eliminating those species that are intolerant of 

change. An excellent example of this situation occurred at Pena Blanca 

Lake (Santa Cruz County) in 1969-70. In 1969, both Chrysops pachyceras 

var. hungerfordi and C. virgulatus larvae, as well as Tabanus punctifer 

larvae, were present at the south end of the lake, where vegetation was 

present. By 1970, the vegetation had been removed during construction 

of a park area, leaving bare, sandy-silt soil. Chrysops larvae had 

disappeared, but T. punctifer larvae were very abundant. The disap

pearance of shore vegetation probably caused a lack of normal oviposi-

tion sites for Chrysops females. 
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In the Plateau Region, horsefly species known to be pests of 

man, livestock and wildlife (Chrysops facialis, Hybomitra fulvilater

alis and H. sonomensis var. phaenops) are probably decreasing because 

of habitat alteration. H. fulvilateralis particularly is sensitive to 

habitat change because the larvae live only in the cienegas of the 

White Mountains. The adults are pests of cattle that feed in and near 

these cienegas and they could probably be controlled by eliminating 

the cienega habitat. C. facialis and H. sonomensis var. phaenops were 

found in more diverse habitats such as lakes, ponds or streams and 

could not be eliminated as easily. 



FOOD HABITS 

Tabanid larvae are well-known as opportunistic predators, most 

of them taking on any living prey they are able to overcome, including 

other tabanid larvae. In only a few instances, to be mentioned below, 

did I encounter some special food preferences. Thus, it is meaningless 

to discuss the natural food of horsefly larvae in detail, in the ab

sence of field observations. 

Dipterous larvae, especially Tipulidae, Dolichopodidae and 

Chironomidae were the arthropods most frequently observed in tabanid 

habitats. Earthworms were the only other common prey item. 

In the laboratory, all tabanid larvae except those in the 

genera Chrysops, Stenotabanus and Esenbeckia accepted living Musca 

domestica larvae. Horsefly larvae, depending on size when mature, con

sumed from 30 to 120 third instar housefly larvae before pupating. It 

is known that most Chrysops larvae will not consume living prey and it 

is presumed that they are saprophagous, probably feeding on decaying 

organic matter. I was able to rear half-grown Chrysops pachyceras var. 

hungerfordi and Chrysops virgulatus successfully by mixing some mud 

from the larval habitat with chopped Musca larvae. Most Chrysops 

larvae consumed this mixture and successfully completed development. 

The larvae of Esenbeckia delta and Stenotabanus flavidus, both 

terrestrial, refused all Musca larvae offered. E. delta larvae would 

feed only on the larvae of Scarabaeidae, Asilidae and terrestrial 
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Tipulidae. They refused lepidopterous larvae and Musca larvae. S. 

flavidus larvae would feed only on terrestrial Tipulidae and lepidop

terous larvae(Noctuidae). They refused larvae of Asilidae, Scarabaeidae 

and Musca domestica. This prey specificity, at least under laboratory 

conditions, is unusual in horsefly larvae but may be characteristic of 

species with terrestrial larvae. 

Leucotabanus ambiguus larvae, living in an arboreal habitat, 

probably feed on animals living in the rot pockets of host trees. They 

readily accepted nematodes and eristaline Syrphidae (Diptera) from the 

larval habitat. In the laboratory, I fed L. ambiguus with workers of 

Zootermopsis laticeps, a termite with which it is usually associated, 

but this probably does not happen in the field since the workers do 

not occupy the surface rot cavities where the horsefly larvae are 

found. L. ambiguus larvae readily accept Musca larvae. 

The rest of the larvae reared in this study probably feed on 

many soft-bodied invertebrates in aquatic or semi-aquatic environments, 

but in only a few cases were tabanid larvae collected while actually 

feeding. 



PREDATORS, PARASITES AND OTHER MORTALITY FACTORS 

Predators 

Probably the greatest sources of predation on tabanid larvae 

are other tabanid larvae. I have seen four instances where one tabanid 

was eating another when collected in the field. When larvae hatch from 

an egg mass, a large number of tiny larvae burrow into the habitat, 

usually mud or other suitable substrate, and cannibalism is an effi

cient natural method of thinning the larval population so that the 

population and food supply are in balance. Excess larvae become food 

while they are eliminated. 

Small larvae have many other potential predators, including 

Odonata nymphs and predaceous Coleoptera such as Dytiscidae and Hydro-

philidae. Large larvae may be consumed by larger invertebrates such as 

Corydalidae (Neuroptera), Belostomatidae or vertebrates such as fish. 

Vertebrate predation is probably rare since horsefly larvae usually 

burrow into the substrate. 

Parasites 

Teskey (1969) has discussed the parasites affecting tabanid 

larvae in the northeastern United States, as well as past literature 

on this subject. Some chalcidoid wasps parasitize a certain percentage 

of the eggs in most egg masses, but none were discovered during this 

study. All parasites that I found in Arizona Tabanidae affect the 

larval stage. 
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A larval nematode parasite infested five larvae of Tabanus 

species A and one of Tabanus punctifer. All parasitized larvae were 

collected from wet soil; the nematode was probably picked up with the 

soil sample. Some soil nematodes have parasitic larval stages and 

free-living adults. The nematode larvae lived externally on the cuticle 

of the tabanid host, especially where the segments telescoped together 

during movement. The host cuticle became roughened and scabby where 

the worms were active. Heavily infested larvae from Sylvania Spring 

(Cochise County) became less and less active and finally died. The 

nematode may have spread to other specimens via contaminated forceps 

during cleaning operations. Thereafter, forceps used for cleaning 

were dipped into 70% alcohol to prevent any contamination of unin

fected larvae. 

An internal nematode parasite, infested one Hybomitra sonomensis 

var. phaenops larva from Rogers Lake (Coconino County). After the 

larva died 50 to 60 nematodes migrated to the body surface, where they 

died. The nematodes were preserved in situ with the host. This nema

tode may help reduce the otherwise large population of this species 

around Rogers Lake. 

An entomophagous fungus parasitized larvae of Tabanus punctifer 

from Mendoza Canyon (Pima County). The host larvae were collected from 

foul-smelling black mud around the margin of a small, highly-polluted 

pond. The fungus spores probably occur in the mud with the larvae. The 

fungus may have spread in the laboratory via contaminated forceps. 
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Two specimens of an apparently undescribed tachin.id fly, 

Carinosillus n. sp., (det. C. W. Sabrosky, 1970)* were reared, one 

each from a larva of Hybomitra sonomensis var. phaenops collected from 

Sheep Cienega (Apache County) and Hybomitra fulvilateralis from Three 

Forks (Apache County), both localities in the White Mountains. These 

larval parasites were not visible until nearly mature. Presumably, 

like other larval parasites in this family, they feed on the non-vital 

tissues of the host such as fat body. A few days before pupation, the 

host is killed by the parasite's feeding activity. After the host 

larva dies, the parasite cuts a small hole in the host cuticle, on the 

dorsal surface of the mesothorax, and keeps its posterior spiracles 

appressed to the opening during the final feeding period. Only the 

cuticle of the host remains after the parasite leaves and it enters 

the soil to pupate within 24 hours. 

Other Causes of Mortality 

Other sources of mortality in reared larvae were incomplete 

molting, defective mouthparts and plugging of the anus. Two Tabanus 

punctifer larvae failed to complete a molt properly and died. 

Five T. punctifer larvae had defective mouthparts or thoracic 

segments when collected or developed them during the rearing process. 

Since the mouthparts are used to kill and consume prey, any defect 

proved fatal to larvae that did not molt and obtain a normal set. In 

one case, the right mandible was pulled back along the tentorial bar, 

preventing the larva from striking its prey. 

*Curator, Systematic Entomology Laboratory, U.S.D.A., Washington, D.C. 
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The greatest source of mortality among reared larvae was block

age of the anus by dried fecal material. In nature, horsefly larvae 

utilize the resistance afforded by the substrate in which they live to 

help void wastes. Moisture in the habitat also prevents drying of the 

fecal matter in or around the anus. My larvae were reared on filter 

paper that was rough but tended to dry out between cleanings. When 

this happened, fecal matter dried in and around the anus, forming a 

solid, permanent plug. Larvae unable to void their waste matter prior 

to pupation eventually died. Larvae from fluviatile environments 

(Bolbodimyia atrata and Tabanus boharti) were particularly likely to 

form a hard fecal plug in the,anus. In nature, the current of a stream 

probably carries away fecal matter as it is voided. Thus mortality 

was especially high for these species. This rearing problem was solved 

when I carefully watched moisture levels to prevent excessive drying. 

Virtually all of the mortality was caused by this anal plug and thus 

larval mortality in my study was very high (about 50%). Teskey and 

others have solved this problem by rearing larvae in the natural sub

strate, but this prevents direct observation of larval activity. 



DIAPAUSE IN ARIZONA TABANIDAE 

Diapause in Tabanidae has not been studied before, although 

Teskey (personal communication, 1969) states that he refrigerated all 

of his larvae from October to late March, after experimenting with dif

ferent rearing temperatures. 

Diapause Period 

It appears that all larval Tabanidae in Arizona have an obli

gatory diapause period, and exposure to cold is necessary to break it. 

Thirty-eight percent of the larvae chilled at 5° C for 105 days success

fully completed development while only fourteen percent of those reared 

at room temperature (22° C) completed development. The oxygen consump

tion of larvae thought to be in diapause varied from 0.08 to 0.46 

JUl./mg./hr.; the consumption rate for non-diapausing larvae ranged 

from 0.12 to 0.90 /41 ./mg./hr. 

Since tabanid larvae maintain a rather low rate of metabolism 

and remain dormant in conditions of temperature, humidity and food 

favorable for growth, it is concluded that the dormant period is a true 

diapause. Most immature horseflies have a one- or two-year life cycle 

during which they are exposed to cold temperature at least once. Dia

pause occurs only in the larval stage and, at least for Arizona Taban

idae, must occur during the last or next-to-last larval instar. 

The general life cycle of immature tabanids has been discussed 

in a previous section. The rate of larval growth and the stage at 
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which diapause occurs determine the length of the larval life, whether 

it will be one, two or more years. Larvae entering diapause during 

the fall in the last instar will pupate the following spring or summer 

and then produce adult flies. Younger larvae will continue growth to 

maturity in the second year and enter a diapause period, pupating and 

emerging at the end of the second year. This is why one may find 

tabanid larvae of many sizes in Arizona throughout the year, a situa

tion quite different from that in the northeastern United States (Pechu-

man, personal communication, 1969). 

Refrigeration Experiments 

In early trials, using low temperature to break diapause, I 

tested larvae of Tabanus punctifer, hatched from eggs in October, 1968. 

The larvae grew rapidly after hatching, consuming 80 to 115 third in-

star housefly larvae each, and attaining lengths of 38 to 42 mm. Eight 

mature larvae were placed in a refrigerator, maintained at 5° C, for 

periods of one to five weeks. Five of the eight larvae pupated and 

produced adults, including all larvae chilled for three, four or five 

weeks, and one larva chilled for two weeks. Both larvae chilled for 

one week and one chilled for two weeks died before pupating. Of seven 

mature larvae kept at room temperature (22° C), only two successfully 

completed development. From this early trial, I concluded that sur

vival was enhanced by a chilling period and at least two to three weeks 

chilling time was required. 

In 1969, I tested 116 mature larvae to determine the effect of 

chilling on the rate of survival and completion of the life cycle. To 
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determine the length of time the chilled larvae should be kept in the 

refrigerator, I obtained mean soil temperature from data compiled by 

H. A. Schreiber, U.S. Soil Conservation Service, Watershed Research 

Center, U.S.D.A.-A.R.S., Tucson, Arizona, and Chang (1958) for locali

ties in Arizona (Tucson, 2400 ft.; Tombstone, 4600 ft.; Flagstaff, 

7390 ft.) at depths of three to six inches. These data are shown 

graphically in Fig. 2. To determine the length of time the larvae 

were to be chilled, I calculated the number of days that mean soil 

temperature at 3-6 inches were was below room temperature (22° C). 

Soil temperatures decrease rapidly in November and remain low (7-13° C 

for southern localities, -2° to +2° C for Flagstaff) until mid-February, 

when they begin to rise. By early March, they are rising rapidly. 

Therefore, I kept chilled larvae at 5° C for 105 days, or the equiva

lent of three and a half months, during the time they might normally 

be in diapause. 

Chilled larvae were not offered food, but the substrate (filter 

paper) in the cups was checked every 10 days to replace water loss and 

prevent dehydration of the larvae. Larvae remained quiescent while 

chilled. Unchilled larvae used as controls were fed once a week; they 

also remained torpid, although they would occasionally eat a housefly 

larva. Both chilled and unchilled larvae were mature at the beginning 

of the test period. 

Of the 116 larvae chilled for 105 days (beginning 1 January 

1970), 43 completed development (38%), 58 died (49%) and 15 (13%) were 

still in the larval stage on 1 September 1970. For 50 larvae kept as 
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controls at room temperature for the same period, seven completed 

development (14%), 30 died (60%) and 13 (26%) were still mature larvae. 

The results showed that a greater percentage of the chilled larvae 

completed development and pupated, producing adults, and fewer died or 

continued the larval stage another year after chilling. The unchilled 

larvae that completed development may have passed through a diapause 

in nature during earlier instars. 

The results of these experiments were obscured by mortality 

factors inherent in the rearing methods. Rearing larvae on an artifi

cial substrate and under improper moisture conditions caused some 

larvae to die during and after exposure to cold temperature. All 

larvae with the anal opening sealed by dried fecal material died. 

Thus, less than half the chilled larvae survived. The data do show 

that about three times as many chilled larvae as unchilled ones were 

successfully reared. 

Respirometer Studies 

To provide more objective evidence that tabanid larvae enter 

a true diapause, I measured the rate of oxygen consumption of quies

cent, mature larvae and of presumably non-diapausing larvae of seven 

species. A Warburg Constant Volume Respirometer was used, following 

techniques described by Umbreit, Burris and Stauffer (1957). There is 

a difference between the amount of oxygen consumed by diapausing and 

non-diapausing larvae, but this is slightly obscured in non-diapausing 

larvae by larger fluctuations in hourly rates. Fig. 3 shows the dif

ferences in consumption rates. The diapausing larvae had been held 
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for rearing since fall, 1969, and had been quiescent, feeding very 

sporadically, for at least a month before testing. The non-diapausing 

larvae were collected in April, 1970, and were feeding continuously 

and growing rapidly. 

Oxygen consumption of diapausing larvae varied from 0.2 to 0.4 

//. l./mg./hr., with extreme variations of 0.08 to 0,46 //l./mq./br. The 

rate for non-diapausing larvae was about 0.5 to 0.8 ̂ l/mb./hr., with 

extreme variations of 0.12 to 0.90 ./mg./hr. The difference between 

diapausing and non-diapausing larvae was not as great as has been ob

served for some other insects, and there remains some doubt whether 

one could distinguish between them. 

Burges (1960) gives figures for the rate of oxygen consumption 

of 18 diapausing insects. The rates varied from 0.0075 02/mg./hr. 

for Endromis versicolora (L.) pupae (Lepidoptera) to 0.39 ̂ l./mg./hr. 

for adults of the sweetclover weevil, Sitona cylindricollis (Fahr.). 

Burges recorded rates of from 0.39 ̂ l./mg./hr. for disturbed, diapaus

ing Trogoderma granarium Everts larvae (Dermestidae) to 5.72 ̂ l./mg./hr. 

for non-diapausing larvae at peak feeding time. 

During early trials with the respirometer, hourly consumption 

rates for individual larvae were not uniform. In particular, I dis

covered a rapid increase in oxygen consumption for most larvae between 

5 P. to 7P. A plot of all the values for two larvae over a 19-hour 

period (Fig. 4) shows that the highest peak occurred between 5 P. to 

7P., but that there were other, smaller peaks during the day. 
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All larvae, particularly non-diapausing ones, exhibit cyclic 

peaks of oxygen consumption, occurring every four to five hours. This 

is demonstrated best by the non-diapausing larva in Pig. 4 with peaks 

at 10 A., 2 P., 6 P. and 10 P., with the highest peak at 6 P. There 

are rapid declines in oxygen consumption after each peak. Thus, rate 

of oxygen consumption (and presumably respiration) is cyclic in tabanid 

larvae, peaking every four to five hours from 9 A. to 3A. 

The peaking phenomenon is considerably damped in diapausing 

larvae but peaks are still discernible, although more irregular, and 

do not exhibit the cyclic pattern as clearly as in non-diapausing 

larvae. 

The rates of oxygen consumption for tabanid larvae seem to be 

low, possibly due to their small surface to volume ratio as compared 

to other insects whose respiratory rates have been studied. 



SUMMARY OF MORPHOLOGY OF LARVAL AND PUPAL TABANIDAE 

Several authors have discussed the anatomy and morphology of 

tabanid larvae and pupae. Marchand (1920) was one of the first to 

present a good, general description; this was followed by those of 

Stammer (1924) and Cameron (1934), the latter a very detailed study of 

Haematopota pluvialis Linne. Hennig (1952) reviewed previous morpho

logical studies. Recent authors have emphasized the taxonomic value 

of certain morphological characters, including details of the head 

capsule, body and appendages of larvae and the integumental appendages 

of pupae. Teskey (1969) gave an excellent review of past morphological 

work and presents a thorough, concise discussion of larval and pupal 

morphology. He attempted to standardize the names of the larval and 

pupal characters, especially those of taxonomic value. I have adopted 

Teskey's terms to prevent proliferation of multiple names for charac

ters, except when I feel that some of his names are confusing or vague. 

Since Teskey described the general morphology of immature Tabanidae, I 

will discuss only the characters I have used in this study. For fur

ther details, see Teskey (1969) or Hennig (1952). 

