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When I was asked to write this review I had just completed a book on
the ecology of running waters that surveys the literature to almost the end
of

1966 (44). Citations

of work earlier than this have therefore b een kept to

a minimum, and t he bibliography given here should be re gar ded as supple
mental to that of the book.
The subject encompassed by the title is enormous; there already exist
many hundreds of often lengthy papers. It has thus been necessary to be se
lective of topics and to confine this review quite literally to streams as op
posed to rivers. We are therefore considering only localities where the flow
is fairly swift, the water shallow, and the substratum rock, stones or gravel,
with only limited areas of sand or silt. This is a very loose definition of the
habitat known as the rhithron, although it also includes sp ring brooks, some
times called the crenon.

It is, however, a habitat which is usually dominated by insects except in
very calcareous waters. Hydrida, Tricladida, Rotifera, Nematoda, Oligo
chaeta, Cop epoda and Parasitengona ar e nearly always also present, and in
hard water they are llsually join e d by H i rudi nea , Isopoda, and Amphip oda
and sometimes by Decapoda.
THE INSECT FAUNA

OF

STREAMS

Perhaps the most striking feature of the rheophile insect fauna is its

world-wide u niformity. In this respect it falls short of the biotic u ni formity
of a few special habitats, such as hot springs or temporary pools but, in con
trast to other biocoenoses that are dominated by a large variety of insects, it
is remarkably similar on all the continents. Usually one finds many of the
same families and life forms and often even the same genera wherever one
looks on the planet, with the not unexpected additional fact that isolated
land masses, such as New Zealand and Britain and recently glaciated areas,
tend to have im poverished faunas. The Pleistocene gl aciation of northwest
ern Europe, because it involved icecaps both to the north amI on the Alps to
the south, has resulted in some extra limitation of the variety of stream
fauna there. There are, for instance, no European Corydalidae or Deutero
phlebiidae, and Blepharoceridae are absent from the northern mountains.
There is also some dichotomy between the northern and southern hemi
spheres, which differ almost completely in their families of Plecopter a "
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and in that Leptophlebiidae in Australia and South America occupy some
niches which in the north are inhabited by other families of mayflies.
Another p articul ar feature of the stream fauna is that there are many
famil ies, or even larger groups, which are virtually confined to running
water. These are to be found among the Ephemeroptera, Odonata, Plecop

tera and Nematocera, together with some small taxa among the Het erop
tera, Coleoptera, Lepidoptera and Brachycera.
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These two features lead one to conclude that much of the insect fauna of
stream s is of an cient lineage, and that it has lived in the same type of envi
ronment for a long while. It is not surprising thcrefore that many genera
display obvious adaptational modifications to their peculiar h abitat .
Some of these modifications are m orphological and involve such speciali
z ations as flattening, streamlining, fricti o n discs , close application to the
surface of stones and even the presence of hydraulic suckers. The adapta
tional significance of some of these features has been challenged on the
ground that they are not confined to stream animals (72), but that is really
a spu rious argument. Similar modifications may occur in response to quite
different conditions for the same or for different reasons. Even within the

stream environment, flattening allows some animals to live on stones, e.g.,
Psephenus larvae, while the fl atten in g of others, e.g., many Hcptageniidae,
permits them to creep under stones into shelter from the current.

Our understand ing of the exact function of many of these morphological
adaptati o ns has been greatly clarified by Ambiihl's (2) study of flowing

water in relation to microhabitats, and his demonstration of a boundary
layer of almost static water on stones, and of spaces filled with dead water
downstream of and below them. Bournaud (10) has shown that most of the
modifications enable animals to avoid many of the effects of flow by keeping
their bodies down in the boundary layer away from the force of the current.
He also stressed that behaviour is more important than morphology, and

that cryptic habits are characteristic of most stream insects. These can also

lead to morphological adaptations, such as the long narrow bodies of many
Plecoptera and Ephemeroptera (Leuctridae, Capni idae, ChloroperIidae an d
some Gr ipopterygidae, Leptop hlebiidae and Baeti dae) . T hese nymp hs bur
row into the gravel, and thus avoid any contact with the current. In fact the
only insects which regularly expose themselves to fast water and swim
against it a re the streamlined Baetidae, such as most species of Baetis and

Centroptilum.

