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The family Chironomidae is the most widely distributed and frequently the
most abundant group of insects in freshwater environments. An enormous
amount has been written about their biology

(51, 69), and yet the detailed

ecology and life cycles of the great majority of species are unknown and most
general faunistic works either ignore the Chironomidae or deal with them
superficially

( 1 46). The primary reason for such deficiencies is the lack of

readily available "keys" for their identification, coupled with the large number
of species frequently encountered within even a small water body. The recent
generic diagnoses and keys to larvae and pupae of the Holaretie region (214,
2 1 5), which will shortly be followed by a similar treatment of adult males,
should do much to remedy this situation.

The first attempt to summarize the ecology of the Chironomidae was by
Thienemann ( 1 89), and there have been two, more recent, reviews that provide
useful summaries of the natural history of the group

( 1 36, 1 49).

LIFE CYCLES
In temperate regions many species of Chironomidae are uni- or bivoltine, but
the occurrence of three or four annual generations is not uncommon (25, 54, 73,
145,147,151,161,173,174,227,228). A substantial number of species,
especially among the subfamily Orthocladiinae, are multivoltine with con
tinuous recruitment for much of the year

(4 1 , 1 43, 1 5 1 , 220). Species inhabit

ing the profundal of deep lakes may require more than a year to complete their
development (2, 76), whereas in the far north all species require at least two
(123) and up to seven (24) years.
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For most species the overwintering capability is not restricted to any particu

lar instar, and in temperate regions development of some species may continue
throughout the winter

(127). Paratendipes albimanus larvae are known to
(202), and
Rheotanytarsus curtistylus larvae pass most of the winter in the third instar
(147). Under favorable conditions, many species are capable of very rapid
development (89, 145), but larvae derived from the same batch of eggs may not
necessarily all develop at similar rates (196). The subject of dispersal of
chironomid larvae from the egg mass was reviewed by Davies (38).
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remain as first or second instar larvae throughout the winter

The pupal stage is short lived and has been little studied in an ecological
context

(136). When development is complete, the pupa swims to the surface

where the adult usually emerges within a few seconds (129). Oliver (136) states
that adult midges live for a few weeks at the most, but for many species the
length of adult life is no more than a few days

(93, 196). In general, chirono

mids produce only a single egg batch, although, on the basis of ovarian
structure, Chironomus plumosus females appear to be capable of producing up
to three batches of eggs

(209).

INFLUENCE OF ENVIRONMENTAL CONDITIONS
Nature

of Substratum

Although chironomid species may exhibit a distinct preference for a certain
type of substratum

(95, 118), many are capable of using a variety of substrata
(144). Several studies have identified the nature of the substratum as an
important factor limiting the distribution of chironomid larvae (95, 101-103,
109).
The types of substratum available �or colonization in aquatic habitats may
broadly be classified as hard rock, soft sediment,' submerged wood, and aquatic
plants. A few species of chironomid live epizoically on other invertebrates.
This aspect was reviewed by Steffan
tion of such associations

(176), who has also discussed the evolu

(177).

Although well known in qualitative terms, the quantitative ecology of the
chironomid fauna of hard rock surfaces, predominantly Diamesinae and
Orthocladiinae

(189), has been little studied. None of the species listed in

Limnofauna Europaea (50) as characteristic of hygropetric situations (Le. thin
films of water on rock surfaces) is restricted to such places. They all occur also
in springs or small streams. The Chironomidae inhabiting hard rock surfaces in
glacier brooks have been particularly well described

(44, 86, 163, 178, 179).

The fauna of soft sediments, including gravel as well as various grades of
sand and silt, has been much more intensively studied than that of hard rock
surfaces

(95, 106, 144), primarily because of the relative ease with which

quantitative samples can be obtained.
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In a detailed study of the benthos of Loch Leven (106), no species of
chironomid was found to be closely associated with sediments that consisted
principally of pebbles. Chironomid larvae were also scarce in the "flint zone" of
the River Thames (102). In marked contrast, chironomids were more abundant
in gravel, in the organically polluted River Suprasl, than in nearby sediments
that were rich in organic matter (133). Similarly, in a highly productive chalk
stream, chironomids were more abundant in samples taken from gravel than in
adjacent deposits consisting of sand and organic silt (144).
Whereas rock and gravel substrata are dominated by species of Orthocla
diinae and Diamesinae, the subfamilies Chironominae and Tanypodinae pre
dominate in finer sediments of sand and silt (l06, 144). In general, a strong
correlation has been found between the organic content of sediments and the
density of most Chironominae and Tanypodinae (125); however, interactions
between environmental factors may serve to obscure the relationship (199).
Most studies indicate that, within certain limits, larvae are unselective in
terms of the sizes of particles used for construction of their cases or tube retreats
(18). Nevertheless, particle sizes in sediments may play an important role in
determining the distribution of larvae of some species (109, 117, 219).
A conflict may sometimes occur between the nutritional value of sediment
and its suitability for the construction of tubes. The distribution of Chironomus
lugubris in a bog lake was shown to be related to the age of particles and their
consequent microbial loading (116). In contrast, larvae of Glyptotendipes
paripes were associated with large particles, suitable for case building, but of
low nutritional value (112).
Chironomid larvae in general are confined to the surface layers of soft
sediments (53,153), but some species penetrate more deeply (14) and depth of
sediment may be limiting to population density in some instances (68, 115). In
stony streams the hyporheos may be an important component of the biota (27,
56, 175), but the significance of this habitat in relation to populations of
Chironomidae is unknown.
Chironomid larvae commonly colonize the surface of submerged logs ( l lO,
134). The majority of larvae associated with wood probably feed on the
associated "aufwuchs." There are, however, several species of Orthocladiinae
(29) and Chironominae (148) that are genuine, and perhaps obligate, miners in
wood. Larvae of Symposiocladius lignicola are found only in the outer layers of
firm, not waterlogged, wood and they ingest wood fibers (28). It is not known
whether such larvae derive their nutrition from microorganisms associated with
the decomposition of timber or, less likely, whether they carry a symbiotic gut
fauna that is capable of digesting cellulose.
The presence of macrophytes in aquatic ecosystems may result in a very
substantial increase in the surface area available for colonization by in
vertebrates. Boerger and colleagues (16) showed that aquatic plants increased
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the available surface area by between 5 and 10 times in an Alberta stream, but
they harbored only 30 to 40% of the total chironomids. Work carried out on
another North American stream (121) showed that, when expressed in terms of
number of animals per unit of surface area, significantly fewer invertebrates
were found on macrophytes than on bare substrates. Most studies have, howev
er, demonstrated a positive relationship between the distribution of macrophyte
beds and the abundance and/or diversity of Chironomidae (8, 42, 120, 125,
144, 168, 192).
Various patterns of microdistribution have been demonstrated for Chirono
midae and other invertebrates on submerged macrophytes (41, 193), and such
patterns may be closely related to features of plant morphology (193). Plants
may also affect chironomid distribution by influencing the nature of the bottom
deposits (125).
Representatives of a number of genera of Orthocladiinae (29) and Chirono
minae (148) have been recorded mining in the soft tissues of plants, but in many
instances such behavior does not appear to be obligatory.

