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The images of flies on the front cover illustrate some of the remarkable variation among the 125,000
described species belonging to the order Diptera in the class Insecta. Flies show countless differences
not only in appearance but also in genetics, physiology, behaviour, habits, ecological function, and
distribution. The three illustrated species include: 1. [center] Lasia sp. (Acroceridae – small-headed
flies) – Species of Lasia occur only in the New World. As with all small-headed flies, their larvae are
parasitoids of spiders; 2. [left] Giraffomyia willeyi (Platystomatidae – signal flies) – The genus, with
five species, occurs only in New Britain and the Solomon Islands. The outgrowths from the head
occur only in the males and are presumably used in mating rituals. Unlike eyestalks, found in eight
families of flies (see back cover), they are not rigid processes but have a weak flexible base. Larvae
are unknown; and 3. [right] Trichopoda pennipes (Tachinidae – tachinid flies). – A native of temperate
North America, this species has been introduced into many parts of the world as a biocontrol agent
against pest species of stink bugs. The family Tachinidae has 9,200 species worldwide. All are
parasitoids of arthropods. – Illustrated by Roelof Idema. More fly photos on page 44 & back cover.
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ABSTRACT.  Flies (Diptera) are an important but under-
appreciated part of our planet’s biodiversity. With over
124,000 described species, and countless more awaiting
discovery, they are one of the most diverse groups of
organisms on Earth. This series of ten papers explores the
diversity of Diptera. Several authors describe the diversity
of dipteran lifestyles and behaviours, both as larvae and
adults. They also reveal the various roles that these animals
play in the ecological interactions of the planet—countless
numbers of flies feed on plants, control pest arthropods
(including other flies!), break down rotting vegetation and
excrement, pollinate flowers, provide food for other species,
and of course, spread diseases.  Indeed, because of their
role as vectors of disease, flies have almost single-handedly
prevented the economic development of countries in tropical
Africa and South America. But flies are used in positive ways
by humans, too, and several authors describe their use in
forensic science, molecular research, and even as “main
attractions” in the tourism industry.  The intent of this series
of papers is to encourage a broader interest in Diptera that,
ideally, will lead to further research and conservation efforts.

INTRODUCING THE
UBIQUITOUS DIPTERA

J.R.Vockeroth
Flies (Diptera) are among the most ubiquitous and widely
distributed insects. Their close association with humans has
led them to be perceived as annoying and unpleasant crea-
tures, and indeed some flies are the cause of millions of
deaths and illnesses among human populations. Yet flies are
also among the key components in most ecosystems and
are beneficial in many ways.
WHAT ARE FLIES?
Flies are insects with only one pair of functional wings;
the hind wings are reduced to a pair of stalked knobs, called
halters, which are used for balance during flight. The adult
mouthparts are modified for sucking liquids; mandibles,
used in most
insects for

chewing, are usually absent. When present (e.g.
in mosquitoes), mandibles are in the form of slen-
der stylets that can pierce the skin of larger ani-
mals. In some families the mouthparts may be non-
functional or even absent. The eyes
are often large and in extreme
cases, such as big-headed flies
(Pipunculidae), they cover a lmos t
the entire surface of the
head. In other groups,
such as stalk-eyed
flies (Diopsidae), the eyes are located at the
ends of long stalks. In a few families the
wings and halters are often reduced or
absent. Some bat parasites of the family
Streblidae show one of the greatest mor-
phological reductions found in insects –
the mature female consists of an egg-
producing sac embedded under the
skin of the bat wing.
Adults range in length from
about 0.5 mm (some biting midges, Ceratopogonidae) to
about 60 mm with a wingspan up to 75 mm (some Austra-
lian robber flies, Asilidae). There are three main groups of
flies, each with a different and characteristic body shape
and antennal structure:
(1) The Nematocera (Figure 1), the oldest group, usu-

ally have a slender body and long slender antennae
with 16 apparent segments; in some males these seg-
ments have long dense hairs; common groups are
crane flies (Tipulidae), mosquitoes (Culicidae),
midges (Chironomidae), and blackflies (Simuliidae);

(2) The lower Brachycera, including horse and deer flies
(Tabanidae), are more robust and have shorter and
stouter antennae with three to ten apparent segments;

(3) The higher Brachycera, including muscid flies (Muscidae)
and blow flies (Calliphoridae), typically have a short broad
body and antennae with three broad segments.

Larvae, commonly known as maggots, (at least when
referring to the higher flies), are extremely varied in shape
and structure. Their most conspicuous common feature is
a lack of segmented legs (Figure 2). Primitive families
usually have both the head capsule and the mouthparts well
developed. Aquatic larvae of several families have the
mouthparts modified into a pair of dense brushes of hairs
or slender rods for filtering microorganisms from the water
(Figure 2). In more specialized flies, the head capsule be-
comes more and more reduced and retracted into the body
until only the apices of the mandibles are protrusible and
are used for rasping (Figure 3).
Larvae move using a variety of surface structures, usually
prolegs (fleshy, leg-like processes) or creeping welts (cov-

Exploring the diversity of flies (Diptera)

Figure 1.
Phantom crane flies
such as
Bittacomorpha
clavipes
(Ptychopteridae) are
members of the
Nematocera.
Immature phantom
crane flies are aquatic
and the adults can be
seen along small
streams in all biotic
regions except
Australasia. B.
clavipes is unusual in
that the first
tarsomere of each leg
is dilated and filled
with air, enabling
individuals to drift in
the wind. (Illustration
courtesy of AAFC
[from McAlpine et al
1981, p. 325]).

Figure 2.
A typical Dipteran
larva, Notiphila sp.
(Ephydridae), lacks
segmented legs and
possesses creeping
welts for moving.
This aquatic species
has a flexible air
tube that allows it to
take in surface air
for respiration.
(Illustration courtesy
of AAFC [McAlpine
et al 1981, p.
1044]).
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ered with many small spines). Many aquatic larvae, such as
mosquito larvae, swim vigorously with movements of

the whole body. All larval net-winged midges
(Blephariceridae) and a few moth flies (Psy-
chodidae) live in flowing water and have one
to six ventral sucking discs used for locomo-

tion and anchoring. Respiration is usually by
means of paired spiracles (breathing pores). In

most aquatic larvae no functional spiracles are
present. A few of these have processes that act as
gills; mosquito larvae have a rigid apical tube that

takes in surface air and many other aquatic larvae
have a telescopic tube with the same function.

DIVERSITY AND ABUNDANCE
Flies are among the most diverse group of organisms with

128 families and about 124,000 described species
(Brown 2001). The crane fly family (Tipulidae)
is the largest with about 14,000 species of which

an American entomologist, C.P. Alexander,
described 12,000 between 1911 and 1963. Other

very large families of flies include the midges
(Chironomidae) with 5,000 species, the biting
midges (Ceratopogonidae) with 5,300 species, the

gall midges (Cecidomyiidae) with 4,600 species, the
robber flies (Asilidae) with 5,600 species, the bee
flies (Bombyliidae) with 4,800 species, the long-

legged flies (Dolichopodidae) with 5,100 species, the hover
flies (Syrphidae) with 5,800 species, and parasitic flies
(Tachinidae) with 9,200 species.
Unlike the families of birds and mammals, most families
of Diptera are nearly worldwide in distribution. Sub-Sa-
haran Africa, which is a major region with no direct past
connections with the Nearctic, has 95 families; 8 of these,
with about 156 species, are not native to North America.
Hölldobler and Wilson (1994) concluded that the ants
(Formicidae) are far more numerous as individuals than
insects of any other family. I believe that midges
(Chironomidae) are probably just as abundant. Enormous
mating swarms of midges form in cool temperate and
arctic regions throughout most of the summer. On calm
days on the arctic tundra of Canada swarm after swarm
of many midge species are nearly continuous and far out-
number all other insects.
SURVIVAL STRATEGIES
Reproduction. The life cycle of Diptera includes four stages
- egg, larva, pupa, adult - and the length of this cycle varies
from 30 days or less in Drosophila to several years in high
arctic species. All flesh flies (Sarcophagidae) give birth to
living larvae rather than laying eggs. In tsetse flies
(Glossinidae) and three families of external parasitic flies re-
stricted to birds and mammals (collectively known as
Pupipara), one larva at a time is nourished by glands in the
uterus of the female fly. When mature, the larva is ejected
and pupates outside the female body; this type of larval de-
velopment does not occur in other insects. Paedogenesis (re-
production by immature stages) is found in several gall midges
(Cecidomyiidae); here the larvae produce more young.

A strategy apparently unique among insects is found in
one species of dark-winged fungus gnat (Sciaridae)
(Steffan 1973, 1975). Two to five larvae form a common
cocoon; both sexes are always present and the immobile
adults mate and oviposit in the cocoon.  It seems almost
certain that larvae of one or both sexes can recognize lar-
vae of the opposite sex.
Mating. Most orders of insects have a single or at least
a predominant mating position. Moths and butterflies
(Lepidoptera) typically mate tail to tail, with their bodies
upright and facing in opposite directions; beetles (Co-
leoptera) face in the same direction with the male above
the female. In flies the male reproductive structures oc-
cupy various positions that are either fixed on emergence
from the pupa or can be altered at the time of mating. In
most cases the initial coupling position differs from the
final mating position, but in each case the dorsal surface
of the male intromittent organ is opposed to the ventral
surface of the vagina. The five major initial and final po-
sitions were illustrated and described by McAlpine (1981).
A common mating behaviour among the lower Diptera
(Chironomidae and others) is the formation of dense and
sometimes enormous swarms. The swarms are generally
composed of males, and when females enter the swarm,
coupling quickly takes place. Picking out a mate is accom-
plished by one of several adaptations. For example, the eyes
of males of most of these species are enlarged and contigu-
ous and the males of many species have numerous long,
fine hairs on their antennae that allow them to detect a
female’s wing beat. Other flies may also initiate coupling in
the air, and often recognition is by sight. Male or female or
both of some species secrete pheromones (sex attractants)
to bring the sexes together for mating. Individuals may also
use posturing and display in courtship. In dance flies
(Empididae), which often have mating swarms, the male
may present the female with an edible lure or an inedible
substitute to initiate mating (Cumming 1994).
Many Diptera congregate at landmarks, such as hilltops,
for the purpose of mating. Hilltopping is a widespread
mating system among insects that appears to have de-
veloped in groups that are rare, parasitic, predaceous on
ephemeral prey, or whose larval foodplants are scattered
or rare (Scott, 1968; Shields, 1967; Thornhill and Alcock,
1983). These mobile or rare species are presumably bet-
ter able to find each other at landmarks such as hilltops.
Diptera commonly encountered on hilltops include small-
headed flies (Acroceridae), bee flies (Bombyliidae),
tangle-veined flies (Nemestrinidae), bot flies (Oestridae),
big-headed fl ies (Pipunculidae),  f lesh fl ies
(Sarcophagidae), window flies (Scenopinidae), flower
flies (Syrphidae), horse flies (Tabanidae), tachinid flies
(Tachinidae), and stiletto flies (Therevidae).
Mimicry. This phenomenon is particularly well devel-
oped, especially among the flower flies. Many species
look and behave like wasps or bees and, like the latter,
feed on pollen and nectar. Even flower flies of the sub-
family Microdontinae, which do not visit flowers, mimic