Larvae 

The larvae of Tabanidae are cylindrical, elongate and fusiform, 

with an elongate, pigmented head capsule capable of retraction within the 

thoracic segments (Fig. 5). There are three thoracic and eight abdominal 
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Fig. 5. Larva of Tabanus punctlfer, lateral view. 

Terminology: an. ann. ~ anal annulus, an. 1. * anal lobes, 
an. r. » anal ridges, ant. pb. - anterior pubescence, pb. 
ext. • pubescent extensions, post. pb. " posterior pubescence, 
pseu. « pseudopodia, pseu. pb. « pseudopodial pubescence, 

siph. " siphon, siph. ann. * siphonal annulus (terminology 
adapted from Teskey, 1969). 

in 
u> 
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segments, with a terminal respiratory siphon or spine. There are three 

or four pairs of fleshy appendages (usually called pseudopodia) on ab

dominal segments I to VII, one pair each arising dorsally, laterally, 

ventrolaterally and ventrally. The pseudopodia are usually armed with 

minute spines. Ventrally, on the anal segment, is the prominent, 

fleshy anal tubercle (enclosing the anal opening), and associated 

anal ridges. On both the thoracic and abdominal segments of the larvae 

are felt-like patches of microtrichia (called pubescence), especially 

on the anterior or posterior margins of the segments. The pattern of 

pubescence, or its absence from certain areas of the body, are among 

the best diagnostic features for tabanid larvae. Larvae in Arizona 

vary greatly in size, from 12 to 17 mm. for Chrysops to about 45 mm. 

for Tabanus morbosus. Color varies from white to yellowish, beige and 

reddish-brown. 

On the head, color of the head capsule and the size of the 

antennal segments are the most important taxonomic features; the lat

eral scleritjfes of the epicranium and the labial glossae being also 

useful for separating morphologically similar species. There is a 

major difference in the orientation of the mouthparts between the 

Pangoniinae and the Tabaftinae in Pangoniinae the mandibular sclerities 

are directed anteriorly, while in Tabaninae they are directed ventrally. 

On the thorax, the type of cuticular ornamentation (either 

pubescence or striations) may be an important diagnostic feature. For 

example, some Pangoniinae have a peculiar scale-like integumental pat

tern, particularly on the prothorax. The distribution of, and width 
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between, longitudinal, cuticular striations, or the absence of such 

striations, may also be important. The pubescent pattern on the thorax, 

particularly the presence or absence of extensions from the anterior 

segmental rings of the thoracic segments, can be used to distinguish 

species. 

On the abdomen, cuticular striations, pubescence, pseudopodia 

and the respiratory siphon all have features of taxonomic importance. 

The longitudinal striations may be complete and evenly spaced over the 

entire body as in most of the Diachlorini reared, or absent on certain 

areas as in most Tabanini. Pubescence may be present or absent on some 

segments, or form characteristic patterns. Some authors (Teskey, 1969; 

Goodwin, 1967) have used intensity of pigmentation of the pubescence 

diagnostically; this character must be used cautiously since the in

tensity tends to be darker following a molt, then becomes lighter due 

to abrasion. The number and size of the pseudopodia are useful fea

tures. Chrysops larvae have only three pairs of pseudopodia per seg

ment; Tabanini have four pairs. Tabanid larvae living in fluviatile 

environments often have the pseudopodia enlarged or elongated and armed 

with long, cuticular hooks. 

The anal segment is often figured to illustrate differences 

between species. Its striation pattern, pubescent figure, as well as 

features of the respiratory siphon, are valuable taxonomic characters. 

The siphon may be very long, very short, or, in terrestrial species, 

even absent. The blunt siphon may be replaced by a respiratory spine 

(sometimes called a stigmatal spine) in some Chrysops larvae. The 
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dimensions of the anal segment and the ratio of length to basal diam

eter of the siphon are good taxonomic characters. The anal segment 

may be taller than long, elongate, attenuated posteriorly, pear-shaped 

or nearly spherical. 

Internally, Graber's Organ, a small, pear-shaped sac located 

in the dorsal part of the anal segment, is often used to define the 

larvae of Tabanidae since it is a constant feature in all known larvae. 

It appears to function as a balancing organ. The two prominent, longi

tudinal tracheal trunks that run the length of the body offer good 

taxonomic features. In some larvae, the trunks are large (inflated) 

and may taper abruptly in the first or second abdominal segment or 

gradually throughout the length of the body. In other larvae, the 

trunks are not noticeably inflated. 

Color can be an excellent taxonomic character at the generic 

level for larvae with conspicuous ornamentation. For example, all 

known larvae of Tabanus in Arizona are creamy-white to yellowish, while 

those of all Hybomitra species are beige to dark brown. 

Pupae 

The pupae of Arizona Tabanidae are obtect, elongate, and arched 

dorsally (Figs. 6, 7). The pupal color varies from light straw to 

pastel green to dark brown. Some areas of the thorax, abdomen and the 

head capsule may be suffused with dark pigment. The terms used for 

pupae are adopted from Teskey (1969). 

The head capsule has several diagnostic features, the most 

important being the frontal plate, the antennal ridges, the antennal 



57 

•ont.' 

.p.o.s.' 

.ep.s.-
J.o.sT 

a.m.s.. •mx.p/ 

p.m.s.—i—. 

•lb. V 
mt.s.' 

tb. 2 

tg.s.. 

pl.s. 

o.sp. 

St. 

*at. 

ast. 

d.c. 

Fig. 6. Pupa of Hybomitra epistates, lateral view; pupa of Atylotus 
ohioens'is, ventral view of cephalothorax (after Teskey, 
55597: 

Terminology: a.m.s. = anterior mesonotal setae, ant. = 
antennae, a.o.s. = anterior orbital setae, a.r. = antennal 
ridges, a. sp. = abdominal spiracle, ast. = terminal aster, 
at. = anal tubercles, b.a.s. = basal alar setae, c.s. = 
callus setae, ct. st. = cephalothoracic suture, d.c. = dorsal 
preanal combs, ep. s. = epicranial suture, f.s. - frontal 
sutures, f.t. = frontal tubercles, I.e. = lateral preanal 
combs, l.o.s. = lateral orbital setae, mt. s. = pi. s. = 
pleural setae, p.m.s. = posterior mesonotal setae, p.o.s. = 
posterior orbital setae, sp. f. = fringe spines, st. = 
sternum, tb. 1, 2 = tibia 1, 2, tg. = tergum, tg. s. = ter
gal setae, th. sp. = thoracic spiracles, v.c. = ventral pre
anal comb. v.s. = vertical setae, w. = wing sheaths (termin
ology adapted from Teskey, 1969). 



Fig. 7. Pupa of Atylotus duplex, oblique view of two terminal 
aTDdominal segments (after Teskey, 1969). 

Terminology: a. sp. f. = anterior fringe spines, ast. = 
terminal aster, d.a. = dorsal arms of the aster, l.a = 
lateral arms of the aster, p. sp. f. = posterior fringe 
spines, v.c. = ventral preanal comb, v.a. = ventral arms 
of the aster (terminology adapted from Teskey, 1969). 



sheaths, the callus tubercles and associated setae, the vertical setae, 

and the lateral, anterior and posterior orbital setae. The frontal 

plate is the part of the head capsule anterior to the epicranial suture, 

a weakening of the cuticle that splits while the adult fly is emerging. 

The shape of this plate, as well as the pattern of darker suffusion on 

its surface, are good specific characters. The antennal ridges are 

protruding shelves of cuticle divided at the midline; each part may be 

further subdivided into upper and lower lobes. The size and shape of 

these lobes are useful taxonomic characters. The relative size and 

shape of the callus tubercles, with their associated setae, are good 

taxonomic features. The tubercles of Chrysops pupae have two setae 

each, all other pupae have a single seta per tubercle. The presence 

or absence of the frontal tubercle and its shape when present are use

ful features. For some species, the shape and length of the antennal 

sheaths are good features. 

The thorax consists of two externally apparent segments, the 

very large mesothorax and narrow metathorax. Most important taxonomi-

cally here are the mesothoracic spiracles, three pairs of mesothoracic 

setae, the basal alar, and the anterior and posterior mesonotal setae, 

all inserted laterally. The metathorax bears three pairs of setae, 

one pair dorsolaterally and two closely-approximated pairs laterally. 

The mesothoracic spiracles offer the most important taxonomic charac

ters on the thorax, particularly the length, shape, and configuration 

of the slits, the color and the elevation of the spiracular plate 

above the mesothorax. 
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The abdomen is eight-segmented, with segments II to VII divided 

into four sclerites, one dorsal plate, one ventral plate and two lat

eral plates. Segments I to VII bear spiracles laterally. Segment I 

bears two pairs of setae on the dorsal plate (tergal setae of Teskey) 

and three pairs on the lateral plates. Segments II to VII bear one or 

two rows of encircling, posteriorly-pointing spines (called fringe 

spines) on the posterior third of each segment. The anal segment has 

extremely variable groups of spines and tubercles, plus the terminal 

aster, a group of blunt to sharply pointed tubercles directed ventrally, 

laterally or dorsally. Dorsal and lateral preanal "combs" (spines) may 

be present or absent, well-developed or very reduced. A ventral pre

anal group of spines is always divided in female pupae, entire in males. 

The most important characters of the abdomen are the fringe 

spines and the structures of the anal segment. The fringe spines are 

usually longer on the dorsal and lateral plates, and may be very long, 

short, thin, stout or absent on one or more parts of the abdomen. 

Chrysops pupae have only one row of spines; those of other genera have 

two rows per segment. The anterior row is always shorter than the 

posterior row. The anal segment bears dorsal, lateral and ventral 

groups of spines called dorsolateral, ventrolateral and Ventral combs 

by Teskey. The presence or absence, as well as the shape of these 

combs, are valuable specific characters. The pupal aster consists of 

three pairs of tubercles; the size (length and width), shape and orien

tation in space of these tubercles when viewed dorsally, laterally or 

posteriorly differ greatly and thus offer good specific characters. 
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Unfortunately, there can be some intraspecific variation of the aster 

configuration, so that this feature must be used cautiously; enough 

specimens of the species should be examined to determine the limits of 

variation. Other useful features of the abdomen, such as rugosity on 

the cuticle, may help to differentiate species that are morphologically 

similar. 



TAXONOMY OF THE LARVAE AND PUPAE OF ARIZONA TABANIDAE 

I collected 829 larvae and pupae for rearing during this study, 

and successfully reared 343 (41%) to the adult stage. The larvae of 

22 species in seven genera were reared successfully; the larvae of two 

species in two other genera were collected but not successfully reared 

to adults, so the larval stages of 24 species in nine genera will be 

discussed in this work. 

Key to the Known Genera of Immature Arizona Tabanidae 

Larvae 

1. Larvae very long and slender, body widest at the metathorax; 
mandibles blade-like, very slightly curved ventrally; posterior 
spiracle surrounded by six erect setae on circular plates 

Esenbeckia Rondani 

Larvae shorter or more stout, body not widest at metathorax; 
mandibles strongly curved ventrally; posterior spiracle not 
surrounded by setae on plates 2 

2. Larvae with three pairs of abdominal pseudopodia per 
segment . . . 3 

Larvae with four pairs of abdominal pseudopodia per 
segment 4 

3. Respiratory siphon and spine present; mature larvae never ex
ceeding 18 mm. in length Chrysops Meigen 

Respiratory siphon and spine absent; mature larvae always ex
ceeding 18 mm. in length Stenotabanus Lutz 

4. Mature larvae small and very slender, never exceeding a length 
of 21 mm Silvius Meigen 

Mature larvae stouter, always more than 21 mm. long 5 
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6. 

7. 

8 .  

9. 

Pupae 

1. 

2. 

Integument mottled with velvety pubescence over the entire 
body surface, ground color pale green . . . Bolbodimyia Bigot 

Integument not mottled with pubescence over the entire body 
surface 6 

Integument lacking cuticular striations and pubescence; 
lateral pseudopodia greatly enlarged 

"Hybomitra" laticornis (Hine) 

Integument with longtidinal striations and pubescence 
present; lateral pseudopodia alone not greatly enlarged . . 7 

Respiratory siphon extremely short and stout, much shorter 
than its basal diameter, consisting of a small, nipple-like 
structure raised above the surface of the anal segment . . 

Leucotabanus Lutz 

Respiratory siphon about as long or longer than its basal 
diameter, conspicuously raised above the surface of the 
anal segment 8 

Lateral surfaces of the anal segment with at most a pair 
of small, pubescent dots; larvae dark green to reddish-
brown Hybomitra Enderlein 

Lateral surfaces of the anal segment with a more exten
sive pubescent pattern 9 

Larvae light green Atylotus Osten Sacken 

Larvae creamy-white to yellowish white. . . . Tabanus Linnaeus 

Callus tubercles with two setae each; abdominal fringe 
spines uniseriate Chrysops Meigen 

Callus tubercles with one seta each; abdominal fringe 
spines biseriate 2 

Basal alar tubercles with two setae each . . . Silvius Meigen 

Basal alar tubercles with a single seta each 3 

Pupae light to dark green in life; frontal plate very 
strongly inflated, dorsal to the antennal ridges 

Bolbodimyia Bigot 
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Pupa light tan to dark brown in life, not green; frontal 
plate at most slightly inflated above the antennal ridges 

4 

4. Pupal aster with lateral arms extremely long, about four 
times the length of the dorsal arms .... Leucotabanus Lutz 

Pupal aster with lateral arms at most twice the length 
of the dorsal arms 5 

5. Apices of the dorsal and lateral arms of the pupal aster 
oriented in a straight line when viewed laterally or 
posteriorly; neither pair of arms offset dorsally 

Atylotus O.S. 

Apices of the dorsal and lateral arms of the pupal aster 
at least slightly out of line when viewed laterally or 
posteriorly; at least one pair of arms offset very 
slightly dorsally 6 

6. All anterior rows of abdominal fringe spines very short 
and stout, n o t increasing i n  length posteriorly . . . . .. 

Hybomitra Enderlein 

Anterior rows of fringe spines shorter than the posterior 
rows but slender and increasing in length on posterior 
segments Tabanus Linnaeus 

Genus Esenbeckia Rondani 

Larvae in this genus were first described by Jones (1956), The 

larvae of Esenbeckia are easily distinguished from others in this study 

by the blade-like mandibles that are only slightly curved downward, 

when compared to the strongly decurved mandibles of other tabanid 

larvae; by the long, slender body that is widest at the mesothorax; by 

the elongate seventh abdominal segment; by the peculiar scale-like 

pattern on some segments; and by the erect setae encircling the pos

terior spiracle. 
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Esenbeckia delta (Hine) 

Larva (Fig. 8, Appendix A) 

Creamy-white; length 34-38 mm.; abdominal segments long and 

slender; respiratory siphon absent. Thoracic cuticle coarsely and 

evenly striate, abdominal cuticle very finely and evenly striate. 

Areas of peculiar, hexagonal scale-like structures encircling the 

anterior three-fifths of the prothorax, and anterior one-fifth of the 

meso- and metathorax, the posterior one-third of the sixth and seventh 

abdominal segments, the anal ridges and the lateral and ventral pseudo-

podia of abdominal segments I to V. Pubescence absent. Abdominal seg

ments I to V with two pairs of pseudopodia, one pair lateral, the other 

ventral; abdominal segments slender, elongate; segment I shortest, seg

ment VII longest. Anal segment subspherical, taller than long; respi

ratory siphon absent; posterior spiracle not raised above the surface 

of the anal segment; spiracle surrounded by six pale, slender setae 

1.0 mm. long, each arising from a pale, spherical plate. 

Pupa 

Unknown. 

E. delta larvae were collected only in Madera Canyon, Santa 

Rita Mountains, Santa Cruz County. The species is terrestrial; two 

larvae were collected in forest loam on a steep, well-drained hillside 

beneath an oak forest canopy. The larvae were about three to six 

inches below the soil surface, associated with larvae of Scarabaeidae, 

Asilidae and Tipulidae. Adults are common in the fall in the mountains 
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of southeastern Arizona from 4000 to 7000 ft. as far north as the Pena-

leno Mountains, Graham County. Although I did not rear this species, 

I presume it is E. delta since this species is the only one in Esen-

beckia known from the Santa Rita Mountains. 

Genus Silvius Meigen 

The following description of the immature stages of S. quadri-

vittatus is the first for any species in the genus. The description 

of a Silvius larva by Hill (1921) was later found to be of a species 

of Mesomyia. 

Silvius are small, slender and elongate; cuticle finely and 

evenly striate; third antennal segment much shorter than the second 

segment; abdominal segments I to VII with four pairs of pseudopodia; 

respiratory siphon very short, scarcely raised above the surface of 

the anal segment. 

The pupae may be recognized by their small size; elongate cal

lus tubercles with one seta each arising from a central indentation; 

basal alar tubercle with two setae each; abdominal fringes biseriate, 

greatly reduced on Segments II and III; dorsolateral preanal combs 

very reduced, ventrolateral preanal combs absent. 

Silvius quadrivittatus (Say) 

Mature Larva (Fig. 9, Appendix A) 

Creamy-white; length 17 to 20 mm.; respiratory siphon very 

short. Head capsule 2.1 mm. long, 0.5 mm. wide, color light brown. 