Water Quality
At pH values of less than 5.5, many aquatic animals experience difficulties with
calcium regulation, whereas below pH 5.0 problems also arise in relation to
sodium regulation (64). Many species of chironomid are tolerant of a wide
range of pH, from 6. 0 to 9.0 (156), but outside of this range decreasing pH
results in the occurrence of fewer species (42, 152, 171).
The relative sensitivity of aquatic invertebrates, including chironomids, to
low pH was studied in a series of ponds, ranging from pH 8.2 to 2.8 (65),
Sensitive species were unable to maintain high levels of sodium at low environ
mental pH. Tolerance of acidic conditions appears to be partially related to
body size (216), and the ability to tolerate a wide range of pH seems to occur
most frequently within the Chironominae and especially in the tribe Chironomi
ni. Of71 species listed by Roback (156) only seven occurred at pH <5.5 and, of
these, five belonged to the Chironomini. Chironomus plumosus was usually the
only species found in a series of lakes affected by acid mine-drainage when the
pH was <6.0, and there was also measurable free acidity (63). The ability to
withstand highly acid conditions may be enhanced by the buffering capacity of
hemoglobin, which is present in the hemolymph of all Chironomini (74).
Despite the fact that larvae of C. attenuatus have been recorded living under a
wide range of pH (156), they were found, under laboratory conditions, to have a
relatively narrow range of favorable pH, which varied somewhat according to
developmental stage (190). Sergentia albescens is most susceptible to
acidification at the time of adult emergence (10).
In addition to creating difficulties in relation to ion balance, reduced pH may
also result in an increase in the length of time spent by larvae in creating a
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current of water through their tubes (200), and may thereby reduce the time
.
available for feeding.
Some species of chironomid are tolerant of a wide range of salinity ( 1 54).
Chironomus salinarius has been recorded from freshwater (198) as well as in
chloride concentrations of up to 41% ( 1 55, 1 81). This species is also tolerant of
extreme changes in salinity in pools subject to evaporation ( 132).
Lake Lenore, in central Washington, has been studied over a 24-year period
during which its salinity has steadily declined (213). Most previously un
reported species colonized this lake when the salinity range was 2-3 ppt.
Several taxa that did not appear in the "sodium bicarbonate type" Lake Lenore
until the salinity level had fallen to less than 3 ppt occurred at much higher
levels of salinity in "sodium magnesium sulphate type" lakes in Saskatchewan
(154). This suggests that ion composition, as well as salinity, is an important
factor influencing chironomid distribution (61).
Many species of chironomid larvae are tolerant of poorly oxygenated con
ditions. In the Chironominae such tolerance is related to the possession of
hemoglobin, and larvae of Chironomus dorsalis have been reported to extend
their tubes as much as 20 mm above the sediment surface in order to maintain an
oxygen concentration of more than 7 mg 1-1 at the tube entrance (85). As
oxygen levels decline, various species have been shown to increase the length
of time spent pumping water through their tubes (78, 85). Growth of Chirono
mus anthracinus in Lake Esrom is known to be inhibited when oxygen levels
fall to less than 4% saturation in summer (78). Chironomid densities in part of
the Great Slave Lake were found to be negatively correlated with oxygen
concentration (123), but this was probably indicative of a positive correlation
with the organic content of sediments.
Nearly all species of chironomid exhibit preferences for certain water depths
( 1 38), even in shallow water bodies (34). Some species show changes in depth
preference that are associated with age (123); distribution in relation to depth
may also be modified in response to changes in temperature (196) or pollution
(123). Such interactions probably explain observed differences in the distribu
tion of certain species between water bodies. For example, depth was found to
have little influence on the distribution of Heterotrissocladius changi in one
lake (123), but elsewhere this species was confined to a narrow littoral/upper
profundal zone (164).
Chironomid larvae apparently do not migrate in response to falling water
level, and many species can survive a degree of drying. In contrast, many
species rapidly exploit a rise in water level (111).
Temperature is one of the major factors controlling rates of growth and
development in aquatic insects (4), and the adult body size of a number of
insects depends largely on temperatures experienced during larval development
( 1 85). In addition to a direct effect on metabolism, temperature is also likely to
have an indirect effect through its influence on food quality and quantity (185).
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There are few published data on the influence of environmental temperature
on egg development in the Chironomidae (184). Eggs of Chironomus plumosus
hatched in 1.5 to 2 days at temperatures between 22° and 25°C (196); in another
study they were found to take 3, 6.5, and 14 days to hatch at temperatures of
24°, 16°, and 9°C respectively (67). At temperatures below 8°C, eggs of this
species failed to hatch (67).
Considerably more information is available on the temperature relations of
larval chironomids (35, 104, 183, 184). Under favorable conditions, larval
development of many species may be extremely rapid (89, 104). Rate of
development is largely temperature dependent, but there is evidence that food
quality may also have a significant effect (203).
Mackey (104) studied growth and development of a range of species at
different temperatures. At 1 5°C larval development required between 5 and 48
days for completion. In these experiments larvae were collected from the field
so that their initial ages were not accurately known. Some of the stated times for
development may thus be substantial underestimates. Support for this view is
found in work done elsewhere (220) in which larvae of Thienemanniella vittata
that were derived from eggs, and therefore of known age, took about 20 days to
complete development at 15°C, whereas Mackey's (104) estimate for the same
species was only 5.2 days at this temperature.
Larvae reared at lower temperatures are usually longer than those reared at
higher temperatures (104). In most species, rates of growth and development
increase with a rise in temperature, but in Cricotopus bicinctus an increase in
temperature from 15° to 20°C produced an increased rate of development, but
not of growth (104). It may be assumed that larger larvae give rise to
correspondingly larger adults, and this has been demonstrated for at least one
species of chironomid (228). In many insect species the number of eggs laid is
positively correlated with female body size and hence negatively correlated
with temperature experienced during larval development (185), but there
appears to be no direct evidence for this within the Chironomidae.
Some chironomids are known to be able to complete their development at
very low temperatures (135). Under arctic conditions, development may be
protracted (24). A species of Procladius from Lake Hazen, where temperatures
never exceed 4°C, requires 3-4 years to develop fully (135), and a 7-year life
cycle has been noted for Chironomus spp. inhabiting tundra ponds (24).
It has been suggested that the Chironomidae as a whole are preadapted to cold
(23) or even freezing (34) conditions by virtue of having initially evolved in
areas subject to such conditions. Certainly, tolerance of freezing is widespread
among members of the Chironomidae and has been demonstrated in all sub
families and in temperate as well as arctic species (34, 137). Preparation for
overwintering may be accompanied by a reduction in water content. This has
been observed in larvae in temperate zones, but in the arctic the tendency is
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much more marked and may result in larvae becoming noticeably shrivelled
(34). Chironomid larvae have no apparent ability to resist freezing when in
contact with ice crystals (34).
When larvae overwinter in areas where freezing is likely, they frequently,
though by no means invariably, construct cocoons and empty their guts (34,36,
137). Although cocoons confer no advantage in terms of ability to withstand
freezing of body fluids, larvae in cocoons overwinter markedly better than
those without (34). The benefit may be in conferring increased resistance to
mechanical damage, and it is significant that similar cocoons may be con
structed by larvae forced to withstand other types of stress such as desiccation
(59) or oxygen depletion (162).
Pupation appears to be primarily under the control of light, although tem
perature may have a modifying influence (135). Some individuals may pupate
and emerge in small numbers under conditions that are generally unfavorable;
others fail to emerge when conditions appear to be ideal for the majority of the
population (35, 47). According to Danks (35), such individuals may buffer the
population in years of unusually harsh environmental conditions when the main
population is destroyed or severely depleted.
The emergence behavior of adult midges is influenced by a variety of
environmental factors, ,including temperature (204), and has often been the
subject of study (26,87,130,204). In the arctic, emergence is timed to coincide
with rising or peak water temperature (37). In temperate regions, emergence is
more variable and may be primarily under the control of temperature, light, or a
combination of the two (48, 88, 93, 139, 204).

Food
Oliver (136) briefly reviewed the feeding strategies of chironomid larvae, and
Monakov (122) divided them into four types on the basis of feeding behavior:
filter-feeders, scrapers, predators, and mixed feeders.
Few chironomids appear to be restricted rigidly to a single mode of feeding.
The filter-feeding methods of Chironomus plumosus and Rheotanytarsus were
described by Walshe (201), but C. plumosus may also scrape material from
around its tube (68), and at least one Rheotanytarsus species may behave
similarly (personal observation). One exceptional species, which may be con
fined to a specific feeding method because of the unusual morphology of its
mouthparts ( 1 66), is Odontomesa fulva. The larva of this species apparently
feeds by alternately swallowing and expelling water, thereby filtering sus
pended particles by means of the numerous setae associated with its mouthparts
(122).
Food quality and quantity have been identified as the principal environmental
factors influencing rates of growth in aquatic animals (4), with consequent
effects on duration of life cycle, size at maturity, fecundity, and survivorship.
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Food quality is extremely difficult to define, especially for a group of insects
like the Chironomidae, which have varied natural diets. The development of
artificial diets in relation to the nutritional requirements of insects was reviewed
by Vanderzant (197), but little quantitative work has been done on the nutrition
of aquatic insects.
Larval Tanypodinae are generally stated to be carnivorous, but few are
obligate carnivores (136). Detritus and diatoms also figure prominently in the
diet of many Tanypodinae (105, 187). The gut contents of three species of this
subfamily from a variety of habitats in northern England and Scotland were
invariably dominated by finely particulate detritus, with diatoms and larger
particles of detritus also represented (7).
Normally detritivorous species have sometimes been found to be facultative
predators. Chironomus attenuatus, for example, has been found to conSUme
oligochaetes (96), and this may explain the negative correlation sometimes
observed between numbers of Chironomus larvae and the number of oli
gochaetes in samples of sediment (20, 96). Predation is relatively uncommon in
the Orthocladiinae, but larvae of Cardiocladius are reported to feed on larval
Simuliidae (29).
The most frequently recorded material in chironomid guts is detritus (7, 75,
113, 122, 125, 187). Some authors have suggested that detritus is not readily
digested (123, 1 57), but not all have agreed with this view (107). A study of
carbohydrases present in a variety of invertebrates, including Chironomus, led
to the conclusion that the bulk of the material ingested by deposit and filter
feeding animals is indigestible (15). Furthermore, the rapid rate of passage
through the gut (75, 220) allows little time for extensive digestion to occur.
Some larval chironomids are capable of completing their development on a
diet of bacteria alone (157, 225). On the other hand, larvae of Chironomus
riparius that live in an environment where bacteria are sufficiently abundant to
fulfill their theoretical dietary needs apparently feed selectively on some other
component of the detritus and digest only about half of the bacteria that are
consumed (6). Even if larvae do not derive their full carbon and nitrogen
requirements from microorganisms, microbial biomass may stiIl,be of critical
importance in chemically modifying detritus so as to render it usable by insects
(31) or in supplying particular substances that are essential for growth (6).
Conditioning by microorganisms may also be necessary to render organic
matter palatable to invertebrates (83, 116, 118, 141, 195). Even sand grains
may act as surfaces for microbial attachment and thus have a high nutritional
value (119).
The growth of Paratendipes albimanus has been related to seasonal changes
in microbial biomass (202). In rivers at least, the life cycle of this species seems
to be remarkably constant over a wide geographical area (145, 202) with a
single annual generation emerging in June. When experimentally fed on de,
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tritus that was derived from hickory leaves and had a high microbial biomass,
larvae grew faster than on "natural" stream detritus and were able to complete a
second annual generation (203).
The primitive habitat in which the chironomids began their evolution is
considered by some (23 ) to have been rich in diatoms. Algae, and diatoms in
particular, are frequently a conspicuous component of the diet of chironomid
larvae (79, 80, 123, 124, 127, 173). Brook (21) noted the periodic dis
appearance of algae from filter beds and concluded that this was attributable to
the feeding of insects, and especially Chironomidae. Similarly, grazing by
chironomids was reported to reduce substantially the amount of periphyton on
reedstems ( l 08).
In contrast, the impact of grazing by midge larvae in a small woodland stream
was felt to be insignificant (30) and Williams (220) concluded that chironomid
grazing was insufficient to account for the decline in numbers of epiphytic
diatoms in a small river. Nevertheless, the peak in numbers of chironomid
larvae, mostly Orthocladiinae, in the chalk streams of southern England is
closely synchronized with the spring diatom bloom (143, 220), and variations
in the quality and quantity of planktonic algae have been correlated with a
sevenfold increase in chironomid biomass (79). Seasonal cycles in the growth
of Chironomus anthracinus were also shown to be controlled by fluctuations in
the density of phytoplankton (78).
In spite of such observations, the relevance of algae in chironomid nutrition
has sometimes been questioned. Rodina (157) suggested that bacteria associ
ated with algae were the main source of energy. However, diatoms have been
found to be well assimilated (158), and periods of high assimilation rate in
Chironomus plumosus corresponded with blooms of Melosira and Stephano
discus (75).
Relatively few aquatic insects are known to ingest fresh macrophyte tissue. A
number of chironomid species mine in leaves of aquatic plants and ingest some
plant tissue in the process (136 ). Berg (13) records some Cricotopus larvae as
feeding exclusively on leaves of Potamogeton, and it has been suggested that
Cricotopus larvae have potential as biological control agents of Myriophyllum
spicatum (82 ), since they feed extensively on its submerged apical buds (81).
A few chironomid larvae are parasitic such as those of Baeoctenus, which eat
the gills of the swan mussel, Anodonta (29), and Symbiocladius, which parasitizes mayfly nymphs (217).
There have been few studies concerning changes in the diet of chironomid
larvae in the course of their development. In lakes, planktonic first instar larvae
feed on suspended algae and detritus but may also derive some nutriment from
remains of the yolk sac (38, 136 ). First instar larvae of several epiphytic
Orthocladiinae living in a chalk stream were found to feed selectively on
diatoms, whereas later instars fed, more or less indiscriminately, on diatoms
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and detritus (220). First instar larvae of Chironomus plumosus were also found
to feed selectively on diatoms (80), although this was not true in the River
Thames where fine detritus (tripton) was their sole food (105).
McLachlan and colleagues ( 1 14) found that all larval instars living on stony
surfaces in fast flowing streams were selective only in terms of particle size.
Chironomus anthracinus larvae in Lake Esrom also selected diatoms in relation
to their size (78).
The first recorded instance of feeding by adult chironomids was by Oliver
(135), who noted feeding on nectar from arctic flowers by two species of
Smittia. Since then, feeding on honeydew and nectar has been found to be
widespread (40, 169).
Other Animals
Although chironomids are a frequently recorded component of the diet of fish,
there are few statements as to the likely impact of fish on chironomid pop
ulations. Macan's (98) review of the influence of predation on freshwater
animal communities contains only one reference to the Chironomidae. Several
authors have suggested that although fish may feed heavily on stream in
vertebrates, such predation has relatively little effect on either abundance or
diversity (3, 52, 191, 229). Other studies, mostly on lakes or other still waters,
that have dealt specifically with Chironomidae suggest that fish predation may
have an important influence on population size (71, 72, 1 50, 1 83). Bream were
estimated to consume about 30-35% of the standing crop of Chironomidae in
Lake Balaton between May and November (150). Even greater levels of
predation probably occurred in localities where bream were aggregated (188).
Fish that feed on Chironomidae may show a high degree of selectivity. Coho
salmon'fry did not coincide with the peak drift of larvae but they preyed heavily
on pupae and adults at the time of emergence (13 1 ). Similarly, heavy predation
by fish and a freshwater prawn together accounted for the loss of 50% of the
midges emerging from Lake Kasumigaura in Japan (72). By contrast, bream in
the River Thames fed selectively on larvae and, in June especially, on Para
chironomus biannualatus even though other species were up to 15 times more
abundant ( lOS). Such selectivity is likely to be caused, at least in part, by
differences in behavior that make certain species or life stages more, or less,
available. Sometimes, however, it also appears to be related to size of larvae.
Thames bream mostly took larvae th:n were shorter than 3 mm (lOS). Brook
sticklebacks also selected for small larvae even though they were physically
capable of taking all sizes of prey (194).
The impact of predatory birds on populations of Chironomidae is probably
very small, but the availability of chironomids as food at certain times of year
may have a considerable influence on the distribution and population size of
some bird species. The preference of spring-migrating hirundines and swifts for
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a particular lake was explained in terms of the emergence of large species of
midge (186), which are preferred to smaller insects (207). Chironomids are an
important component of the diet of some diving ducks (11) and may also be
important for dabbling ducks (32, 33). Emerging chironomids are especially
important for some species of ducklings in their first few days of life (32, 180).
Many species of invertebrates are known to consume chironomid larvae (12,
46, 183, 196), but few authors have suggested that invertebrate predators have a
significant impact on chironomid numbers. The leech Erpobdella octoculata
feeds largely on chironomid larvae (46, 58). In certain circumstances it has
been suggested that availability of chironomid larvae may limit the population
size of this leech (46).
Midge larvae and Caenis (Ephemeroptera) nymphs were the most common
elements in the diet of Odonata nymphs in a South Carolina pond (12). Several
studies indicate that Odonata may have a significant effect on the density of
chironomid populations (12, 120, 183).
Records of invertebrates feeding on other life stages of Chironomidae are
scarce. Schlee (170) reviews the literature pertaining to feeding by representa
tives of several families of adult Diptera on chironomid adults and larvae, and
Wiles (218) reported aquatic mites consuming chironomid eggs. The freshwa
ter prawn, Macrobrachium nipponense, consumes large numbers of pupae and
adults at emergence. (72).
With the exceptions of larval water-mites and mermithid nematodes, the
literature contains few references to parasites of Chironomidae. Parasitization
of adult midges by water mites has been extensively studied (17, 93), and a
useful review of this topic was provided by Smith & Oliver (172).
There is little information relating the effect of parasitization by mites to the
population dynamics of the host midges, but heavy infestations have been found to
cause sexual anomalies (167). References to sexual abnormalities caused by
merrnithid infections are frequent (1, 93, 167, 226). Heavy infestations were found
to diminish the populations of several species of Cricotopus (93).
Larval Chironomus plumosus are frequently infested by the ciliate Tetrahy
mena chironomi (45). Up to a quarter of a million may be present in the
haemocoele, with fatal consequences.
References to fungal parasites of Chironomidae are surprisingly scarce in
view of the frequency of their occurrence in other Nematocera such as mos
quitoes (208). Entomophthora conica has been recorded from an aerial adult
Chironomus, which died within 12 hours, presumably as a result of the
infection (39). This fungal species was also recorded on the corpses of three
other chironomid genera but was much more commonly associated with Sim
uliidae (39). Fungi of the family Coelomycetaceae are well-known pathogens
of mosquito larvae, and two species were found parasitizing chironomid larvae
in a Canadian lake (208).
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There is little evidence that intraspecific competition for food ever occurs in
natural populations of Chironomidae, although the community inhabiting stone
surfaces in a swiftly flowing river was thought to be limited by the availability
of suitable food particles (l14). Competition for space has been shown to occur
in populations of Chironomus anthracinus in parts of Lake Esrom (77). Compe
tition for space has also been demonstrated in laboratory populations (219), but
the significance of such studies to natural situations where larval drift probably
plays an important part in adjusting population density and minimizing in
traspecific competition requires further investigation.
Evidence for interspecific competition involving Chironomidae is also
sparse. Competitive interactions between popUlations of Chironomus hyper
boreus and Tanytarsus gracilentus was proposed as a partial explanation for the
popUlation dynamics of the latter species (94). Wiley (219) provided laboratory
and field data suggesting that competitive interactions play an important part in
determining the spatial distribution of chironomid larvae in a Michigan stream.
Associations of chironomid larvae with other animals, usually regarded as