Figure 3.
Typical mosquito

(Culicidae) larvae,
such as, have a rigid

apical tube that allows
them access to surface

air for breathing.
(Illustration courtesy
of AAFC [McAlpine
et al 1981, p. 348]).
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the flight behaviour and resting position of bees. Brower
et al (1960) showed that the resemblance between a
bumble bee and a robber fly almost certainly protects
the latter from predation. One species of thick-headed
fly (Leopoldius coronatus, Conopidae) has even been ob-
served to mimic the zig-zag flight style of its host (a
wasp) until it is close enough to attack (Raw 1968).
IMPORTANCE OF DIPTERA
Maintaining Ecosystems and the Earth. Flies are dis-
tributed from the northern limit of land in the Arctic
southward to islands near the coast of Antarctica,
where midges (Chironomidae) breeding in pools are
the most southern free-living insects. Because of their
extremely wide range of larval habitats, flies are found
nearly everywhere. The feeding habits of flies have
profound impacts on ecosystems and the Earth as a
whole. Most larvae (perhaps of half the species) are
scavengers (page 12) and contribute to the decompo-
sition of organic material, which in turn, provides
nutrients for plants, space for all organisms, and sup-
port for healthy ecosystems and clean environments.
Other flies (both larvae and adults) are predators (page
6), parasites or parasitoids (page 8), or plant or fun-
gus feeders (page 15). Each plays an important role
in maintaining the balance among populations of or-
ganisms. Flies serving as pollinators (page 17) and
disease vectors (page 19), for example, contribute to
the propagation of plants and of pathogens (protozo-
ans, nematodes, bacteria and viruses).
The role of both larvae and adult Diptera as predators is
discussed below by Brooks but their importance as a
source of food for organisms other than Diptera is not
mentioned. Many organisms are predacious on larval or
adult Diptera, but their feeding is usually unselective.
Spiders and several insect orders (beetles [Coleoptera],
wasps and their relatives [Hymenoptera], and dragon-
flies [Odonata]) include species that are major fly preda-
tors. Vertebrates may be the most important predators;
of the five major classes the fish probably rank first in
their effect on human ecology. Especially in northern
waters Diptera are an important food source: in a large
Arctic lake on Baffin Island, insects  (mostly pupae of
midges [Chironomidae]) made up 96% of the food of
the Arctic Char, a fish of importance as human food
(Oliver 1964). This preponderance of Diptera decreases
southward as mayflies (Ephemeroptera), caddisflies
(Trichoptera), and amphipods increase, but larvae of
midges remain important in all freshwaters. Fish have
been used to control “pest” flies; Gambusia has been
widely distributed as a predator of mosquito larvae. Birds
are major predators of insects and have diverse feeding
habits. Many, such as vireos and some warblers, glean
individual insects from plants; others, such as flycatch-
ers, catch individual insects in flight. Flies, particularly
the wealth of aerial swarming species, are a critical food
for birds that feed in flight, such as nightjars, swallows,
and swifts. Most small carnivorous mammals, such as
shrews and their relatives (Insectivora), also consume

flies, and bats (Microchiroptera), most of which feed in
flight, are major predators of Diptera.
Social and economic aspects
Human health. Because of the association with detritus
and human wastes, many flies (especially house flies)
transmit serious illnesses such as dysentery, cholera, and
typhoid. The most important blood-sucking flies, serving
as vectors of diseases, are the mosquitoes (Culicidae) (page
20). Next come the black flies (Simuliidae) of which many,
especially in tropical Africa, transmit nematodes causing
river blindness (onchocerciasis) as well as other patho-
gens. And the list continues (Table 6, page 20).

Medicine. Larvae of several species of blow flies eat
only dead or damaged flesh; maggots of these species
have been useful in medicine. They are introduced to
wounds to remove infected tissues and speed healing.
Genetic study. Small fruit flies of the genus Drosophila,
because of their ease of rearing, short life cycle and pos-
session of giant polytene chromosomes in the cells of
salivary glands, have been the subject of far more ge-
netic study than any other group of organisms (page 22).
It is a strange chance that they have also had perhaps the
greatest specific diversification in a limited area of any
group – the genus has developed at least 500 species,
with many more likely to be found, in the 20,000 km2 of
the Hawaiian Islands.
Forensic science and archaeology. Because many flies
develop in the bodies of dead vertebrates, and because
several species leave behind a heavily sclerotized (hard-
ened) puparial case that may persist for centuries, flies
are the most important organisms for forensic study. They
are particularly valuable in determining the age of ca-
davers from a range of a few hours to a few years (page
20). They are also significant in the archaeological study
of waste middens.
Agriculture and forestry. Flies in only a few families
are plant pests; of these, three families are of major eco-
nomic importance. The fruit flies (Tephritidae) include
the Mediterranean Fruit Fly and many other fruit pests
that have caused enormous losses (page 16). They are
subject to strict quarantine in many countries, especially
the USA. A few species of root maggot fl ies
(Anthomyiidae) are serious pests of root crops and plant
seeds. Gall midges (Cecidomyiidae), with many thou-
sands of plant-feeding species, can be serious pests of
cereal crops. These midges are also pests of many coni-
fers where they cause major damage to needles and to
developing seeds. Flies also seriously affect livestock.
Black flies, screw-worms, bot flies, stable flies, and horn
flies are often damaging or deadly to farm animals and
require expensive control methods (page 12).
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Flies are found nearly everywhere and their
feeding habits have profound impacts on eco-
systems and the Earth as a whole.
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AUDACIOUS
PREDACIOUS LIFESTYLES

Scott E. Brooks

Predacious flies, like other predators, acquire energy by
killing and consuming two or more prey organisms during
their lifetime. They play an important ecological role as
natural enemies of a wide variety of organisms. Their
collective prey includes insects, molluscs, crustaceans, and
even vertebrates, in an equally wide variety of habitats
ranging from terrestrial to marine. Of the 128 currently
recognized families of Diptera, 42 are known to include
predacious members. Most flies exhibiting predacious
behaviour do so as larvae, the main feeding stage.
However, a number of Diptera are predacious as adults.

PREDACIOUS LARVAE
Table 1 provides a complete list of the 39 families of
Diptera that include predacious larvae as well as notes
on their ecology. This table reveals the incredible diver-
sity of prey organisms exploited by fly larvae. Several
of these families are of particular interest because they
kill economically important or pest species; others are
interesting because of their unusual lifestyles.
Predacious fly larvae that have a human or economic impact
can be organized into groups based on their prey organisms.

     Beetles: Larvae of several families feed on wood-
boring or soil-dwelling beetle larvae. These include
long-legged flies (Dolichopodidae) of the genus
Medetera and flutter flies (Pallopteridae), both preda-
tors of bark beetle larvae (Scolytidae), and stiletto
flies (Therevidae), which attack root-feeding beetle
larvae such as wireworms (Elateridae) and white
grubs (Scarabaeidae).

   Bugs (Sternorrhyncha [Homoptera]): Larvae of
flower fl ies (Syrphidae) and aphid fl ies
(Chamaemyiidae) are the most significant predators
of aphids, adelgids, and scales. Several species of
aphid flies have been used as biocontrol agents of
the Balsam Woolly Aphid in North America. Some
grass fl ies (Chloropidae),  small  fruit  f l ies
(Drosophilidae), and scuttle flies (Phoridae) are also
key natural enemies of various Sternorrhyncha.

   Flies: The muscids Myospila meditabunda and Ophyra
aenescens are major predators of both House Fly and
Stable Fly maggots in manure piles (Skidmore 1985).
In aquatic habitats phantom midge larvae
(Chaoboridae) prey on mosquito larvae, and some
dance flies (Empididae) feed on black fly larvae. In
terrestrial habitats the larvae of Empididae also ap-
pear to prefer Diptera larvae as prey (Cumming and
Cooper 1993).

   Snails: Many species of marsh flies (Sciomyzidae)
are voracious predators on the eggs, juveniles, and
adults of aquatic snails, including some that harbour
parasitic diseases of humans and domestic animals
(Berg and Knutson 1978). Each sciomyzid larva may
kill and feed on up to 30 snails during its development.

The scuttle fly Megaselia aequalis is predacious on
slug eggs.

   Eggs: Several families of Diptera include members
whose larvae prey exclusively on the eggs of other
organisms. Larvae of Elassogaster linearis
(Platystomatidae) prey on the eggs of the migratory
locust. In contrast, certain species of grass flies, small
fruit flies, and scuttle flies are potentially detrimen-
tal because they prey on the eggs of beneficial
arthropods including dragonflies, mantids, and spi-
ders or of vertebrates such as frogs.

WEIRD LARVAL LIFESTYLES
Of all the predacious fly larvae, some of the weirdest
and most fascinating lifestyles are observed in the ob-
scure families Dryomyzidae and Vermileonidae. Take,
for example, the relationship between Oedoparena glauca
(Dryomyzidae) and intertidal barnacles: Adults deposit
their eggs on closed barnacles during low tide. Eggs hatch
during a subsequent low tide period and larvae enter the
barnacles as they open, when the tide comes in. During
high tide, larvae feed inside the tissues of the submerged
barnacles and in subsequent low tide periods they search
for new prey. Once a new barnacle is found, the larva
uses its mouthparts to anchor itself to the prey’s shell
and then waits for the tide to come in to enter the bar-
nacle and feed again (Burger et al 1980).
Larvae of the family Vermileonidae are commonly called
worm lions because they are fierce predators of ants and
other insects. Like the ant lions of the order Neuroptera,
worm lions construct pitfall traps in the soil. The worm
lion waits in the bottom of the pit for an unfortunate
pedestrian to fall in, at which time it attacks. Once it has
finished feeding the worm lion tosses the victim’s corpse
from the pit (Wheeler 1930; Teskey 1981b).

PREDACIOUS ADULTS
Compared to the many families that include predatory
larvae, relatively few families of flies have developed
predacious habits as adults. Of the ten families listed
below, the majority of predatory adults are found in the
Asilidae, Dolichopodidae, and Empididae:
     Root-maggot flies (Anthomyiidae): Most adult an-

thomyiids feed on honeydew, nectar, dung and decay-
ing organic material;  however,  the genus
Paraprosalpia has been reported to be predacious
(Smith 1978).

    Robber flies (Asilidae): Adult robber flies are large-
to moderate-sized flies equipped with strong legs to
capture prey and syringe-like mouthparts to inject
paralyzing venom and digestive saliva. Prey items
include the adults of most insect orders as well as
some other arthropods, which are usually captured in
flight (Wood 1981). In general, robber flies tend to
specialize on larger prey than other predatory flies,
occasionally taking insects over twice their own size
(Platt and Harrison 1995).
     Net-winged midges (Blephariceridae): The females

of most species of this obscure family have well-de-

Table 1.
(Opposite page).

Families of Diptera
with predacious

larvae including notes
on their ecological

roles. Unless
otherwise indicated,

the information
presented here was

extracted from
McAlpine et al (1981,

1987), Ferrar (1987),
and references cited in

these sources.
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veloped mouthparts that they use to slash open the
body of their prey. Typical prey includes midges and
small crane flies (Hogue 1981).

  Biting midges (Ceratopogonidae): Many female bit-
ing midges that are not blood feeders have become pre-
dacious in order to acquire the protein needed to de-
velop their eggs. These females hunt in the male-domi-
nated mating swarms of other flies (mainly other
midges) and mayflies (Ephemeroptera) (Downes 1978).

 Long-legged fl ies (Dolichopodidae):  Most
dolichopodids feed primarily on small soft-bodied in-
sects and other invertebrates including Diptera lar-
vae, springtails, aphids, thrips, mites, and small
worms. Species of the large and abundant genus
Dolichopus are notable predators of mosquito larvae.
Dolichopodids do not typically capture prey in flight
but instead “graze” in areas where slow moving or
confined prey are abundant (such as mosquito or
midge larvae in small pools), often grabbing prey di-
rectly with the labellum of their mouthparts.

  Dance flies (Empididae) (Figure 4): Adult dance
flies specialize on small prey, mainly the adults of
swarming or emerging flies. Most empidids capture
their prey in flight and feed by sucking out the semi-
fluid tissues through punctures made in the cuticle.
Adults of the subfamily Tachydromiinae are impor-
tant natural enemies of a variety of agricultural pests
and show strong potential to be used as biocontrol
agents (Cumming and Cooper 1993).

  Shore flies (Ephydridae): In contrast to the adults of
most shore flies that feed mainly on microscopic algae,
the genus Ochthera is predacious and has large, mantid-
like raptorial forelegs that are used to capture midge lar-
vae and other small adult insects (Wirth et al 1987).

    Stilt-legged flies (Micropezidae): Smith (1978) re-
corded predacious behavior in some adult micropezids.

    Muscid flies (Muscidae): Predacious behaviour
in adult muscids is restricted to a few genera in the
subfamily Coenosiinae, which prey mainly on other
flies including midges, sand flies, mosquito larvae,
mil ichi ids ,  anthomyiids ,  and other  muscids
(Skidmore 1985).
      Dung flies (Scathophagidae): All adult dung flies

are predacious on insects and other invertebrates.

PREDATION AND SEX IN ADULT DIPTERA
Of all the adult flies that have developed predacious ten-
dencies, the most fascinating behaviours are seen among

the members of the Empididae and Ceratopogonidae.
The adults of both dance flies and biting midges

form swarms where the sexes meet to
find a mate; however, for some
of these flies, sex and preda-
tion have become intimately
entwined. In a few special-
ized genera of dance flies,

males fly into the mating
swarms bringing uneaten
prey items (usually small

midges) that they offer as nuptial gifts to the females in
exchange for sex (Cumming 1994). In an equally bizarre
scenario, the females of some biting midges have evolved
cannibalistic tendencies and hunt in the mating swarms
of their own males. Once in copula, the female pierces
the male’s head with her mouthparts, injects digestive
enzymes, and sucks the male dry. Throughout this or-
deal, the genitalia of the male remain firmly attached to
the female (often permanently) and eventually the rest
of his dried carcass breaks away (Downes 1978).