Other important changes which are associated with stream life have oc
cu rre d in r espiratory physiology. Normal streams are always well oxygen

ated because o f their turbulent flow; and they are usually cooler, during
summer, than bodie s of still water. Associated with this many stream in
sects, all of which must use dissolved oxygen as th ey cannot go to the sur
face to obtain gaseous air, are unable to tolerate low oxygen tensions. More
over, many of them have lost the ability to venti late , by flapping gills or un
dulating their abdomens, an d have come to rely upon the current to renew
the oxygen supply at their body surfaces. Some can stilI ventilate in

ex-
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tremis, but they are unable to keep it up for long; they are therefore tied to
water movement, high oxygen content and low temperature, or at least to

any two of these factors, and this confines them to running water (46).
Only in the Arctic and at high altitudes does the distinction between stream
and lakeshore faunas tend to become blurred because the lakes are very cold
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at all times (18, 92). But even there, there are some genera, e.g., Rhyaco
phila, which remain restricted to streams, probably because of their respira
tory physiology, and others a re so confined by th ei r feeding habits, which
are considered bel ow .
These modifications, and differences in levels of adaptation between spe
cies, go some way toward explaining the close association with particular
types of substratum which are so characteristic of many stream insects. For
instance, water pennies can attach only to rocks or fairly large stones, the
suckers of Blepharoceridae and the friction discs of many other insects can
be a pp lied only to fairly smooth surfaces and are rendered useless by a thick
covering of silt or diatoms, and Leuctridae nced gravel in which to burrow,
and are eliminated by any considerable admixture of fine sand.
There are, however, also many unexplained associations with particular
types of substratum, and certain species are always found in or on particles
of a certain size for no clear reason. A recent study of this type of prefer
ence is that of Eriksen (33), who showed that nymphs of Hexagenia lim

hata burrow only into fine substrata, while Ephemera simulans chooses

gravel, although these two mayflies are superficially fairly similar. The re
sult is that, in the mozaic of types of substratum and areas of shelter on a
stream bed, there is a corresponding faunal mozaic (90). This makes quan
titative data extremely difficult to obtain, and the now almost classical ex
ample of this p roblem is the study of a single riffie in a Californian stream
which demonstrated that an almost impossibly large number of samples is
needed to determine the number and weight of animals present per unit area

(71).
Differences in temperature tolerance, coupled undoubtedly with competi
tion between allied species, also result in zonation along the lengths of

streams, as species replace one another either wholly or in part. This has led
to some c on tr ove rsy in recent years about the possibility of defining distinct

zonal biocoenoses in terms of their invertebrate faunas. A general conclu
sion seems to be emerging that such a classification is not justifiable except
in the most general way, because specific changes occur for different rea
sons at various points along a co nti n uum . Nevert hele ss , the close association
of par ticul ar species with definable microhabitats is well established, and it
often results in a clear zonational distribution along streams within the lim
its of certain taxa. Several examples have been published during the past

three years (18, 64, 65, 93-95).

Generally speaking, it is the most highly adapted insects which are the
most abundant and important members of the stream fauna. Such are the

Plecoptera, Baetidae, RhyacophiJidae, net-spinning Trichoptera (of which
more will be said below), Simuliidae, and Elminthidae, the last of which are
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remarkable among the water beetles in using plastron respiration. To these
we should add many Diamesinae and Orthocladiinae of wh o se adaptat ions

we know li ttle, although thc fac t that many of them are confincd to streams
probably indicatcs at least respira tory adaptation. Ross