commensal or phoretic, were reviewed by Steffan (176). The association of
larvae of the genus Ichthyocladius with catfish in South America is the only
known instance of chironomids using a vertebrate host (49).

CHIRONOMIDAE AS INDICATORS OF WATER
QUALITY
Species of Chironomidae are to be found in almost every imaginable freshwater
habitat (136, 143). Consequently, they may be expected to be potentially useful
as indicators of water quality (9, 143, 221). This potential usefulness has long
been recognized in relation to the classification of lakes (19, 165). Historically,
lake classification theory has been based on the response of the chironomid
community to the availability of dissolved oxygen (206), but the availability of
food is said to be the primary mechanism governing chironomid succession
(205). According to Sa:ther (165), it is only in lakes of advanced eutrophy, or
where oxygen levels are particularly low for other reasons, that oxygen concen
tration comes into effect. Brundin (22) showed that lake typology based on
chironomid communities probably has worldwide validity, and a scale of
grading with 15 categories ranging from extreme oligotrophy to extreme
eutrophy has been proposed (165). The relative numbers of chironomid larvae
and oligochaetes together with the distributional patterns of individual species
may also be helpful in pinpointing localized areas of pollution (165).
Several authors have successfully used subfossil chironomid head capsules
retrieved from lake sediments to trace the trophic history of lakes (70 205,
216).
It is suspected that deformities, especially of larval mouthparts, are the result
of pollution (60. 62. 206). Such deformities are thought to be caused by
,
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industrial or agricultural pollution rather than by domestic wastes (60, 62, 84).
Characteristic deformities of this kind may offer a useful extension of the more
traditional methods for biological assessment of water quality (60).
Only relatively recently have attempts been made to classify rivers using
chironomid associations in a similar way to the lake typology concept. In
general, rivers support a much more diverse community than the profundal
zone of lakes, and they present a wider range of environmental conditions so
that taxonomic and sampling difficulties are much more severe. Furthermore,
qualitative and quantitative changes in fauna may be both rapid and substantial,
leading to difficulties in the interpretation of data (126).
Biological surveillance data is frequently summarized, either in the form of
diversity indices or pollution indices (66). Chironomid diversity alone may not
be a good indicator of total invertebrate diversity (159), and interpretation of the
spatial distribution of invertebrate communities is not substantially affected by
failure to identify Chironomidae below family level (126). Pollution indices
that are designed for use in rivers either include Chironomidae as a single taxon
or use only selected "indicator" species (66). Specific identification may not,
therefore, be justified for routine monitoring purposes (126), at least within the
limitations imposed by the present state of knowledge regarding the ecological
preferences and tolerances of most species.
Some workers, however, have suggested that chironomids may ultimately
provide a sensitive means of classifying running waters, and the available
ecological data for many Nearctic species was summarized by Beck (9).
Collection of pupal exuviae, by means of drift or by skim nets, avoids the
difficulties associated with sampling of benthos and is being investigated as a
practical means of river classification (222, 223). However, this type of
sampling may not be capable of pinpointing sources of pollution in the same
way as sampling of benthos (5); considerably more research on the ecology of
individual species is required for the full and proper interpretation of such data.