INTIMATE NEIGHBOURS:
PARASITOIDS AND PARASITES

Jeffrey H. Skevington

The parasit ic Diptera exhibit  some of the most
specialized behaviours in the insect world and display
every behaviour imaginable. This is the stuff that horror
films are made of! Unlike the amazingly successful
parasitic Hymenoptera that appear to have evolved
parasitic behaviour only once, flies have had the plasticity
to develop parasitic lifestyles over 100 times (Feener and
Brown 1997). Thirty-one families of flies have at least
some species that have adopted parasitic existences
(Tables 2 and 3).

Before discussing some of these lifestyles, it is necessary
to define some terms. Parasitic Diptera are usually divided
into two groups, the true parasites and the parasitoids:
True parasites live in intimate association with a host

from which they obtain food and usually other ben-
efits (such as shelter and transportation) at the host’s
expense. They cause some degree of overt damage but
usually do not kill their host.

Parasitoid larvae feed upon living host tissues in an
orderly sequence until the host is killed, with death to
the host occurring only after larval development of
the parasitoid is complete.

As with most ecological definitions, these definitions
break up a biological continuum. Parasitoid behaviours
characterize the range of feeding habits that are inter-
mediate between the parasitic and predacious ends of this
continuum. For example, how should we classify some
of the snail-feeding marsh flies (Sciomyzidae)? These
flies exhibit every range of behaviour: some species are
predators that quickly kill and consume several snails
while other species are true parasitoids that develop in
only one host and do not kill it for several days. Some
intermediate species cannot easily be shoehorned into
either ecological guild. Despite some difficulties like this,
there are advantages to treating the groups separately and
we have done our best to partition these behaviours.
In this paper, I will not be treating transient blood-suck-
ing species that are occasionally classified as parasites
(Athericidae, Ceratopogonidae, Culicidae, Glossinidae,
Muscidae [most Stomoxyinae],  Psychodidae,
Rhagionidae, Simuliidae, and Tabanidae) or
kleptoparasites that steal their hosts from other species

Figure 4.
Hemerodromia

rogatoris, a dance fly
(Empididae). Larvae

feed on black flies
(Simuliidae) and other

small aquatic
invertebrates; adults

are also predatory and
use their enlarged

front legs for
capturing prey in the

same way that
preying mantids do.

(Illustration cour-tesy
of AAFC[from

McAlpine et al 1981,
p. 607]).
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(Anthomyiidae [Eustalomyia, Leucophora], Braulidae,
Phoridae and Sarcophagidae [Miltogramminae]).
PARASITOIDS
Dipteran parasitoids include about 16,000 species, which
is equal to about 20% of the total number of insect parasi-
toids (Feener and Brown 1997). Wasps and their relatives
(Hymenoptera) account for 78% of the parasitoid species.
Parasitoidism occurs to a smaller degree in three other
insect orders: beetles (Coleoptera), butterflies and moths
(Lepidoptera), and lacewings and their relatives
(Neuroptera). Twenty-four families of flies contain at least
one parasitoid species (Table 2). Dipteran parasitoids do
not paralyze their hosts or arrest their development with
venom as do many Hymenoptera (Feener and Brown
1997). A unique developmental feature of some species
involves the survival of their hosts. The hosts of some
tachinid fly species, for example, survive and produce vi-
able offspring (English-Loeb et al 1990). Although rare,
this non-lethal parasitoidism may have important evolu-
tionary consequences for both the hosts and parasitoids.
Twenty-two orders (five phyla) of hosts are attacked by
fly parasitoids, more than in any other group of parasi-
toids (Eggleton and Belshaw 1992, 1993; Ferrar 1987). In
contrast, hosts of the more diverse parasitic Hymenoptera
are restricted to 19 orders, all of them arthropods. Host
associations unique to parasitoid Diptera include flatworms
(Tricladida), earthworms (Haplotaxida), freshwater and
terrestrial pulmonate snails (Basommatophora and
Stylommatophora), woodlice (order Isopoda), scorpions,
and termites (Feener and Brown 1997). All of these un-
usual hosts are associated with substrate-zone habitats and
reflect the importance of these habitats in the evolution of
parasitoid lifestyles in Diptera.
The broadest host use occurs in scuttle flies (Phoridae),
flesh fl ies (Sarcophagidae),  and tachinid fl ies
(Tachinidae). This diversity of host use can be explained
in the former two families because of their many evolu-
tionary origins of parasitism. Diversification of host use
in tachinids presumably followed acquisition of parasi-
toid lifestyle since all tachinids are parasitoids. Tachin-
ids also exploit insect herbivores to a greater extent than
any other group of dipteran parasitoids and this may have
led to an explosive increase in opportunities for host uti-
lization (Feener and Brown 1997).
Most families are restricted to a smaller range of hosts. Big-
headed flies (Pipunculidae) (Figure 5) and scarab flies
(Pyrgotidae) are the most restricted, possibly because of the
independently evolved, piercing ovipositor used to insert eggs
into host bodies. This specialized structure may limit their
opportunities for host range expansion (Feener and Brown
1997). Big-headed flies are the hummingbirds of the insect
world. They are accomplished hoverers and sometimes even
fly backwards for short distances. With huge eyes that aid
both their flight style and host searching, females pounce on
nymphs of their hosts (leafhoppers and their relatives
[Homoptera, Auchenorrhyncha]). They then often fly into the
air with them before ovipositing and dropping them (May

1979; Williams 1919). Pyrgotids are also specialized and
parasitise June beetles (Scarabaeidae). One
species attacks flying beetles
that quickly close their
wings and fall to
ground with
the fly still
a t tached
a n d
t h e
o v i -
positor wedged between
their protective fore-
wings (elytra). An-
other species ovipo-
sits in the anal opening of
beetles while they are on the ground (Ferrar 1987). Both fami-
lies are important natural regulators of their hosts’ numbers.

Finding A Place To Stay…And Eat  Other host-finding
methods employed by adult flies are almost as varied as the
flies themselves. In general, the flies are drawn by signals
from the hosts’ microhabitat, activities of the hosts, or di-
rectly from the hosts themselves. Female flies often use
signals associated with sexual communications of hosts. A
wide range of dipteran parasites use this strategy of host
location whereas few hymenopteran parasitoids have evolved
the means to exploit the communication systems of their
hosts (Vinson 1984). One of the most impressive breaches
of host communication involves species of Ormia
(Tachinidae). Through a specialized tympanal hearing or-
gan, Ormia females are attracted by the mating songs of
male crickets (Gryllidae) and deposit fully developed eggs
on or near these animals (Robert et al 1992). A parallel ex-
ample is that of the flesh fly Colcondamyia auditrix females
orienting themselves to the mating song of the cicada
Okanagana rimosa (Soper et al 1976).

A more common way of detecting hosts is by detecting
chemical cues. For example, Trichopoda pennipes
(Tachinidae) is attracted to the aggregation pheromone
of its stinkbug host (Nezara viridula, Pentatomidae)
(Aldrich et al 1989). Scuttle fly parasitoids of ants also
appear to use olfactory signals as orientation cues and
are often attracted to nest sites, recruitment trails, or even
alarm pheromones of their hosts (Brown and Feener
1991; Feener et al 1996).

Associative learning is probably the most common method
of host location in Hymenoptera. For example, if female
Microplitis croceipes braconids discover host frass (excre-
ment) in association with a volatile chemical from a food
plant, they subsequently orient towards this new stimulus
(McCall et al 1993). This strategy is likely common in
dipteran parasitoids but so far has only been reported in
Drino bohemica (Tachinidae). A few flies exhibit the same
behaviour as antbirds that hunt displaced prey animals around
the periphery of army ant swarms. As advancing army ant
columns flush potential victims from their hiding places,
Calodexia (Tachinidae), Androeurops (Tachinidae), and

Figure 5.
Big-headed flies
(Pipunculidae) such as
Pipunculus luteicornis
are internal parasi-
toids of various
Auchenorrhyncha
(Homoptera) families,
especially leafhoppers
(Cicadellidae),
delphacid
planthoppers
(Delphacidae) and
spittlebugs
(Cercopidae).
(Illustration courtesy
of AAFC [from
McAlpine et al 1987,
p. 745 – misidentified
as Pipunculus ater]).
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Stylogaster (Conopidae) (Figure 6) attack cockroaches and
related insects. The associated melee is impressive to watch
as ants boil over the ground, hidden animals emerge from
cover and flee, hundreds of parasitoid flies swirl and dart in
all directions, and birds whirl around.
Letting The Larvae Do The Work  In contrast to the
above-mentioned flies, small-headed flies (Acroceridae), bee
flies (Bombyliidae), blow flies (Calliphoridae), tangle-
veined flies (Nemestrinidae), rhinophorid flies
(Rhinophoridae), and many tachinid flies (Tachinidae) make
no attempt to oviposit directly on their hosts. Instead they
simply broadcast their eggs in huge numbers in habitats most
likely to be occupied by potential host species and rely on
their larvae to do the work. For example, each female small-

headed fly lays up to 4,000 eggs, and in order to locate their
spider hosts, the larvae crawl or jump. On finding a suitable
host, the larvae burrow through its exoskeleton and attach
to a book lung so that they can breath outside air. They re-
main there from four months to several years in diapause
(arrested development). After  breaking diapause, they usu-
ally feed voraciously and develop quickly before finally kill-
ing their host (Schlinger 1981). An advantage of this host-
finding strategy is that it allows access to hosts that are in-
accessible to adult flies (for example, those in soil or wood).
Some parasitoids (such as other species of tachinids) have
larvae that do not actively seek out a host but instead wait in
ambush. A remarkable specialization used by one lineage of
tachinids (Goniini) relies on the hosts ingesting their eggs.
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Tiny, microtype eggs are laid in huge numbers
by these tachinids in areas frequented by po-
tential hosts. The eggs are stimulated
to hatch by a combination of
saliva, mechanical rupture,
and high gut pH of the host.
How the Hosts Defend Them-
selves. Host defences against
attacking adult flies are
often impressive. Many
ant species have unique de-
fensive postures or move-
ments that make oviposi-
tion by phorid parasitoids
difficult and dangerous. Apocephalus (Phoridae) females
pounce on worker leaf-cutter ants (Atta) in an attempt to
lay an egg on their neck. These flies are regularly killed
by very small workers that ride on the piece of leaf car-
ried by their larger sibling (Askew 1971; Feener and Moss
1990). In Neodohrniphora curvinervis, another scuttle fly
parasitoid of leaf-cutting ants, oviposition is through the
back of the head. Defending ants may damage ovipositing
females with blows to the body or by pinching the fly be-
tween their head and thorax (Feener and Brown 1993).

Of course, getting an egg or larva past the host’s first
line of defences and inside the host is just the first step.
The host’s immune system usually responds to internal
invaders by attempting to encapsulate and suffocate the
invader in a layer of blood cells. Some flies have turned
this to their advantage by building a respiratory funnel
from the products of the host’s immune response (Salt
1968). This funnel gives the parasitoid larva access to
fresh air through the host’s tracheal system or through a
hole in the host’s exoskeleton. Many fly parasitoids main-
tain contact with outside air in this way (e.g. Acroceridae,
Bombyliidae, Cryptochetidae, some Calliphoridae,
Nemestrinidae, Rhinophoridae, most Tachinidae). Other
flies sidestep the host encapsulation response by moving
into specific tissues that do not elicit immune responses
(nerve ganglia, muscles, glands). Larvae remain in these
protected locations until they are ready to consume the
host. It is not yet known how larvae of Pipunculidae and
Phoridae avoid the immune response of their hosts.

TRUE PARASITES
As discussed earlier, parasites live in intimate association with
their host but do not usually kill it. The relative size of the
symbionts is the primary factor that differentiates parasitic
from parasitoid lifestyles. In general, if the host is consider-
ably larger than the parasite, a relationship can develop
whereby the host is not killed. Some of these relationships
are obvious extensions of more familiar relationships. For
example, louse flies (Hippoboscidae) and bat flies
(Nycterobiidae and Streblidae) have simply taken the blood-
feeding habits of flies like mosquitoes to a new level. Instead
of taking a quick blood meal and leaving the host as do mos-
quitoes, these families have become intimately associated with
their hosts. Louse flies and bat flies spend most of their adult

lives on their hosts where they feed on blood. Larvae
of all three families develop in the uterus of females

where secretions from glands nourish them until they
are fully developed (Maa and Peterson 1987; Peterson

and Wenzel 1987; Wenzel and Peterson 1987).
These larvae immediately form puparia after

being extruded from the adult. Fewer than
ten offspring are produced per parent.