Cuticular striations very narrowly spaced, evenly distributed on all 
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body segments. Pubescence present on and encircling all body segments; 

pubescent pattern on the prothorax forming two broad, lateral, fan-

shaped projections that are not indented medianly along the posterior 

margin; pubescence on the meso- and metathorax encircling the anterior 

quarter, with very short lateral projections; posterior pubescence, if 

present, poorly differentiated from the anterior pubescent bands, ex

cept on abdominal segment VII, where it encircles the segment ventrally 

and is interrupted dorsally; anterior pubescent bands complete on ab

dominal segments II to VII!, apparently separated from the pseudopodial 

pubescence on all segments; pseudopodial pubescence becoming progres

sively more extensive on posterior segments. Abdomen with four pairs 

of pseudopodia. Anal segment short, subspherical, taller than long; 

respiratory siphon very small; posterior spiracle sessile, scarcely 

raised above the surface of the anal segment. Anal pubescence cover

ing the posterior half of the anal segment ventrally, surrounding the 

anal ridges, then receding to the posterior one-third of the segment 

dorsally, surrounding the posterior spiracle; three isolated, pubes

cent spots also present laterally, anterior to the pubescence surround

ing the posterior spiracle. 

Pupa (Fig. 32, Appendix B) 

Length 13 mm.; color uniformly pale tan to light brown. Fron

tal tubercles elongate, with a sharply pointed nipple apically; anterinal 

ridges divided into upper and lower lobes; lower lobes strongly ridged 

and oriented obliquely toward the median line; raised 0.2 mm.; upper 

lobes reduced to a pair of small, pointed tubercles. Antennal sheaths 
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conspicuously raised above the surface of the head, with a large 

tubercle directed anteriorly at the base; sheaths extending beyond the 

epicranial suture. Callus tubercles pointed dorsally and ventrally, 

elevated about 0.15 mm., each bearing a single seta. Thoracic spira

cles very small, about 0.2 mm. long, very slightly curved toward the 

median line; not conspicuously pigmented. Basal alar tubercles with 

two setae each. Abdomen with fringe spines biseriate dorsally and 

laterally, the posterior row much longer than the anterior row, becom

ing progressively longer on posterior segments, longest on segment VII; 

fringe spines uniseriate and greatly reduced ventrally on segments II 

to V, biseriate and similar to the dorsal fringe spines on segments VI 

to VII; rows broadly interrupted dorsolaterally and ventrolaterally. 

Dorsal preanal combs reduced to two minute tubercles; lateral combs 

absent; dorsal and lateral surfaces of the anal segment rugose. Dor

sal; lateral and ventral arms of the aster sharply pointed; dorsal 

arms parallel, directed dorsally; lateral and ventral arms slightly 

divergent, directed posterolateral^. 

Larvae of S. quadrivittatus were collected in damp silt over

lain by grass or debris along the steep banks of desert rivers at 2600 

to 4000 ft. The larvae were usually three to five feet from the edge 

of the streams and three to six inches below the soil surface. Be

cause the larvae are small and very slender, they may be mistaken for 

other dipterous larvae with which they may be found. 

Mature Silvius larvae pupate during the summer and adults 

emerge from June to September and are occasionally pests of man along 
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desert river courses near the larval habitat. Adults appear to remain 

near the river habitat. 

Although Silvius is placed in the Chrysopinae, the larvae and 

pupae of S_. quadrivittatus differ from those of Chrysops in having 

only one pair of callus setae; biseriate fringe spines on the abdomen? 

third antennal segment of the larva much shorter than the second; 

respiratory siphon short, lacking a stigmatal spine; and four pairs of 

abdominal pseudopodia per segment. 

Genus Chrysops Meigen 

Three of Arizona's four Chrysops species were reared in this 

study. Teskey (1969) described the major diagnostic features of Chrys

ops larvae and pupae. The larvae are usually less than 18 mm. long; 

third antennal segment as long as or longer than the second segment; 

abdomen with three pairs of pseudopodia; stigmatal spine present in 

all species in Arizona. 

Chrysops pupae are usually less than 15 mm. long; with two 

pairs of callus setae present; antennal sheaths extending beyond the 

epicranial suture; fringe spines uniseriate; dorsal and lateral pre-

anal combs absent. 

Key to the Known Larvae and pupae of Chrysops in Arizona 

Larvae 

1. Pubescence completely covering the anal segment, except for 
the anterior one-fifth laterally and ventrally 

virgulatus Bellardi 
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Pubescence less extensive on the anal segment, at most cover
ing the posterior two-thirds of the anal segment 2 

2. Prothoracic pubescent annulus with four pairs of narrow, 
posteriorly-directed extensions laterally, extending about 
one-half the length of the segment facialis Townsend 

Prothoracic pubescent annulus with a broad, fan-shaped 
pubescent extension on each side, extending about one-
half the length of the segment 

pachyceras var. hungerfordi Brennan 

Pupae 

1. Antennal ridges greatly reduced to a pair of faint lines . . 
facialis Townsend 

Antennal ridges well-developed, with shelf-like outer 
margins 2 

2. Antennal ridges divided into upper and lower lobes on each 
side of the midline virgulatus Bellardi 

Antennal ridges entire, not divided into upper and lower lobes 

on each side of the midline 
pachyceras var. hungerfordi Brennan 

Chrysops facialis Townsend 

Mature larva (Fig. 10, Appendix A) 

White; length 16.5 to 17.5 mm.; cuticle even striated; stigma-

tal spine present. Head capsule 2.0 mm. long, 0.4 mm. wide. Cuticle 

evenly striate on all body segments. Pubescence present on all seg

ments, darkest on the anal segment. Prothoracic annulus very faint, 

meso- and metathoracic pubescent annuli with four pairs of faint, 

short, lateral extensions. Anterior pubescence completely encircling 

abdominal segments I to VI, interrupted laterally on segment VII; 

anterior pubescence joined to the pseudopodial pubescence, except for 
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a broad dorsal, a narrow lateral and two narrow ventral separations; 

the dorsal and ventral separations progressively narrowed on posterior 

segments. Pseudopodial pubescence enclosing the pseudopodia on all ab

dominal segments, except for a small, bare spot anterior to the lateral 

pseudopodia, this spot increasing in size on posterior segments. Seg

ment VII with a posterior band of pubescence from which extend dorso

lateral and ventrolateral bars anteriorly, the dorsolateral bar almost 

reaching a posteriorly directed bar from the pseudopodial pubescent 

ring. Anal segment with pubescence covering the posterior half of the 

segment, including the respiratory siphon and surrounding the anal 

ridges; pubescent area with ventrolateral, lateral and dorsolateral 

anteriorly-directed extensions; a large, ventrolateral patch of pub

escence joins the posterior pubescence narrowly, just above the anal 

ridges and another pair of anterior, dorsolateral patches interdigitate 

posteriorly with the dorsolateral and lateral extensions of the pos

terior pubescence. Anal segment about as long as high; siphon (includ

ing spine) 0.7 mm. long; stigmatal spine present. 

Pupa (Fig. 33, Appendix B) 

Length 12 to 14 mm.; color light brown, with slightly darker 

suffusions dorsally and anteriorly on the head capsule and dorsally on 

the thorax. Antennal ridges extremely weak, barely discernible as a 

pair of faint lines. Callus tubercles very small, flattened, only 

slightly raised above the surface of the head capsule. Antennal 

sheaths wide basally (1.0 mm.), sharply narrowed apically. Thoracic 

spiracles dark brown, 0.4 mm. long, gently curved toward the midline. 
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Fringe spines present dorsally, laterally and ventrally on abdominal 

segments II to VII, uniseriate, not interrupted laterally. Tergum VII 

with about 45 to 47 fringe spines. Dorsal arms of the aster very 

small (0.15 mm.), parallel, directed posterodorsally; lateral arms 

long (0.35 mm.), diverging, directed posteriorly; ventral arms 0.25 mm. 

long, parallel, directed posteriorly; all arms stout basally, tapering 

to a point along the apical half. 

C. facialis larvae are abundant in mud or sod along the banks 

of permanent streams and ponds in the Plateau Region and occur occa

sionally in the cienega habitat. Larvae were also collected in fine, 

sandy silt beneath three inches of water in a large creek in the Cen

tral Region. Larvae were found in mineral soil, sod and rarely in 

moss; they were most abundant in lentic habitats. They prefer rather 

acidic conditions (pH 6.0 to 6.2), at elevations of 6600 to 8500 ft., 

from oak woodland to ponderosa pine forest. Because C. facialis has 

adapted to a wide variety of aquatic habitats in northern and central 

Arizona, the adults are widespread and locally very abundant in early 

June. 

Stone et al. (1965) reported C. facialis from northern Mexico, 

but I have been unable to obtain any information on collection records 

from that area. I have collected adults and larvae from as far south 

as Gila County in Arizona, but not in southern Arizona. It appears 

that the specimens on which this northern Mexican record is based are 

referable to Chrysops balzaphire Philip, a closely related species 

(Pechuman, personal communication, 1969), with which it has previously 

been confused (Philip, 1955). 
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Chrysops pachyceras var. hungerfordi Brennan 

Mature Larva (Fig. 11, Appendix A) 

Creamy-white; length 11.5 to 13.5 mm.; stigmatal spine present. 

Head capsule 2.0 mm. long, 0.5 mm. wide. Cuticle evenly striated over 

the entire surface. Pubescence present on all body segments, very 

light on the thoracic segments and on the posterior margin of abdominal 

segment VII, dark on all other segments. Anterior pubescence encirc

ling the thoracic segments; prothoracic annulus with a pair of broad, 

fan-like posterior extensions laterally; annuli on the meso- and meta-

thorax lacking any posteriorly-directed extensions. Anterior pubescent 

rings on abdominal segments I to VI complete, interrupted laterally on 

segment VII; anterior pubescence joined to the pseudopodial pubescence 

dorsally and ventrolaterally on segment I, dorsolaterally and ventro-

laterally on segments II to VII; a small, bare spot present just an

terior to the lateral pseudopodia, increasing in size on posterior 

segments. Anal segment about as long as high; respiratory siphon 0.7 

mm. long (including spine); stigmatal spine present. Pubescence present 

on the posterior two-thirds of the anal segment; anterior margin of this 

pubescence irregular, with two short, rounded anteriorly-directed ex

tensions ventrolaterally and laterally and a longer dorsolateral exten

sion. A pair of L-shaped pubescent patches present dorsolaterally 

along the anterior margin of the anal segment; lateral part of the L 

interdigitating with the dorsolateral extension of the posterior pubes

cence; siphon pubescent. 
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Pupa (Fig. 34, Appendix B) 

Length 10.5 to 11.5 mm.; very pale tan to brown, with very 

slightly darker brownish tinges along the midline of the thorax, from 

the thoracic spiracles to a point half way from the spiracles to the 

posterior margin of the thorax. Antennal ridges consisting of two, 

narrow, evenly-divided ridges oriented obliquely to the median line; 

ridges only slightly raised above the surface of the head (0.03 mm.), 

and tilted downward at the apices. Callus tubercles elevated 0.06 mm. 

above the head surface; antennal sheaths only slightly curved basally, 

tapering gradually to the apex. Thoracic spiracles 0.45 mm. long, very 

strongly curved at the apices; spiracular plates very conspicuously 

raised (0.3 mm.) above the thorax surface; plate rugose. Fringe spines 

present on abdominal segments II to VII, with a small gap present be

tween the dorsal and lateral rows. Seventh tergum with about 40 spines. 

Dorsal arms of the aster short (0.2 mm.), directed dorsally; lateral 

arms longer (0.33 mm.), directed dorsolaterally; ventral arms short 

(0.24 mm.), directed posterolaterally; all arms broad basally, taper

ing rapidly to a thorn-like point apically. 

C. pachyceras var. hungerfordi larvae were collected along the 

margins of lakes, ponds, cienegas and small streams in southern Arizona, 

usually in very wet soil mixed with dead vegetation from 1500 to 5000 

ft., in desert to evergreen oak-grassland areas. I also collected 

larvae of this species in heavily-shaded mineral soil along the margin 

of a permanent creek near Young, Arizona (Gila County). It has a wider 

distribution than Chrysops virgulatus with which it is sometimes 
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associated. Adults appear in May or June, but are occasionally col

lected as late as September; adults are never common enough to be pests 

of man. 

Chrysops virgulatus Bellardi 

Mature Larva (Fig. 12, Appendix A) 

Creamy-white; length 14 mm.; stigmatal spine present. Head 

capsule 2.0 mm. long, 0.4 mm. wide, pale brown anteriorly, dark brown 

to black on the posterior third of the tentorial bars. Cuticle coarsely 

striated, striations indistinct laterally on the thoracic and some ab

dominal segments. Pubescence present on all body segments. Anterior 

pubescent annuli circling the anterior one-fourth to one-third of the 

pro-, meso- and metathoracic segments. Two lateral, fan-like, pubescent 

bars projecting posteriorly from the prothoracic annulus, these bars not 

noticeably indented along the posterior margin. Meso- and metathoracic 

pubescent annuli lacking posteriorly-directed extensions. Anterior 

pubescence on abdominal segments I to VI complete, interrupted laterally 

on segment VII. Pseudopodial pubescence complete on segments I to VII. 

Posterior pubescence on segment VII narrow dorsally and ventrally, wider 

laterally, forming a triangular pattern laterally. Anal segment about 

as long as tall; respiratory siphon and stigmatal spine present; siphon 

0.5 mm. long (including spine). Anal pubescence covering entire segment 

dorsally, and the posterior four-fifths of the segment ventrally and 

laterally. 
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Pupa (Fig. 35, Appendix B) 

Length 12 mm.; color very pale brown with darker pigmentation 

along the median line from the epicranial suture to a point midway be

tween the thoracic spiracles and the posterior margin of the thorax, 

and a similar faint tint on the dorsolateral surface of the thorax, 

posterior to the spiracles. Antennal ridges divided into two pairs of 

shelf-like ridges, the lower pairs perpendicular to the midline and 

with shelf-like protrusions increasing in height laterally to medianly; 

the upper pairs scarcely protruding above the surface of the head. 

Callus tubercles oval, raised about 0.06 mm. Area between the antennal 

sheaths strongly grooved. Antennal sheaths very broad basally (0.33 

mm.), tapering sharply and evenly apically. Thoracic spiracles 0.45 

mm. long, slits sharply bent outward along the posterior third; spira-

cular plate dark brown. Fringe spines present on abdominal segments 

II to VII; seventh tergum with about 35 spines. Dorsal arms of the 

aster small (0.2 mm.), directed dorsally; lateral arms 0.33 mm. long, 

directed posteriorly; ventral arms 0.24 mm. long, directed postero-

ventrally. 

C. virgulatus larvae were collected at the margins of a large, 

artificial lake and a large, natural, desert spring, in wet soil mixed 

with decaying vegetation, at or just below the water line. This spe

cies is apparently restricted to low, desert areas of southern Arizona 

below 4000 ft., and is most frequently encountered around permanent 

bodies of water, with C. pachyceras var. hungerfordi. Adults emerge 

in May and June and can be collected throughout the summer, but are 

never abundant. 
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Genus S tenotabanus Lutz 

The immature stages of this genus are very poorly known. 

Blickle (1958) discussed the biology of Aegialoymia (= Stenotabanus) 

psammophilus, thus far the only member of the genus whose immature 

stages were known. In 1969, I found larvae of an unusual terrestrial 

horsefly with Diachlorine characteristics. These larvae are probably 

those of Stenotabanus flavidus, since adults of this species are very 

abundant where the larvae were collected. 

The larvae are creamy-white; cuticle finely and evenly striate; 

lacking pubescence except for a ring around the prothorax and the 

posterior spiracle; respiratory siphon absent. 

S tenotabanus flavidus (Hine) 

Larva (Fig. 14, Appendix A) 

Creamy-white; length 21.5 to 22.5 mm. Cuticle finely and 

evenly striate. Pubescence present on the prothorax, forming an ir

regular anterior annulus, and on the anal segment surrounding the 

spiracular plate; all other segments lacking pubescence. Abdominal 

segments X to VI with three pairs of pseudopodia, those on segment VI 

reduced. Anal segment short, much taller than long; respiratory siphon 

absent; posterior spiracle sessile, not raised above the anal segment. 

Larvae presumably of S. flavidus were found in Miller Canyon, 

Huachuca Mountains, Cochise County, They were collected in damp, for

est loam on a steep, well-drained hillside at 6000 ft. in a mixed de

ciduous hardwood forest. The larvae were from one to four inches below 
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the soil surface, about one larvae per four square yards. None of the 

larvae collected in 1969 were reared successfully. No larvae were 

found in the same locality in 1970. Larvae fed only on terrestrial 

Tipulidae and lepidopterous larvae. 

S. flavidus adults are very abundant in the Huachuca and Santa 

Rita Mountains from early July to late August at 6000 to 7500 ft. Only 

a single specimen has been recorded from the Chiricahua Mountains. 

Genus Bolbodimyia Bigot 

The immature stages of this genus were heretofore unknown. One 

species of Bolbodimyia (B. atrata) was reared during this study. The 

larvae of Bolbodimyia superficially resemble those of Chlorotabanus 

in having a mottled pattern of velvety pubescence covering the body, 

but can easily be distinguished by the four pairs of well-developed 

pseudopodia on abdominal segments I to VII. 

The pupae of Bolbodimyia also superficially resemble those of 

Chlorotabanus but can be separated from the latter by the presence of 

two rows of fringe spines on the abdomen instead of one row, and by 

abdominal segment I lacking a row of fringe spines. 

Bolbodimyia atrata (Hine) 

Mature Larva (Fig. 13, Appendix A) 

Length 22-30 mm.; ground color pale green, irregular patches of 

dark, velvety pubescence scattered on all body segments. Head capsule 

3.0 mm. long, 0.9 mm. wide, dark brown. Integument very thin, fragile. 

Cuticular striations absent; body entirely clothed with light brown to 



79 

black velvety pubescence; extent of dark and light pubescence highly 

variable, from a freckled pattern of scattered dark patches to exten

sive areas of dark pubescence, giving some larvae a blackish appear

ance; dark pubescence always extensive dorsally, more diffuse ventrally, 

therefore dorsal surface always darker than ventral surface. Dorsal 

pattern usually present on abdominal segments I to VII, consisting of 

three light, irregular patches in a row along the anterior margin of 

each segment and three light patches along the posterior margin. Pubes

cent pattern on the anal segment similar to that on other segments. 