(78)

has stressed

that t he primi tive families of Trichoptera are confined to streams, and

it

seems to be true that streams have become r efuges for many p rimitive, but
n onethele ss highly adapte d, types. One has only to consider the Plecoptera,
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Ep hemeroptera, Cory d alidae and several highly speciali zed families of N e
matocera to appreciate this point. Most of the insects which live actually out
in the current-swept areas are survivors of primitive groups, and they have
been j oined by a comparatively few more highly evolved insects. The latter
include some Rhagionidae, Tabanidae

zophora (e.g.,

Limnophora),

(Haematopota)

and a very few Schi

a few genera of Pyraustidae

and Hemiptera (some Naucoridae and

Aphelocheirus),

(e.g., Cataclysta)

and some beetles,

among which onl y the Elminthidae are important. The widespread Hydrae
nidae spend only their adult lives out on the stream bed, and the majority of
higher Diptera which a re associated with streams (e.g., Dolichopodi d ae,

Empidae and most Tabani da e ) and Coleoptera (Dytiscidae and Gyrinidae)

occur only in sheltered backwaters or at the extreme edge of the water. This
perhaps indicates the difficulties presented by the stream environment and
the p r obl ems faced by more highly evolved forms in replacing well-adapted

primitives from niches in a severe habitat. A parallel example is the persi s
tence of the ancient Phyllopoda in temporary pools in the face of competi

tion from the more modern Crustacea.
Particularly striking is the almost complete absence of Hymenoptera
which are so common almost everywhere else. Only the genus

Agriotypus,

which parasitizes pupae of Goerinae, has actually succeeded in invading
streams, although some stream insects are liable to parasitism by other Acu
leata during stages that are not spent under water

(11).

T he absence of

parasitoids provides a great contrast with the terre strial s ituation .

Among the important groups, the adults of Elminthidae alone are aquatic
and long-lived. In nearly all the others adult life is terrestrial, short, and

concerned only with breeding and dispersal , although even the latter is in
some dispute. Many imagines fly weakly and live for a very short while, and

some stoneflies do not fly at all. There is s ome evidence that black fly a dults
may move considerable distances

at

(8), but set

against this is the fact that

l east some species show local chromosomal varieties

(22)

which i nd i

cates little gene exchange between populations. Similarly, many species of
stonefly have very limited areas of distribution (76). We clearly need more

investigati on into the importance of the adult stages in di sp ersal.
FOOD
Many stream insects feed on the periphyton growing on stones, which is
an unusual diet for insects; but it is available in large amounts only to those

s pecies , such as Psephenidae and Glossosomatinae, which spend all or much
of their time on exposed, and therefore lighted, surfaces. Even they appear
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to ue not particularly selective as they also eat organic detritus trapped in
periphyton, and a great many other insects fecd primarily on dead organic
matter lodged in the substratum. Egglishaw (25) has demonstrated very ele
gantly that the micro-distribution of most of the fauna is correlated with
the amounts of plant debris present and that the insects seek it out and con
centrate upon it; and many studies [e.g. (13, 67, 92)] have emphasized that
allochthonous plant material is the most important primary source of energy
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for the stream fauna, and is made available to higher trophic levels through
the activities of detritus-feeding insects. The productive capacity of the val

in the stream
which may, because of shading, be very low and yet apparently sup

ley is therefore more important than the primary production

itself,
port

a dense fauna.

also an
important source of food for many insects, and this has resulted in a num
her of specializations which are found only in stream dwellers. They range
from the sticky strings of saliva hung between the arms of the hydra-like
tubes of Rheotanytarsus, through the fringes of hairs on the forelegs, or
Drifting detritus, plankton and washed-up benthic organisms are

even the mandibles, of some Ephemeroptera nymphs, to the elaborate nets
and associated structures built by many campodeiform Trichoptera larvae.
Perhaps the best known of these passive feeders arc the larvae of Simulii
dae, whose premandibles bear elaborate double fans (37). The fans are
held open by the current, up into which the larvae thrust them from their
shelter in the boundary layer, and this imposes a lower limit of rate of flow
in which the larvae can feed. It is about 20 cm/sec for