Table 3 lists the twelve
known families of flies

that contain para-
sitic species.
Some of these
families contain

only one lineage or even a single species that has devel-
oped this specialized lifestyle. For example, larvae of the
bizarre Australian grass flies (Chloropidae) called
Batrachomyia live under the skin on the backs of frogs
(Sabrosky 1987b). Another unusual relationship exists with
Cladochaeta (Drosophilidae) and their spittlebug hosts
(Cercopidae). Despite the small size of the host, as many
as three larvae of these tiny flies may feed externally on
an individual spittlebug without killing it, much as suck-
ing lice feed on a host mammal (Grimaldi & Nguyen 1999).

One of the most successful parasitic dipteran families is
the Oestridae (bot and warble flies). All are parasites of
mammals (and rarely birds) as larvae and most are highly
host specific (Wood 1987a). Fully developed eggs are
usually laid on the host although flies in the tribe Oestrini
deposit live larvae into the nostrils of their hosts. First
instar larvae tend to be active and migrate to specific
body regions. Later instar larvae tend to be sedentary
and feed at these sites (in the gut wall, respiratory pas-
sages, or pockets under the skin). One infamous species
that regularly attacks humans has developed very atypi-
cal behaviour. The Human Bot Fly (Dermatobia hominis)
is common in parts of the Neotropical region and attacks
a wide variety of hosts including birds and many mam-
mals. Females catch blood-sucking flies, such as mos-
quitoes or stable flies, and lay eggs on them. These eggs
hatch when they are exposed to the body heat of a poten-
tial host (i.e. when the mosquito goes for a blood meal).
A larva then leaves the mosquito and burrows under the
skin of the mammalian or avian host where it develops
over the course of about six weeks.

Another infamous group of parasitic flies are the screw-
worms – a common name for several unrelated species
of fly larvae that often enter the body via wounds. Mi-
nor injuries, such as tick bites, may quickly become
mortal wounds from the activities of these flies. The best
known of these is the Primary Screw-Worm, Cochliomyia
hominivorax (Calliphoridae). This species attacks a va-
riety of mammals including humans and livestock. In
North America, it was responsible for huge economic
losses in the cattle industry annually and is particularly
noteworthy for having led to the sterile male release tech-
nique in insect control developed by Knipling (1960),

Figure 6.
Ant flies (Conopidae,
Stylogastrinae), such
as this Brazilian
species of Stylogaster,
are parasitoids of
cockroaches
(Blattaria), crickets
(Gryllidae), and
possibly calyptrate
flies (Muscidae and
possibly Calliphoridae
and Tachinidae); they
are often associated
with army ants,
darting after hosts that
flee from the column
of ants.
(Illustrated by
Roelof Idema).
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which helped to eradicate the species from much of its
North American range. In this process, the species was
reared in vast numbers in “screw worm factories,” the
pupae were irradiated, and sterilized males were released.
Females mate only once and those that mate with sterile
males produce infertile eggs. Through these releases,
unviable males quickly overwhelm the healthy males in
the population. A population of 20 million insects (half
male) can be wiped out in only four generations by re-
leasing 20 million sterile males in each generation.
Florida was rid of this pest in this way in only two years
at a cost of eight million dollars (annual damage in
Florida had been over ten million dollars).

SUMMARY
As can be seen from this overview, some of the most
biologically fascinating and economically significant
animal activities can be attributed to the parasitic Diptera.
With their diverse habits and many evolutionary origins,
parasitic flies and their hosts offer us unparalleled op-
portunities to examine questions in behavioural and evo-
lutionary ecology (Feener and Brown 1997). Economic
repercussions of research on Diptera are far reaching
and will continue to have impacts as new discoveries are
made. Like most insects, flies are relatively poorly known
and a huge proportion of the diversity has not yet been
described let alone studied by ecologists. Undoubtedly,
many exciting discoveries remain to be made.

CLEANING UP THE WORLD:
DIPTERAN DECOMPOSERS

Jade Savage

Diptera are fundamental participants in the decompo-
sition process of terrestrial and aquatic systems (Speight
et al 1999). About half of all Dipteran families have lar-
vae that feed on decaying organic matter and many more
are indirectly associated with this substrate through pre-
dation and parasitism.

While adult flies can often be caught around decompos-
ing substances, it is the immature stages that are most
involved with the breakdown process. Voracious larvae
eat and fragment large amounts of dead organic mate-
rial, extracting energy either directly from the substrate
or, more commonly, from the digestion of the microf-
lora associated with the substrate (Mason 1977).
The role of flies in decomposition is physical rather than
chemical. The surface area of the material is increased by
ingestion and by boring and tunnelling through it, thus pre-
paring it for further decomposition by microorganisms.
Active larvae disseminate fungal spores and bacteria to
regions of the substrate previously impenetrable to them,
while microbial or fungal grazers stimulate the growth and
alter the composition of the microbial community through
selective feeding (Moore et al 1988).
Detritivores, also called saprophages or scavengers, are
often considered to be unspecialized feeders that in-
discriminately consume any detritus available. While
the omnivorous maggots of the House Fly, Musca
domest ica ,  and the Lesser  House Fly,  Fannia
canicularis (Figure 7), support that assumption, they
are the exception rather than the rule. Instead, most
species have very specialized diets.
Covering all specialized scavenging habits observed
among flies would be a lengthy business. This review,
then, will focus only on those taxa intimately involved
with the decomposition of three specific types of sub-
strates, namely plant material, dung, and carrion. Table
4 provides a summary of feeding habits found in all fami-
lies with saprophagous species.
PLANT MATERIAL
Many soil-dwelling Diptera play a significant role in the
recycling of leaf litter. Primitive families are especially
well represented among forest floor species, with the
larvae of dark-winged fungus gnats (Sciaridae), midges
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(Chironomidae), march flies (Bibionidae), gall midges
(Cecidomyiidae), and crane flies (Tipulidae) all com-
monly found feeding on decomposing leaves. These,
along with Faniidae (Figure 7),  a few muscids (Mus-
cidae),  minute scavenger flies (Scatopsidae), lesser dung
flies (Sphaeroceridae), and soldier flies (Stratiomyidae),
are often part of the fauna actively working on the deg-
radation of an ordinary backyard compost pile.
Although best known as pests of lawns and pastures, the lar-
vae of crane flies, often called leatherjackets, are especially
important in forest and stream ecosystems. Many species feed
exclusively on leaf litter. The experimental removal of Tipula
peliostigma from birch litter-fall was shown to greatly reduce
the rate of breakdown of the substrate (Perel et al 1971). Strong
mandibles allow the shredding of large amounts of dead leaves,
and even enable some crane flies (Ctenophora, Epiphragma)
to actively bore into rotting wood. Well sclerotized (hardened)
mouthparts are present in other primitive Diptera, and spe-
cies of axymiids (Axymiidae) and moth flies (Psychodidae)
among others are also found tunnelling through decaying wood
(Teskey 1976).
Most saprophagous (detritivorous) flies have larval
mouthparts designed to feed on moist or semi-liquid food,
and the immatures are normally found in rotting mate-
rial with at least some degree of moisture. Rotting fruits
are attractive to many groups, including the highly di-
verse small fruit flies (Drosophilidae) (Figure 12). At
the family level, drosophilids can certainly be classified
as general opportunists, with a strong preference for any
type of fermenting vegetal substance. Breeding media
range from damaged cactus tissues to rotting bananas,
and the small red-eyed adults are common pests of res-
taurants, market places, and household garbage bins.
In contrast to the versatile Drosophilidae, other families
have specialized on a single type of decaying vegetal sub-
strate. Many, and possibly all, species of the small fam-
ily Periscelididae breed exclusively in fermenting sap
runs (Teskey 1976), while all known species of seaweed
flies (Coelopidae) feed on rotting seaweed (Ferrar 1987).
DUNG AND URINE
The breakdown of vertebrate excrement is of obvious eco-
nomic relevance to human societies. A single adult dairy
cow can produce on average nine tonnes of manure in a
year. Along with many beetles, flies must be acknowledged
for the quick disposal of this unwieldy material. Among
the most notorious dung and manure feeders are the lar-
vae of many calyptrate Diptera, such as dung flies of the
genus Scathophaga (Scathophagidae), blow flies (Calli-
p h o r i d a e ) ,

flesh flies of the tribe Raviniini (Sarcophagidae), and many
muscids, including species whose adults are often of great
economic importance (for example, the House Fly and the
Stable Fly, Stomoxys calcitrans). Small acalyptrate flies,
like many black scavenger flies (Sepsidae) and lesser dung
flies (Sphaeroceridae), are also dependant on dung for their
development.

Ivermectin, a commonly used antiparasitic drug admin-
istered to cattle, seriously interferes with the primary
dipteran decomposing fauna (Madsen et al 1990). Most
of the drug is eventually egested by cattle, along with
the faeces, and acts as an efficient insecticide on most
dung-breeding flies. While the reduction of adult flies
may be seen as a beneficial side effect of the treat-
ment, the decomposition of dung pats is greatly delayed
in the absence of dung-feeding larvae and could lead to
the quick fouling of pasture land.
Extreme specialization is seen in the families
Mormotomyiidae and Mystacinobiidae, who share more
peculiarities than just odd-sounding names. These two
families are each known from a single species, and while
not closely related, both breed in bat guano. Mormotomyia
hirsuta is known from a single cave in Kenya, and both
the larvae and the spider-like wingless adults feed ex-
clusively on bat dung. Mystacinobia zelandica occurs only
in New Zealand in association with bats living in hollow
trunks of the giant Kauri Trees.

CARRION
When an animal dies, its carcass will be visited by a
succession of various insects, with flies often being the
most diverse and abundant taxa. Blow flies, with genera
such as Calliphora and Lucilia, will be the first to arrive
on a fresh carcass,  soon followed by flesh fl ies
(Sarcophagidae) and muscids. Blow flies are recognized
for their ability to locate fresh carrion, and will often
arrive on a body within minutes following death. Early
invaders, particularly blow fly larvae, will usually be
found in large numbers, consuming most of the decom-
posing flesh. In an experiment done on mouse carcasses,
the larvae of a single blow fly species consumed over
75% of all material decomposed (Putman 1978).

Once the body reaches a more advanced stage of decom-
position, it will attract a fauna mostly feeding on putrid
exudates. Small fruit flies (Drosophilidae), lesser dung
flies (Sphaeroceridae), black scavenger flies (Sepsidae),
shore flies (Ephydridae), and flower flies (Syrphidae) (spe-
cifically rat-tailed maggots: Eristalis) will often be part
of that next wave.  Species of skipper flies, including the
synanthropic Cheese Skipper, Piophila casei, will also be

found feeding on dead tissues, often in the later stages of
decomposition.

The taxa mentioned above will generally be found
on an exposed carcass. When the carrion is

buried, a different fauna will invade it, and
blow flies may be completely excluded by
burial under a few centimeters of soil.

Figure 7.
While occasionally
involved in cases of
human myiasis, the
larvae of the Lesser
House Fly, Fannia
canicularis
(Faniidae), should
also be acknowl-
edged for its ability
to complete its
development by
feeding on a large
variety of decaying
vegetal or animal
matter. (Drawing
courtesy of AAFC
[from McAlpine et al
1987, p. 1129]).
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Conicera tibialis (Phoridae), also known as the Coffin Fly,
will often be found in coffins or on buried bodies that were
underground for about a year. The adult female Coffin
Fly, as well as other scuttle fly species, will burrow into
the soil and oviposit directly on the carcass. It is believed
that the Coffin Fly mates within the same coffin and can
produce a number of generations, without the need to go
to the surface for copulation (Smith 1986).
Dead invertebrates, although much smaller than their
vertebrate counterparts, are also fed upon by flies. Dead
snails are especially attractive to many Diptera, and a
number of lesser dung flies and a few muscids, shore
flies (Ephydridae), flesh flies (Sarcophagidae), and oth-
ers have been reared from them.
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Scavenging larvae also eat insect remains. Scuttle fly
(Phoridae) larvae, scavenging on miscellaneous debris and
insect parts, occasionally occupy the nests of ants and ter-
mites. All known species of the North American flesh fly
genus Fletcherimyia are obligate breeders in Sarracenia
pitcher plants. A single larva can be found per pitcher,
feeding voraciously on drowned insects (Ferrar 1987).
CONCLUSION
The grim thought that we may eventually end up as mag-
got food does nothing to increase the popularity of flies.
However, life itself is wholly dependant on the proper
recycling of organic matter, and with the ever-increas-
ing amount of waste products generated by our societ-
ies, filth eaters are more important than  ever. While
their contribution to the cycle of life often goes unrec-
ognized, saprophagous larvae can comfort themselves
with the fact that there will always be enough for dinner.