Abdominal segments I to VII with four pairs of well-developed pseudo-

podia. Anal segment about as long as high; respiratory siphon present, 

0.6 mm. long, about as long as the basal diameter. 

Pupa (Fig. 36, Appendix B) 

Length 19-21 mm.; color uniformly light to dark green in life. 

Frontal plate conspicuously dimorphic; area of the antennal ridges, 

between the antennal sheaths, strongly inflated in the female (raised 

0.5 mm.), less strongly inflated in the male (raised 0.25 mm.). An

tennal ridges of the female indistinctly divided into upper and lower 

subsidiary lobes that are joined by a sharp, protruding ridge (raised 

0.4 mm.) that runs obliquely from the median line; lobes of the male 

less protruberant (raised 0.2 mm.), distinctly divided into upper and 

lower lobes. Width of the callus tubercles greater in the male (0.4 

mm.) than the female (0.2 mm.). Antennal sheaths of the male protrud

ing beyond the epicranial suture, not so protruding in the female. 

Thoracic spiracle small (0.2 mm. long), strongly bent toward the 
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median line, raised 0.12 mm. Anterior row of fringe spines on abdomi

nal segments II to V incomplete and poorly-developed, more distinct on 

segments VI to VII. Dorsal and lateral preanal comb spines present, 

about 5-7 spines in each comb; dorsal spines longer than lateral spines. 

Dorsal arms of the aster short (0.4 mm.), parallel, directed dorsally; 

lateral arms long (0.6 mm.), diverging, directed posteriorly; ventral 

arms short (0.4 mm.), diverging, directed ventrolaterally. 

The differences noted in the frontal plate of male and female 

pupae are due to the structure of the adult callus. In the adult male, 

the callus is inflated, but distinctly flattened mediahly, while in the 

female, it is greatly inflated but not flattened. Thus the area of the 

antennal ridge in the female pupa is more strongly inflated than the 

male. 

The larva of B. atrata could be confused with that of Chloro-

tabanus crepuscularis (Bequaert), but it is quite distinct ecologically 

and geographically. C. crepuscularis larvae are found in ponds and 

lakes, usually floating in surface debris. Adult records exist from 

as far west as Fredericksburg (Gillespie County), Texas (Stone, 1969, 

personal communication). An Arizona record for C. crepuscularis cited 

by Stone et al. (1965) appears to be an error (Pechuman, 1970, personal 

communication). B. atrata larvae were found only in the riffles of 

swiftly flowing streams of central Arizona, from Oak Creek (Coconino 

County) to Parker Creek (Gila County), in mixed deciduous hardwood-

coniferous forest (5073 to 6680 ft.). They live in dark, aquatic moss, 

Hygroamblysteqium tenax, growing on rocks beneath the riffles, or 
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adjacent to waterfalls, and are thus submerged for most of the larval 

life. The mottled color pattern of the larvae makes them extremely 

difficult to see in the dark moss. When larvae are ready to pupate, 

they move to damp moss, at or just above the water line, where pupation 

occurs. All B.• strata larvae were collected in wooded areas of the 

Central Region. 

Previously, this species was recorded only from adults col

lected in Oak Creek Canyon (Coconino County). During this study, I 

have reared males and females from Oak Creek Canyon and four localities 

in Gila County. Adults have also been collected in Jalisco, Mexico. 

Genus Atylotus Osten Sacken 

This genus is represented by Atylotus incisuralis in Arizona, 

where it is found only in the Plateau Region at elevations above 9000 

ft. 

The larvae of A. incisuralis can be recognized by the combina

tion of pale green color, short, stout respiratory siphon, and the ex

tensive pubescence, lacking in Hybomitra larvae, on the anal segment. 

The pupae may be recognized by the orientation of the dorsal 

and lateral arms of the pupal aster. These arms form a straight line 

when viewed laterally or posteriorly. This orientation is similar to 

that of pupae of Tabanus similis and Tabanus subsimilis; but in these 

two species the lateral or dorsal arms are offset slightly dorsally, 

thus not forming a straight line when viewed laterally. 
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Atylotus incisuralis (Macquart) 

Mature Larva (Fig. 15, Appendix A) 

Length 21 to 25 mm.; color pale green. Head capsule 3.7 to 4.0 

mm. long, 0.9 to 1.0 mm. wide. Cuticular striations present laterally 

on the meso- and metathorax and abdominal segments I to VII, present 

on all aspects of the anal segment; prothorax entirely devoid of stria

tions except for a narrow, lateral band along the posterior margin. 

Pubescence present on all segments. Prothorax with a narrow, anterior, 

pubescent annulus, with three pairs (dorsolateral, ventrolateral and 

ventral) of very narrow, posteriorly-directed, pubescent extensions 

reaching about four-fifths the length of the segment. Meso- and meta-

thoracic annuli very narrow, with four pairs of posteriorly-directed 

extensions consisting of tiny pubescent spots, extending about three-

quarters the length of the segment. Anterior pubescence forming com

plete rings on abdominal segments I to IV, progressively reduced dor-

sally, laterally and ventrally on posterior segments, reduced to dorsal, 

lateral and ventral spots on segment VI and a narrow ventral line on 

segment VII. Anterior pubescence joined to the pseudopodial pubescence 

dorsolaterally, ventrolaterally and ventrally on segments I to VI. 

Pseudopodial pubescence forming a complete annulus on abdominal seg

ments I to VII. Anal segment short, stout, about twice as high as long; 

respiratory siphon short (0.8 mm.), about as long as the basal diameter. 

Tracheal trunks moderately inflated, tapered gradually anteriorly. Anal 

pubescence consisting of a complete narrow annulus surrounding the seg

ment at about one-third the way from the anterior margin, and surrounding 
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the anal ridges; two pairs of posteriorly-directed pubescent bars 

(lateral and dorsolateral) extending from the annulus; lateral pair 

extending about four-fifths the way to the pubescent annulus surround

ing the base of the siphon; the dorsolateral extension extending only 

about half way to the siphonal annulus; one or both extensions occa

sionally isolated from the annulus. 

Pupa (Fig. 37, Appendix B) 

Length 16 to 18 nun.; color dark brown, with darker suffusions 

on the anterior half of the thorax, along the mid-dorsal line, later

ally posterior to the thoracic spiracles, two large spots posterior to 

the antennal sheaths, and the anterior part of the frontal plate sur

rounding the antennal ridges and the callus tubercles. Antennal ridges 

divided into two large, irregular lobes, each with an irregular, ridged 

outer margin and a roughened central area, the outer margin raised 

about 0.15 mm. Callus tubercles only slightly raised (0.15 mm.). An

tennal sheaths short (0.4 mm.) and stout. Thoracic spiracles small 

(0.5 mm. long), strongly curved inward toward the midline; slit shape 

variable. Abdominal fringe spines biseriate. Dorsal preanal comb 

present but inconspicuous, with 4 to 5 tiny thorn-like spines; lateral 

comb absent. Dorsal, lateral and ventral arms of the aster subequal in 

length; dorsal and lateral arms directed dorsally and dorsolaterally 

respectively, both pairs of arms forming a straight line in lateral 

view; ventral arms divergent, directed posteriorly. All arms evenly 

tapered to a thorn-like point. 
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The immature stages of A. incisuralis have been previously 

described by Webb and Wells (1924) and Cameron (1926), under the name 

Tabanus insuetus O.S. The larvae are found only in the high mountain 

meadows of Arizona, and, to date, have only been collected in the White 

Mountains (Apache and Greenlee Counties). The larvae occur in wet, 

acidic (pH 5.8 to 6.2) moss (Bryum sp.) growing in patches or hummocks 

in wet meadows or cienegas above 9000 ft. in the spruce-fir-aspen zone. 

It was most abundant in a wet meadow at Phelps Botanical Area, where 

it was associated with larvae of Tabanus dietrichi. The larvae pupate 

from early June to August, and the adults are active from mid-June to 

late August, the date varying greatly from year to year. 

Genus Leucotabanus Lutz 

This genus is represented by a single species, Leucotabanus 

ambiguus, in Arizona. The immature stages of another species, L. annu-

latus, have been described by Goodwin (1967) from the southeastern 

United States. 

The larvae of L. ambiguus are creamy-white; four pairs of ab

dominal pseudopodia present on segments I to VII; respiratory siphon 

very short and blunt, scarcely raised above the surface of the segment. 

Pupae of L. ambiguus can be recognized by the extremely long 

lateral arms of the pupal aster and the tree hole environment in which 

they are found. 
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Leucotabanus ambiguus Stone 

Mature Larva (Fig. 16, Appendix A) 

Length 29 to 31 mm.; creamy-white; respiratory siphon extremely 

reduced. Head capsule 3.8 to 4.2 mm. long, 0.8 to 1.0 mm. wide; light 

brown. Cuticle finely and evenly striate on all body segments. Pubes

cent markings present but faint on all body segments. All thoracic 

segments with an anterior, pubescent annulus; prothoracic annulus with 

three pairs of very short posterior extensions dorsolaterally, later

ally and ventrolaterally; meso- and metathoracic annuli with extensions 

evanescent. Anterior pubescence encircling only abdominal segment I, 

incomplete on segments II to VII. Anterior pubescence joined to 

pseudopodial pubescence dorsally and laterally on segment I, laterally 

only on segment II, separated on segments III to VII. Pseudopodial 

pubescence complete only on segment I, interrupted laterally on seg

ments II to VII between the dorsal and dorsolateral pseudopodia. Anal 

segment short, stout, rounded, about twice as high as long; posterior 

spiracle sessile, respiratory siphon reduced to a small bump raised 

about 0.3 mm. above the anal segment; anal lobes and ridges strongly 

swollen; anal lobes and the base of the respiratory siphon ringed with 

pale pubescence; pubescence absent laterally and dorsally on the anal 

segment. Tracheal trunks moderately inflated; gradually tapered an

teriorly . 

Pupa (Fig. 38, Appendix B) 

Length 22 to 24 mm.; color pale brown. Antennal ridges con

sisting of two large lobes separated by 0.2 mm. along the median line; 
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each ridge divided into two subsidiary lobes by an indentation of 

thick, black-pigmented, shelf-like extensions of the ridge; upper lobes 

oriented obliquely to the median line, raised 0.2 mm.; lower lobes 

raised 0.4 mm. Callus tubercles blunt, prominent, projecting later

ally, raised 0.5 mm., bearing a single seta each. Entire frontal plate 

strongly ridged. Thoracic spiracles rather short (0.8 mm.), strongly 

curved inward toward the : midline and conspicuously raised (0.3 mm.) 

above the thoracic surface; spiracular plate dark brown. Fringe spines 

biseriate; posterior row very long on all aspects; anterior row very 

short. Dorsal and lateral preanal combs present; dorsal comb with 3 

to 5 heavy, thorn-like spines on a raised tubercle; lateral combs very 

small, consisting of 1 to 3 tiny spines. Dorsal arms of the aster 

short (0.36 mm.), lateral arms very long (1.2 mm.), ventral arms inter

mediate (0.87 mm.); dorsal arms parallel, directed dorsally; lateral 

arms divergent, directed dorsolaterally; ventral arms parallel, directed 

posteroventrally. 

L. ambiguus is recorded only from southern Arizona, although it 

undoubtedly occurs in northern Mexico as well. Previous records of L. 

ambiguus from Guatemala are apparently erroneous (Stone, 1938). Fair-

child (personal communication, 1970) stated that the species in Guate

mala is referable to L. nigriventris Krober. Specimens identified as 

Tabanus albiscutellatus were later found to include two undescribed 

species, one L. ambiguus, described by Stone from Arizona, the other, 

L. nigriventris, described by Krober. 

The larvae of L. ambiguus are unique among those reared in this 

study because they live in the rot holes of willow (Salix goodding; Ball), 
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sycamore (Platanus wrighti Wats.), and cottonwood trees (Bopulus fremonti 

Wats.) associated with a large; dampwood termite, Zootermopsis laticeps 

(Banks). When branches of these trees break off, fungus-infected wood 

may be invaded by the termite. Larvae of L. ambiguus were always found 

near the entrance holes where there is an accumulation of damp wood 

fragments, termite fecal material and other invertebrates. Eggs prob

ably are laid in a damp or wet mixture of wood frass and termite fecal 

matter, near the entrance of the rot hole. The larvae feed on inverte

brates inhabiting this medium. Although L. ambiguus larvae fed on Z. 

laticeps workers offered to them in the laboratory, workers are not 

present where larvae are normally found. Unlike Leucotabaniis annuj.atus 

(Say), which may be collected from dead, rotted logs and stumps, I have 

collected L. ambiguus only in living trees where dampwood termites are 

or were present? never in fallen logs or forest litter. The associa

tion of a tabanid larva with a wood-boring insect is not unique. Eng

lish (1957) reported an Australian species, Chalybosoma casuarinae, 

associated with the burrows of longicorn beetles in casuarina trees. 

I have collected L. ambiguus from the Chiricahua Mountains (Cochise 

County) north to southern Pinal County at elevations of 4060 to 5400 ft. 

Genus Tabanus Linnaeus 

Eleven of the fifteen Tabanus species occurring in Arizona were 

reared during this study. The diagnostic features of the larvae and 

pupae of Tabanus are given by Teskey (1969). 
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Tabanus larvae are creamy-white to yellowish; over 18 mm. long; 

pubescence present on all segments, including the lateral surface of . 

the anal segment; respiratory siphon present. 

Tabanus pupae are usually over 15 mm. long; one pair of callus 

setae present; fringe spines biseriate; dorsal and lateral preanal 

combs present; lateral arms of the pupae aster not greatly exceeding 

the length of the dorsal arms. 

Key to the Known Larvae and Pupae of Tabanus in Arizona 

Larvae 

1. Abdominal pseudopodia very long and slender, armed with 
circular rows of long, cuticular hooks . . . dorsifer Walker 

Abdominal pseudopodia short; at most armed with minute 
spinules 2 

2. Mature larvae large, 38 to 44 mm. long 3 

Mature larvae always less than 35 mm. long, and usually 
less than 30 mm. long 4 

3. Head capsule narrow anteriorly; respiratory siphon moder
ately long, about twice as long as the basal diameter; 
anterior pubescence complete only on abdominal segments 
I to II morbosus Stone 

Head capsule broad anteriorly; respiratory siphon long, 
about three times as long as the basal diameter* anterior 
pubescence complete on abdominal segments I to V 

gunctifer O.S. 

4. Posterior extensions of the metathoracic annulus shorter 
than the width of the annulus dietrichi Pechuman 

Posterior extensions of the metathoracic annulus always 
as long or longer than the width of the annulus 5 

5. Pubescent pattern on the lateral surface of the anal 
segment reduced to a series of isolated spots, some of 
which may fuse to form an irregular line . . . boharti Philip 
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Pubescent pattern on the lateral surface of the anal 
segment more extensive, consisting of at least a pubes
cent bar and spots or lines 6 

6. Anal pubescence laterally on the anal segment consist
ing of a dorsally-directed bar and two dorsolateral 
spots; mature larvae not exceeding 25 mm. in length .... 7 

Anal pubescence more extensive laterally on the anal 
segment, consisting of at least a pubescent bar with 
two posterior extensions; mature larvae always exceed
ing a length of 25 mm 8 

7. Anterior pubescence present, complete on abdominal seg
ments I to IV, reduced to two dorsolateral spots on 
segment VII; posterior pubescence apparently absent on 
segments I to IV . . similis Macquart 

Anterior pubescence present, complete on abdominal seg
ments I to V, not reduced to two dorsolateral spots on 
segment VII; posterior pubescence present on segments 
I to IV subsimilis subsimilis Bellardi 

8. Pubescence on all body segments light yellowish to brown, 
except immediately following a molt gilanus Townsend 

Pubescence dark brown and well-defined on all body 
segments 9 

9. Posterior extensions of the anal pubescent bar narrow, 
tapered posteriorly, and often sinuous 10 

Posterior extensions of the anal pubescent bar very 
broad, not tapered appreciably posteriorly; not sinuous . . 

pruinosus Bigot 

10. Mature larva rather small, .25 to 26 mm. long; respiratory 
siphon short, stout, shorter than the basal diameter . . . 

Tabanus species B 

Mature larva longer, 27 to 30 mm. long; respiratory siphon 
elongate, about 1.4 times as long as the basal diameter . . 

Tabanus species A 

Pupae 

1. Callus tubercles very long and pointed; setae of the head 
and thorax very strongly developed dorsifer Walker 
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Callus tubercles not extremely long and pointed; setae 
of the head and thorax not greatly enlarged 2 

2. Apices of the dorsal and lateral arms of the pupal aster 
forming a straight line when viewed laterally and pos
teriorly 3 

Apices of the dorsal and lateral arms of the pupal aster 
offset from one another, not forming a straight line 
when viewed posteriorly 5 

3. Pupae with variable dark suffusions of pigment on the 
thorax and head capsule 4 

Pupae lacking dark suffusions of pigment on the head 
or thorax dietrichi Pechuman 

4. Dark suffusion of the integument present on the frontal 
plate, between the antennal sheaths and ventral to the 
antennal ridges similis Macquart 

Dark suffusions of the integument absent on the frontal 
plate, ventral to the antennal ridges 

subsimilis subsimilis Bellardi 

5. Pupal aster distinctly flattened posteriorly in profile, 
when viewed laterally 6 

Pupal aster not flattened posteriorly in profile when 
viewed laterally 7 

6. Pupal aster strongly inclined dorsally in lateral view . . 
morbosus Stone 

Pupal aster not strongly inclined dorsally in lateral 
view punctifer O.S. 

