
CHAPTER 15
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15.1 INTRODUCTION

Members of the family Tabanidae are commonly called horse flies and deer flies.
In the western hemisphere, horse flies are also called greenheads (especially in
coastal areas). The majority of the species of horse flies are in the genus Tabanus;
the majority of the deer flies in Chrysops.

Marine insects. edited by L. Cheng
cg North-Holland Publishing Company, 1976
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The tabanids include several more or less 'marine' insects since many species
are found in coastal areas. Some species develop in the soil in salt marshes,
brackish pools and tidal over wash areas. A few species are found along beaches
and seem to be associated with vegetative debris accumulating there. The
majority of the tabanid species, however, develop in a variety of upland situations
ranging from very wet to semi-dry (tree holes, rotting logs, margins of ponds,
streams, swamps and drainage ditches).

Most tabanids are large, robust, strong fliers, vicious biters of man and animals,
and, therefore, of economic importance. Their annoyance interferes with human
activities and livestock culture. Disease transmission by tabanids occurs, fre-
quently by mechanical means (with no development of the pathogen or parasite
in the insect). It is likely that tabanids, along with other insects, are important in
saltmarsh ecosystems but little is known on the subject. In this chapter only a
brief synopsis of the family is given with further discussions confined to saltmarsh
species of North America.

15.2 MORPHOLOGY AND ANATOMY

15.2.1 General diagnostic characteristics

The adults of the family Tabanidae are characterized by their large robust body
(6-25 mm long). The deer flies are relatively slender and usually have patterned
wings and mixed body colours of brown, yellow, orange and black. A typical
coastal deer fly (Chrysops atlanticus Pechuman) is shown in Fig. 15.1. Horse flies
(or greenhead flies) are usually more robust with clear or slightly shaded wings
and some colouration on the body. A typical horse fly (Tabanus nigrovittatus
Macquart) of salt marshes is shown in Fig. 15.2.All tabanids have large compound
eyes (Fig. 15.3) which are widely separated in the females, close together in the
males and are more prominent (and often have colour bands) in the horse flies
(Tabaninae) than in the other subfamilies. Between the eyes are various shaped
areas (often protruding) referred to as the frontal calluses (basal and median). The
mouthparts may be reduced in some groups or modified for feeding on plant
nectar. Most female tabanids, however, have the mouthparts well developed for
blood feeding and have stout maxillae and blade-like mandibles (Fig. 15.4). The
males feed on nectar and their mouthparts are not capable of cutting the skin of
a host. The antennae are distinctly 3-segmented with annulations (false segmenta-
tion) on the terminal segment (flagellum) (Fig. 15.5).The wing venation is charact-
eristic with branches of vein R4+5diverging broadly so that they enclose the apex
of the wing (2nd submarginal cell, cell R4) (Fig. 15.6 and 15.7).

The larvae (Fig. 15.8) and pupae (Fig. 15.9) of tabanids are usually various
shades of brown and found in moist soil. For further detailed descriptions of the



Fig. 15.1. A typical female deer fly, Chrysops atlanticus (Pechuman) (original drawing by S.L. Tung).

Fig. 15.2. A typical female horse fly (greenhead), Tabanus nigrovittatus (Macquart) (original draw-
ing by S.L. Tung).
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Fig. 15.3. Diagram of the head of a typical female deer fly (Chrysops) and of a typical female horse
fly (Tabanus) showing locations and names of structures used in descriptions.
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Fig. 15.4. (Above) Diagram of a cross-section of the mouthparts of a horse fly (Tabanus). (Below)
SEM print of same.
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Fig, 15.5. Diagram of the shapes of the antennae in the subfamilies of Tabanidae, 1,2,3 = segments;

. a = annuli; b = basal portion,
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Fig. 15.6. Diagram of the wing of Tabanus showing names of veins, cells and basal parts. Veins are

as follows: C = costa; Sc = subcosta; R = radius (RI' R2+ 3, R4, Rs); M = media (MI, M2' M3);