GOING VEGETARIAN:
PLANT AND FUNGUS FEEDING
Stéphanie Boucher and Terry A. Wheeler

Although many people associate flies with dead and
decaying material, several thousand species of flies pre-
fer fresher food. For many, living plants or fungi are a
food source, a shelter, and/or a mating site. Almost 40
families of Diptera contain herbivorous species (Brown
2001), which feed on living plants or algae (phytopha-
gous flies) or on fungi (mycophagous flies). Families
like crane flies (Tipulidae), gall midges (Cecidomyiidae),
fungus gnats (Mycetophilidae), dark-winged fungus gnats
(Sciaridae),  scuttle fl ies (Phoridae),  fruit  f l ies
(Tephritidae), leaf-miner flies (Agromyzidae), grass flies
(Chloropidae), shore flies (Ephydridae) and root-mag-
got flies (Anthomyiidae) all contain herbivorous species
with a wide range of feeding habits.

PHYTOPHAGOUS HABITS: THE PLANT FEEDERS
In contrast to the familiar caterpillars and beetle larvae that
are exposed on their food plants while feeding, herbivorous
Diptera larvae are often small and dehydrate easily. This
has led to a variety of strategies for remaining concealed
and protected in or on the host plant while feeding.
Root feeders: Some fly larvae feed underground on roots.
For example, some march fly (Bibionidae) larvae cause
damage to the roots of vegetable crops, cereals, and grasses
(Oldroyd 1964). Other root-feeding larvae, such as the
Cabbage Root Fly, Delia radicum (Anthomyiidae), or the
Carrot Rust Fly, Psila rosae (Psilidae), can also damage
many types of cultivated plants (Ferrar 1987).
Stem borers: Other larvae are stem borers, like the Frit
Fly, Oscinella frit, the Wheat Stem Maggot, Meromyza
americana (both Chloropidae), and the Hessian Fly,
Mayetiola destructor (Cecidomyiidae). All three are con-
sidered pests of cereal crops (Ferrar 1987; Gagné 1989).
Another stem borer, the Bean Fly, Ophiomyia phaseoli,
lives in the Old World tropics and is one of the most seri-
ous pests in the family Agromyzidae (Spencer 1973).  In

the predominantly predacious family Dolichopodidae, the
genus Thrypticus represents a major evolutionary change
with a switch to a phytophagous lifestyle. All known lar-
vae are stem miners in aquatic monocots. Females have
developed a hard ovipositor for piercing plants to deposit
their eggs. Members of this genus have been considered
as potential biological control agents for water hyacinth,
one of the world’s most invasive aquatic weeds.
Flower head feeders:  Larvae of many gall midges
(Cecidomyiidae), fruit flies (Tephritidae), grass flies
(Chloropidae), and root-maggot flies (Anthomyiidae) feed
in flower heads. Females often lay their eggs in the flower-
buds, which can affect the development of the flower
(Ferrar 1987). In addition, many larvae associated with
flower heads feed on developing seeds, which can cause
problems in crops like legumes. This is the case with the
agromyzid Melanagromyza obtusa, a major pest of Pigeon
Peas in Asia. The female lays eggs inside the pod and the
newly hatched larvae start feeding on the surface of the
peas and eventually bore right inside (Spencer 1973). Other
Diptera larvae, such as those of Earomyia (Lonchaeidae)
will attack conifer cones and seeds.
Fruit feeders: Other fly larvae are fruit feeders and ca-
pable of causing serious damage to fruit crops. The best-
known fruit feeders are in the family Tephritidae, com-
monly known as fruit flies. Females of fruit flies lay their
eggs under the skin of fresh fruits, where the larvae will
develop by feeding on the fleshy tissue. The larval feed-
ing tracks provide entry points for bacteria and fungi which
will cause the fruits to rot. The Mediterranean Fruit Fly
(or Medfly), Ceratitis capitata, is one of the most serious
of all fruit pests (Figure 8). A well-known North Ameri-
can fruit fly is the Apple Maggot, Rhagoletis pomonella,
that attacks several fruits including apples, peaches, plums,
pears, and cherries (Foote et al 1993).
Leaf miners: Leaf mining is another specialized
lifestyle in plant-eating Diptera. Although this habit is
seen in a few families (e.g. ,  root maggot fl ies
[Anthomyiidae], shore flies [Ephydridae], rust flies
[Psilidae], dung flies [Scathophagidae], and fruit flies
[Tephritidae]), the leaf-miner flies (Agromyzidae),
with probably more than 2,000 species, is by far the
dominant group. The larva usually feeds on the upper
layer of cells of a leaf just beneath the epidermis, form-
ing a clearly visible mine. The mine can be linear, ser-
pentine, or blotch-like; its shape and position on the
leaf are often characteristic of the mining species, and
can be used to identify the fly. Some Agromyzidae,
especially in the genus Liriomyza, are serious pests of
crops and ornamental plants (Spencer 1973).
Gall dwellers: Some Diptera larvae live concealed in a
gall, an abnormal tissue growth produced by the plant in
response to the presence of the gall-inducer (Jolivet 1992).
Although much remains unknown about their initiation,
galls themselves are complex structures that can develop
on any part of the plant – leaves, stems, roots, fruits, or
flowers. Galls are advantageous to the flies because they

Table 4.
(opposite page)
Feeding habits of
larvae of sapropha-
gous Diptera.
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from Ferrar (1987),
McAlpine et al (1981,
1987), Teskey (1976),
and Smith (1986).
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provide food and protection to the larvae; the
plant may also benefit because the gall re-

stricts damage to one part of the plant.
Fly larvae of the pre-
dominantly Australian
genus Fergusonina

(Fergusoninidae)
have a remarkable
symbiotic associa-

tion with nematodes,
which allows them by

their combined ac-
tion to form galls

on myrtaceous
plants (particu-

larly Eucalyptus trees). The
gall midges  (Cecidomyiidae) and fruit flies (Tephritidae)
have many gall-inducing species, and although the most
serious pests in these families do not induce galls, fly spe-
cies that cause abnormal growths on ornamental plants are
often considered harmful (Gagné 1989).
Microbial ingestion: Green plants do not have a mo-
nopoly on photosynthesis and some fly larvae have taken
advantage of other organisms that photosynthesize. Lar-
vae of some species of shore flies (Ephydridae) are spe-
cialists on blue-green algae (cyanobacteria)  – photosyn-
thetic bacteria that filled the role of plants long before
either plants or flies evolved (Foote 1995).
MYCOPHAGOUS HABITS: THE FUNGUS FEEDERS.
Fungus gnats (Mycetophilidae) and dark-winged fungus
gnats (Sciaridae) are examples of the many flies that eat
fungi. These two families often specialize on particular
groups of fungi, especially in forests. Fungus gnats are
one of the most diverse and abundant families of flies in
mature forests largely because of the great diversity of
fungi. Dark-winged fungus gnats are also dominant in for-
ests but are more familiar as the tiny black flies that some-
times emerge from the soil of houseplants, where they
have developed on soil fungi  (also detritivores). There
are often close relationships between mycophagous and
apparently phytophagous habits; for example, some spe-
cies of gall midges live in plant galls, but feed on a culture
of fungi apparently deposited by the female during ovipo-
sition (Gagné 1989).

HOST SPECIFICITY
Larvae of phytophagous Diptera often show a high de-
gree of host specificity. A large number of species are
monophagous, feeding on plants of a single genus or even
a single species. For example, the fruit fly Bactrocera
oleae feeds only on olive fruits and the leaf-miner fly
Ophiomyia simplex is known only from asparagus. At
the other extreme, some flies are polyphagous, feeding
on a number of unrelated families. The Medfly (Figure
8) infests over 260 different fruits, flowers, vegetables,
and nuts (Foote et al 1993).
Because of their close associations, the geographic distri-
bution of plant-eating Diptera often follows the distribu-

tion of their host plant. As a result, many pest species feed-
ing on crops have been accidentally introduced and estab-
lished in new regions by humans; many North American
crop pests are actually of European or Asian origin.
ECONOMIC IMPORTANCE
Many plant-feeding flies are important pests of crops. Phy-
tophagous species like those mentioned previously cost
millions of dollars annually in control efforts and crop
losses in fruits, vegetables, and cereals. Even mycopha-
gous species can be costly pests in mushroom houses.
Not all plant feeding is negative. Many plant species are
weeds and flies that feed on such plants and reduce their
growth and survival are considered beneficial, and are some-
times used as biological control agents. A successful ex-
ample involves species of fruit flies (Tephritidae) that have
been widely introduced to control weeds like Canada thistle
and knapweeds (Ferrar 1987).  There are also aquatic her-
bivores like shore flies (Ephydridae) that mine the leaves of
invasive wetland plants (Foote 1995).
Most often it is the larvae that cause damage to the host
plant. Like many flies, adults of herbivorous species usu-
ally feed on pollen and nectar. These adults are also ben-
eficial because they are major plant pollinators, espe-
cially in northern ecosystems.

FLOWERS, POLLINATION,
AND THE ASSOCIATED
DIVERSITY OF FLIES

Peter G. Kevan

Flies must eat, and their names often suggest their
diverse sources of food: fungus gnats (Mycetophilidae),
fruit flies (Drosophilidae and Tephritidae), flower flies
(Syrphidae), blow flies (Calliphoridae), dung flies
(Scathophagidae), horse flies (Tabanidae), flesh flies
(Sarcophagidae), and so on. One of the most important
food sources is from flowers, especially with respect to
the adult energetic requirements for flight in dispersing,
finding mates, mating, and searching out sites for
oviposition  (Hocking 1953, Larson et al 2001).  Flowers
offer an open banquet, well advertised by their colours,
sizes, shapes, and scents (Kevan and Baker 1983; Proctor
et al. 1996). Aside from the menu of sugar-rich nectar and
protein-rich pollen, flowers sometimes give other rewards
such as protection, places to find mates, and oviposition
sites (Kevan and Baker 1983; Kevan 2001).
Nectar, the main staple for fuelling flies’ activities, is
more nutritious than sugar water. It contains various
sugars in various ratios, small amounts of amino acids,
sometimes oils, vitamins, minerals, phenolics, and other
compounds, some of which reflect the nature of the
flowers’ pollinators (Baker and Baker 1990). Flowers
used, and sometimes pollinated by, short-tongued flies
sometimes present nectar with sugars so highly
concentrated that the flies must spit onto the crystals to
dissolve them for ingestion. Long-tongued flies, such as
tangled-veined flies (Nemestrinidae) and some horse flies