Simulium ornatum

(39) and this alone restricts the species to certain types of locality. Feeding
is apparently quite unselective, so the quality of the available food affects
the population, and where large numbers of larvae arc present they remove
microseston from the water very rapidly (62). They also catch very tiny

most insects, they can complete their life cycles
(34). It seems very probable that, in some situa
tions, bacteria form the bulk of their food, thus giving the stream commu
particles so, in contrast to

on suspensions of b acteri a

nity almost direct access to organic matter coming from the watershed in
solution.

described by many authors; two re
are tho se of Kaiser (48) and Sattler (80); and Gibbs (35) dis

The nets of Trichoptera have been
cent papers

cusses the manner in which some of the more elaborate structures in which

may have evolved. In most of them the mesh apertures arc quite
large, measurable in tens of microns (24), so the food particles caught are

they occur

large and varied, and the common Hydropsychidae are more or less omnivo
rous.

But in at least one species, Micrasema ulmeri, the meshes are only 3 X

19 p. (80), so very small particles must be collected. We do not, however,
know how common are such very finely meshed nets.
It has been shown that nets, like the fans of black fly larvae, are efficient
only in a current, so it is not unexpected that Edington (23, 24) was able to
show that when he interfered with the flow in field situations the larvae
moved to new locations and constructed new nets. They, li ke

Simulium, are

HYNES
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restricted to certain current speeds

ent species are tied
thei r nets (24). At

by

their feeding mechanisms, and differ

to different ranges of speed by the varying structures of
least

the

genus Hydropsyche

is also limited by tempera
(48) studied became inactive below 8° C.
Edington also showed that where Hydropsyche is abundant the nets are
very evenly spaced downstream of one another, although often closely side
by side, in such a way that no net is fishing already filtered water. How this
ture; two species which Kaiser
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distribution is achieved is not certain, but it may be relevant that the larvae
are known to stridulate, an

ability which is rather

rare among larval insects

(47).

Clearly, also, these passive feeders are benefited by conditions which

make

the water particularly rich in food

par ticl es. Several studies have

shown that they are often very abundant just below lakes, which are a
source of plankton;

recent ones are those of Cushing (16) and Ulfstrand
(92). It can also readily be observed in Canada that beaver dams and pesti
lential s warm s of black fli es go tog ether As might be expected from our
.

knowledge of seasonal changes in lake plankton, the effect is more notice
able in the summer than at other times, Ulfstrand found that the fauna
of lake outflows in arctic Sweden was always much den ser by a factor of
ten or more, than that of other streams during July and August, but that
this did not apply earlier or later in the year. In Sweden, the increase was

caused

by

Simuliidae,

and in Canada Cushing recorded a similar, but longer,

summertime maximum of campodeiform Trichoptera. It is also interesting
to not e that some species of black fly seem to occur only near lake outlets.
Possibly this restriction is not universal and it may have nothing to do

food. Some mayflies are similarly

confined in Swedish

with
Lapland but not el se

where in their geographical ranges, and others are not found below lakes
there although they occur in other

ature is the

operative

streams (92). This indicates that temper
factor, as lakes warm up more slowly, become warmer

and remain warm longer than streams. Poss i bly the same factors influence

some of the specics of Simuliidae.
LIFE HISTORIES

Stream temperatures near

springs or ground-water seepages are often

remarkably stable, and even far downstream of such sources they are much
more uniform than they are on land. This is partly because evaporation and,
very often, shade from riparian trees keep temperatures down in hot

weather, and partly because, even during severe winters, the water contin
ues to flow under an insulating layer of ice and snow. The habitat
insects therefore never freezes,

of benthic
and Schwoerbel (83) has shown that the

winter temperature a few centimetres down in the substratum may be sev
eral degrees higher than that of the overlying water. Even during the Cana
dian winter, after many weeks of f reezing
water and
as