Cu = cubitus (Cu,); A = anal. Other names used by some workers for the veins are: RI = 1st

longitudinal vein; R2+3 = 2nd longitudinal vein; R4 = 3rd longitudinal vein (upper branch) and
Rs = 3rd longitudinal vein (lower branch). The cells are named after the vein forming the anterior
margin of the cell and labelled within the cells. Other names often used are RI cell = marginal cell;
Rz cell = last submarginal cell; Rs cell = 1st posterior cell; M, cell = 2nd posterior cell; 1st M2
cell = discal cell; 2nd Mj cell = 3rd posterior cell; M3 cell = 4th posterior cell; Cu, cell = 5th

posterior cell; I st basal cell = radial cell; 2nd basal cell = 2nd medial cell.
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Fig. 15.7. Diagram of the wings of the saltmarsh deer flies Chrysops fuliginosus (Wiedemann) and
Chrysops atlanticus (Pechuman) showing patterns of shading.
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Fig. 15.8. Diagram of a typical larvae of a deer fly (Chrysops) and a horse fly (Tabanus) showing
thoracic segments (1-3) and abdominal segments (I-VIII). Note the shape and characteristics of the

siphon on the anal segment which aid in distinguishing between the two types of larvae.
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Fig. 15.9. Diagram ofa pupa of Tabanidae.

internal and external morphology of the larvae and pupae refer to Teskey (1969)
as well as the more specific works by Cameron (1934), El-Ziady and Hefnawy
(1970) and Stammer (1924). Bonhag (1951) provides descriptions of the skeleto-
muscular systems of the adult stage.

15.3 SYSTEMATICS

There are at least 3500 species and more than 100 subspecies of Tabanidae
recognized throughout the world (Fairchild, 1969a). These are grouped in 121
genera and 77 subgenera. The center of distribution of the recent species is
considered to be in the tropics where most of the species occur.

The Family Tabanidae is generally divided into 3 subfamilies, Pangoniini,
Chrysopsinae and Tabaninae, based mainly on the work of Mackerras (1954,
1955a, b) and his analysis of the genitalia (Philip, 1957). Each of these is divided
into tribes.

Subfamily Pangoniinae: This is the most primitive and the adults are charact-
erized as follows: Antennae short, tapering to a fine point, flagellum with 6-8
subsegments (basal one is largest) (Fig. 15.5); ocelli usually well developed; hind
tibia nearly always with paired apical spurs.

Subfamily Chrysopsinae: Adults are characterized as follows: Antennae short
or long and not subulate with 2nd antennal segment (pedicel) nearly as long as the
first (scape) and flagellum of 3rd segment with usually 4 or fewer subsegments
marked by faint annulations (Fig. 15.5); ocelli well developed; frontal callus well
developed; hind tibia with paired apical spurs.

Subfamily Tabaninae: Adults are characterized as follows: Antennae sometimes
similar to the Chrysopsinae but usually with shorter flagellum with very faint
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annulations (3 or 4) and often a dorsal lobe or projection is present on the basal
part of the 3rd segment (Fig. 15.5); ocelli usually absent or very poorly developed;
frontal calli well developed, hind tibia never with apical spurs.

These subfamilies and tribes are further characterized by other anatomical
characters which are not practical for use in routine identifications, but they
provide valuable insight into the phylogeny and evolution of the Tabanidae
(Philip and Coscoran, 1971; Terteryan, 1973).

The various tribes are listed in Table 15.1. Only genera with marine species
are discussed.

Table 15.1
List of coastal and saltmarsh Tabanidae.

Subfamily Pangoniinae - 4 tribes.

Tribe Pangoniini - 13 major genera. There are no Ethiopian and Oriental genera. These are pri-
mitive Tabanidae which do not suck blood. Adults of many species have been collected in
coastal areas but the larval habitats are mostly unknown.

Tribe Scionini - 6 major genera, no known marine species.
Tribe Philolochini - I major genus, no known marine species.
Tribe Scepsidini - 3 major genera. Scepsis Walker, collected mostly in Brazil, usually along white

sand beaches; Adersia Austen and Braunsiomyia Bequaert, collected mostly in South Africa
and often from seaweed on the beach. All have reduced mouthparts and are probably non-
biting.

Subfamily Chrysopsinae - 3 tribes.
Tribe Bouvieromyiini - 4 major genera, no known marine species.
Tribe Chrysopsini - 2 major genera. Chrysops Meigen (worldwide) and Silvius Meigen (Palaearc-

tic, Nearctic, Oriental). Chrysops is a large important genera with more than 270 species and
many subspecies and forms. Fairchild (1971) lists 68 species for the Americas south of the Uni-
ted States and Philip (1965) lists 75 species for America north of Mexico. Although studies are
limited, many species are associated with coastal habitats with some either known to be or

suspected of breeding in the marshes. C. fuliginosus Wiedemann and C. atlanticus Pechuman,
are major coastal species of North America. C. italiais Meigen is a common coastal species of
southern Europe.

Tribe Rhinomyzini - 4 major genera, no known marine species.