Figure 8.
All fruit flies

(Tephritidae) feed
upon living plant
tissues and many

species are economi-
cally important as
pests or as control

agents for weeds. The
Mediterranean Fruit

Fly (or Medfly),
Ceratitis capitata, is

one of the most
serious of all fruit

pests. (Illustrated by
Roelof Idema).
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(Tabanidae) of South Africa (Goldblatt and Manning
2000), have no other source of sugar for energy than
dilute protected nectar provided by flowers with deep
tubes.  A wide variety of fl ies feed upon pollen,
notoriously the flower flies (Syrphidae). It is presumably
the source of protein for general nutrition and maturation
of the ovaries and testes (Kevan and Baker 1983). Some
other flies appear to have switched from feeding on blood
to feeding on pollen, as in some biting midges
(Ceratopogonidae) that bite pollen to remove the
nutritious protoplast from within (Downes 1958).
Some flowers entice flies to visit them, but may not offer
any reward except shelter. The aroids (Araceae) and
Aristolochia species are infamous for temporarily trapping
insects (mostly flies and beetles) (Proctor et al 1996). They
retain the insects for about a day in the young
inflorescences that have receptive stigmata, but  allow them
to escape as the stigmata age and the anthers split open
and dust the captives with pollen. Cross-pollination is thus
effected. Some flowers, such as Stapelia species
(Asclepiadaceae) of South Africa and the floral giants of
the genus Rafflesia (Rafflesiaceae) of South East Asia,
dupe saprophagous flies into visiting the flowers and laying
eggs. In most instances, the maggots starve and die. The
scents of these flowers are of carrion, dung, or animal
musk, and the colours tend to be dull and also attract by
mimicking oviposition sites (Proctor et al 1996).
Although there are huge numbers of records of flies as flower
visitors, proof of their importance as pollinators is often
wanting. To be a pollinator, a fly must carry pollen in such
a way that it is transferred from the anthers to the stigmata.
This may be simply accomplished within the same flower
or on the same plant. Self-pollination may be achieved, but
if the plant is self-incompatible, it is of no consequence.
Fertilization must occur if pollination is to be considered
successful from the plant’s perspective (Free 1993, Roubik
[ed] 1995). From the fly’s perspective, a visit to a flower is
a success if a reward is obtained, regardless of whether or
not pollination or fertilization results.
The process of fertilization in flowering plants (Angio-
spermae) sets them aside from other plants, and based
on fossil and molecular evidence, it is suspected that
this  system of fertilization (aka pollination) arose
more than 135 million years ago (Sun et al 1998;
Sanderson and Doyle 2001). It is also suspected
that insects have been involved since the very
beginning. Pollination by insects (entomo-
phily), and particularly Diptera (myio-
phily), can be considered to be basic
to angiosperm evolution (Labandeira
1998; Grimaldi 1999).
The long-horned f l ies
(suborder  Nematocera)
mostly have short suctorial and lapping
mouthparts that restrict them to feeding on
exposed nectar at open flowers, such as
roses, euphorbs, saxifrages, and carrots

(Larson et al 2001). Some may be more important as
pollinators than usually considered. In particular, there
are orchids (e.g. Platanthera (Habenaria) spp.) that are
pollinated by mosquitoes (Kevan et al 1993). Cacoa
(Theobroma cacao), from which chocolate is made, is
pollinated by several kinds of midges (Ceratopogonidae
and Cecidomyiidae) (Free 1993; Roubik [ed] 1995).
Moth flies (Psychodidae) are temporarily trapped in and
pollinate Lords and Ladies (Arum maculatum) in Europe
and North America (Proctor et al 1996). It is a common
myth that black flies (Simuliidae) pollinate blueberry
flowers (Hunter et al 2000).
Among the short-horned flies (suborder Brachycera),
there are many records of flower visiting (Larson et al
2001). The bee flies (Bombyliidae), with their long out-
stretched proboscides, are often seen sucking the nectar
from flowers and form one of the most recognizable and
diverse families at flowers (Figure 9). It is interesting
that the relationship of the flower-loving fl ies
(Apioceridae) and flowers has been rarely documented,
even for the somewhat misnamed and endangered Delhi
Sands Flower-Loving Fly (Rhaphiomidas terminatus
abdominalis) that actually belongs in the family of Mydas
flies (Mydidae). Some small-headed flies (Acroceridae),
with special hairs, seem especially adapted to carrying
and feeding on pollen. The Brachycera contains some of
the most highly adapted flower-visiting and pollinating
flies as exemplified by the South African tangle-veined
flies (Nemestrinidae) and some horse flies (Tabanidae),
which have extremely long tubular mouthparts that may
exceed the remaining body length (Goldblatt and Manning
2000).  A number of dance fl ies (Empididae) are
implicated as significant pollinators because of their long
mouthparts,  and some genera,  such as Anthalia,
Anthepiscopus, and Iteaphila, are known to be obligate
pollen feeders (Grimaldi 1999).  The flower fl ies
(Syrphidae) are perhaps the  Diptera most well known
as flower feeders (Figure 9a). They feed on nectar and
on pollen. Sometimes pollen feeding by female flower
flies  has been correlated with their ovarian maturation

(Schneider 1969). The scuttle flies (Phoridae) are
probably under-appreciated as flower visitors and
as possible pollinators, and most records come from
the tropics (Larson et al 2001).

Flower feeding is recorded in about two
dozen families among

the house fl ies and
their  re la t ives  ( the

Schizophora) (Larson
et al 2001). However, for most, the
records  a re  sparse  and  mos t ly

descriptive. Among the small fruit
f l i e s  (Drosophi l idae)
are species that feed on

nec ta r  tha t  suppor t s  a  microf lo ra  o f  yeas t s
(Lachance et al 2001). Some of these species are

impor tan t  in  c rop  po l l ina t ion ,  such  as  fo r
mangoes, and for horticultural seed production in

Figure 9.
The bee flies
(Bombyliidae), with
their long out-
stretched proboscides,
are often seen sucking
the nectar from
flowers and form one
of the most
recognizable and
diverse families at
flowers. Bombylius
pygmaeus is typical of
these spectacular and
often hairy flies.
(Drawing courtesy of
AAFC [from
McAlpine et al 1981,
p. 589]).
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enclosures (Free 1993). The blow flies (Calliphoridae)
are well  known as visi tors to dung- and carrion-
mimicking blooms. They often effect pollination, but
their  egg-laying act ivi t ies  serve no reproduct ive
purpose for the flies (Proctor et al 1996). The maggots
d ie  on  the  vege tab le  subs t ra te ,  excep t  in  some
except ional  cases  in  Aristolochia  f lowers .  Many
spec ies  o f  roo t  maggot  f l i e s  (Anthomyi idae :
etymologically from the Greek for flower-fly) and
tachinid flies (Tachinidae) feed on nectar of open
bowl-shaped flowers. The special relations of seed
paras i t i c  Anthomyidae  and  Trol l ius  europaeus
(Ranunculaceae)  involves mutual is t ic  pol l inat ion
relationships (Pellmyr 1992). Among the flesh flies
(Sarcophagidae) Blaesoxipha f letcheri  may be an
important pollinator of pitcher plants (Sarracenia
spp.). Some Diptera, such as the Common Tiger Fly,
Coenosia tigrina (Muscidae), and the Arctic Dung Fly,
Scathophaga apicalis (Scathophagidae), hunt prey at
flowers (Larson et al 2001).
Pollination by flies seems to be particularly important in

Arctic and alpine areas (Kevan 1972; Levesque
and Burger 1982; Primack 1983; Pont 1993),
South Africa (Vogel 1954; Goldblatt and Manning
2000), and New Zealand (Primack 1978).  In the
Arctic, for example, several species of Diptera
fly between the flowers of adjacent plants and feed
on nectar in such a way as to transfer pollen of
the Arctic Aven, Dryas integrifolia. They assume
two stances: 1) perched on the central styles and

stigmata while dipping between the styles and stamens so
that their dorsal surfaces collect pollen from the anthers,
2)  perched on the anthers and dipping for nectar so that
their dorsal surfaces rub the stigmata (Kevan 1972).
Even though there are many records of flies visiting
flowers, there are many taxa that seem to avoid flowers.
The robber flies (Asilidae), most stiletto flies (Therevidae)
and long-legged flies (Dolichopodidae) serve as examples.
That  said,  there is  much to be learned about  the
importance of flower visiting to flies, and about the
importance of that habit to plants and pollination.
Al though  there  a re  many  records  o f  l a rge  and
conspicuous flies as flower visitors, there are few that
demonstrate their importance as pollinators. In the
blossoms that entrap and detain flies, the pollination

relationship (sapromyiophily) is clear (Proctor et al
1996), but in most more colourful and showy flowers,
pollination is less well documented. Another relatively
unstudied area of myiophily involves small flies, such
as Phoridae, Sciaridae, Mycetophilidae, Piophilidae,
and so on (Larson et al 2001). As Carol Kearns (2001)
so ably discusses , new discoveries about flower relations
and Diptera are waiting to be found within the broad
aspects of biogeography, systematics, behaviour, and
physiology of this diverse and multi-faceted order.

FLIES AS VECTORS OF DISEASE
Desmond H. Foley

Fever, grossly swollen limbs, diarrhoea, internal bleed-
ing, brain damage … death! These are just some of the
symptoms millions of people endure due to fly-borne
diseases. Malaria alone infects 300-500 million people
each year and causes an estimated annual loss of 35 mil-
lion future life-years due to premature mortality and dis-
ability (World Bank 1993).
Since time immemorial flies have been the constant com-
panions of humans and, due to the tendency of some spe-
cies to feed on humans and pass on pathogens that cause
disease, they have helped to shape human history. His-
torically, such “vectors” or transmitters of disease ren-
dered large areas of the world out-of-bounds to would-
be conquerors, colonizers, and nation builders (Harrison
1978, Bruce-Chwatt 1988). Human diseases caused by
flies have their largest impact in tropical areas although
they were more widespread in the past (de Zuluetta 1994).
Vector-borne disease requires an interaction between the
fly, pathogen, host (e.g. humans), and the environment,
and it may be complicated by reservoir hosts. For example,
sylvan yellow fever circulates among forest monkeys in
Uganda through the mosquito Aedes africanus, but the vi-
rus “spills over” to humans when monkeys invade Banana
plantations and are bitten by another mosquito Aedes
bromeliae, which then feeds on humans (Haddow 1965).
Non-biting flies can transmit fly-borne pathogens
mechanically (e.g.  “fi l th fl ies” spread intestinal
pathogens causing typhoid [Graczyk et al 2001]), or biting
flies can transfer pathogens biologically where the main
natural route for the pathogen is via the fly (e.g. malaria
undergoes part of its life cycle in the fly). Only a limited
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number of dipteran families contain species that require
a blood meal to develop their eggs. Mouthparts in these
families are modified for piercing, blood sucking, and
lapping, and vertebrate host location mechanisms are
highly developed (Gibson and Torr 1999).
Table 6 illustrates the diversity of Diptera and patho-
gens involved in the biological transmission of diseases
to humans. This list does not cover the many dipteran
vectors of non-human diseases, for instance biting midges
(Ceratopogonidae) that transmit bluetongue virus to sheep
(Mellor et al 2000).
Flies are both abundant and vagile, all of which add to the
difficulty in their control. Biting flies may be a local prob-
lem or may arise far away; Ochlerotatus notoscriptus (Cu-
licidae) will range over only a few hundred metres (Watson
et al 2000) but virus-laden biting midges 1-3 mm long can
be carried by the wind for over 700 kilometres (Mellor et
al 2000). Biting flies inhabit undisturbed ecosystems
through to urban environments. The Yellow Fever or Den-
gue Mosquito (Aedes aegypti) is now so dependent on
humans it usually completes its life cycle indoors, feeding
on humans and breeding in water stored inside houses.
Humans have often unwittingly assisted the spread of
vectors (Lounibos 2002). For example, the Asian Tiger
Mosquito (Aedes albopictus) spread throughout the USA
via imported automobile tires that contained water
(Moore 1999). A malaria mosquito Anopheles punctulatus
extended its range in Papua New Guinea due to road
building, which increased its preferred habitat of muddy
temporary puddles (Ebsworth et al 2001).
Humans have responded to vector-borne disease by waging
war on flies, especially mosquitoes (Harrison 1978). Be-
tween 1904 and 1914, discipline and an army of mosquito
control workers enabled General William Gorgas to control
yellow fever and malaria long enough to complete the
Panama Canal (Powers and Cope 2000). Diseases like ma-
laria often account for more casualties among the military
than the fighting. For example, during WWI over one third
of the 300,000 British and French and many of the German
troops along the Macedonian front secumbed to malaria
thereby halting that campaign (Bruce-Chwatt 1988).
The vulnerability of troops to diseases like malaria ex-
plains the continued military interest in vector-borne dis-
ease research (http://wrbu.si.edu/). In 1955, the World
Health Organization (WHO) launched a worldwide ef-
fort to eradicate malaria armed with the new weapons
chloroquine and DDT (Najera 1989). Although this at-
tempt failed partly due to drug and insecticide resistance,
the WHO continues vector-borne disease research (http:/
/www.who.int/tdr/index.html).
A militaristic approach to disease control has been aban-
doned, but biting Diptera, especially mosquitoes, are still
viewed only as an enemy. However, only a minority of
the over 3,000 species of mosquitoes are important pests
of humans. The rest include the bizarre and the beautiful
– as well as the beneficial! Witness Malaya leei as it

steals food from the mouths of
Crematogaster ants (Miyagi 1981), the
egg-guarding behaviour of the Green-
eyed Mosquito Trichoprosopon
digitalum (Lounibos 1991), the spec-
tacular metallic blue Sabethes cyaneus
(Foster and Taylor 1991),  or
Toxorhynchites species whose adults
feed on nectar and other plant exudates
but whose larvae prey on larvae of less
benign mosquitoes.