Responses to Pollution
Although the responses of the chironomid fauna of lakes to eutrophication are
well known and form the basis of lake classification systems (165), the effects
of organic pollution on the chironomid fauna of rivers have been less well
investigated. Chironomid species richness in rivers is not necessarily well
correlated with water quality (92). The influence of pollution on the density and
production of Chironomidae in running waters was discussed in some detail by
Losos (97).
Chironomus riparius is frequently exceedingly abundant under organically
polluted conditions (57, 84) and has often been regarded as an indicator of
organic pollution (43, 57). C. riparius is by no means restricted to polluted
waters and may also be dominant in temporary or newly created water bodies,
or in water subject to other forms of pollution where few other species are
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present. It should perhaps be more properly regarded as an opportumst!c
species with a remarkably wide range of ecological tolerance that, combined
with a potentially rapid rate of development (91), enables it to exploit situations
where there is little competition from other insects.
Stress, attributable to pollution by heavy metals, eliminated virtually all
invertebrates, except for chironomids and oligochaetes in two North American
streams (224). In addition to directly toxic effects, heavy metals may also
influence invertebrates by depressing primary production and consequently
producing an increase in oxygen concentration at the sediment/water interface
(90).
In general, it is members of the subfamily Chironominae that are tolerant of
heavy metal contamination, but there are notable exceptions. Cricotopus larvae
were found to be particularly resistant to electroplating waste containing chro
mium and copper, as well as to cyanides (182). Another orthocladiine was one
of the few invertebrates found in an upland stream contaminated by zinc (5).
Most studies of heavy metal pollution have related the distribution of in
vertebrates to contamination of the water column rather than of the sediment.
This may be justified on the grounds that the environment of tubicolous larvae
corresponds closely to conditions in the water column (140), but a few studies
have considered the role of heavy metals in sediments (210-21 2).
The relative susceptibility of different life stages to pollutants has rarely been
studied. Eggs of Chironomus tentans are much less susceptible to copper
toxicity than larvae, and fourth instar larvae were 12 to 27 times more resistant
to copper stress than first instars (55). Thus, toxicity testing on older larvae may
considerably underestimate the sensitivity of this species.
Oil pollution may result from drilling operations, refining processes, trans
portation of oil, or disposal of waste oil and may also result in the introduction
of materials such as salts, heavy metals, acids, and caustic substances (190).
Oil refinery effluents have a high organic content which may be exploited by
aquatic organisms, notably Chironomidae, during effluent retention in holding
ponds (196). The response of chironomid communities to oiled substrata was
investigated in a Canadian river (160). Orthocladiinae were more abundant on
oiled than on unoiled substrata, whereas the opposite was true of Chironominae
and Tanypodinae. Colonization of oiled substrata was related to the develop
ment of algae, which were absent from unoiled substrata (160).
Phillips (142) reviewed the use of biological indicator organisms to quantify
organochlorine pollution in aquatic environments. He concluded that the use of
any organism to elucidate the comparative pollution of different locations or
even to monitor changes at any one location is open to criticism because of
interference by other parameters. His work contains no specific reference to
Chironomidae, and it appears that the responses of chironomids to organochlo
rines and pesticides, in general, have not been widely investigated.
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Chironomus tentans larvae were found to take up and excrete the herbicides
terbutryn and fluoridone much more rapidly than rainbow trout (128); develop
ment of this species beyond the second instar is prevented by the herbicide

1.33 ppm ( l 00). Lindane, at a concentration of
7.3 ppb, also prevents development of this species beyond the second instar
(99).

atrazine at a concentration of

CONCLUDING REMARKS
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The family Chironomidae is remarkable, not only for its diversity but also
because of the wide range of tolerance of many species to environmental
conditions. Environmental factors often interact in a manner which is poorly
understood, so that ecological data derived from separate studies often appears
to be contradictory. In the profundal of deep lakes, where conditions are
relatively stable and predictable

(19), the population dynamics of chironomid

species and the structure of the community may be explained relatively easily.
In rivers, and indeed in the littoral zone of lakes, conditions are considerably
more variable and the chironomid community correspondingly more complex.
In contrast to most groups of aquatic insects, most studies of the Chironomi
dae have been synecological in character, with consequent constraints on the
amount of detail that could be obtained regarding individual species. There is a
striking lack of detailed, autecological studies, which, ideally, should consider
the influence of environment on all stages in the life cycle and combine both
field and laboratory investigations.
The way forward is perhaps shown by the work of Ward & Cummins (202,
203) on Paratendipes albimanus. It must also be considered, however, that in
temperate stream ecosystems, multivoltine species, principally Orthocladiinae,
that have overlapping generations and continuous recruitment are. of greater
significance to the ecosystem as a whole than those, like

P. albimanus, that

have only one or two discrete generations. Such popUlations also deserve
detailed study.

Literature Cited
I. Aagaard,
K. 1 974. Morphological
changes caused by nematode parasitism
in Tanypodinae (Diptera, Chironomi
dae). Nor. Entomol. Tidsskr. 2 1 : 11 - 1 4
2 . Aagaard, K. 1 982. Profundal chironomid
populations during a fertilization experi
ment in Langvatn, Norway . Holarct.
Ecof. 5:325-31
3. Allan, J. D . 1 982. The effects of reduc
tion in trout density on the invertebrate
community of a mountain stream. Ecolo
gy 63:1 444-55

4. Anderson, N. H., Cummins, K. W.
1979. Influences of diet on the life histo
ries of aquatic insects. J. Fish. Res.
Board Can. 36:335-42
5. Armitage, P. D., Blackb urn, J. H. 1 985 .
Chironomidae in a Pennine stream re
ceiving mine drainage and organic
enrichment. Hydrobiologia 1 2 1 : 165-72
6. Baker, J. H., Bradnam. L. A. 1 976. The
role of bacteria in the nutrition of aquatic
detrivores. Oecologia 24:95-104
7. Baker, A . S., McLachlan, A . J. 1979.

16

PINDER
Food preference of Tanypodinae larvae
(Diptera: Chironomidae). Hydrobinlogia

62:283-88
8. Barber, W. E . , Kevern, N. R. 1973. Eco

logical factors influencing macroinverte
brate standing crop distribution. Hydro

biologia 43:53-75
9. Beck, W. M. 1977. Environmental re

quirements and pollution tolerance of
common freshwater Chironomidae. Cin

Annu. Rev. Entomol. 1986.31:1-23. Downloaded from www.annualreviews.org
by University of Sussex on 05/26/12. For personal use only.

cinnati: Environ. Monit. Ser .. US En
viron. Protect. A gency. 261 pp.
10. Bell, H. L. 1971. Effects of low pH on

the survival and emergence of aquatic
insects. Water Res. 5:313-J9
11. Bengtson, S. A. 1975. Food of ducklings
of surface feeding ducks at Lake Myvatn,
Iceland. Ornis Fenn. 52:1-4
12. Benke; A. C. 1976. Dragonfly produc
tion and prey turnover. Ecology 57:91527

13. Berg, C. O. 1950. Biology of certain
Chironomidae reared fromPotamogeton .

Eco!. Monogr. 20:83-101
14. Berg, K. 1938. Studies on the bottom
animals of Esrom Lake. Kgl. Dan.
Vidensk. Selsk. Skr. 9:1-255
15. Bjarnov, N. 1972. Carbohydrases in

Chironomus, Gammarus and some
Trichoptera larvae. Oikos 23:261-63
16. Boerger, 1., Clifford, H. F . , Davies, R .
W. 1982. Density and microdistribution
of chironomid larvae in an Alberta
brown-water stream. Can. J. Zool.
60:913-20
17. Booth, 1. P . , Leamer, M. A. 1978. The

parasitization of chironomid midges
(Diptera) by water-mite larvae (Hydra
carina: Acari) in a eutrophic reservoir in
South Wales. Arch. Hydrobiol. 84:1-28
18. Brennan, A . , McLachlan, A. J. 1979.
Tubes and tube-building in a lotic chiron
omid (Diptera) community. Hydrobiolo

gia 67:173-78
19. Brinkhurst, R. O. 1974. The Benthos of
Lakes. London: MacMillan. 190 pp.
20. Brinkhurst, R. 0., Kennedy, C. R. 1965.

Studies on the biology of the Tubificidae
(Annelida, Oligochaela) in a polluted
stream. J. Anim. Ecol. 34:429-43
21. Brook, A . 1954. The bottom-living algal
flora of slow sand filter beds of water
works. Hydrobiologia 6:333-51
22. Brundin, L. 1 956. Die bodenfaunistis
chen Seentypen und ihre Anwendbarkeit
auf die Siidhalbkugel. Zugleich eine
Theorie def produktionsbiologischen Be
deutung der glazialen Erosion. Rep. Inst.

Freshwat. Res. Drottningholm 37:186235
23. Brundin, L. 1966. Transantarctic rela

tionships and their significance, evi
denced by chironomid midges, with a

monograph of the subfamilies Podonomi
nae and Aphroteniinae and the austral
Heptagyiae. KgI. Sven. Vetenskapsakad

Hand!. 11:1-472
24. Butler, M. G. 1982. A 7 year life-cycle
for two Chironomus species in Arctic

Alaskan tundra ponds (Diptera: Chirono
midae). Can. J. Zool. 60:58-70
25. Charles, W. N., East, K . , Brown, D . ,
Gray, M . c., Murray, T. D . 1974. Pro
duction studies on the larvae of four spe
cies of Chironomidae in the mud at Loch
Leven in Scotland during 1970-71. En
tomo!. Tidskr. Suppl. 95:34-41

26. Coffman, W. P. 1974. Seasonal dif
ferences in the diel emergence of a lotic
Chironomidae community. Entomol.

Tidskr. Suppl. 95:42-48
27. Coleman, M. J., Hynes, H. B. N. 1970.

The vertical distribution of the inverte
brate fauna in the bed of a stream. L im

nolo Oceanogr. 15:31-40
28. Cranston, P. S. 1982. The metamorpho
sis of Symposiocladius lignicola (Kief

fer) n. gen. , n. comb., a wood-mining
Chironomidae
(Diptera) .
ElIlomol.

Scand. 13:419-29
29. Cranston, P. S . , Oliver, D. R . , Srether,
O. A. 1983. The larvae of Orthocladiinae

(Diptera: Chironomidae) of the Holarctic
region-Keys and diagnoses. Entomol .

Scand. Suppl. 19:149-291
30. Cummins, K. W . , Coffman, W. P . ,
Roff, P. A . 1966. Trophic relationships
in a small woodland stream. Verh. Int.
Ver. Thenr. Angew. Limnn!. 16:627-38
31. Cummins, K. W . , Klug, M . J. 1979.

Feeding ecology of stream invertebrates.

Ann. Rev. Eco!. Syst. 10:147-72
32. Danell, K . , Sjoberg, K. 1977. Seasonal

emergence of chironomids in relation to
egg laying and hatching of ducks in a
restored lake (northern Sweden). Wi/d

fowl 28:129-35
33. Danell, K . , S joberg, K. 1980. Foods of"

wigeon, teal, mallard and pintail during
the summer in a northern Swedish lake.

Swed. Wild/. Res. 11:141-67
34. Danb, H. V. 1971. Overwintering of

some north temperate and arctic Chirono
midae 2. Chironomid biology. Can. En

tomol. 103:1875-1910
35. Danks , H. V. 1978. Some effects of

photoperiod, temperature, and food on
emergence in three species of Chironomi
dae (Diptera). Can. ElIlomol. 110:289300

36. Danks, H. V . , Jones, J. W. 1978. Further
observations on winter cocoons in Chi
ronomidae (Diptera). Can. Entomo!'
110:667-69
37. Danks, H. V . , Oliver, D R. 1972. Diel

periodicities of emergence of some high

Annu. Rev. Entomol. 1986.31:1-23. Downloaded from www.annualreviews.org
by University of Sussex on 05/26/12. For personal use only.