Subfamily Tabaninae - 3 tribes.

Tribe Diachlorini - There are a very large number of genera and species with the majority found
in the Neotropical region. Some species of Diachzorus Osten Sacken are found in coastal habi-

tats perhaps associated with marshes. Some species of Stenotabanus Lutz are coastal and adap-
ted for living in beach environments. Chlorotabanus Lutz iricludes some pale yellowgreen forms
often found in coastal environments.

Tribe Haematopotini - 2 major genera, no known marine species.

Tribe Tabanini - 8 major genera. The genus Tabanus Linnaeus is worldwide, with 94 species in
North America north of Mexico, 139 species in Americas south of the U.S. and 49 species in
Europe. Tabanus nigrovillatus Macquart and T. lineola Fabricius are the common salt marsh
horse flies or greenheads of North America. Hybomitra Enderlein includes species often found
in coastal environments.
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It is not practical to present a key to marine genera or species due to the
limited information available on the habitats of the immature stages of most
species. In eastern North America adults of as many as 40 or more species may
be collected in a particular coastal area, but many have immature stages in
upland sites (freshwater pools, stream beds, swamps, etc.) (Thompson, 1970,
1971b, 1972). Only few species are known to have larval stages in coastal marshes
or brackish coastal waters.

The species which are most frequently encountered as adults and also breed
in coastal saltmarshes of North America are Tabanus nigrovittatus (Macquart),
T. lineola (Fabricius), Chrysops fuliginosus (Wiedemann) and C. atlantic us
(Pechuman) (Bailey, 1947; Hansens, 1952; Jamnback and Wall, 1959; Rockel and
Hansens, 1970a, b; Thompson, 1973; Axtell, 1974; Dukes et at, 1974a, b).
T. nigrovittatus and T. quinquevittatus Wiedemann form a complex with five
other closely related species whose members have often been misidentified
(Thompson and Pechuman, 1970; Matthysse et at, 1974). T. quinquevittatus is
sometimes collected in coastal areas but is not considered to be a saltmarsh bree-

der. Other species whose larvae have been occasionally found in salt marshes or
nearby brackish pools are listed by MacCreary (1940), Teskey (1969) and Tidwell
(1973). Adults of a variety of other species are also often collected in small numbers
in traps in or near saltmarshes.

For further and more detailed taxonomic information the reader should refer

to recent catalogs of the Tabanidae with extensive literature references on species
descriptions by Fairchild (1971) and Philip (1965, 1966). For larval and pupal
stages, there exist several major publications which provide further information
on morphology, keys to genera and species, and extensive literature references:
(Hennig, 1952; Teskey, 1969; Goodwin, 1972, 1973a,b,c; Tidwell and Tidwell,
1973; Goodwin and Murdock, 1974; Tidwell, 1973). Regional publications which
contain extensive literature references, illustrations and descriptions of adults
are: (Oldroyd, 1952, 1954, 1957, 1969; Philip, 1954, 1955; Mackerras, 1956a,b,
1971, 1972; LeClercq, 1960, 1967; Takahasi, 1962; Fairchild, 1969b; Olsufjev,
1969a,b; Chv::ila et at, 1972; Carrasco, 1972; Pino et at, 1973; Pernot-Visentin
and Beaucournu-Saguez, 1974). Other publications cover biology and adult
identifications for Tabanidae of the Atlantic and Gulf coast regions of North
America (MacCreary, 1940; Jamnbach and Wall, 1959; Jones and Anthony, 1964;
Thompson, 1967, 1971a; Pechuman, 1972, 1973; Tidwell, 1973; Ezell et at, 1974).

15.4 BIOLOGY

15.4.1 General life history

All tabanids have the same basic life history (Jones and Anthony, 1964). The
adult female lays eggs on vegetation close to moist soil suitable for larval develop-
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ment. They may be laid on stems or leaves of marsh grasses, emergent vegetation
in and around a pond or pool, leaves of trees or shrubs overhanging water and
occasionally on stones, sticks and debris (Knudsen and Rees, 1967; Tidwell and
Hays, 1971; Foster et aI., 1973). The eggs (1-3 mm long) are creamy white when
laid but soon darken to shiny or brownish black. They are laid in masses of
100-800 and arranged in a single layer, as in most Chrysopsini, or in several layers
(usually two), as in Tabanini. The eggs hatch in a few hours; the first ins tar larvae
enter the wet soil and complete development there. The larvae of most species
require high moisture level and survive long periods submerged in water. Larval
development includes several molts (usually 6-10) over a long period (several
months to two years). The last ins tar larva migrates to or near the surface of the
soil to pupate. The pupal stage may last for a few days or as long as 2-3 weeks
depending on the species and the temperature. The adult emerges from the pupal
case through a dorsal slit and, after a few hours of drying and hardening, is
capable of sustained flight. Generally the males will emerge a little before the
females. Mating may take place soon after emergence or later when the oppor-
tunity arises (Bailey, 1948a; Blickle, 1959; Catts and Olkowski, 1972). The diploid
chromosome number ranges from 8 to 18 (Boyes and Wilkes, 1972).