One legacy of this war on biting flies is
that research is skewed toward taxa of
medical and veterinary importance.
Closer inspection of mosquitoes and blackflies revealed
similar-looking species that were previously overlooked.
For example, using new techniques, the number of spe-
cies recognized within the Anopheles punctulatus group
was almost doubled (Foley et al 1993). At least 90 of the
458 species of Anopheles listed by Harbach (1994) are
part of species complexes. These so-called “sibling” spe-
cies display differences in biting behaviour and distribu-
tion that helps explain why the apparent presence of vec-
tors does not always match the level of disease transmis-
sion. For example, the Anopheles farauti complex in the
Solomon Islands (Figure 10) was found to include non-
human biting species (Foley et al 1994), whose presence
masks the importance of the vector species and can lead
to wasted effort in controlling mosquito larvae.

A trade-off often exists between vector control and the
environment. Some see a worldwide ban on the use of
DDT as a win for the environment but others argue that
this robs poor countries of an affordable and effective in-
secticide for malaria control (Curtis and Lines 2000).
Worldwide release of exotic fish species like the
Mosquitofish, Gambusia affinis, to control mosquito lar-
vae (Rupp 1996), use of pesticides like DDT, or clearing
of riparian vegetation for mosquito control has not always
been evaluated for efficacy or weighed against possible
adverse effects on native fish species or the environment.

Lately there has been renewed interest in environmental
management (Utzinger et al 2001) and environmentally
friendly and appropriate technology for vector control. For
instance, dengue has been controlled in parts of Vietnam
by applying mosquito-larvicidal copepods to water tanks
and limiting breeding habitats by encouraging a recycling
industry based on plastic containers (Vu et al 1998). Fly
traps to reduce trachoma have been designed from recycled
plastic bottles (Dobson 2000), and good control of tsetse
flies has been achieved using traps (Jordan 1995).
Biopesticides such as Bacillus thuringiensis israelensis,
environmental management plans (http://www.lgaq.asn.au/),
and drainage techniques, such as runnelling (Dale et al
1993), are now used for mosquito control.

Increasing international movement and developments
such as dams, roads, logging, and irrigation, have opened

Figure 10.
A bloodfed Anopheles
farauti mosquito, the
principal coastal
malaria vector in the
SW Pacific. (Photo by
Des Foley, Tropical
Health Program,
University of
Queensland).
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up new areas and opportunities for human/vector con-
tact (Gratz 1999). Anthropogenic changes in climate may
(Epstein 2001) or may not (Reiter 2001) increase this
contact, and resistance is developing to the drugs and
insecticides used to control vector-borne diseases
(Hemingway and Ranson 2000). In the past, reliance on
new insecticides and drugs heralded a decline in basic
research on vectors. As genetically engineered, patho-
gen-resistant vector species develop into the next pos-
sible “magic bullet” in the war on vector-borne disease
(Ito et al 2002), will the research on medically impor-
tant Diptera again suffer “collateral” damage?

WHEN BEING A MAGGOT
IS A GOOD THING:

THE ROLE OF DIPTERA
IN FORENSIC SCIENCE

Andrew McDowell

Blow flies and their maggots are generally considered to
be nuisance animals. They aren’t the prettiest insects to look
at and they tend to loiter around filth such as garbage and
rotting material. However, it is this very behaviour that makes
blow flies potentially useful in forensic science.
Forensic entomology is a general term for the application
of the study of insects and other arthropods to legal is-
sues, especially in courts of law (Catts and Goff 1992). It
can be further divided into three broad categories – stored
product entomology, urban entomology, and medico-crimi-
nal or medico-legal entomology. The first two of these
categories deal primarily with civil legal action, such as
litigation over issues like arthropod contamination of com-
mercial products, while the last category deals with in-
sects associated with criminal activities, such as murder,
suicide, physical abuse, and neglect. For the remainder of
this review the term forensic entomology will refer only
to medico-criminal entomology.
The use of arthropods in forensic science is not a new
concept. The thirteenth century writings of the Chinese
magistrate Sung Tzu detailed the identification of a mur-
derer based on entomological evidence (McKnight trans-
lated 1981), and 600 years later, during the nineteenth
century, blow flies and cast puparia were used as indica-
tors of post-mortem interval (Bergeret 1855; Megnin
1894). However, until the 1980s, the use of entomologi-
cal evidence in modern forensic science was largely ig-
nored. Various case studies document how insects, pri-
marily blow flies, have been used to estimate post-
mortem intervals (PMI) (Goff 1991; Goff 1992; Lord et
al 1992; Lord et al 1994; Benecke 1998; Introna et al
1998). Insects have also proven useful in demonstrating
that corpses have been moved (Benecke 1998) or inter-
fered with (Anderson 1997) and in showing that toxins
were present in a corpse when there was no other appar-
ent cause of death (Beyer et al 1980; Introna et al 1990;
Miller et al 1994). Entomological evidence has also been
used to link suspects to a scene of crime (Prichard et al
1986). Not all forensic cases involve blow flies – the

advanced developmental stage of black fly pupae on a
submerged car (Merritt 1994) and the presence of bumble
bee hairs on stolen banknotes (Howden 1964) both re-
sulted in murder convictions.
Insects can be particularly useful in forensic science
because they invade carrion in a predictable pattern over
time (Swift et al 1979; Goff 1991; Shean et al 1993;
Richards and Goff 1997), with blow flies (Calliphoridae)
(Figure 11) and flesh flies (Sarcophagidae) typically be-
ing the first to arrive. Other groups of flies (e.g. muscid
flies [Muscidae] and scuttle flies [Phoridae]) and beetles
(e.g.  carrion beetles [Silphidae],  hister beetles
[Histeridae], and rove beetles [Staphylinidae]) are also
attracted to decomposing corpses and arrive at different
times depending on factors such as state of decay and
seasonal conditions. By examining species succession
patterns and determining the age of maggots collected
from a corpse, it is possible to make an accurate estima-
tion of time passed since death. Blow flies are particu-
larly useful for estimating post-mortem interval because
they are usually the most abundant arthropods found in
association with decaying flesh. Forensic entomologists
collect flies, eggs, maggots, and pupae from crime scenes
and return them to the laboratory for identification. Adult
flies are usually killed and preserved for identification,
but because immature stages are often difficult to iden-
tify to the species level, some are reared to adulthood
for confirmation of species identity. Others are preserved
for age determination and tentative species identifica-
tion. Estimates of post-mortem interval based on ento-
mological evidence also rely on an accurate interpreta-
tion of environmental conditions at the crime scene. Fac-
tors including ambient and corpse temperatures, humid-
ity, and the position of the corpse may affect the devel-
opment rate of maggots and thus estimations of their age
(Catts 1992). Other factors associated with estimates of
time of death include presence or absence of narcotics
in the corpse, and also whether the corpse is wrapped in
material (e.g. blankets) (Catts and Goff 1992) or fully
clothed or naked (Mann et al 1990).
To be able to accurately estimate times of death, forensic en-
tomologists must be familiar with both the species present in
the area in which a corpse is found and the biology of carrion-
breeding insects. Succession patterns and overall decomposi-
tion times have been shown to vary with location, seasonal
conditions, and habitat type (Early and Goff 1986; Tullis and
Goff 1987; Goff 1991; Shean et al 1993; Tantawi et al 1996;
Richards and Goff 1997; Avila and Goff 1998; Davis and Goff
2000). Thus, to become familiar with local species, forensic
entomologists conduct field trials under various conditions.
Typically such experiments are conducted using pig carcasses
as models for humans since pigs are similar to humans in
their physiology, gut fauna, and hair coverage. Most research
in the area of forensic entomology has been conducted in North
America and Europe, but more recently forensic entomology
has become an area of increasing focus and research is now
being conducted throughout South America, Southeast Asia,
and Australia. Australia is of particular significance given its
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great diversity of carrion-breeding blow flies from two fo-
rensically significant genera, Chrysomya  (Figure 11) and Cal-
liphora. In Australia, these two genera may co-exist on car-
rion, but dominate the carrion system at different times of the
year. For example, in sub-tropical southeast Queensland, Chry-
somya is more abundant during warmer months from Sep-
tember to May while Calliphora dominates the cooler months
of June through to August (McDowell, unpublished data).

The applications of insects, particularly Diptera, in foren-
sic science are many and varied. However, in order to use
entomological evidence efficiently, a thorough understand-
ing of the ecology of carrion systems in a given area is
required. With the recent resurgence of interest in the use
of arthropods as a form of evidence in criminal situations,
and with new and innovative research being conducted in
this field, the use of entomological evidence is becoming
more widely accepted throughout the forensic community.

MOLECULAR SYSTEMATICS
OF FLIES (DIPTERA)

Shaun L. Winterton

Genetic and molecular methodologies are now widely
used in the study of dipteran biology, ecology, specia-
tion, biogeography, population genetics, systematics, and
developmental biology. To justly treat the many facets
of fly research using molecular techniques is beyond this
brief summary (e.g. black fly systematics based on poly-
tene chromosomes). In this section I will highlight re-
search into the evolutionary relationships of Diptera that
has used molecular sequencing methods.

The development of the polymerase chain reaction (PCR)
and automated sequencers to respectively amplify and
sequence selected gene regions has greatly eased mo-
lecular research. As a result, PCR use has become com-
mon in modern phylogenetic analysis, and to create an
evolutionary tree, modern systematics now relies not only
on traditional comparative morphological study but also
on a range of molecular data sources.

THE CONTRIBUTION BY DROSOPHILA
Throughout most of the twentieth century the use of a small
fly of the family Drosophilidae has formed the basis for
research into eukaryote genetics (genetics of animals
whose cells contain nuclei). In 1910, Nobel Laureate T.H.
Morgan chose the Vinegar Fly (Drosophila melanogaster)

(Figure 12) for his studies of
heredity, and with the

help of A.H.
Sturtevant

and C.B.
B r i d -
ges, he
formu-
l a t e d

the theory of
c h r o m o s o m a l
heredity. Since

then, Drosophila has been used to construct the first ge-
netic maps and formulate much of our understanding of
sex determination, genetic linkage, and chromosomal me-
chanics and behaviour (Kornberg and Krasnow 2000).
In early 2000, researchers announced that the sequenc-
ing of the Drosophila melanogaster genome was com-
plete (Adams et al 2000)—a significant advancement in
eukaryotic genomics. The Drosophila genome comprises
approximately 120 megabases and encodes around 13,600
genes. Although previously well over 2,500 genes had
been defined genetically, now the positions of all the
Drosophila genes can be mapped, enabling researchers
to investigate the functions of genes not linked with par-
ticular phenotypes (appearances). Through conservation
of biological processes, studies of genes in Drosophila
(and other organisms for which genomes are sequenced)
will also increase our understanding of comparable genes
in humans.

Recently, the completion of genome sequencing of the
mosquito Anopheles gambiae (Culicidae) has given the
research community a second dipteran genome (http://
www.ensembl.org/Anopheles_gambiae/). The results of
this research are due to be published in the journal Sci-
ence in the second half of 2002.

PHYLOGENETIC STUDIES OF DIPTERA
As a whole, our knowledge of dipteran evolutionary rela-
tionships is relatively patchy. Phylogenetic studies based on
morphology alone have had their difficulties; despite sig-
nificant consensus, there is still strong debate, particularly
with respect to higher-level relationships (reviewed by Yeates
and Wiegmann 1999). A wealth of new data available from
DNA sequences is beginning to be exploited at various taxo-
nomic levels from interfamily level relationships to popula-
tion genetics. Rates of mutational change and the propor-
tions of variable versus conserved regions vary consider-
ably across different genes. Variable rates of mutation means
that individual genes may be suitable only for particular taxo-
nomic levels within a given group, and may not be appro-
priate for the same level in another group.  In general, genes
with slower rates of mutation change are more informative
for higher-level relationships, while genes with high rates
of mutation change are informative for exploring lower level
relationships such as population studies. This makes gene
selection for any phylogenetic study highly idiosyncratic,
and the appropriateness of a particular gene for studying a
specific study group can only be determined with certainty
through preliminary studies. Various genes have been ex-
plored for their phylogenetic utility, although compared with
vertebrate systematics we still have relatively few genes for
use in insect systematics. There are two sources of sequence
data in the animal cells:
Mitochondrion. Individual mitochondria in the eukary-

otic cell each contain a circular, maternally inherited
DNA genome betraying their prokaryotic prehistory.
Genes commonly used for examining phylogenetic re-
lationships in Diptera include the ribosomal DNA genes
12S and 16S, transfer DNA genes and protein encoding

Figure 12.
Throughout most of
the twentieth century
the use of a small fly
(Drosophila
melanogaster) of the
family Drosophilidae
has formed the basis
for research into
eukaryote genetics
(genetics of animals
whose cells contain
nuclei). This is a
familiar, cosmopoli-
tan species that is
commonly encoun-
tered around rotting
fruit. (Drawing
courtesy of AAFC
[from McAlpine et al
1987, p. 1011]).