7. Thoracic spiracles large (0.8 to 1.0 mm. long); spiracular 
plate conspicuously raised above the surface of the 
thorax 8 

Thoracic spiracles small (0.5 to 0.6 mm. long); spiracu
lar plate not noticeably raised above the surface of the 
thorax 9 

8. Lateral preanal combs present Tabanus species A 

Lateral preanal combs absent pruinosus Bigot 
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9. Anterior and posterior orbital tubercles large, very 
strongly ridged Tabanus species B 

Anterior and posterior orbital tubercles very small; 
not strongly ridged gilanus Townsend 

Tabanus boharti Philip 

Mature Larva (Fig. 17, Appendix A) 

Length 27 to 30 mm.; color creamy-white to yellowish-white; 

lateral pubescent markings on the anal segment reduced to isolated 

spots and lines. Head capsule 5.1 mm. long, 1.1 mm. wide, dark brown 

to black. Cuticle evenly striated except dorsally on the thoracic seg

ments; thoracic segments with an anterior pubescent annulus; prothoracic 

annulus with a pair of narrow, dorsolateral, ventrolateral and a single, 

median-ventral, posterior extension extending three-quarters the length 

of the segment; meso- and metathoracic segments with four pairs of 

narrow, posterior extensions laterally extending three-quarters the 

length of the segment. Anterior pubescence present on abdominal seg

ments I to VII, interrupted laterally on these segments; progressively 

reduced posteriorly to lateral spots on segment VII. Pseudopodial pub

escence complete on abdominal segments I to VII, becoming progressively 

darker dorsally on posterior segments. Posterior pubescence present on 

segments VI to VII. Anal segment rather short, slightly taller than 

long; respiratory siphon present, slightly longer than the basal diame

ter, length 1.1 mm. Tracheal trunks not inflated, pigmented in the anal 

segment. A pubescent ring encircling the base of the siphon and the 

anal ridges; lateral pubescence reduced, isolated from the siphonal and 
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anal annuli; usually consisting of two or three large, isolated spots 

and a row of tiny dots at the level of the siphon. 

Pupa (Fig. 39, Appendix B) 

Length 20 to 22 mm.;-color light brown, with darker suffusions 

present along the midline just posterior to the thoracic spiracles, in 

the area of the vertical tubercle and surrounding the antennal ridges. 

Antennal ridges divided into two large lobes on either side of the mid

line, separated by 0.1 mm.; each ridge divided into two subsidiary 

lobes; lower lobes with a shelf-like ridge perpendicular to the midline; 

upper lobes with the ridge oblique to the median line; ridges raised 

0.2 mm. Frontal tubercle well-developed, bilobed, with a triangular, 

shield-shaped extension ventrally; raised 0.2 mm. Callus tubercles 

spherical, raised 0.2 mm. Antennal sheaths short, not reaching margin 

of epicranial suture. Thoracic spiracles 0.6 mm. long, gently curved 

toward the median line; spiracular plate concolorous with the integu

ment. Dorsal and lateral combs present; dorsal combs with 3 to 4 small 

spines raised on conspicuous tubercles; lateral combs with 3 to 5 heavy, 

thorn-like spines. Pupal aster distinctly flattened in lateral profile; 

lateral and ventral arms greatly attenuated basally; dorsal arms 0.3 mm. 

long, divergent, directed dorsolaterally; lateral and ventral arms 

shorter (0.2 mm.), lateral arms divergent, directed laterally; ventral 

arms parallel, directed ventrally. All arms stout basally, tapering 

rapidly to a thorn-like point. 

T. boharti, a member of the Tabanus gilanus group of horseflies, 

is easily recognized in the larval stac/e by the reduced pubescent 
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figure laterally on the anal segment. All other members of this group 

have a complete figure of a vertical bar and two posterior extensions. 

The larvae live in moss mats that grow on rocks in the stream beds of 

mountain streams or in springs (pH 7.0) in the Southeast Region at 

5000 to 7200 ft. Occasionally, I have collected larvae in soil or 

rotten logs along stream margins. Larvae are submerged when streams 

are running. Just before pupation, the larvae move to drier moss above 

the water line. 

Adults, previously known only from Madera Canyon in the Santa 

Rita Mountains, have now been reared from the Santa Catalina Mountains 

in Pima County and the Sierra Manzanal in northern Sonora, Mexico, as 

well as the Santa Rita Mountains. T. boharti is probably present 

throughout the mountains of northern Sonora, but has not been collected 

in either the Chiricahua Mountains or Huachuca Mountains in Cochise 

County. Adults emerge in late June and early July, and are active 

until late July. 

Tabanus dietrichi Pechuman 

Mature Larva (Fig. 18, Appendix A) 

Length 28 to 32 mm.; color creamy-white. Head capsule 4.3 to 

4.5 mm. long, 1.0 to 1.1 mm. wide; black. Cuticle striated except for 

the ventral surfaces of all body segments, and the dorsal surface of 

the thoracic segments; irregularly striated on the dorsal surface of 

abdominal segments I to VII. Pubescence present on all body segments. 

Thoracic segments each with an anterior annulus; prothoracic annulus 
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with two pairs of diverging, dorsolateral and ventrolateral posterior 

extensions extending three-quarters the length of the segment. Meso-

and metathoracic segments with four pairs of lateral, posterior exten

sions from the anterior annuli, those on the mesothorax long, extending 

three-quarters the length of the segment, those on the metathorax very 

short. Anterior pubescence complete on abdominal segments I to IV, 

progressively more interrupted dorsally, laterally and ventrally on 

posterior segments. Anterior pubescence joined to pseudopodial pubes

cence dorsolaterally and ventrolaterally on segments I to V, separated 

on segments VI to VII. Pseudopodial pubescence forming a complete 

annulus on abdominal segments I to VII. Posterior pubescence present 

on abdominal segments I to VII, darkest on segments VI and VII. Anal 

segment about as long as tall; respiratory siphon present, 1.2 mm. long, 

about twice as long as the basal diameter. Tracheal trunks moderately 

inflated in the abdominal segments, abruptly tapered in the metathorax; 

trunks pigmented in the anal segment. A pubescent annulus surrounding 

the base of the siphon and the anal ridges; lateral pubescence consists 

of a vertical bar arising from the anterior part of the pubescent annu

lus surrounding the anal ridges, abruptly bent posteriorly just above 

the mid-lateral line almost to the siphonal annulus; two pairs of 

rounded or elongate-oval spots also present anterodorsally to the ver

tical bar; spots occasionally joined into one large spot. 

Pupa (Fig. 41, Appendix B) 

Length 20 to 23.5 mm.; color dark brown. Antennal ridges divided 

into two, elongate lobes oriented obliquely toward the midline/ with the 
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ventral part facing the median line; shelf-like protuberance present 

along the outer surface of the ridges, raised about 0.1 mm.; protrusion 

absent along the inner margin. Frontal tubercle absent. Area of the 

frontal plate between the antennal sheaths moderately inflated, raised 

0.3 mm. Antennal sheaths of the female longer than those of the male, 

just reaching the epicranial suture; male sheaths not reaching the epi

cranial suture. Thoracic spiracles small, about 0.6 mm. long, sharply 

curved inward at the middle. Abdomen very stout; fringe spines biseri-

ate, very short on segments II and III, progressively longer on posterior 

segments. Dorsal and lateral combs present, but very reduced, each con

sisting of 1 to 2 very small spines. Dorsal, lateral and ventral arms 

of the pupal aster subequal in length (about 0.2 mm.), stout basally, 

tapering evenly to a sharp point. Dorsal arms parallel, directed dor-

sally; lateral arms divergent, directed dorsolaterally; dorsal and 

lateral arms forming a straight line when viewed posteriorly; ventral 

arms parallel, directed posteriorly. 

Both larvae and adults of T. dietrichi have been collected only 

at the type locality, Phelps Botanical Area, in the White Mountains, 

Apache County. The larvae live in the mats of wet moss (Bryum sp.) 

growing in a marshy meadow, adjacent to a beaver pond in the spruce-

fir -aspen zone (9440 ft.). The moss patches are four to six inches 

across and grow between clumps of bunch grass. Water held by the moss 

is quite acidic (pH. 5.8 to 6.2). T:. dietrichi was associated with 

larvae of Atylotus incisuralis. Both adults and the immature stages 

are interesting taxonomically. The larvae resemble those of other 
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species of Tabanus, but the pupae have an aster similar to that of 

Atylotus spp. and species in the Tabanus lineola species complex. The 

antennae of the adults resemble those of Atylotus spp. Both the pupa 

and the adult have a very stout abdomen that seems out of proportion to 

the smaller thorax. The habitat for this species is much more charac

teristic for Atylotus and Hybomitra than for Tabanus. Based on larval 

and pupal characters, I believe this species, however unusual, was 

correctly placed in Tabanus by Pechuman (1956). 

Larvae of T. dietrichi pupate in mid-June and adults emerge 

from late June to early July. Adults are active around the type local

ity throughout July. This species probably occurs elsewhere in the 

White Mountains, but its occurrence may be very local, hence the lack 

of additional locality records. 

Tabanus dorsifer Walker 

Mature Larva (Fig. 19, Appendix A) 

Length 28.5 to 35.5 mm.; color creamy-white to yellowish-white; 

abdominal pseudopodia very long, armed with long, cuticular hooks; anal 

segment long, slender. Head capsule 3.8 to 4.5 mm. long, 0.7 to 0.9 mm. 

wide. Cuticular striations present on all aspects of the body segments 

except ventrally and dorsally on the thoracic segments; striations 

present but irregular dorsally on all abdominal segments. Pubescence 

present on all body segments. Anterior pubescent annuli on the thoracic 

segments very broad laterally, covering about four-fifths, one-third 

and one-fourth of the pro-, meso- and metathoracic segments respectively; 
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narrow dorsally and ventrally on these segments; prothoracic annulus 

with a pair of broad, fan-like posterior extensions laterally; meso-

thoracic annulus with a pair of broad, posterior projections dorsolater

al^ and a narrow pair ventrolaterally; posterior margin of the annulus 

between these extensions irregular; metathoracic annulus with a pair of 

narrow posterior extensions dorsolaterally and an extremely narrow 

thread-like pair ventrolaterally; dorsolateral projections of either 

the meso- or metathoracic segment^ or both, occasionally isolated as 

spots from the annuli. Anterior pubescence present on all abdominal 

segments, complete on segments I and II, reduced to isolated spots on 

segments III and IV, absent ventrally and ventrolaterally on segments 

V to VII. Anterior pubescence broadly joined to the pseudopodial pubes

cence dorsolaterally on abdominal segments I to VII. Pseudopodial 

pubescence present on abdominal segments I to VII, complete on segment 

I, interrupted laterally and ventrally on segments II to VII between 

the dorsolateral and ventrolateral pseudopodia, and the ventral pair. 

Posterior pubescence present but interrupted ventrally on the meta-

thorax and abdominal segments I to VI, complete on segment VII. Dorso

lateral, ventrolateral and ventral pseudopods on abdominal segments I 

to VII very long, slender (0.7 mm. long, including apical hooks); armed 

with 14 to 27 outwardly-pointing hooks along the outer margins; dorsal 

pseudopods greatly reduced on segments I and II, progressively longer 

on posterior segments, unarmed on segments I to IV, armed on segments 

V to VII. Anal segment slender, elongate, longer than high; respira

tory siphon 0.9 mm. long, about 1.3 times the length of the basal 
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diameter. Tracheal trunks moderately inflated, gradually tapered 

anteriorly. Anterior portion of the anal ridge armed with a raw of 

anteriorly-directed cuticular hooks similar to those on the pseudopodia. 

Anal segment with a very broad pubescent ring covering the posterior 

one-half to three-quarters of the segment; a broad, bare patch present 

ventral to the respiratory siphon; an irregular, mid<-dorsal pubescent 

patch present along the anterior margin of the anal segment. 

Pupa (Fig. 40, Appendix B) 

Length 17 to 19 mm.; color very light brown. Antennal ridge 

conspicuously elongate and sharply pointed; separated by 0.2 mm.; each 

ridge subdivided into a very large, pointed lower lobe and a smaller, 

upper lobe; median portions elevated 0.6 mm. Callus tubercles extremely 

long and sharply pointed, elevated 0.7 mm. Anterior and posterior orbi

tal setae dark and stout. Antennal sheaths of the male very short, 

reaching only half way from their bases to the epicranial suture; fe

male sheaths longer, reaching about three-fourths of the way to the 

suture. Thoracic spiracles small, about 0.4 mm. long, sharply bent in

ward toward the midline; spiracular plate brown. Thoracic setae all 

dark and very stout. Posterior row of fringe spines about equally long 

on abdominal segments II to VII. Dorsal and lateral combs present; 

dorsal combs with 3 to 5 spines; lateral combs reduced to one or two 

very small spines. Dorsal and ventral arms of the pupal aster subequal 

in length, about two-thirds the length of the lateral arms; dorsal arms 

parallel basally, diverging apically, directed dorsally; lateral arms 

divergent, directed posterolaterally; ventral arms diverging basally, 

parallel apically, directed posteroventrally. 
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T. dorsifer larvae have been described previously by Roberts 

(1962). The larvae live beneath coarse gravel and large stones in 

flowing streams, and inhabit a remarkable variety of streams (pH 6.8 

to 7.0), from small, desert rivulets (2700 ft.) to large, mountain 

streams (7920 ft.) in Apache County. The developing larvae are most 

frequently found where stream-flow is rapid. The larvae are apparently 

able to survive some desiccation by burrowing into damp gravel when the 

stream is not running. Just before pupation, the larvae move to the 

stream margin and pupate in moist sand or gravel above the water line. 

Although larvae can be collected in most permanent or semi-permanent 

streams in Arizona, adults are infrequently collected. 

T. dorsifer larvae are adapted for living in running water by 

the peculiar, elongate pseudopodia armed with cuticular hooks. This 

adaptation for clinging to surfaces under water has evolved independ

ently several times in the Tabanidae. Thus the gross, external features 

of the larvae of such species as Tabanus fairchildi Stone, in the east

ern United States, Tabanus kingi Austen in Africa and Dasybasis fair

childi Coscaron and Philip, in South America, as well as T. dorsifer, 

are quite similar. 

Tabanus gilanus Townsend 

Mature Larva (Fig. 20, Appendix A) 

Length 27.0 - 31.5 mm.; color creamy-white to yellowish-white; 

pubescent markings very pale; respiratory siphon short. Head capsule 

3.8 to 4.4 mm. long, 0.8 to 1.0 mm. wide; color dark brown to black. 
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Ciiticular striations irregular or absent dorsally and ventrally on the 

thoracic segments and ventrally on abdominal segments I to VII; other

wise cuticle evenly striated. Pubescence present on all body segments, 

uniformly very pale, giving the larvae the appearance of lacking pubes

cence when viewed without magnification. Prothoracic annulus with two 

pairs of very narrow, posterior extensions dorsolaterally and ventro-

laterally. Meso- and metathoracic annuli very narrow, absent on the 

mid-dorsal line; posterior extensions of these annuli long and very 

narrow, extending three-fourths the length of the segments. Anterior 

pubescence present on abdominal segments I to VII, complete on segments 

I and II, interrupted laterally and ventrally on segments III to VII, 

progressively reduced on posterior segments. Anterior pubescence 

joined to the pseudopodial pubescence dorsolaterally on segments I and 

II, laterally on segments I to VII. Pseudopodial pubescence present, 

complete on abdominal segments I to VII. Posterior pubescence very 

narrow on segments I to VII. Anal segment about as long as high; 

respiratory siphon short, stout, 0.7 mm. long, length equal to the 

basal diameter; siphon ringed with a broad (0.5 mm.) band of dark 

pubescence basally. Tracheal trunks moderately inflated, gradually 

tapered anteriorly. Anal pubescence consisting of a broad ring around 

the anal ridges; a pubescent bar extending dorsally to about four-

fifths the height of the segment, this bar with two narrow, parallel, 

posterior extensions, a lateral extension that joins the siphonal 

annulus and a dorsolateral extension that extends about half way from 

the bar to the siphonal annulus. 
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Pupa (Fig. 42, Appendix B) 

Length 19 to 21 mm.; color light brown, with extensive, vari

ably darker suffusions on the dorsal surface of the thorax, an exten

sive dark area anterior to the thoracic spiracles, on the frontal plate 

just above the callus tubercles, beneath the antennal ridges, and along 

the midline of the frontal plate. Antennal ridges very narrowly (0.04 

mm.) divided along the midline, each ridge subdivided by a thick-walled, 

shelf-like extension of the outer margin, raised 0.18 mm.; both sub

divisions oriented obliquely to the midline; upper surfaces of the 

ridges strongly wrinkled. Frontal tubercle well-developed, bi-lobed, 

raised 0.12 mm. Callus tubercles spherical, raised 0.15 mm. Antennal 

sheaths of the male not reaching the epicranial suture. Thoracic 

spiracles small (0.6 mm. long), scarcely raised above the surface of 

the thorax; spiracular plate concolorous with the thorax. Dorsal and 

lateral combs present; dorsal combs raised on prominent tubercles, with 

3 to 5 short, stout spines; lateral combs with 3 to 4 heavy spines in 

the female; in the male, lateral combs divided into two groups of 3 to 

4 short, heavy spines. Pupal aster with all arms subequal in length; 

very stout basally, sharply tapered to a thorn-like point apically; 

dorsal arms divergent, directed dorsolaterally; lateral arms divergent, 

directed posterolaterally; ventral arms divergent; directed postero

lateral^. 

T. gilanus larvae were collected in both terrestrial and aqua

tic habitats. One group of larvae was found in damp forest loam, 

beneath a large log on a well-drained hillside at 6600 ft. in mixed 



102 

evergreen oak-deciduous forest. Other larvae were collected along the 

margins of small streams (pH 6.0 to 6.5) and, most commonly, in moist 

soil adjacent to springs in deciduous hardwood to coniferous forest. 