tens of

weather resulting in 0° C in th e

centimetres of surface ice, we have recorded temperatures

high as 1.3° C 60 cm below the g ravel surfa ce.
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that autumn leaf-fall provides a
of food to the biota, has allowed the
evolution of many species w hich ar e act ive through out the winter. These do
much of their growing when they are least likely to fall prey to fishes w hich
This lack of frost, coupled with the fact

r eadil y available and abundant supply

are rendered sluggish by the cold.
Many investigators, duri ng the last two

decades, have demonstrated that
of Plecoptera and Ephemeroptera that grow actively dur
ing the winter, and Rauser (76) concludes that the threshold temperature
for many Plecoptera must be very near 0° C. Ulfstrand (91) found that
Ameletus inopinatus and Leuctra hippopus undergo most of t heir ny mphal
development while the streams are iced over in northern Swerlen and, al
though the growth of many species is slowed down or even stopped for a
while by intense cold (29, 86), many others continue to grow through the
winter. In the mUd climate of West Virginia the wing p ads of Ep e o rus
grow fastest in the coldest weath er (66), a nd in S cotland , which also has
mild winte n , differences in the severity of diffe rent years have apparently
little influence on the r at es of g rowt h of several s ton efly and mayfly species
(26). It is clear therefore that i n these two orders there arc a number of
genuine winter species, the adults of which emerge in the early spring.
These are extreme examples, but there does seem to be a general tendency
towards cold steno thermy among many stream insects. Macan (61) found
that Heptagenia lateralis is restricted to streams that do not exceed 18° C,
becau se it needs a sufficiently long time between its rather high temperature
threshold for growth and its fairly low lethal temperature. So, although the
eggs are known to tolerate high temperatures on lake shores, warm streams
heat up too fast to alIow the species to complete its nymph al development.
There are other species whose distribution is probably controlled in a simi
lar manner, and it is becoming clear that in many instances it is the pattern
of temperature change rather than the absolute temperature attained that is
the important factor.
Most of the cold-water insects are univoltine, but in extreme environ
ments some species which are not able to grow a dequately at the lowest tem
peratur es have become opportunis tic, and make the most of such short
sligh tly warmer per iods as occur. Thus, Diamesa valkanovi in a Norw egian
glac ier brook appears to have a two-year life cycle near the glacier but to be
univoltine in the lower reaches (79); and Rhyacophila evoluta is able to go
into cold- induced d iapause at any stage of its life history, and so take one,
two or three years to d evelo p . This allows it to inhabit a wide va r iety of
s treams in the Pyrenees, in contrast to less adaptable animals (18). At the
other end of the scale, the cool-water, as opposed to cold-water, bivoltine
species of Baetis can avoid the effects of very warm water in southern or
low-altitude streams by increasing the gap betwe en successive generations
and spannin g it by remaining in their eggs (75).
Diapausing eggs that avoid the consequences of high temperature seem
to be a common device among stream insects, and they ar e found in many
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species of Ephemeroptera, Plecoptera and Simuliidae, especially Prosimu
liunt. Som etim es indeed the diapa11se is so long that it a I1 0w s the nym phs to
hatch at the most favourable season for early growth, nearly a year after
oviposition. Khoo (52) has shown that this applies to the northern holarctic
stonefly Diura bicaudata, and that, very interestingly, it seems to be losing
this pecul iar characteristic in lowland lakes where it is not neces sary.
Khoo (50,51) also showed that Capnia bifrons, a winter stonefly, has a
nymphal diapause which is
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creasing

day-length at

induced by temperatures above 9° C, or by in

lower temperatures, and that the nymphs avoid the

warm weather by remaining deeply buried in the substratum in this condi
tion. We now know that other Capniidae, e.g., Alloca pnia, behave similarly,
and it is a small addition to such aestivation that permits many insects to
avoid the consequences of drought. Thus, many cold-water species, such as
Prosimulium gibsoni, Allocapnia pygmaea and A. vivipara, which inhabit

temporary streams [(3, 15) and personal observation] survive the tIry sea
son as eRgs or diapausing nymphs, and some Trichoptera aestivate as pre
pupae (15). Where, however, drought is very severe and prolonged, as in
Rhodesia, it seems that only the last mechanism is possible, and the faunas
of temporary and permanent streams differ little because of rap id recoloni
zation (38). This can, however, occur in a warm climate in a way that it
could not where the end of a long summer dry

flying season

for

period

is also

the

end of the

adults.