CHIRONOMID BIOLOGY
arctic Chironomidae (Diptera). Can. En
tomol. 104:903-1 6
3 8 . Davies , B . R. 1976. The dispersal of
Chironomidae larvae: A review. J. En
tomol. Soc. South . Afr. 39:39--62
39. Descals, E. , Webster, J. , Ladle, M . ,
Bass, J . A . B . 1 98 1 . Variations i n asex
ual reproduction in species of Entomoph
thora on aquatic insects . Trans. Br.
Mycol. Soc. 77:85-102
40. Downes, J. A . 1 974. The feeding habits
of adult Chironomidae. Entomol. Tidskr.
Suppl. 95:84-90
4 1 . Drake, C . M. 1982. Seasonal dynamics
of Chironomidae (Diptera) on the Bul
rush Schoenoplectus lacustris in a chalk
stream. Freshwater Bioi. 12:225-40
42. Driver, E. A. 1977. Chironomid com
munities in small prairie ponds: some
characteristics and controls. Freshwater
Biol. 7 : 1 2 1-33
43. Dusoge, K . , Wisniewski, R. J. 1976.
Effect of heated waters on biocenosis of
the moderately polluted Narew River.
Macrobenthos. Pol. Arch. Hydrobiol.
23:539-54
44. Elgmork, K. , Saether , O. A. 1970. Dis
tribution of invertebrates in a high moun
tain brook in the Colorado Rocky Moun
tains. Univ. Colo. Stud. Ser. B ioi. 3 1 : 155
45. Elliott, A . M. 1 973. Biology of Tetrahy
mena. Stroudsburg: Dowden, Hutch
inson, Ross. 508 pp.
46. Elliott, J. M. 1973. The diel activity pat
tern, drifting and food of the leech Erpob
della octoculata (L.) (Hirudinea: Erpob
dellidae) in a Lake District stream . 1.
Anim. Ecol. 42:449-59
47. Fischer, �: 1 974. Experimentelle Be
itrage zur Okologie von Chironomus (Di
ptera). I. Donnanz bei Chironomus nudi
tarsis and Ch . plumosus. Oecologia
16:73-95
48. Fischer, J . , Rosin, S. 1968. Einfluss von
Licht und Temperatur auf die Schliipf
Aktivitat von Chironomus nuditarsis.
Rev. Suisse Zool. 75:538-49
49. Fittkau , E. J. 1974. lchthyocladius n.
gen . , eine neotropische Gattung der
Orthocladiinae (Chironomidae, Diptera)
deren Larven epizoisch auf Welsen
(Astroblepidae und Loricariidae) leben.
Entomol. Tidskr. Suppl. 95: 9 1 - 1 06
50. Fittkau, E. J. , Rciss, F. 1 978. Chirono
midae. In Limnofauna Europaea, ed. J .
Illies, pp. 404-40, Stuttgart: Fischer. 532
pp.
5 1 . Fittkau, E. J . , Reiss, F . , Hoffrichter, O .
1 976. A bibliography o f the Chironomi
dac. Gunneria 26:1-177
52. Flecker, A. S., Allan, J. D . 1984. The
importance of predation, substrate and

17

spatial refugia in determining lotic insect
distributions. Oecologia 64:306-13
53. Ford, J. B . 1962. The vertical distribu
tion of larval Chironomidae (Dipt,) in the
mud of a stream. Hydrobiologia 1 9: 26272
54. Forsyth, D. J . , McCallum, I. D. 1 983.
Seasonal distribution of Polypedilum
pavidus (Chironomidae: Diptera) in a eu
trophic lake in New Zealand. Arch. Hyd
robiol. 97: 1 34-42
55. Gauss, J. D . , Woods, P. E . , Winner, R .
W . , Skillings, J . H . 1 985, Acute toxicity
of copper to three life stages of Chirono
mus tentans as affected by water
hardness -Alkalinity. Environ. Pol/ut.
Ser. A 37: 1 49-57
56. Godbout, L . , Hynes, H. B. N. 1982. The
three dimensional distribution of the
fauna of a single riffle in a stream in
Ontario. Hydrobiologia 97:87-96
57. Gower, A. M . , Buckland, P. J. 1 978.
Water quality and occurrence of Chiron
omus riparius Meigcn (Diptera: Chirono
midae) in a stream receiving sewage
effluent. Freshwater Biol. 8: 153-64
58. Greene , K. L. 1974. Experiments and
observations on the feeding behaviour of
the freshwater leech Erpobdella octocu
lata (L.) (Hirudinea: ErpobdelIidae) .
Arch. Hydrobiol. 74:87-99
59. Grodhaus , G. 1 976. Two species of
Phaenopsectra with drought resistant lar
vae (Diptera: Chironomidae) . 1. Kans.
Entomol. Soc. 49:405-1 8
60 . Hamilton , A . L . , Saether , O . A . 1 97 1 .
The occurrence of characteristic de
formities in the chironomid larvae of
several Canadian lakes. Can. Entomol.
103:363-68
6 1 . Hammer, U . T . , Haynes, R. C . , Hesel
fine, J. M . , Swanson, S. M. 1 975. The
saline lakes of Saskatchewan . Verh. Int.
Ver. Theor. Angew. Limnol. 19:589-98
62, Hare, L . , Carter, J. C. H . 1976. The
distribution of Chironomus (s. s . ) ? cucini
(salinarius group) larvae (Diptera: Chir
onomidae) in Parry Sound, Georgian
Bay, with particular reference to struct
ural defonnities. Can. 1. Zool. 54:21 2934
63 . Harp, G . , Campbell, R. S. 1967. The
distribution of Tendipes plumosus (Lin
ne) in mineral acid water. Limnol.
Oceanogr. 1 2 :260-63
64. Havas, M . 1 98 1 . Physiological response
of aquatic animals to low pH. In Effects of
Acidic Precipitation on Benthos, ed. R .
Singer, pp. 49--6 5. Spring field: North
Am. Benthol. Soc. 1 54 pp.
65 . Havas, M . , Hutchinson, T. C. 1 982.
Effect of low pH on the chemical com
position of aquatic invertebrates from

18

66.

67.

Annu. Rev. Entomol. 1986.31:1-23. Downloaded from www.annualreviews.org
by University of Sussex on 05/26/12. For personal use only.

68 .

69.

70.

71.

72.

73.

74.

PINDER
tundra ponds at the Smoking Hills,
N , W. T. , Canada. Can. 1. Zool . 6 1 :24 1 49
Hellawell, J. M. 1 978 . Biological Sur
veillance of Rivers. Stevenage, Englan d :
Water Res. Cen!. 332 pp.
Hilsenhoff, W . L . 1 966. The biology of
Chironomus plumosus (Diptera: Chir
onomidae) in Lake Winnebago, Wiscon
sin. Ann. Entomol. Soc. Am. 59:465-73
Hodkinson, l . D . , Williams, K. A . 1 980.
Tube formation and distribution of Chi
ronomus plumosus L. (Diptera: Chirono
midae) in a eutrophic woodland pond. In
Chironomidae Ecology, Systematics,
Cyto!ogy and Physio!ogy, ed. D. A. Mur
ray, pp. 33 1 -37. Oxford: Pergamon.
354 pp .
Hoffrichter, 0 . , Reiss, F. 1 98 1 . Supple
ment 1 to "A bibliography of the Chiron
omidae". Gunneria 37: 1-68
Hofmann , W. 1 97 1 . Die postg1aziale En
twicklung def Chironomiden-und Cha
oborus-Fauna (Dip!.) des Schohsees.
Arch. Hydrobio!. Supp!. 40: 1-74
Hurlbert, S. H . , Zedler, J . , Fairbanks, D .
1 972. Ecosystem alteration b y mosquito
fish (Gambusia affinis) predations. Sci
ence 1 75 : 639-4 1
Iwakuma, T. , Yasuno, M . 1 98 3 . Fate of
the univoltine chironomid Tokuna
gayusurika akamusi (Diptera: Chirono
midae), at emergence in Lake Kasumi
gaura, J apan. Arch. Hydrobiol. 99:3759
Jankovic, M . 1 97 1 . Anzahl dcr Gener
ationen def Art Chironomus plumoslls in
den Karpfenteichen Serbiens. Limnologi
ca 8 : 203-10
Jemelov, A . , Nagell , B . , Svenson, A .
1 98 1 . Adaptations t o a n acid environ
ment in Chironomus riparius (Diptera,
Chironomidae) from Smoking Hills,
N . W . T . , Canada. Holaret . Ecol. 4: 1 1 6-

19

7 5 . Johannsson, O . E . 1 980. Energy dy
namics of the eutrophic chironomid Ch ir
onomliS plumosus f. semireductus from
the Bay of Quinte, Lake Ontario. Can. J.
Fish. Aquat. Sci. 37: 1 254--65
76. Jonasson, P. M. 1 96 1 . Population dy
namics in Chironomus anthracinus Zett.
in the profundal zone of lake Esrom.
Verh. lnl. Ver. Theor. Angew. Limnol.
1 4 : 1 96-203
7 7 . Jonasson, P. M. 1 972. Ecology and pro
duction of the profundal benthos in rela
tion to phytoplankton in Lake Esrom .
Oikos Suppl. 1 4: 1- 1 48
7 8 . Jonasson, P. M . , Kristiansen, J. 1 967 .
Primary and secondary production in
Lake Esrom. Growth of Chironomus an
thracinus in relation to seasonal cycles of

79.

80.

81.

82.

83.

84.

85 .

86.

phytoplankton and dissolved oxygen.
Int. Rev. Gesamten. Hydrobiol. Hyd
rogr. 52: 1 63-2 1 7
Kajak, Z . 1 977. Factors influencing ben
thic biomass in shallow lake environ
ments. Eknl. Pol . 25:42 1 -29
Kajak, Z . , Warda, J . 1 968. Feeding of
benthic non-predatory Chironomidae in
lakes. AnI!. Zool. Fenn . 5:57-64
Kangasniemi, B . 1 . 1 98 3 . Observations
on herbivorous insects that feed on
Myriophyllum
spicatum
in
British
Columbia. In Lake Restoration, Protec
tion and Management, ed. 1. Taggart,
pp. 2 1 4-- 1 8 . Washington, DC: US En
viron. Prot . Agency
Kangasniemi, B. J . , Oliver, D. R. 1 98 3 .
Chironomidae (Diptera) associated with
Myriophyllum spicatum in Okanagan val
ley lakes, British Columbia. Can . En
tomol. 1 1 5 : 1 545-46
Kaushik , N. K . , Hynes, H. B . N. 1 97 1 .
The fate of the dead leaves that fall into
streams. Arch. Hrdrobiol. 68:465-5 1 5
Koehn , T . , Frank , C . 1980. Effect of
thermal pollution on the chironomid
fauna in an urban channel. See Ref 68,
pp. 1 87-94
Konstantinov, A . S. 1 97 1 . Ecological
factors affecting respiration in chirono
mid larvae. Limnologica 8: 1 27-34
Kownacka, M. , Kownacki, A. 1 972.
Vertical distribution of zoocenoses i n the
streams of the Tatra, Caucasus and Bal
kan Mts. Verh. Int. Ver. Theor. Angew.