Most of the larvae were collected above 7000 ft., and most adult records 

are also above 7000 ft. Mature larvae pupate in damp soil in early June 

and emerge from mi 1- to late June. Adults are active from mid-June to 

mid-July. 

Tabanus species A 

Mature Larva (Fig. 21, Appendix A) 

Length 27 to 30 mm.; color creamy-white to pale yellowish; 

respiratory siphon about 1.4 times as long as its basal diameter. Head 

capsule 5.0 to 5.3 mm. long, 1.1 to 1.2 mm. wide; dark brown to black. 

Cuticular striations absent dorsally and ventrally on the thoracic seg

ments and ventrally on the abdominal segments, otherwise evenly striate. 

Dark, pubescent markings present on all body segments. Prothoracic 

annulus with two pairs of broad, posterior extensions dorsolaterally 

and ventrolaterally, extending three-fourths the length of the segment. 

Meso- and metathoracic annuli broadest laterally, narrowed dorsally 

and ventrally, covering the anterior one-fifth of these segments; 

posterior extensions of the meso- and metathoracic segments narrow, 

well-defined, extending about three-quarters the length of the segments. 

Anterior pubescence present on abdominal segments I to VII, complete 

on segments I to V, interrupted laterally on segment VI, absent later

ally and ventrally on segment VII. Anterior pubescence very broadly 
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joined to the pseudopodial pubescence dorsolaterally on segments I to 

VII, but this area not conspicuously darker than surrounding pubescence. 

Pseudopodial pubescence complete on segments I to VII, broader dorsally 

on posterior segments and with a mid-dorsal spot slightly darker than 

the surrounding pubescence. Posterior pubescent annulus present on 

segments I to VII, very narrow except on segment VII, incomplete on 

segments I and II, complete on segments III to VII. Anal segment about 

as long as high; respiratory siphon 1.2 mm. long, about 1.4 times as 

long as its basal diameter; siphon with a broad (0.6 to 0.8 mm.) pubes

cent annulus basally. Tracheal trunks not noticeably inflated, gradu

ally tapered anteriorly. Anal pubescent figure on each side of the 

segment consisting of an anterodorsally-directed, vertical bar of pub

escence arising from a ring of pubescence surrounding the anal ridges 

and extending to a point just below the mid-dorsal line, and two pos

terior extensions, one a lateral extension to the siphonal annulus 

(occasionally not reaching this annulus) and a shorter, dorsolateral 

extension about one-half the length of the lateral extension; both ex

tensions narrow and occasionally sinuous. 

Pupa (Fig. 43, Appendix B) 

Length 21 to 23 mm.; color light to dark brown, with darker 

spots mid-dorsally and dorsolaterally on the thorax and surrounding the 

vertical tubercles of the head. Antennal ridges separated 0.2 mm. from 

the midline, each ridge completely divided into two subsidiary lobes by 

a shelf-like ridge along the outer margin oriented obliquely to the 

midline, elevated 0.3 mm. Frontal tubercles prominent, bilobed. Callus 
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tubercles elevated 0.3 mm., directed dorsolaterally from the midline. 

Male antennal sheaths short, not reaching the epicranial suture. Thora

cic spiracles elongate (0.8 to 0.9 mm. long), slits variably curved; 

spiracular plates conspicuously raised (0.21 mm.) above the surface of 

the spiracle; plate rugose, dark brown to black. Dorsal and lateral 

combs present; number and shape of spines in both pairs of combs vari

able. Pupal aster with all arms subequal in size; all arms stout 

basally, tapering rapidly to a thorn-like point; dorsal arms divergent, 

directed dorsally or posterodorsally; lateral arms diverging, directed 

posterolaterally; ventral arms parallel, directed posteroventrally. 

Larvae of T. species A, an undescribed species in the Tabanus 

gilanus group of horseflies, were collected throughout southeastern 

and central Arizona. The larvae can be separated from others in the 

complex by differences in the pubescent pattern and the pupa is easily 

recognized by the large, dark thoracic spiracles. This species appears 

to be ecologically separated from its relative, T. gilanus. T. spe

cies A larvae were found most commonly in and around springs and seep

age areas, cienegas and stream margins from 4500 to 6860 ft. The 

larvae inhabit mineral soil or organic substrate such as moss or sod. 

T. gilanus larvae were usually found at 7000 to 9000 ft. Adults of T. 

gilanus were also collected most frequently at higher elevations; T. 

species A at moderate elevations. I have never found larvae of these 

two species associated with each other. 

T. species A is the most common tabanid living around springs 

and seepage areas from 4250 to 6860 ft. and larvae are found in such 
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habitats throughout southeastern and central Arizona, and at least as 

far south as the Sierra Manzanal in Sonora, Mexico. The larvae live in 

slightly acidic waters (pH 6.6 to 7.0), and may be in mineral soil, sod 

or moss within a seepage area or along the margin. Larvae in seepages 

lacking an organic substrate tend to concentrate under logs and stones 

that are mired in the mud. The vegetation associated with the larval 

habitats varies from grassland and oak-grassland to ponderosa pine 

woodland. 

The anal pubescent pattern of T. species A is consistent, but 

occasionally the lateral pubescent extensions are separated from the 

vertical bar. In a few specimens, the pattern approaches that of 

Tabanus pruinosus; adult females reared from these larvae also resemble 

T. pruningsus females. In one instance, it appears that this species 

may have hybridized with T. gilanus (in western New Mexico), producing 

normal females, and males incorporating characters of both species. 

T. species A larvae pupate in late June along the margins of 

streams, springs, seepages and cienegas. Adults emerge from early to 

mid-July and adults are active until late August. 

Tabanus species B 

Mature Larva (Fig. 22, Appendix A) 

Length 25 to 26 mm.; color creamy-white to yellowish; respira

tory siphon stout, short. Head capsule 4.4 to 4.5 mm. long, 1.0 to 

1.1 mm. wide; dark brown to black. Cuticular striations absent dorsally 

and ventrally on all thoracic segments and ventrally on the abdominal 
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segments, otherwise cuticle evenly striated. Pubescence present on all 

body segments. Prothoracic annulus with a pair of broad, dorsolateral 

and ventrolateral posterior extensions extending three-quarters the 

length of the segment. Meso- and metathoracic annuli broadest later

ally, narrowed dorsally and ventrally;mesothoracic annulus with pos

terior extensions reaching three-quarters the length of the segment; 

those of the metathorax shorter, reaching about one-half the length of 

the segment. Anterior pubescence present on abdominal segments I to 

VII, complete on segments I to IV, progressively reduced dorsally, 

laterally and ventrally on posterior segments. Anterior pubescence 

broadly joined to pseudopodial pubescence dorsolaterally and narrowly 

joined laterally on segments I to VII. Pseudopodial pubescence present, 

complete on segments I to VII. Posterior pubescence present on seg

ments I to VII, incomplete on segments I to IV, complete on segments 

V to VII. Anal segment rather short, taller than long. Respiratory 

siphon short (0.7 mm. long), stout, shorter than the basal diameter; 

surrounded basally with a wide (0.6 mm.) pubescent annulus. Anal pubes

cence consisting of a pubescent ring surrounding the anal ridges, from 

which arises an anterodorsally directed pubescent bar reaching just 

below the mid-dorsal line, sometimes forming a complete annulus around 

the anal segment; pubescent bar with two pairs of parallel, posterior 

extensions, a lateral pair reaching the siphonal annulus, and a short 

dorsolateral pair reaching one-third of the distance from the bar to 

the siphonal annulus. 
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Pupa (Fig. 44, Appendix B) 

Length 19 to 21 mm.; color light brown, very slightly darker 

spots present on the dorsal surface of the thorax, and in the area of 

the vertical tubercles. Antennal ridges separated into two pairs of 

subsidiary lobes by a sharp, ridged protuberance along the outer margin; 

raised 0.2 mm.; lower pair of lobes oriented perpendicularly to the 

midline, upper pair oriented, obliquely to the midline. Callus tubercles 

spherical, raised 0.15 mm. Antennal sheaths of the male and female 

subequal in length; male sheaths reaching the epicranial suture. Thora

cic spiracles short ( 0.5 mm. long), spiracular plates concolorous with 

the thoracic integument, rugose, not conspicuously raised above the 

thoracic surface. Dorsal and lateral combs present and well-developed 

in the male pupa, with 3 to 5 short spines in each comb; female pupa 

with lateral comb greatly reduced, consisting of 1 to 2 minute spines; 

dorsal combs with 2 to 3 spines. Pupal aster with all arms subequal 

in size; dorsal arms diverging, directed dorsolaterally; lateral arms 

diverging, directed posterolaterally; ventral arms parallel, directed 

ventrolaterally; dorsal and lateral arms stout basally, tapering gradu

ally to a thorn-like point apically; ventral arms very stout, abruptly 

tapered to a thorn-like point apically. 

Larvae of T. species B, an undescribed species in the T. gilanus 

group, were collected along the margins of small streams, lakes and 

beneath logs in damp soil of seepage areas. In southern Arizona, this 

species appears to inhabit more xeric habitats than T. species A, espe

cially small, mountain streams at 4000 to 6808 ft., that dry up in sum

mer. The larvae survive in these habitats by burrowing into the sand 
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or mud of the stream bed. In the Plateau Region of Arizona, the larvae 

inhabit springs, margins of small, natural lakes, and probably streams 

also, above 6500 ft. It is probably this species that has been mistaken 

for Tabanus stonei Philip in the White Mountains. T. stonei apparently 

does not occur in Arizona. 

T. species B is closely related to T. gilanus. The adult fe

males of these species are distinguished with difficulty, but the males 

are easily separated. The larvae may be separated by differences in 

the pubescent pattern. The pupae are similar, but the male pupa of T. 

species B has a longer antennal sheath and the lower antennal ridge 

lobes are oriented differently toward the midline. 

In southern Arizona, T. species B pupates from late June to 

early July, and adults emerge in mid-July. Adults are active from mid-

July to late August. In northern Arizona, this species probably emerges 

during June and is active from late June through July. I have collected 

larvae from the Chiricahua Mountains north to Coconino County and east 

to western New Mexico (Catron County). 

Tabanus morbosus Stone 

Mature Larva (Fig. 23, Appendix A) 

Large species, length 37 to 45 mm.; color creamy-white. Head 

capsule 6.1 mm. long, 1.2 mm. wide; dark brown. Cuticular striations 

absent on the dorsal and ventral surfaces of the thoracic segments, ir

regular ventrally on all abdominal segments; otherwise cuticle evenly 

striate. Dark pubescence present on all body segments. Prothoracic 
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annulus with two very broad, fan-like, posterior extensions laterally, 

extending three-quarters the length of the prothorax, longest dorso

lateral^ and ventrolaterally. Meso- and metathoracic annuli with four 

pairs of well-defined, posterior extensions laterally; all pairs sub-

equal in length and extending three-quarters the length of the meso-

thorax; the two mid-lateral pairs about one-third shorter than the 

dorsolateral and ventrolateral pairs on the metathorax. Anterior pubes

cence complete on abdominal segments I and II, interrupted laterally at 

the level of the lateral pseudopodia on segments III to VI, absent 

laterally and ventrally on segment VII. Anterior pubescence very 

broadly joined to the pseudopodial pubescence dorsolaterally on seg

ments I to VII, narrowly joined ventrolaterally on these segments. 

Pseudopodial pubescence present and foming a complete arinulus on ab

dominal segments I to VII. Posterior pubescence present on abdominal 

segments I to VII, incomplete on segment I, complete and increasingly 

broad on segments II to VII. Anal segment rather short, taller than 

long, respiratory siphon slender, 1.6 mm. long, about twice the length 

of the basal diameter; surrounded by a pubescent annulus. Tracheal 

trunks not inflated. Anal pubescence consisting of a pubescent ring 

surrounding the anal ridges from which arises a very broad pubescent 

bar directed anterodorsally to the mid-lateral line, then sharply bent 

posterodorsally to the siphonal annulus; anterodorsal to this bar and 

usually isolated from it is a second shorter, broad pubescent bar that 

begins midlaterally and is directed dorsally to the dorsal margin of 

the segment, then bent posteriorly toward the siphonal annulus; this 
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second bar usually with an anterodorsal extension located at the bend; 

a spherical pubescent spot present mid-dorsally, along the anterior 

margin of the anal segment. 

Pupa (Fig. 45, Appendix B) 

Length 25-30 mm.; color pastel greenish-brown to very dark 

greenish-brown. Antennal ridges separated by about 0.18 mm.; ridges 

elongate, not subdivided; outer margins strongly ridged, raised 0.4 mm.; 

integument of the ridges strongly wrinkled. Frontal tubercles not 

strongly developed. Callus tubercles projecting laterally, raised 

about 0.25 mm. Antennal sheaths of both sexes short, not reaching the 

epicranial suture. Thoracic spiracles 0.8 mm. long, gently curved to

ward the midline; spiracular plates rugose, concolorous with the thora

cic integument. Anterior fringe spine rows very short ventrally on 

abdominal segments II to V. Dorsal and lateral preanal combs present 

and well-developed in both sexes; dorsal combs especially prominent in 

the female. Pupal aster distinctly inclined dorsally and flattened 

posteriorly in lateral view; dorsal arms about twice the length of the 

lateral and ventral arms. Dorsal arms stout basally, tapering abruptly 

to a thorn-like point apically; parallel basally, diverging apically, 

directed dorsally; lateral and ventral arms poorly differentiated from 

the base of the aster, with thorn-like points apically; lateral arms 

diverging, directed laterally; ventral arms parallel, directed poste

riorly . 

T. morbosus larvae were collected in mineral soil or humus 

along the margins of mountain streams from the Huachuca Mountains 
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(Cochise County) north to Tonto Creek (Gila County), in neutral waters 

(pH 7.0) from 5400 to 6650 ft. The larvae were very difficult to rear 

and only one specimen was reared successfully in the laboratory. Based 

on larval morphology, T. morbosus appears to be most closely related to 

Tabanus punctifer, but is easily differentiated from it in the field by 

the distinctly narrower anterior portion of the head capsule. 

Very few T. morbosus adults have been collected, but they ap

pear to be active from early July to early August. The mature larvae 

pupate in damp soil, one to three feet from the stream margin. Adult 

females readily attack man in the vicinity of the larval habitat. The 

decision whether Tabanus ebeneus Philip, a Mexican species, is specifi

cally distinct from T. morbosus awaits comparison of good series of 

both. 

Tabanus pruinosus Bigot 

Mature Larva (Fig. 24, Appendix A) 

Length 28 to 33 mm.; color creamy-white to yellowish-white; 

body very stout. Head capsule 5.8 to 6.5 mm. long, 1.3 mm. wide; pale 

to dark brown. Cuticular striations absent dorsally ^nd ventrally on 

the thorax, absent ventrally on all abdominal segments, present else

where. Pubescence present on all body segments. Prothoracic annulus 

with two pairs of broad, posterior extensions dorsolaterally and ventro

lateral^, extending four-fifths the length of the segment. Meso- and 

metathoracic annuli with four pairs of lateral, posterior extensions, 

extending about three-quarters the length of the segments. Anterior 
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pubescence forming a complete annulus on abdominal segments I to IV, 

interrupted laterally on segments V and VI, and both laterally and 

ventrally on segment VII. Anterior pubescence broadly joined to the 

pseudopodial pubescence dorsolaterally, narrowly joined ventrolaterally 

on segments I to VII; dorsolateral junctions much darker than surround

ing pubescence, producing a dorsolateral, dark spot contrasting with 

the lighter, surrounding pubescence. Pseudopodial pubescence complete 

on segments I to VII, with a dark, mid-dorsal spot that contrasts with 

surrounding pubescence on segments II to VII. Posterior pubescence in

complete, interrupted laterally on segment I, complete on segments II 

to VII; broader dorsally and ventrally, sharply narrowed laterally. 

Anal segment rather short, taller than long; respiratory siphon short, 

stout, 0.9 mm. long; length about equal to the basal diameter; with a 

very broad (1.0 mm.), pubescent annulus basally. Anal pubescent figure 

consisting of a pubescent ring surrounding the anal ridges and a broad, 

vertical, anterodorsally-directed, pubescent bar extending to just be

low the mid-dorsal line, with two broad, parallel, mid-lateral and 

dorsolateral, posterior extensions, the mid-lateral one reaching the 

siphonal annulus, the dorsolateral one extending about half way from 

the bar to the siphonal annulus. 

Pupa (Fig. 46, Appendix B) 

Stout, length 25.5 to 28.5 mm.; color dark brown, with small, 

dark spots dorsally on the thorax. Antennal ridges subdivided into two 

equal lobes by the shelf-like protuberance along the outer margin; 

upper and lower lobes oriented obliquely to the midline; lower lobes 
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separated by 0.1 mm. from the midline; raised 0.3 mm. Frontal tubercle 

prominent, symmetrically bilobed, raised 0.17 mm. Callus tubercles 

spherical, raised 0.2 mm. Male antennal sheaths shorter than the fe

male sheaths; neither reaching the epicranial suture. Anterior and 

posterior orbital tubercles prominent, raised 0.2 mm. Thoracic spira

cles large, 1.0 mm. long, conspicuously raised (0.3 mm.) above the 

surface of the thorax; slits bent sharply anteriorly along the anterior 

one-third. Dorsal combs present, lateral combs absent in both sexes; 

dorsal combs consisting of 3 to 6 short, stout spines on a prominent 

tubercle. All arms of the pupal aster subequal in length, stout bas-

ally, tapering rapidly to a thorn-like point apically. Dorsal arms 

diverging, directed posteriorly and dorsolaterally; lateral arms diverg

ing, directing posterolaterally; ventral arms parallel, directed postero-

ventrally. 