In many species a blood-meal is needed for development of each batch of eggs
and a female may lay two or three batches of eggs in a lifetime. However, several
species have been shown to be autogenous, capable of producing an initial batch
of eggs without a blood-meal (Rockel, 1969a; Anderson, 1971; Watanabe and
Kamimura, 1971a; Thomas, 1972, 1973; Boseler and Hansens, 1974). Autogenous
species apparently emerge in the marsh, remain there to mate and lay a single
batch of eggs. They will then seek a vertebrate host for a blood-meal and return
to the marsh to lay a second batch of eggs.

Generally, different species of tabanids emerge in discrete periods of the year,
often with a single peak of abundance. In temperate regions, they overwinter in
the larval stage. Owing to the long larval development period, the adults are
usually derived from eggs laid a year, or even two years previously.

Data on life histories of tabanids are limited due to the extreme difficulty in
maintaining these flies in the laboratory. Large larvae can often be held singly
for pupation and adult emergence in vials of natural media or glass beads (Ro-
berts, 1966), but rearing from egg to adult is rare and no laboratory colony has yet
been achieved for any species.

15.4.2 Life histories of saltmarsh species

The four major North American saltmarsh species have been studied extensively
but significant gaps still exist in our knowledge of their life histories. This, of
course, reflects the difficulties in working these flies.
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(a) Tabanus nigrovittatus According to Jamnback and Wall (1959) this species
deposits an egg mass (7.28 mm long and 3.4 mm wide) on Spartina alterniflora
Loiseleur (smooth cordgrass) about 30 cm above the marsh sod where the plant
blade is 5-6 mm wide; the mass is light brown and made up of two tiers. Individual
eggs are 1.8 mm long and 0.38 mm wide at the widest point. Other researchers
have had little or no success in finding T. nigrovittatus egg masses in the marshes
even in the presence of high populations of adults. Consequently, there is con-
siderable uncertainty about where the egg masses are laid and their appearance.
Perhaps the egg masses are laid too low on the plants to be easily found, or perhaps
they hatch quickly and the mass falls apart quickly. In any case, the larvae
apparently hatch in a few hours and drop to the soil where development takes
place. The duration of larval development and the number of moults has not been
determined, but from the pattern of adult populations and from the yearly peak
of large larvae and pupae recovered from soil samples, it apparently takes 9-10
months for the larvae to complete their moults. It is possible that some individuals
take longer, even waiting for the second year, to pupate. Larvae are commonly
collected from mud in areas of Spartina (Dukes et aI., 1974a,b). The mature larva
is about 24 mm long, pale amber colour with faint light brown rings on the abdo-
men and dark pattern of the anal segment. The pupa is about 13-18 mm long
with head and thorax' dark brown and abdomen yellowish brown. The larva and
pupa are shown in Fig. 15.10 and described by Teskey (1969).

(b) Tabanus lineola Unlike the other three major saltmarsh species, the larval
stage of this species is found in freshwater as well as in the saltmarshes. The
adults of the freshwater forms tend to be darker than the yellowish saltmarsh
forms (Teskey, 1969). The biology of the saltmarsh form has been described by
Orminati and Hansens (1974) who found the eggs mainly on the tips of the blades
of Spartina alterniflora and occasionally on another salt grass, Distichlis spicata
(L.) Greene. The two-tiered egg masses (Fig. 15.11) are long and narrow (14-15 mm
long and 1-2 mm wide), and contain an average of 208 eggs (27-416). Each egg is
1.5-1.7 mm long, 0.25 mm wide and dark grey when a few hours old. The eggs
hatch in 4-5 days and the first-instar larvae drop, often in groups, to the soil sur-
face. In the laboratory, larvae developed through 8-10 instars, taking about
200 days before pupating. Males on the average undergo one fewer moult than
females. The pupal stage lasts 7-16 days. Development in the field may take a
longer time.