Lil1l1lOl. 1 8:742-50

87. Kureck, A. 1 966. Schliipfrhythmus von
Diamesa arctica (Diptera: Chironomi
dae) auf Spitzbergen . Oikos 1 7 :276-77
8 8 . Kureck, A. 1 979. Two circadian eclosion
times in Chironomus thummi (Diptera),
alternately
selected
with
different
temperatures. Oeeologia 40: 3 1 1-23
89. Ladle, M . , Cooling, D. A . , Welton. 1 .
S . , Bass, 1 . A. B . 1 985. Studies o n Chi
ronomidae in experimental recirculating
stream systems. 2 . The growth, develop
ment and production of a spring genera
tion of Orthocladius (Euorthocladius)
calvlls Pinder. Freshwater Bioi. 1 5 :243255
90. Lang , C . , Lang-Dobler, B .
1 979 .
MELIMEX, an experimental heavy me
tal pollution study: Oligochaetes and chi
ronomid larvae in heavy metal loaded and
control l imnocorrals. Schweiz. Z. Hy
drol. 4 1 :27 1-76
9 1 . Leamer, M. A . , Edwards, R . W. 1 966.
Distribution of the midge, Chironomus
riparius Mg. in a polluted river system
and its environs. Air Water Pollut.
10:757-68
92. Lenat, D. R . 1 983. Chironomid taxa

Annu. Rev. Entomol. 1986.31:1-23. Downloaded from www.annualreviews.org
by University of Sussex on 05/26/12. For personal use only.

CHIRONOMID BIOLOGY
richness: natural vanatJOn and use in
pollution assessment. Freshwater In
vertebr. Bioi. 2: 192-98
93. Lesage, L . , Harrison, A . D . 1 980. The
biology of Cricotopus (Chironomidae:
Orthocladiinae) in an algal enriched
stream: Pt. 2. Effects of parasitism. Arch.
Hydrobiol. Suppl. 58: 1 -25
94 . Lindegaard, C . , J6nasson, P. M . 1975.
Life cycles of Chironomus hyperboreus
Staeger and Tanytarsus gracilentus
(Holmgren) (Chironomidae, Diptera) in
Lake Myvatn, Northern Iceland. Verh .
Int. Ver. Theor. Angew. Limnol. 19:
3 155-63
95 . Lindegaard-Petersen, C.
197 1 . An
ecological investigation of the Chirono

96.
97 .

98.

99.

100.

101.

102.

103.

104.
105.

106.

midae (piptera) from a Danish lowland
stream (Linding A). Arch. Hydrobiol.
'
69:465-507
Loden, M . S. 1974. Predation by chiron
omid (Diptera) larvae on oligochaetes.
Limnol. Oceanogr. 1 9 : 1 5 6-59
Losos, B . 1984. The influence of pollu
tion on the density and production of
Chironomidae (Diptera) in running wa
ters. Limnologica 15:7- 1 9
Macan, T . T . 1977. The influence of
predation on the composition of fresh
water animal communities. Bioi. Rev.
52:45-70
Macek, K . , Buxton, K . , Derr, S . , Dean,
J . , Sauter, S. 1976. Chronic toxicity of
lindane to selected aquatic invertebrates
and fishes. Ecol. Res. Ser . , Environ.
Prot. Agency 600/3-76-046. 58 pp.
Macek, K . , Buxton, K . , Sauter, S . , Gnil
ka, S . , Dean, J. 1976. Chronic toxicity of
atrazine to selected aquatic invertebrates
and fishe s . Ecol. Res. Ser., Environ .
Prot. Agency 600/3-76-047. 58 pp.
Mackey, A. P. 1 976. Quantitative stud
ies on the Chironomidae (Diptera) of the
Rivers Thames and Kennet. 1 . The A car
us zone. Arch. Hydrobiol. 78:240-67
Mackey, A. P. 1976. Quantitative stud
ies on the Chironomidae of the rivers
Thames and Kennet. 2. The Thames flint
zone. Arch. Hydrobiol. 78:310-18
Mackey, A. P . 1977. Quantitative stud
ies on the Chironomidae (Diptera) of the
Rivers Thames and Kennel. 3. The
Nuphar zone. Arch. Hydrobiol. 79:62102
Mackey, A. P. 1 977. Growth and de
velopment of larval Chironomidae.
Oikos 28:270-75
Mackey, A. P. 1979. Trophic de
pendencies of some larval Chironomidae
(D iptera) and fish species in the River
Thames. Hydrobiologia 62:24 1-47
Maitland, P. S . 1979. The distribution of
zoobenthos and sediments in Loch

19

Leven, Kinross, Scotland. Arch. Hydro
bioi. 85:98-125
107. Margolina, G . L. 1 96 1 . Contribution to
the problem on feeding of Tendipes plu
mosus in the Rybinsk water reservoir.
Fish. Res. Board Can.

1 08 .

109.

110.

1 11 .

1 12.

1 13.

1 14.

1 15 .

1 1 6.

1 17 .

118.

1 19.

120.

Transl. Ser.

1798: 1 - 13
Mason, C. F . , Bryant, R. J. 1975. Per
iphyton production and grazing by chir
onomids in Alderfen Broad, Norfolk.
Freshwater Bioi. 5 : 27 1-77
McLachlan, A. J. 1969. Substrate prefer
ences and invasion behaviour exhibited
by larvae of Nilodorum brevibucca Free
man (Chironomidae) under experimental
conditions. Hydrobiologia 33:237-49
McLachlan, A. J. 1970. Submerged trees
as a substrate for benthic fauna in the
recently created Lake Kariba (Central
Africa). J. Appl. Ecol. 7:253-66
McLachlan, A. J. 1970. Some effects of
annual fluctuations in water level on the
larval chironomid communities of Lake
Kariba. 1. Anim. Ecol. 39:79-90
McLachlan, A . J. 1976. Factors restrict
ing the range of Glyptotendipes paripes
Edwards (Diptera: Chironomidae) in a
bog lake. J. Anim. Ecol. 45: 105-13
McLachlan, A. J. 1977. Some effects of
tube shape on the feeding of Chironomus
plumosus L . (Diptera: Chironomidae). J.
Anim. Ecol. 46: 139-46
McLachlan, A . J . , Brennan, A. , Wotton,
R. S. 1978. Particle size and midge (Dip
tera: Chironomidae) food . Oikos 3 1 :
247-52
McLachlan , A. J . , Cantrell, M. A. 1976.
Sediment development and its influence
on the distribution and tube structure of
Chironomus plumosus L. (Chironomi
dae, Diptera) in a new impoundment.
Freshwater Bioi. 6:437-43
McLachlan, A . J . , Dickinson, C. H .
1977. Micro-organisms as a factor i n the
distribution of Chironomus lugubris Zet
terstedt in a bog lake. Arch. Hydrobiol.
80: 133-46
McLachlan, A. J . , McLachlan, S . M .
1969. The bottom fauna and sediments in
a drying phase of a saline African lake (L.
Chilwa, Malawi). Hydrobiologia 34:
401-13
McLachlan, A. J . , McLachlan, S. M .
1975. The physical environment and bot
tom fauna of a bog lake. Arch. Hydro
bioi. 76: 198-217
Meadows, P. S . , Anderson, J . G . 1968.
Micro-organisms attached to marine and
freshwater sand grains. Nature 207:
108
Menzie, C. A. 198 1 . Production ecology
of Cricotopus sylvestris (Fabricius) (Dip
tera: Chironomidae) in a shallow es-

20

121.

1 22 .

Annu. Rev. Entomol. 1986.31:1-23. Downloaded from www.annualreviews.org
by University of Sussex on 05/26/12. For personal use only.

1 23 :

1 24.

1 25 .

1 26.

1 27 .

1 28.

1 29.
1 30.

131.

1 32 .

133.

PINDER
tuarine cove. Limnol. Oceanogr. 26:
467-8 1
Minshall, G. W. 1 984. Aquatic insect
substratum relationships. In The Ecology
ofAquatic Insects, ed. V. H. Resh and D .
M. Rosenberg, pp. 358--400. New York:
Praeger
Monakov, A . V. 1 972. Review of studies
on feeding of aquatic invertebrates con
ducted at the Institute of Biology of In
land Waters , Academy of Science,
USSR. J. Fish Res. Board Can. 29:363-83
Moore, J. W. 1979. Some factors in
fluencing the distribution, seasonal
abundance and feeding of subarctic Chi
ronomidae (Diptera) . Arch. Hydrobiol.
85:302-25
Moore, J. W. 1979. Factors influencing
algal consumption and feeding rate in
Heterotrissocladius changi Srether and
Polypedilum nubeculosum . Oecologia
40:21 9-27
Moore , J. W. 1980. Factors influencing
the composition, structure and density of
a population of benthic invertebrates.
Arch. Hydrobiol. 88:202- 1 8
Morris, D . L . , Brooker, M . P . 1 980. An
assessment of the importance of the Chi
ronomidae (Diptera) in biological sur
veillance. See Ref. 68, pp. 1 95-202
Mozley, S. C. 1 970. Morphology and
ecology of the larva of Trissocladius
grandis (Kieffer) (Diptera, Chironomi
dae), a common species in the lakes and
rivers of Northern Europe. Arch. Hydro
bioi. 67:433-5 1
Muir, D. C. G . , Grift, N. P. , Townsend,
B . E . , Metner, D. A . , Lockhart, W. L .
1982. Comparison o f the uptake and
bioconcentration of fluridone and ter
butryn by rainbow trout and Chironomus
tentans in sediment and water systems.
Arch. Environ. Contam. Toxicol. 1 1 :
595-602
Mundie, J. H. 1956. The biology of fties
associated with water supply. Inst. Pub
lic Health Eng. J. 55: 1 78--93
Mundie, 1. H. 1959. The diurnal activity
of the larger invertebrates at the surface
of Lac la Ronge, Saskatchewan. Can . J.
Zool. 37:945-56
Mundie, 1. H. 1 97 1 . The die! drift of
Chironomidae in an artificial stream and
its relation to the diet of Coho salmon fry ,
Oncorhynchus kisutch (Walbaum). Can.
Entomol. 103:289--9 7
Neumann, D. 1 96 1 . Osmotische Resis
tenz und Osmoregulation aquatischer
Chironomidenlarven. Bioi. Zentralbl.
6:693-7 1 5
Niedzwiecki, E . 1970. Number dynam
ics of benthic Chironomidae (Diptera)

1 34.