The larvae of T. pruinosus, a member of the Tabanus gilanus 

group, can be recognized in the field by their stout appearance, very 

broad, dark anal pubescent figure and the dark, dorsolateral, pubescent 

spots on abdominal segments I to VII. T. pruinosus appears to be most 

closely related to T. species A; occasionally larvae and adult females 

of T. species A resemble T. pruinosus; but usually the larvae of the 

latter species can be recognized by the broader anal pubescent pattern, 

particularly the broad, posterior extensions of the vertical bar. In 

places where this resemblance occurs, at Babocomari Ranch (Santa Cruz 

County), for example, there may be hybridization. This may account for 

previous, mistaken records of T. pruinosus from the southwestern United 

States. 
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T. pruinosus larvae, the first records for this species in the 

United States and its northernmost extension, were collected from cen

tral and southern Santa Cruz County. It is known as far south as ex

treme western Panama (Fairchild, personal communication, 1970). Larvae 

of Tabanus pruinosus inhabit springs and seepage areas in central and 

southern Santa Cruz County and appear to be restricted to this small 

area in Arizona. They are found most abundantly in the Patagonia area, 

along the margins of sluggish rivulets from springs, in wet mineral 

soil from one to four feet from the water. I have also collected 

larvae in and under rotting logs partially buried in mud, and along 

the margins of spring ponds, at 4000 to 4400 ft. When seepage areas 

dry up, T. pruinosus larvae burrow four to six inches in the soil or 

in moist, rotting logs, to escape desiccation. In the laboratory, 

larvae pupated from late June to mid-July, emerging in late July and 

early August. No adult T. pruinosus as yet have been collected in the 

field in the United States. 

Tabanus punctifer Osten Sacken 

Mature Larva (Fig. 25, Appendix A) 

Length 37 to 42 mm.; creamy-white to yellowish-white; siphon 

very .long, slender. Head capsule 4.9 to 5.2 mm. long, 1.3 to 1.4 mm. 

wide; dark brown to black. Cuticular striations present laterally, 

absent dorsally on all body segments. Pubescent markings present on 

all body segments. Anterior thoracic annuli broad, covering the ante

rior one-third of each segment. Prothoracic annulus with a pair of 
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very broad, fan-like, posterior extensions laterally; meso- and meta-

thoracic annuli with four pairs of broad, posterior extensions later

ally, extending about two-thirds the length of the segments; annuli 

narrowed dorsally and ventrally. Anterior pubescence present on ab

dominal segments I to VII, complete on segments I to V; narrowly inter

rupted laterally on segments VI and VII. Anterior pubescence broadly 

joined to the pseudopodial pubescence dorsolaterally, this junction 

forming a contrasting, dark, dorsolateral patch on segments I to VTI; 

narrowly joined to the pseudopodial pubescence laterally and ventro

lateral^ on segments I to V, dorsolaterally only on segments VI and 

VII. Posterior pubescence present and well-developed on the metathorax 

and abdominal segments I to VII; incomplete laterally only on the meta

thorax; broadest laterally, narrowed dorsally and ventrally on segments 

I to VII. Anal segment slender, about as long as high. Respiratory 

siphon long (2.8 to 3.0 mm.) and slender, about three times as long as 

its basal diameter. Tracheal trunks inflated, abruptly tapered ante

riorly in the metathoracic segment; trunks in the anal segment pigmented. 

Anal pubescence consisting of a broad annulus around the base of the 

siphon; a ring of pubescence surrounding the anal ridges, from which 

arises, on both sides, posterodorsally-directed bars of pubescence that 

are evenly curved posteriorly at the mid-lateral line and meeting the 

siphonal annulus laterally; two pairs of elongate or oval, pubescent 

spots (sometimes joined into a single, irregular line) present dorso

laterally above the pubescent bar; a small, irregular patch of pubes

cence present mid-dorsally along the anterior margin of the segment, 
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and a very small pubescent dot present laterally, below the extension 

of the pubescent bar to the siphonal annulus. 

Pupa (Fig. 47, Appendix B) 

Length 27 to 31.5 mm.; color light greenish-brown. Antennal 

ridges divided into upper and lower subsidiary lobes by a shelf-like 

ridge along the outer margin; raised 0.35 mm. Frontal tubercle divided 

into a pair of minute upper and lower lobes, upper lobes almost touch

ing the midline, lower lobes separated by about 0.15 mm. Callus tu

bercles prominent, raised 0.3 mm. Anterior and posterior orbital lobes 

conspicuously ridged along the outer margins. Antennal sheaths of both 

sexes stout, short, not reaching the epicranial suture. Thoracic 

spiracles 0.7 to 0.9 mm. long; slits strongly curved toward the mid

line; spiracular plate slightly raised above the surface of the thorax, 

concolorous with the integument. Dorsal and lateral preanal combs 

present in both sexes, lateral combs reduced in the male. Pupal aster 

distinctly flattened posteriorly in lateral view, with dorsal arms 

longer than the lateral and ventral arms; all arms broad basally, 

abruptly tapered apically to a thorn-like point. Dorsal arms divergent, 

directed dorsolaterally; lateral arms divergent, directed posterolater

al^; ventral arms divergent, directed posteroventrally. 

T. punctifer larvae were previously described by Webb and Wells 

(1924), with an excellent discussion of the biology. In Arizona, T. 

punctifer is found in almost any wet or moist environment, natural or 

artificial, including lakes, ponds, streams, stock tanks and irriga

tion ditches, up to 8000 ft., and is therefore the most ubiquitous 
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species in the State. In moist areas, where vegetation is cleared, T. 

punctifer will replace indigenous species, such as Chrysops virgulatus. 

The larvae are readily recognized in the field by their large size, 

broad head capsule and anal pubescent figure. T. punctifer is one of 

the few species that may benefit from man-made impoundments and irriga

tion projects that are so detrimental to other aquatic species. These 

activities provide suitable habitat in areas formerly unsuitable for 

the larval development. 

T. punctifer larvae probably require two years to complete 

development. Mature larvae pupate in June and July and adults emerge 

from June to August. Adults may be active until about mid-September. 

Tabanus similis Macquart 

Mature Larva (Fig. 26, Appendix A) 

Length 21 to 24 mm.; creamy-white. Head capsule 3.2 to 3.7 mm. 

long, 0.7 to 0.8 mm. wide; color dark brown. Cuticular striations ab

sent dorsally and ventrally on all thoracic segments, irregular ven-

trally on all abdominal segments, otherwise cuticle evenly striated. 

Pubescence present on all body segments. Prothoracic annulus with a 

broad, dorsolateral and ventrolateral pair of posteriorly-directed, 

pubescent bars reaching about two-thirds the length of the segment. 

Meso- and metathoracic annuli narrow, each with four pairs of narrow, 

lateral, posteriorly-directed pubescent bars; those of the metathorax 

shorter and more irregular, reaching one-third to one-half the length 

of the segment. Anterior pubescence present on abdominal segments I 
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to VII/ complete on segments I to IV, reduced to ventrolateral spots on 

segment VII. Anterior pubescence joined to the pseudopodial pubescence 

laterally on segments I to V, separated completely from the pseudopodial 

pubescence on segments VI and VII. Pseudopodial pubescence narrow, com

plete on segments I to VII. Posterior pubescence apparently absent on 

segments I to IV, very narrow on segments V and VI, broad on segment 

VII. Anal segment slightly taller than long. Respiratory siphon 1.0 

to 1.2 mm. long, about one-third longer than its basal diameter. Anal 

pubescent pattern consisting of a broad pubescent ring around the base 

of the siphon, a ring of pubescence surrounding the anal ridges and a 

posterodorsally-directed bar of pubescence arising from this ring, and 

extending about half way to the dorsal surface; bar slightly expanded 

posteriorly at the apex; two isolated, pubescent spots present above 

the apex of the pubescent bar, a very small one directly above the bar, 

about two-thirds of the distance to the dorsal surface of the segment 

and a larger spot slightly ventral to the small spot and anterior to 

the apex of the bar. 

Pupa (Fig. 48, Appendix B) 

Length 18.5 to 19.5 mm.; color light to dark brown, with darker 

suffusions over the dorsal surface of the thorax; dorsally and laterally 

on the vertex of the head; and on the frontal plate between the antennal 

sheaths, ventral to the antennal ridges. Antennal ridges rather widely 

separated (0.2 mm.), each ridge subdivided into a short, lower lobe and 

an elongate, upper lobe; both oriented obliquely to the midline; raised 

about 0.2 mm. Frontal tubercle symmetrical, bilobed. Callus tubercles 
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small, rounded. Antennal sheaths of the male pupa short, not reaching 

the epicranial suture; female sheaths longer, exceeding the length of 

the epicranial suture. Thoracic spiracles 0.7 mm. long, gently curved 

toward the midline; spiracular plate raised about 0.2 mm. above the 

surface of the thorax, darker than the surrounding cuticle. Fringe 

spines on the seventh abdominal tergum very short and stout. Dorsal 

combs absent in both sexes; lateral combs present, with 6 to 7 small 

spines. Lateral arms of the pupal aster about twice the length of the 

dorsal and ventral arms. Dorsal arms parallel, directed dorsally; 

lateral arms diverging, directed dorsolaterally; ventral arms slightly 

diverging, directed posterolateral^. The dorsal arms are directed 

slightly more dorsally than the lateral arms, thus these arms slightly 

out of line in lateral profile. 

The immature stages of T. similis have been described by 

Roberts and Dicke (1964). In Arizona, I collected T. similis larvae 

in fine, highly organic mud along the margin of a slough of Mormon 

Lake, in Coconino County at 7000 ft., associated with T. punctifer 

larvae. In the laboratory, larvae of T. similis pupated in late June 

and flies emerged in early July. T. similis is a very widespread spe

cies throughout the United States, but only one adult had been collected 

previously in Arizona, in Apache County. 

Tabanus subsimilis subsimilis Bellardi 

Mature Larva (Fig. 27, Appendix A) 

Length 22.5 to 25.0 mm.; color creamy-white. Head capsule 3.5 

to 3.6 mm. long, 0.8 mm. wide; color dark brown to black. Cuticular 
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striations absent dorsally and ventrally on the thorax; irregular ven-

trally on all abdominal segments, otherwise cuticle evenly striate. 

Pubescence present on all body segments. Prothoracic annulus with two 

pairs of broad, lateral, posterior extensions reaching about three-

quarters the length of the segment. Mesothoracic annulus with four 

pairs of narrow, posterior extensions reaching about two-thirds the 

length of the segment. Metathoracic annulus with four pairs of very 

short posterior extensions, not longer than the width of the metathora-

cic annulus. Both meso- and metathoracic annuli narrowed dorsally and 

ventrally. Anterior pubescence present and complete on abdominal seg

ments I to V, interrupted laterally on segments VI and VII. Anterior 

pubescence broadly joined to the pseudopodial pubescence dorsolaterally 

and narrowly joined laterally. Pseudopodial pubescence present on seg

ments I to VII. Posterior pubescence present on the metathorax and 

abdominal segments I to VII, interrupted laterally on the metathorax 

and segment I, complete on segments II to VII. Anal segment rather 

short, taller than long. Respiratory siphon 1.1 to 1.3 mm. long, about 

twice as long as the basal diameter. Anal pubescence consisting of a 

broad, pubescent annulus surrounding the base of the siphon and an 

annulus surrounding the anal ridges, from which arises a dorsally-

directed pubescent bar reaching about three-fifths the height of the 

anal segment; apex of the bar bent posteriorly toward the siphonal 

annulus; two isolated spots present dorsally and slightly anterior to 

the vertical bar. 
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Pupa (Fig. 49, Appendix B) 

Length 16 to 17 mm.; color light brown, with darker suffusions 

present dorsally on the thorax and in the area of the orbital setae. 

Antennal ridges either indistinctly divided into two subsidiary lobes 

or undivided by a shelf-like protuberance oriented obliquely to the 

midline; ridges raised 0.15 mm. Frontal tubercles symmetrical, bilobed. 

Callus tubercles rounded, raised about 0.1 mm. Antennal sheaths of the 

female longer than the male, reaching the epicranial suture; male 

sheaths not reaching the suture. Thoracic spiracles 0.8 mm. long; 

gently curved toward the midline. Seventh abdominal tergum with the 

posterior row of fringe spines very short. Dorsal preanal combs ab

sent in both sexes; lateral combs well-developed in the female, with 

3 to 6 spines; reduced in the male, consisting of 1 to 2 very minute 

spines. All arms of the pupal aster stout basally, sharply tapered to 

small, thorn-like points apically. Dorsal arms slightly diverging, 

directed dorsally; lateral arms diverging, directed dorsolaterally; 

dorsal and lateral arms forming a nearly straight line when viewed 

laterally; ventral arms parallel, directed posteriorly. 

The immature stages of T. subsimilis subsimilis were previously 

described by Schwardt (1931, 1931a, 1936) as those of Tabanus lineola. 

T. subsimilis subsimilis is closely related to T. similis and other 

members of the T. lineola complex. In Arizona, the larvae and pupae of 

T. similis and T. subsimilis subsimilis are very difficult to separate. 

There are minor differences in the pubescent pattern and respiratory 

siphon of the larvae, and in the antennal ridgeS of the pupae, however 
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these characters may be too variable to be valid when a large series of 

specimens is studied. 

T. subsimilis subsimilis larvae were collected just across the 

Arizona-Sonora border, in Agua Prieta, Sonora, Mexico. The larvae in

habited wet, mineral soil along the margin of a sewage settling pond, 

about 1 to 3 inches above the water line in wet mud, especially near 

clumps of bermuda grass, and were associated with larvae of T. punctifer. 

A subspecies of T. subsimilis, T. subsimilis nippontucki Philip has been 

collected throughout the State, but was not found during this study. 

Genus Hybomitra Enderlein 

Four species of Hybomitra, and possibly a fifth, are known to 

occur in Arizona, three of them being reared during this study. Another 

species, "Hybomitra" laticornis (Hine), based on larval and pupal mor

phology, does not belong in this genus. 

In Arizona, all species of Hybomitra occur north of the Mogollon 

Rim. The larvae can be recognized most easily by their dark green, 

beige or brown color and the absence of extensive pubescence laterally 

on the anal segment. 

The pupae of Hybomitra have the anterior row of fringe spines 

on all segments much shorter than the posterior row. 

Key to the Known Larvae and Pupae of Hybomitra in Arizona 

Larvae 

1. Larvae creamy-white; body segments lacking pubescence; cuticle 
with a minute reticular pattern, lacking the usual longi
tudinal striations ("Hybomitra") laticornis (Hine) 
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Larvae pale greenish-brown to dark brown; all body segments 
with some pubescence; longitudinal cuticular striations 
present on all body segments . . . 2 

2. Larvae with a pubescent extension from the anal annulus 
and two pubescent spots present laterally on the anal 
segment sonomensis var. phaenops (O.S.) 

Pubescent markings absent laterally on the anal segment . . 3 

3. Mature larvae large, 30 mm. long or longer; respiratory 
siphon moderately long, about twice as long as its 
basal diameter fulvilateralis (Macquart) 

Mature larvae smaller, not exceeding 28 mm. in length; 
respiratory siphon long and slender, about three times 
as long as its basal diameter aatos Philip 

Pupae 

1. Arms of the pupal aster fused to the base, arms reduced 
to small, thorn-like projections 

("Hybomitra") laticornis (Hine) 

Arms of the pupal aster well-developed, not fused to the 

base of the aster 2 

2. Frontal plate with very faint darker suffusion of the 
integument between the antennal sheaths; antennal ridges 
meeting at the midline, straight, perpendicular to the 
midline aatos Philip 

Frontal plate with very conspicuous black suffusions on 
the integument between the antennal sheaths, especially 
ventral to the antennal ridges 3 

3. Frontal plate with integument very strongly wrinkled 
from the vertex to the ventral margin of the antennal 
ridges, ridges not divided into upper and lower lobes 
on each side of the midline .... fulvilateralis (Macquart) 

Frontal plate strongly wrinkled only in the vicinity of 
the antennal ridges; antennal ridges incompletely divided 
into upper and lower lobes on each side of the midline . . 

sonomensis var. phaenops (O.S.) 
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Hybomitra aatos Philip 

Mature Larva (Fig. 28, Appendix A) 

Length 26.5 to 28 nun.; color light brown to greenish-brown; 

respiratory siphon long and slender. Head capsule 3.6 to 3.7 ram. long, 

0.9 mm. wide. Cuticular striations irregular or absent dorsally and 

ventrally on the thorax and abdominal segments I to VII. Pubescence 

present on all body segments. Prothoracic annulus with two pairs of 

narrow, lateral, posterior extensions reaching about two-thirds the 

length of the segment. Meso- and metathoracic annuli with a pair of 

dorsolateral, dark dashes extending beyond the posterior margin of the 

annuli. Anterior pubescence present on abdominal segments I to VII, 

complete on segment I, progressively reduced laterally, ventrally and 

dorsally on posterior segments; reduced to small dorsolateral spots on 

segment VII; contrasting, dark, dorsolateral dashes on segments I to 

VII. Anterior pubescence separated from pseudopodial pubescence on 

abdominal segments I to VII. Pseudopodial pubescence incomplete on 

abdominal segments I to VII, interrupted dorsolaterally and ventro

lateral^. Posterior pubescence present but very faint on abdominal 

segments I to VII. Anal segment long and slender, much longer than 

tall; respiratory siphon very long (2.4 mm.), slender, about three 

times as long as the basal diameter. Tracheal trunks strongly inflated 

in the abdomen. Narrow pubescent annulus surrounding the respiratory 

siphon and another annulus surrounding the anal ridges. Pubescence ab

sent laterally on the anal segment. 
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Pupa (Fig. 50, Appendix B) 

Length 19.5 to 20.0 mm.; color light brown, with irregular, 

darker suffusions dorsally and laterally on the thorax and very faint 

suffusions between the antennal sheath's, ventral to the antennal ridges. 