(c) Chrysops fuliginosus The eggs of this species have not been found in the
field but adult females have been induced to lay eggs in containers where they
produced irregular egg masses with individual brown eggs about 1.1 mm long
and 0.3 mm wide (Jamnback and Wall, 1959). Presumably the eggs are laid on
saltmarsh grasses and rapidly hatch. Larvae are commonly collected in the mud
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Fig. 15.10. Larva (lower) and pupa (upper) of Tabanus nigrovittatus. (Photo courtesy ofE. Hansens,
Rutgers University.)

in areas of Spartina alterniflora (Dukes et aI., 1974a,b). The number of moults
and period for larval development have not been reported. It probably takes
about one year in the field since there is a single peak period of adults each year
which lasts for only about a month. The mature larva (14 mm long) pupates in
the upper portions of the marsh soil and adult emergence apparently occurs a
few days later. The larvae and pupae have been described by Teskey (1969).

(d) Chrysops atlanticus Eggs of this species have not been adequately described
and there are few larval collections. Jamnback and Wall (1959) found egg masses
(13-32 mm long and 2.1 mm wide) on Spartina alterniflora about 30 cm above the
sod in a single tier, with each egg measuring 1.5 mm long and 0.3 mm wide.
Subsequent workers have searched for these egg masses with no success. The larva
and pupa were described by Jamnback and Wall (1959) and Teskey (1969).
Goodwin (1972) reared pupae from larvae collected from a shallow water area
of a brackish pool '300 yards from the Atlantic Coast'. The period for larval
development is not known, although it is likely to be about a year since a single
peak of adult occurrence is found early each summer. With the abundance and
common occurrence of this species along the Atlantic Coast of North America,
it is surprising that so few larvae have been found or adults collected in emergence
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Fig. 15.11. Clusters of eggs of Tabanus lineola on blade of marsh grass, Spartina patens. (Photo
courtesy of E. Hansens, Rutgers University.)
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traps. The few records available were mostly from Spartina alterniflora marshes
(Rockel and Hansens, 1970; Dukes et a!., 1974b) but the possibility of more upland
breeding sites cannot be ruled out.

15.4.3 Seasonality

The seasonal abundance of adults of the four saltmarsh species, as well as many
other coastal species, has been well documented in several locations by means
of systematic trapping and netting. In the mid-Atlantic coastal area of the
United States, Tabanus nigrovittatus is present from mid-May to late September
with a peak of abundance in mid-June; T. lineola is present in low numbers from
late May to late September with a peak in August and early September; Chrysops
atlanticus is present from late April to late September with a peak in early June
(sometimes a smaller peak in late August), and C.juliginosus is present from early
April to early June with a peak in early May. The patterns of population levels
are much the same in other locations with adjustments, of course, for later and
shorter periods of activity in the more northern coastal areas and for earlier and
longer periods in the more southern areas. These have been well documented.
(Hansens, 1952; Jamnback and Wall, 1959; Wall and Doane, 1960; Jones and
Anthony, 1964; Anderson, 1971, 1973; Hansens and Robinson, 1973; Thompson,
1973; Matthysse et a!., 1974; Dale and Axtell, 1975a.)

15.4.4 Food

Adult female tabanids are blood feeders and occasionally nectar feeders, while
the males are nectar feeders (Anthony and Jones, 1964; Roberts, 1967). Conse-
quently, mostly females are attracted to carbon dioxide and are collected in
traps which are empirically designed to simulate a host. Only a few males are
caught in such traps and they are more often collected by netting from shrubs
and grasses especially during the flowering period (Pratt and Pratt, 1972). Sources
of pollen in the gut of several tabanids, including T. nigrovittatus and T. lineola,
have been analyzed by Wilson and Lieux (1972). Although blood feeding is mostly
on mammals, occasional feeding of birds also occurs (Davies, 1959; Bennett,
1960; Wilson and Richardson, 1969). The behaviour, chemical stimulants and
chemoreceptors associated with feeding have been investigated in some upland
species (Crewe and Gordon, 1959; Dickerson and Lavoipierre, 1959; Lall and
Davies, 1967, 1971; Hafez et a!., 1970; Lall, 1970a,b,c).

Little is known about the food of the larval stages. They apparently feed on
small invertebrates, micro-organisms and organic matter in the wet soil. Tabanus
larvae have stout mouthparts and readily feed on small housefly larvae in the
laboratory. They are cannibalistic and must be reared individually. Chrysops
larvae are smaller and do not readily feed on insect larvae in the laboratory.