1 35 .
1 36.
137.

138.

1 39.

140.

141.
142.

143.
144.
145.

146.

1 47 .

148.

149.

in River Suprasl . Pol. Arch. Hydrobiol.
1 7:495-508
Nilsen, H. C . , Larimore, R. W. 1973 .
Establishment of invertebrate commun
ities on log substrates in the Kaskaskia
River, Illinois. Ecology 54:366--74
Oliver, D. R. 1968. Adaptations of Arc
tic Chironomidae. Ann. Zool. Fenn. 5:
1 1 1- 1 8
Oliver, D . R . 1 97 1 . Life history o f the
Chironomidae . Ann. Rev. Entomol. 1 6 :
2 1 1-30
Olsson, T. I . 1 98 1 . Overwintering of
benthic macroinvertebrates in ice and
frozen sediment in a North Swedish river.
Holarct. Ecol. 4: 1 6 1-66
Paasivirta, L. 1974. Abundance and pro
duction of the larval Chironomidae in the
profundal of a deep, oligotrophic lake in
southern Finland. Entomol. Tidskr.
Suppl. 95: 1 88--94
Palmen, E. 1955. Diel periodicity of pu
pal emergence in natural populations of
some chironomids (Diptera) . Suom .
Eliiin-ja Kasvitiet. Seuran Vanamon
Julk. 1 7 : 1-30
Parma, S . , Krebs, B. P. M. 1977. The
distribution of Chironomid larvae in rela
tion to chloride concentration in a brack
ish water region of the Netherlands. Hyd
robiologia 52: 1 17-26
Petersen, R. C . , Cummins, K. W. 1 974.
Leaf processing in a woodland stream.
Freshwater BioI. 4: 343-68
Phillips, D. J. H. 1980. Quantitative
Aquatic Biological Indicators. Their use
to monitor trace metal and organochlor
ine pollution. London: Appl. Sci. 488 pp.
Pinder, L. C. V. 1977. The Chironomi
dae and their ecology in chalk streams.
Rep . Freshwater Bioi. Assoc. 45:62-69
Pinder, L. C. V. 1980. Spatial distribu
tion of Chironomidae in an English chalk
stream. See Ref. 68, pp. 1 53--6 1
Pinder, L. C. v . 1 983. Observations on
the life-cycles of some Chironomidae in
southern England. Mem. Am. Entomol.
Soc. 34:249--65
Pinder, L. C. V. 1983. The larvae of
Chironomidae (Diptera) of the Holarctic
region-Introduction. Entomol. Scand.
Suppl. 19:7- 1 0
Pinder, L . C. V . , Clare, P . C . 1980. The
life history and production of Rheotany
tarsus curtistylus in a small stream in
southern England. Acta Univ. Carol.
BioI. 1 2: 1 63-70
Pinder, L. C. V. , Reiss, F. 1 983. The
larvae of Chironominae (Diptera: Chi
ronomidae) of the Holarctic region
Keys and diagnoses. Entomol. Scand.
Suppl. 19:293--43 5
Platzer-Schultz, I. 1974. Unsere Zuck-

Annu. Rev. Entomol. 1986.31:1-23. Downloaded from www.annualreviews.org
by University of Sussex on 05/26/12. For personal use only.

CHIRONOMID BIOLOGY
miicken. Chironomidae. Wittenberg ,
Lutherstadt: Ziemsen Neue Brehm
Bucherei. 104 pp.
1 50. Ponyi, J. E . , Tatrai, I . , Franko, A. 1983.
Quantitative studies on Chironomidae
and Oligochaeta in the benthos of Lake
Balaton. Arch. Hydrobiol. 97: 1 96--207
1 5 1 . Potter, D. W. B . , Learner, M. A. 1974.
A study of the benthic macroinverte
brates of a shallow eutrophic reservoir in
South Wales with emphasis on the Chi
ronomidae (Diptera) , their life-histories
and production. Arch. Hydrobiol. 74:
18 6-226
1 52 . Raddum, G. G . , Srether, O . A. 1 98 1 .
Chironomid communities i n Norwegian
lakes with different degrees of acidifica
tion. Verh. lnt. Ver. Theor. Angew. Lim
nolo 21 :399-405
1 5 3 . Rawson, D. S. 1930. The bottom fauna
of Lake Simcoe and its role in the ecology
of the lake. Univ. Toronto Stud. Bioi.
Ser. 34: 1- 183
1 54. Rawson, D. S . , Moore , J. E . 1944. The
saline lakes of Saskatchewan. Can. J.
Res. 22: 1 41-201
1 5 5 . Remmert, H. 1955 . Okologische Un
tersuchungen iiber die Dipteren der
Nord-und Ostsee. Arch. Hydrobiol.
5 1 : 1-53
1 56. Roback, S. S. 1974. Insects (Arthropoda:
Insecta). In Pollution Ecology of
Freshwater Invertebrates, ed. C. W.
Hart, S. L. H . Fuller, pp. 3 1 3-76. New
York: Academic
1 57 . Rodina, A. G. 1 949. The role of bacteria
in the feeding of tendipedid larvae. Fish.
Res. Board Can. Transl. Ser. 1 848: 1-6
1 5 8 . Rodova, R. A . , Sorokin, Y . 1. 1965 .
Kolichestvennye darnye a pitarii Cricoto
pus silvestris F. Trud. lnst. Bioi.
Vodokhran. Akad. Nauk SSSR 8 : 1 1 0- 1 2
1 59 . Rosenberg, D . M . 1 974. The use o f Chi
ronomidae as indicators of macroinverte
brate diversity in a study of pesticide
pollution. Entomol. Tidskr. Suppl. 95:
212-15
160. Rosenberg , D . M., Wiens, A . P . 1976.
Community and species responses of
Chironomidae (Diptera) to contamina
tion of fresh waters by crude oil and
petroleum products, with special refer
ence to the Trail River, Northwest Ter
ritories. 1. Fish. Res. Board Can. 33:
1 955-63
1 6 1 . Rosenberg, D. M . , Wiens, A. P. , Sacth
er, O. A. 1 97 7 . Life histories of Cricoto
pus (Cricotopus) bicinctus and C. (C.)
mackenziensis (Diptera: Chironomidae)
in the Fort Simpson area, Northwest Ter
ritories. J. Fish. Res. Board Can.
34:247-53
162. Srether, O. A. 1 962. Larval overwinter-

16 3.

164.

165.

166.

1 67 .

168.

169.

170.

171.

172.

173.

174.

1 75 .

1 76.

21

ing cocoons in Endochironomus tendens
Fabricius. Hydrobiologia 20:377-8 1
Srether, O. A. 1968. Chironomids of the
Finse area, Norway, with special refer
ence to their distribution in a glacier
brook. Arch. Hydrobiol. 64:426-83
Srether, O. A. 1975. Nearctic and
Palaearctic Heterotrissocladius (Diptera:
Chironomidae) . Bull. Fish . Res. Board
Can. 193: 1-68
Srether, O. A. 1 979. Chironomid com
munities as water quality indicators.
HolarC/. Ecol. 2:65-74
Srether, O. A. 1983. The larvae of Pro
diamesinae (Diptera: Chironomidae) of
the Holarctic region-Keys and di
agnoses . Entomol. Scand. Suppl. 1 9:
14 1-47
Srether, O. A . , Galloway, T. D. 1980.
Sexual anomalies in Chironomini (Chi
ronomidae: Diptera) from Lake Win
nipeg, Manitoba, with observations on
mermithid (Nematoda) parasites . Acta
Univ. Carol. Bioi. 1 2: 1 93-21 1
Sandberg, O. A. 1 969. A quantitative
study of chironomid distribution and
emergence in Lake Erken. Arch. Hydro
bioI. Suppl. 25 : 1 19-201
Schlee, D. 1977. Florale und extraflorale
Nektarien
sowie
Insektenkot
als
Nahrungsquelle fiir Chironomiden
Imagines (und andere Diptera) . Stuttg.
Beitr. Naturkd. 300: 1-16
Schlee, D. 1 977. Chironomidae als Be
ute von Dolichopodidae, Muscidae,
Ephydridae, Anthomyiidae, Scatophagi
dae, und anderen In secta . Stuttg . Beitr.
Naturkd. 302 : 1 -22
Simpson, K . W. 1983 . Communities of
Chironomidae (Diptera) from an acid
stressed headwater stream in the Adiron
dack Mountains, New York. Mem. Am.
Entomol. Soc. 34: 3 1 5-27
Smith, I . , Oliver, D. R . 1976. The
parasitic associations of larval water
mites with aquatic insects, especially
Chironomidae. Can. Entomol. 108:
1427-42
Smith, V. G. F. , Young, J. 0. 1973 . The
life histories of some Chironomidae
(Diptera) in two ponds on Merseyside,
England. Arch. Hydrobiol. 72:333-55
Soko1ova, N. Y. 1 97 1 . Life-cycles of
chironomids in the Ushinskoy Reservoir.
Limnologica 8 : 1 5 1-55
Stanford, J. A . , Gaufin, A. R. 1974.
Hyporheic communities of two Montana
rivers. Science 185:700-2
Steffan, A. W. 1965. On the epizoic
associations of Chironomidae (Diptera)
and their phyletic relationships. Proc.
Int. Congr. Entomol. 12th, London 1 964
1 :77-78

Annu. Rev. Entomol. 1986.31:1-23. Downloaded from www.annualreviews.org
by University of Sussex on 05/26/12. For personal use only.