Antennal ridges touching at the midline, consisting of two straight, 

shelf-like protuberances perpendicular to the midline, these protuber

ances strongest at the midline, weaker laterally, raised 0.15 mm. 

Frontal tubercles absent. Callus tubercles very small, raised about 

0.09 mm. Thoracic spiracles 0.8 mm. long; slits strongly curved in

ward toward the midline; spiracular plate conspicuously raised about 

0.4 mm. above the surface of the thorax. Anterior row of fringe spines 

very short and stout on abdominal terga and sterna II to VII; spines 

in the posterior row of segment II very widely-spaced. Dorsal and 

lateral preanal combs present and well-developed in both sexes; 4 to 6 

spines present'in each comb, pupal aster with lateral arms 0.6 mm. long, 

about twice the length of the dorsal and ventral arms. Dorsal arms 

parallel, directed posterodorsally; lateral arms diverging, directed 

posterolaterally; ventral arms parallel, directed posteroventrally. 

H. aatos larvae were collected in moss (Bryum sp.) growing on 

partially submerged logs and stumps, and in submerged aquatic vegeta

tion in a small pond (pH 6.0) near Greer (Apache County), at 8500 ft. 

All the larvae collected, except one, were mature and pupated within a 

week in the laboratory. The immature larva was collected among the 

stems of submerged, aquatic plants. Probably, young larvae live sub

merged among the aquatic vegetation, moving to clumps of moss above the 
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water line when ready to pupate. The pond from which H. aatos larvae 

were collected is formed by water run-off from a wet meadow and was 

located at the lower end of this meadow, between groups of ponderosa 

pines. 

H. aatos larvae pupate in early June. Adults are active from 

mid-June to mid-July, but are not common in Arizona. This species is 

known as far north as Wyoming, and has its southernmost extension in 

the White Mountains of Arizona. 

Hybomitra fulvilateralis (Macquart) 

Mature Larva (Fig. 29, Appendix A) 

Rather large species; length 30 to 32.5 mm.; color dark brown. 

Head capsule 4.1 mm. long, 1.1 mm. wide, color black. Cuticular stria-

tions irregular or absent dorsally and ventrally on the thorax, other

wise cuticle evenly striate. Pubescence present on all body segments. 

Prothoracic annulus with a pair of narrow, indistinct, posterior ex

tensions laterally, reaching about three-quarters the length of the 

segment. Meso- and metathoracic annuli with a pair of contrasting 

dorsolateral dashes. Anterior pubescence complete on abdominal seg

ment I, increasingly reduced laterally from segments II to VII, to a 

pair of small, dorsolateral spots on segment VII; contrasting dorso

lateral extensions present on segments I to VII. Anterior pubescence 

separated from pseudopodial pubescence on abdominal segments I to VII. 

Pseudopodial pubescence complete on segment I, interrupted laterally 

on segments I to V, interrupted dorsolaterally and laterally on 
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segments VI and VII. Posterior pubescence present but very faint on 

abdominal segments I to VII. Anal segment long, slender, longer than 

tall; respiratory siphon 2.0 mm. long, about twice as long as its 

basal diameter. Tracheal trunks strongly inflated and abruptly nar

rowed anteriorly in the metathoracic segment. Anal pubescence consist

ing of narrow annuli around the base of the respiratory siphon and the 

anal ridges; pubescence absent laterally on the anal segment. 

Pupa (Fig. 51, Appendix B) 

Length 23 to 24 mm.; color dark brown, with blackish suffusions 

covering the thorax, including the wing pads; abdominal terga I to III, 

anterior to the fringe spines; on the frontal plate between the antennal 

sheaths, ventral to the antennal ridges; and on the ventral half of the 

frontal plate. Antennal ridges not subdivided, separated at the mid

line by about 0.06 mm.; ridges oriented obliquely to the midline, 

raised about 0.2 mm. Integument of the frontal plate, dorsal to the 

lower margin of the antennal ridges, very conspicuously wrinkled. 

Frontal tubercle absent. Callus tubercles small, raised about 0.06 mm. 

Thoracic spiracles 0.5 to 0.7 mm. long, gently curved inward toward the 

midline; spiracular plate very poorly defined, scarcely raised above 

surface of the thorax. Anterior row of fringe spines very small and 

stout on all aspects of abdominal segments II to VII. Dorsal and 

lateral preanal combs present and well-developed, raised on prominent 

lobes in both sexes; 3 to 5 spines in each comb. Lateral arms of the 

pupal aster one-and-one-half times the length of the dorsal arms, about 

twice the length of the ventral arms. Dorsal arms parallel, directed 
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dorsally; lateral arms diverging, directed posterolaterally; ventral 

arms diverging, directed ventrolaterally; all arms stout basally, 

sharply tapered to a thorn-like point apically. 

H. fulvilateralis larvae were collected in clumps of wet moss 

(pH 5.8 to 6.0) in several cienegas in the White Mountains of Arizona, 

from 8800 ft. to 9100 ft., and once from floating clumps of pondweed 

(Potamogeton sp.) in a small pond. Immature larvae are usually found 

in muck soil in cienegas, and when mature or nearly mature, mbve to 

patches of wet moss (Bryum sp.) growing on rocks, logs and soil above 

the water line. Larvae pupate in the moss. One group of half-grown 

larvae was collected in pondweed floating on the surface of a small 

pond at the lower end of KP Cienega, in Greenlee County. The larvae 

apparently require two years to complete development. 

H. fulvilateralis is known as far north as British Columbia and 

reaches its southernmost distribution in New Mexico and the White Moun

tains of Arizona. Ranchers have stated that this species, as well as 

H. tetrica var. rubrilata (Philip), is a serious pest of cattle in the 

White Mountain area. In Arizona, mature larvae pupate in late May and 

early June. Adults are active from mid-June to mid-July. 

Hybomitra sonomensis var. phaenops (Osten Sacken) 

Mature Larva (Fig. 30, Appendix A) 

Length 25.5 to 29.5 mm.; color greenish to reddish-brown; dark, 

dorsolateral dashes absent on abdominal segments I to VII. Head cap

sule 4.0 mm. long, 0.9 mm. wide; color brown to black. Cuticular 
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striations irregular or absent on the thoracic segments, cuticle evenly 

striate elsewhere. Pubescence present on all body segments. Prothora-

cic annulus lacking lateral, posterior extensions; meso- and metathora-

cic annuli with a pair of very short posterior expansions dorsolaterally, 

not contrasting with the surrounding pubescence. Anterior pubescence 

complete on abdominal segments I and II, progressively reduced on pos

terior segments dorsally, laterally and ventrally to two small, dorso

lateral spots and one mid-ventral spot; dorsolateral posterior extensions 

present on segments I to VII, irregular, not darker than the surrounding 

pubescence. Anterior pubescence narrowly joined to the pseudopodial 

pubescence laterally on segments I to IV, separated on segments V to 

VII. Pseudopodial pubescence complete on abdominal segment I, narrowly 

interrupted laterally on segments II to VII. Posterior pubescence ab

sent on segments I to IV, present dorsally on segment V, forming a 

complete annulus on segments VI and VII. Anal segment about as long 

as tall; respiratory siphon 1.7 to 1.8 mm. long, slightly more than 

twice as long as its basal diameter. Anal pubescence consisting of a 

very broad annulus around the base of the siphon, and an annulus around 

the anal ridges; anal annulus with a broad, dorsally-directed extension 

on either side reaching about one-third of the way to the dorsal sur

face of the segment; two spherical spots, one lateral, the other dorso

lateral, present on each side; dorsolateral spot slightly anterior to 

the lateral spot. 
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Pupa (Fig. 52, Appendix B) 

Length 22 to 23 mm.; color brown, with blackish suffusions 

present dorsally on the thorax; dorsally on abdominal segments I and 

II, anterior to the fringe spines; in the vicinity of the vertical 

tubercles; and between the antennal sheaths, surrounding the callus 

tubercles and ventral to the antennal ridges; area of the antennal 

ridges entirely surrounded by darkly-pigmented integument; surface of 

the ridges unpigmented. Antennal ridges rather widely separated (0.12 

to 0.15 mm.) along the midline; each ridge incompletely subdivided into 

an upper and lower lobe; outer ridge of lower lobe straight, perpendicu

lar to the midline; outer ridge of upper lobe irregular, oriented 

obliquely to the midline; ridges raised about 0.15 mm. Surface of the 

ridges strongly wrinkled; remainder of the frontal plate dorsal to the 

ridges not conspicuously wrinkled. Frontal tubercle very small, bi-

lobed. Callus tubercles small, tapered apically and directed dorso

lateral^ . Antennal sheaths of the male and female subequal, both just 

reaching the epicranial suture. Thoracic spiracles rather small (0.5 

to 0.6 mm. long); slits gently curved inward toward the midline; spira-

cular plates concolorous with the integument, scarcely raised above 

the surface of the thorax. Female pupa with a few' long fringe spines 

on abdominal terga II and VII; most spines in both rows very short and 

stout; otherwise with anterior rows of spines short and stout; posterior 

rows long; anterior fringe spines short and stout; posterior row long 

on all aspects of abdominal segments II to VII on the male pupa. Dorsal 

preanal comb well-developed in the female pupa, consisting of 5 to 7 
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short, stout spines. Lateral arms of the pupal aster about twice the 

length of the dorsal and ventral arms; dorsal arms slightly diverging, 

directed dorsally; lateral arms diverging, directed posterolaterally; 

ventral arms parallel, directed posteriorly. 

The immature stages of H. sonomensis var. phaenops were de

scribed by Webb and Wells (1924) and Cameron (1926) as those of Tabanus 

phaenops Osten Sacken. In Arizona, larvae were collected in the Pla

teau Region among the mats of fallen and dead culms of sedges in a 

boggy lake at 7000 ft. near Flagstaff (Coconino County), in patches of 

moss (Bryum argenteum Hedw. and B. ? caespiticium Hedw.) around snow-

melt pools in the San Francisco Mountains at 8300 ft., and occasionally 

in moss along the margins of cienegas in the White Mountains from 8500 

to 9100 ft. All larvae were collected in acidic habitats (pH 6.2). 

Adults of H. sonomensis var. phaenops have been collected as 

far north as British Columbia and reach their southernmost extension 

of range in the White Mountains of Arizona. Mature larvae pupate from 

late May to early June. Adults are active from early June to mid-July 

and can be very abundant locally, for instance near Rogers Lake in 

Coconino County. 

Pechuman (personal communication, 1970) feels that H. sonomensis 

var. phaenops is specifically distinct from Hybomitra sonomensis (Osten 

Sacken). In his opinion, H. sonomensis is a coastal species, occurring 

along the Pacific Coast, while H. phaenops occurs primarily inland, 

from California east to Wyoming. Although there are some color differ

ences between adults of these two forms, further confirmation must await 
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a comparative study of their immature stages. All the specimens reared 

during this study were referable to the variety phaenops (Pechuman, 

personal communication, 1970). 

"Hybomitra" laticornis (Hine) 

Mature Larva (Fig. 31, Appendix A) 

Length about 24 mm.; color creamy-white; pubescence absent; 

cuticle rugose, not striate; respiratory siphon very short. Head cap

sule 3.2 mm. long, 0.9 mm. wide; dark brown. Cuticular striations 

absent except for tiny, irregular patches laterally and ventrally on 

the prothorax. Cuticle with a very fine, net-like, reticular pattern 

on the entire body surface, giving the cuticle a rugose appearance. 

Pubescence absent on all body segments. Abdomen with four pairs of 

pseudopodia on segments I to VI; pseudopodia apparently absent on seg

ment VII; lateral pseudopodia very large and conspicuous on segments 

I to VI, other pseudopodia smaller; dorsal pseudopodia very weakly 

developed. Anal segment short, stout, much taller than long; respira

tory siphon short, stout, 0.7 mm. long, shorter than the basal diameter. 

Pupa (Fig. 53, Appendix B) 

Length 18.5 to 20.0 mm.; color pale brown; pupal aster greatly 

reduced. Antennal ridges separated by 0.9 mm. in the female, 0.15 mm. 

in the male; subdivided in the female, entire in the male; outer margin 

of the ridges sinuous, oriented obliquely to the midline, raised about 

0.12 mm. Frontal tubercle prominent, divided into two elongate lobes 

along the midline, raised about 0.1 mm. Callus tubercles spherical, 
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raised about 0.1 mm. Male antennal sheaths very short and stout, not 

reaching the epicranial suture. Thoracic spiracles very small, about 

0.15 mm. long, gently curved toward the midline; spiracular plate 

slightly raised above the surface of the thorax, slightly darker brown 

than the surrounding integument. Posterior row of fringe spines on 

abdominal segment II short, progressively longer on posterior segments; 

posterior rows of fringe spines on abdominal terga longer than those 

on the ventral surfaces. Dorsal preanal combs very large, fan-shaped 

in both sexes, consisting of 5 to 6 spines; lateral combs present in 

both sexes. Pupal aster short; dorsal and lateral arms reduced to 

apical thorns, poorly differentiated from the base of the aster; ven

tral arms differentiated basally from the body of the aster; dorsal 

arms diverging, directed dorsally; lateral arms diverging, directed 

posterolaterally; ventral arms diverging, directed posterolateral^. 

"H." laticornis larvae and pupae are so distinct from any 

other described larva of Hybomitra or Tabanus that they cannot be 

placed correctly in either genus. Particularly, features such as the 

abdominal pseudopodia,' lack of pubescence on the body and the peculiar 

rugose cuticle differentiate this species from all others. However, 

the adults are morphologically similar to members of Hybomitra. Pend

ing further study, this species is left in the genus Hybomitra for the 

purposes of this study, but it obviously belongs to a presently unknown 

or undescribed genus. 
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Fig. 8. Larva of Esenbeckia delta 

Fig. 9. Larva of Silvius quadrivittatus 

Fig. 10. Larva of Chrysops facialis 

Fig. 11. Larva of Chrysops pachyceras var. hungerfordi 
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Fig. 12. Larva of Chrysops virgulatus 

Fig. 13. Larva of Bolbodimyia atrata 

Fig. 14. Larva of Stenotabanus flavidus 

Fig. 15. Larva of Atylotus incisuralis 
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Fig. 16. Larva of Leucotabanus ambiguus 

IS 

Fig. 17. Larva of Tabanus boharti 

Fig. 18. Larva of Tabanus dietrichi 

Fig. 19. Larva of Tabanus dorsifer 
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Fig. 20. Larva of Tabanus gilanus 

Fig. 21. Larva of Tabanus species A 

w 

Fig, 22. Larva of Tabanus species B 

Fig. 23. Larva of Tabanus morbosus 
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Fig. 24. Larva of Tabanus pruinosus 

Fig. 25. Larva of Tabanus punctifer 

Fig. 26. Larva of Tabanus similis 

Fig. 27. Larva of Tabanus subsimilis subsimilis 
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Fig. 28. Larva of H^bomitra aatos 

Fig. 29. Larva of Hvbomitra fulvilateralis 

Fig. 30. Larva of Hvbomitra sonomensis var. £haenops 

Fig. 31. 
Larva of "Hvbomitra" laticornis 
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Fig. 32. Pupa and frontal plate of Silviua quadrlvlttatus 

Fig. 33. Pupa and frontal plate of Chryops facialis 
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Fig. 34. Pupa and frontal plate of Chrysopa pachyceras var. 
hungerfordi 
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Fig. 35. Pupa and frontal plate of Chrysops virgulatua 

Fig. 36. Pupa and frontal plate of Bolbodimyia atrata 

Fig. 37. Pupa and frontal plate of Atylotus tnciaurall* 



144 

Fig. 38. Pupa and frontal plate of Leucotabanus ambiguus 

Fig. 39. Pupa and frontal plate of Tabanus boharti 
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Fig. 40. Pupa and frontal plate of Tabanus dorsIfer 

Fig. 41. Pupa and frontal plate of Tabanus dletrlchi 
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Fig. 42. Pupa and frontal plate of Tabanus gilanus 

Fig. 43. Pupa and frontal plate of Tabanus species A 
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Fig. 44. Pupa and frontal plate of Tabanus species B 

Fig. 45. Pupa and frontal plate of Tabanus morbosus 



Fig. 46. Pupa and frontal plate of Tabanua pruinosus 

Fig. 47. Pupa and frontal plate of Tabanus punctifer 

Fig. 48. Pupa and frontal plate of Tabanus similis 
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Fig. 49. Pupa and frontal plate of Tabanus subsimilis subsimilis 

Fig. 50. Pupa and frontal plate of Hybomitra aatos 
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Fig. 51. Pupa and frontal plate of Hybomitra fulvllateralis 

Fig. 52. Pupa and frontal plate of Hybomitra gonomensis var. phaenop« 

Fig. 53. Pupa and frontal plate of "Hybomitra" laticornis 
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Fig. 54. Cienega habitat (Hybomitra fulvilateralis). KP Cienega, 

Greenlee County 

Fig. 55. Spring-fed pond habitat (Chrysops facialis). Lindbergh 

Spring, Coconino County 



Fig. 56. Desert river habitat (Silvias ouadrivittatuaK San 
Pedro River, Cochise County 

Fig. 57. Stream-riffle habitat (Bolbodimyia atrata). Horton 
Creek, Gila County 



Terrestrial habitat (Stenotabanus flavidus). Miller 
Canyon, Huachuca Mountains, Cochise County 

Arboreal habitat (Leucotabanus ambiguus) in sycamore 
tree. Paradise, Arizona, Cochise County 
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