Figure 11.
(opposite page)
Insects can
be particularly useful
in forensic science
because they invade
carrion in a
predictable
pattern over time.
The blow fly
(Calliphoridae)
Chrysomya sulcifrons
is a typical secondary
invading species
in south-east
Queensland; their
large hairy larvae are
most common in the
warmer months.
(Photo by Anthony
O’Toole,  University
of Queensland)).



T R O P I C A L  C O N S E R V A N C Y22

genes such as Cytochrome oxidases  (COI, II and III),
Cytochrome b and ND1, 2, 3, 5 and 6 (Simon et al 1994).

Nucleus. Nuclear ribosomal DNA (e.g. 5.8S, 18S and 28S)
has been the mainstay of many phylogenetic studies of
Diptera owing to their numerous repeats in the genome
and relative ease of amplification and sequencing. As with
mitochondrial ribosomal genes, there are regions of con-
served and variable regions corresponding to secondary
structure stems and loops. Conserved regions have been
useful at higher taxonomic levels, while variable regions
have been plagued by difficulties of alignment. Gene ex-
ploration and increasing efficiency in amplification and
sequencing techniques have led to increased use of nuclear
protein-encoding genes in studies of fly evolution. Many
are single copy genes, but others may form part of multi-
gene families that, if not fully concerted, may result in
simultaneous amplification of multiple, closely related,
but slightly different genes.  Other sequencing and align-
ment difficulties with using nuclear protein encoding genes
may come from the presence of introns (extra non-cod-
ing DNA) in the gene’s sequence in certain taxa, the pres-
ence of pseudogenes (non-functional copies of genes) or
allelic polymorphisms (different forms of the gene at the
same locus).

The number of genes being utilized for molecular system-
atics is increasing and detailed reviews of the use of nuclear
genes in insect systematics include Friedlander et al (1992),
Brower and DeSalle (1994), and Caterino et al (2000).

The description of the evolutionary relationships of Diptera
has been based largely on morphology over the last cen-
tury, and relatively few studies have been undertaken us-
ing molecular data. Table 7 presents an overview of the
important contributions to molecular phylogenetics of flies.
Obvious from the examples of higher phylogenies (e.g.
above the family level) is the almost exclusive use of a
limited number of mitochondrial and nuclear rDNA gene
sequences. Considering the increasing number of nuclear
protein encoding genes that have been shown to be useful
for recovering higher-level relationships in other insect
groups (Friedlander et al 1992), their usefulness in higher-
level dipteran systematics is clearly worthy of investiga-
tion. Contrary to this, studies on lower level relationships
(e.g. families, subfamilies) of Diptera have used a far
broader range of genes to investigate the internal hierar-
chy of relationships.

With the advent of PCR and the subsequent ease of se-
quencing using automated PCR and sequencing machines,
the use of large amounts of sequence data is becoming
more and more common. Frequently, multiple genes are
sequenced and the level of congruence is determined be-
tween individual genes, gene regions, or with morpho-
logical data and other non-molecular sources of data.
Combining multiple data sets from a variety of molecu-
lar and non-molecular sources to generate robust total
evidence phylogenies appears to be the future direction
of systematic research on Diptera.
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DIPTERAN GLOW-WORMS:
MARVELLOUS MAGGOTS

WEAVE MAGIC FOR TOURISTS
Claire H. Baker

Insects and tourism are not two words commonly or posi-
tively put together. In fact, quite often it is insects like
mosquitoes (Culicidae), biting midges (Ceratopogonidae)
and horse flies (Tabanidae) that make some tourist at-
tractions less desirable places to visit. However, around
the globe, for an increasing number of ecotourists, a few
specific insect species have become the main attraction.
Butterflies (e.g. Monarch Butterfly reserves in Mexico)
and fireflies (e.g. in Great Smoky National Park, USA)
spring to mind, but one of  the biggest insect drawing
cards belongs to the Diptera. A number of species within
Keroplatidae (Orfelia fultoni, Arachnocampa spp., and
Keroplatus spp.) emit a bioluminescent blue/green light
as larvae. In some instances these “glow-worms” con-
gregate in large numbers and form impressive displays,
similar to a star-lit night sky.

The genus name, Arachnocampa, or “spider-like grub,” re-
fers to the larval characteristics of glow-worms. The larvae
of all glow-worms construct mucus tubes from which they
hang a snare or web of silk and mucus to capture prey that
is attracted by its bioluminescence (Richards 1960). The
larvae are voracious predators and will feed on many types
of arthropods attracted to their glow (Broadley 1998, Baker
1999). Larvae are generally long-lived while the non-biolu-
minescent adults are very short-lived, dying within a few
days of emergence (Richards 1960, Baker 1999).
Glow-worms are found in a variety of habitats – such as
caves, mine tunnels, railway tunnels, rainforest banks, and
damp overhangs – but always within areas of very high hu-
midity. Larvae will glow during daytime hours if subjected
to constant darkness (Baker 1999) and therefore, tourists
can observe cave populations that glow both day and night.

NEW ZEALAND
The renowned Waitomo caves on the North Island of New
Zealand have been a popular tourist attraction since first
being discovered in 1887 (http://www.new-zealand.com/
waitomocaves/). The endemic New Zealand glow-worm,
Arachnocampa luminosa, attracts approximately 300,000
tourists annually (Peter Dimond, Manager Waitomo Mu-
seum of Caves, personal communication). The glow-worms
in the Te Anau caves of the South Island also attract large
numbers of tourists. Due to the importance of glow-worms
to the New Zealand tourist industry, a number of biological
and ecological studies have focused on this species (from
Norris [1894] through to the most recent, Broadley [1998]).

AUSTRALIA
In Australia, at Natural Bridge in Springbrook National
Park, part of the World Heritage-listed Central Eastern
Rainforest Reserves, another large colony of glow-worms
is the subject of increasing tourism interest, with an esti-
mated 110,000 night visitors per annum (Mike Hall,

Queensland National Parks Ranger, personal communica-
tion). A number of smaller glow-worm tourism operators
have tours in other rainforest areas of eastern Australia,
with glow-worm displays in parts of Tasmania rivaling
those of the New Zealand caves (personal observation).
Three endemic species are currently known from Austra-
lia (Harrison 1966): A. flava, endemic to rainforest areas
of southeast Queensland (Perkins 1935; Harrison 1966);
A. richardsae identified from the Newnes railway tunnel,
New South Wales; and A. tasmaniensis from Tasmania. I
have also identified glow-worm species, which I will soon
be describing from isolated caves and rainforest pockets
in parts of Australia.
OTHER LOCALES
Other bioluminescent keroplatid genera exist in North
America, Japan, and Europe. For example, tourists can
view the “Dismalites” (Orfelia fultoni) in The Dismals
Canyon of Alabama (USA); the canyon itself is a spec-
tacular backdrop for this amazing insect.
OBSTACLES AND OPPORTUNITIES
As the enthusiasm for ecotourism continues to surge, in-
sects promise to play an ever-growing role. Most “main
attraction” species are localized, and their habitats and food
resources are often precariously balanced. More research
is required to better understand the requirements of these
insects and the careful management that some species may
require to avoid exploitation. Scientists need to fuel gov-
ernment policy makers and business owners with solid in-
formation that will ensure the right decisions are made.
Despite the concerns, ecotourism offers the promise of con-
servation. More people travelling to more wild places will
drive governments and local landowners in the direction of
land preservation, which is so vital to conservation. In turn,
by showcasing one of the most diverse groups of animals
on the planet, ecotourism operators can generate new inter-
est and appreciation for the often- berated “lowly” fly.
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A N N O U N C E M E N T S

3RD WORLD CONGRESS ON MEDICINAL AND
AROMATIC PLANTS FOR HUMAN WELFARE
3 – 7 Februrary 2003.  Chiang Mai, Thailand
From Biodiversity through Science and Technology, Trade
and Industry to Sustainable Use. Contact: Wocmap III.  E-
Mail: secretariat@wocmap3.org ; Web: http://
www.wocmap3.org/

LATIN AMERICA AND CARIBBE
AN REGIONAL MEETING ON THE
CLEARING-HOUSE MECHANISM
18 – 20 February 2003. Location TBA. Contact: Mr.
Hamdallah Zedan, Executive Secretary, Secretariat of the
Convention on Biological Diversity. Phone: 514 288 2220;
Fax: 514 288 6588; Email: secretariat@biodiv.org ; Web:
http://www.biodiv.org/

EIGHTH MEETING OF THE SUBSIDIARY
BODY ON SCIENTIFIC, TECHNICAL AND
TECHNOLOGICAL ADVICE (SBSTTA-8)
10 – 14 March 2003.  Montreal, Canada. Contact: Mr.
Hamdallah Zedan. See contact information above.

THIRD WORLD WATER FORUM
16 – 23 March 2003.   Kyoto, Japan. Contact:  Water Forum
Secretariat.  Phone: + 81 3 5212 1645; E-Mail:
office@water-forum3.com; Web: http://www.-
worldwaterforum.org/

AD HOC INTER-SESSIONAL MEETING
ON THE MULTI-YEAR PROGRAMME OF
WORK OF THE CONFERENCE OF THE
PARTIES UP TO 2010
17 –18 March 2003.   Montreal, Canada. Contact: Mr.
Hamdallah Zedan. See information in second entry.

PAN-AMERICAN ENVIRONMENTAL
TRADE SHOW AND CONFERENCE
18 – 21 March 2003.  Montreal, Canada. Contact:  Ms.
Johanne Clément, Réseau Environnement. Phone: + 1 514

270 7110; Fax: + 1 514 270 7154; E-Mail: info@reseau-
environnement.com; Web: http://www.reseau-
environnement.com/

INCENTIVE MEASURES INTER-AGENCY
COORDINATION COMMITTEE
20 – 21 March 2003.  Montreal, Canada. Contact: Mr.
Hamdallah Zedan. See information in second entry.

INTERNATIONAL TRAINING
PROGRAMME ON CONSERVATION
AND MANAGEMENT OF
FOREST GENETIC RESOURCES
IN EASTERN EUROPE. YEAR III
April 2003 - May 2003.  Gmunden, Austria. Contact: Mr.
Jozef Turok, International Plant Genetic Resources Institute.
Phone: 39 06 51 89 2250;  Fax: 39 06 57 50 309; E-Mail:
j.turok@cgiar.org; Web: http://www.ipgri.org/networks/
euforgen/training/course.htm

AD HOC TECHNICAL EXPERT GROUP ON
PROTECTED AREAS
7 – 10 April 2003.  Location TBA. Contact: Mr. Hamdallah
Zedan. See information in second entry.

AD HOC TECHNICAL EXPERT GROUP
ON THE DESIGN OF NATIONAL-LEVEL
MONITORING PROGRAMMES
AND INDICATORS
April 2003.  Location TBA. Contact: Mr. Hamdallah Zedan.
See information in second entry.

FOURTH MINISTERIAL CONFERENCE
ON THE PROTECTION OF FORESTS
IN EUROPE
28 – 30 April 2003.  Vienna, Austria. Contact: Ministerial
Conference on the Protection of Forests in Europe, Liaison
Unit Vienna. Phone: +43 1 710 77 02; Fax: +43 1 710 02 13;
E-Mail: liaison.unit@lu-vienna.at; Web: http://www.-
mcpfe.org/

Fly Heads.
The right picture

illustrates the head of a
typical fly, in this case

the flower fly,
Spilomyia fusca

(Syrphidae) [North
America]. The left

picture is of a tsetse
fly, Glossina sp.

(Glossinidae)[Africa].
Note the difference in

mouthparts between
these two flies.

Spilomyia adults feed
on nectar and pollen of

flowers while adult
tsetse flies are blood

feeders and carry
human diseases such as

trypanosomiasis
(sleeping sickness).

actual size

actual size