22

PINDER

1 77 . Steffan, A. W. 1 968. Zur Evolution und
Bedeutung epizoischer Lebensweise bei
Chironomiden-Larven (Diptera). Ann.
Zool. Fenn. 5 : 1 44-50
1 78 . Steffan, A. W. 1 97 1 . Chironomid (Dip
tera) biocoenoses in Scandinavian glacier
brooks. Can. Entomol. lO3:477--86
179. Steffan, A. W. 1974. Die Lebens
gemeinschaft
der
Gletscherbach
Zuckmiicken (Diptera: Chironomidae)-
eine Extrembiozoniise . Entomol. Tidskr.
Suppl. 95:225-32
1 80. Street, M. 1977. The food of mallard
ducklings in a wet grave! quarry , and its
relation to duckling survival. Wildfowl
28: 1 1 3-25
1 8 1 . Strenzke, K. 1959. Chironomiden von
def bulgarischen Kiiste des Schwarzen
Meeres. Arch. Hydrobiol. Suppl. 1 8:
678-9 1
1 82. Surber, E. W. 1 959. Cricotopus bicinc
tus, a midgefly re�istant to electroplating
wastes. Trans. Am. Fish. Soc. 88: 1 1 1- 1 6
1 8 3 . Swanson, S . M . , Hammer, U . T. 1983.
Production
of Cricotopus
ornatus
(Meigen) (Diptera: Chironomidae) in
Waldsee Lake, Saskatchewan. Hydro
biologia 105 : 1 55-64
1 84. Sweeney, B. W. 1984. Factors influenc
ing life-history patterns of aquatic in
sects. See Ref. 1 2 1 , pp. 56-- 1 00
1 85 . Sweeney, B. W . , Vannote, R. L. 1978.
Size variation and the distribution of

1 86.

1 87 .

1 88 .

1 89.

190.

191.

192.

hcmimetabolous aquatic insects: two
thermal equilibrium hypotheses. Science
200:444-46
Tait-Bowman, C. A. 1980. Emergence
of chironomids from Rostherne Mere,
England. See Ref. 68, pp. 291-95
Tarwid, M. 1969. Analysis of the con
tents of the alimentary tract of predatory
Pelopiinae larvae (Chironomidae). Ekol.
Pol. 1 7 : 1 25-3 1
Htrai, I. 1980. About feeding conditions
of Bream Abramis brama L., in Lake
Balaton. In Developments in Hydrobiolo
gy, ed. M. Doku l il , H. Metz, D. Jewson,
3:8 1-86. The Hague: Junk
Thienemann, A. 1 954. Chironomus.
Leben, Verbreitung und wirtshaftsliche
Bedeutung der Chironomiden. Binnenge
wasser 20: 1-834
Thornton, K. , Wil hm, J . 1 974. The
effects of pH, phenol and sodium chlo
ride on survival and caloric, lipid and
nitrogen content of a laboratory popula
tion of Chironomus attenuatus (Walk.).
Hydrobiologia 45:261-80
Thorp, J . H . , Bergey, E . A. 1 98 1 . Field
experiments on responses of a freshwater
benthic macroinvertebrate community to
vertebrate predators . Ecology 62:365-75
Thorp, J. H . , Chesser, R. K. 1983. Sea-

193.

194.

195.

1 96.

197.

198.

199.

200.

20 1 .

202.

203.

204.

205.

206.

sonal responses of lentic midge assemb
lages
to
environmental
gradients.
Holarct. Ecol. 6: 1 23-32
Tokeshi, M . , Pinder, L. C. V . 1 986.
Microhabitats of stream invertebrates on
two submersed macrophytes with con
trasting leaf morphology. 1. Holarct.
Ecol. In press
Tompkins, A. M . , Gee, J. H. 1983.
Foraging behaviour of brook stickleback,
Culaea inconstans (Kirtland): optimiza
tion of time, space, and diet. Can. 1.
Zool. 6 1 :2482-90
Toscano, R. J . , McLachlan, A . J. 1980.
Chironomids and particles:
Micro
organisms and chironomid distribution in
a peaty upland river. See Ref. 68, pp.
1 7 1-77
Tubb, R . A . , Dorris , T. C . 1 965.
Herbivorous insect populations in oil
refinery effluent holding pond series.
LimnoL. Oceanogr. 1 0 : 1 21-34
Vanderzant, E. S. 1974. Development,
significance. and application of artificial
diets for insects. Ann. Rev. Entomol.
1 9 : 1 39-60
Verneaux, J. 1968. Contribution it
1 '6tude des chironomides (Dipteres,
Nematoceres) de la region de Besse-en
Chandesse (Puy-de-Dome). Ann. Stn .
Bioi. Besse-en-Chandesse 3 : 1 1 9-46
Vodopich, D. S . , Cowell, B. C. 1984.
Interaction of factors governing the dis
tribution of a predatory aquatic insect.
Ecology 65:39-52
Walshe, B . M. 1950. The function of
haemoglobin in Chironomus plumosus
under natural conditions. J. Exp. BioI.
27:73-95
Walshe, B. M . 1 95 1 . The feeding habits
of certain chironomid larvae (subfamily
Tendipedinae) . Proc. Zool. Soc. London
1 2 1 :63-79
Ward, C. M . , Cummins, K. W. 1978 .
Life history and growth pattern of Para
tendipes albimanus in a Michigan
headwater �tream . Ann. Enlomo!. Soc.
Am. 7 1 :272-84
Ward, C. M . , Cummins, K. W. 1 979.
Effect of food quality on growth of a
stream detritivore , Paratendipes albima
nus (Meigen) (Diptera: Chironomidae).
Ecology 60:57-64
Wartinbee, D . C. 1 979. Diel emergence
patterns of lotic Chironomidae . Freshwa
ter Bioi. 9: 1 47-56
Warwick, W. F. 1975. The impact of
man on the Bay of Quinte, Lake Ontario,
as shown by the subfossil chironomid
succession (Chironomidae: Diptera) .
Verh . Int. Ver. Theor. Angew. Limnol.
19:3 1 3 4---4 1
Warwick, W . F . 1 980 . Pasqua Lake,

CHIRONOMID BIOLOGY
southeastern Saskatchewan:
a pre
liminary assessment of trophic status and
contamination based on the Chironomi
dae (Diptera). See Ref. 68, pp. 255-67
207 . Waugh, D. R . 1 979 . The diet of sand
martins during the breeding season. Bird
Study 26: 1 23-28

208. Weiser, J . , McCauley, V. J. E. 1 97 1 .
Two Coelomyces infections of Chirono
midae (Diptera) larvae in Marion Lake,
British Columbia. Can. J. Zool. 49:65-

Annu. Rev. Entomol. 1986.31:1-23. Downloaded from www.annualreviews.org
by University of Sussex on 05/26/12. For personal use only.

68

209. Wensier, R. J. D . , Rempel , J. G. 1 962.
The morphology of the male and female
reproductive systems of the midge Chi
ronomus plumosus L. Can. J. Zool.

40: 1 99-229
2 10. Wentsei, R . , McIntosh, A . , Atchison, G .
1 977. Sublethal effects o f heavy metal

23

mite Hydrodroma despiciens feeding on
chironomid egg masses. Freshwater
Bioi. 1 2:83-87

2 1 9 . Wiley, M. J. 1 98 1 . Interacting influences
of density and preference on the emigra
tion rates of some lotic chironomid larvae
(Diptera:
Chironomidae) .
Ecology
62:426-38

220. Williams, K . A. 1 98 1 . Population dy

namics ofepiphytic chironomid larvae in
a chalk stream . PhD thesis. Univ. Read
ing, England. 3 1 7 pp.
22 1 . Wilson, R . S . 1 980. Classifying rivers

using chironomid pupal exuviae. See
Ref. 68 , pp. 209- 1 6
222. Wilson, R . S . , Bright, P . L . 1 973 . The
use of chironomid pupal exuviae for
characterizing streams. Freshwater Bioi.

contaminated sediment on midge larvae

3 :283-302
223. Wilson, R. S . , McGill, J. D. 1 977 . A

2 1 1 . Wentsel, R . , McIntush, A . , McCafferty,
W . P. 1978. Emergence of the midge
Chironomus renrans when exposed to
heavy metal contaminated sediment.

Res. 1 1 :959-62
224. Winner, R . W . , Boesel, M. W . , Farrell,
M. P. 1 980. Insect community structure

(Chironomus
56: 1 5 3-56

tentans) .

Hydrobiologia

Hydrobiologia 57: 1 95-96
2 1 2 . Wentsel, R . , Mcintosh, A . , McCafferty ,

W. P . , Atchison, G . , Anderson, V .
1 977. Avoidance response o f midge lar
vae (Chiro!lOmUS tentans) to sediments
containing heavy metals. Hydrobiologia

5 5 : 1 7 1-75
2 1 3 . Wiederholm, T. 1 980. Effects of dilution
on the benthos of an alkaline lake. Hydro
biologia 68: 1 99-207
2 1 4 . Wiederholm , T . , ed. 1 983. Chironomi

dae of the Holarctic region. Keys and
diagnoses. PI. 1 . Larvae. Entomol.
Scand. Suppl. 19. 45 7 pp.
2 1 5 . Wiederholm , T., ed. 1 98 5 . Chironomi
dae of the Holarctic region. Keys and
diagnoses. PI. 2. Pupae. Enromol.
Scand. Suppl. In press
2 1 6. Wiederholm , T. , Eriksson , L. 1 977 .
Benthos of an acid lake. Oikos 29:26 1-67
2 1 7 . Wiens, A. P . , Rosenberg, D. M . , Evans,
K. W. 1 975. Symbioc/adius equitans
(Diptera: Chironomidae), an ectoparasite
of Ephemeroptera in the Martin River,
Northwest Territories, Canada. Enlomol.
Ger. 2: 1 1 3-20
2 1 8 . Wiles, P. R . 1 982. A note on the water-

new method of monitoring water quality
in a stream receiving sewage effluent,
using chirunomid pupal exuviae. Water

as an index of heavy-metal pollution in
lutic ecosystems. Can. J. Fish . Aquat.

Sci. 37:647-55
225. Wool, D . , Kugler, J. 1968. Laboratory

culture of chironomid species from the
Hula Nature Preserve , Israel. Ann. Zool.

Fenn. 5: 1 5 3-54
226. Wulker, W. 1 964.

Parasite-induced
changes of internal and external sex
characters in insects. Exp . Parasitol.

1 5 :56 1 -97
227. Yamagishi, H . , Fukuhara, H. 1 97 1 . Eco

logical studies on chironomids in Lake
Suwa 1 . Population dynamics of two
large chironomids, Chironomus plumo
sus L. and Spaniotoma akamusi Tokuna
ga. Oecologia 7:309-27
228. Zbarakh, T. l. 1 97 1 . On the biology of
Chironomus behningi Goetgh. of Lake
Biili-Kul (river Talas basin). Limnologi

ca 8 : 1 4 1-42
229. Zelinka, M. 1 974. Die Eintagsfliegen

(Ephemcroptera) in Forellenbachen der
Beskiden 3. Der Einfluss der Ver
schiedenen Fischbestandes. Vestn . Cesk.
Spol. Zool. 38:76-80