In addition to the peculiar cold-water species, there is also a correspond
ing popUlation of wa rm- water insects that avoid the winter season as eggs,
pupae or very small nongrowing nymphs. The majority of such species are
Simuliidae (3, 12), but they include some Trichoptera and Ephemeroptera.
Such are Glossosoma intermediunt i n northern Sweden (91) and Chitono
plLOra sp. (larvulae) and Ephemerella ignita ( eggs) in Austria (75). Gen
erally speaking, the number of species of th es e summer insects is lower than
that of the winter species, a fact which often results in th e greatest biomass
being present in the spring at the end of the growth of the latter (26, 97).
There are, however, often two peaks in numbers of indi viduals, in early

groups begin their periods
also often possible to observe the apparently direct temporal
vicarious occurrence of similar species, as did E ggl ishaw & Mackay (26)
between Leuctra fusca and L. i1lermis, and Rhithrogena semicolorata and
Ecdyonurus in Scottish Highland streams.
An interestin g fact in association with the existence of closel y related
cold-water, cool-water and warm-water species is that in the Elminthidae
there is a decrease in size fr om the first to th e last. Steffan (85) has shown
winter and early summer, respectively, as the two

of growth. It is

to several genera in central Europe, and he has suggested
may be connected with better oxygen relations or longer larval li fe at
the lower temperatures. An analogous situation is known to occur in several
species of mayfly in which early-emerging individuals are larger than later
emerging ones of the same or of a sub sequent gcneration . This is probably

that this applies
that it
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cOllnected with the temperature at which the nymphs have grown, but there
may be complicating factors associated with photoperiod. Khoo (50, 51)
found that the adults of Capnia bifrons, which emerge from February to
May in Wales, become progressively smaller as the season advances, and
that exposure of the nymphs to long photoperiods hastens the appearance of
adult characters in immature nymphs. The smaller adults also have rela
tively shorter wings than the larger ones, and this may provide an explana
tion for the occurrence of short-winged specimens of many insects at high
altitudes (79). Presumably, the cold does not permit them to grow as fast as
their lowland relatives, but the onset of summer hastens development to the
point of emergence before they are large enough to have large wings. It ha5
often been shown that early emerging species emerge later at higher lati
tudes and altitudes (9, 32, 88) ; and it is also known that species with long
emergence periods at low altitudes have shorter ones at high altitudes, and
that altitude makes little difference to the times of emergence of autumnal
species (17). These findings would fit with the assumption that emergence
times are under the dual control of temperature and day-length, and pre
sumably their relative importance varies from place to place. For example,
Minshall (69) concluded that the time of emergence ot Epeorus pleuralis
from near the source of a spring stream in Kentucky must be controlled by
photoperiod as the temperature of the water varies very little; and photope
riod is almost certainly the over-riding factor for the winter stoneflies
which emerge through small thaw holes in ice-covered streams.
Photoperiod also seems to be important in controlling the rate of matu
ration of eggs, and in synchronizing the timing of life cycles of spccies
which inhabit varied water bodies. There are two well-worked examples
among the Trichoptera. In southern England, Limnephilus lunatus inh abit s
both spring-fed watercress beds and nearby streams. The relatively high
winter temperature of the spring water permits earlier emergence from the
watercress bed s than from the streams. But the females from both types of
locality mature their eggs slowly on land in such a way that both groups are
ready to oviposit in the autumn (36). In the Pyrenees, Allogamus auricollis
occurs over a wide range of altitude and, as is usual in such situations, the
low-altitude specimens emerge earlier than the high-altitude ones. They then
mature their eggs away from the water. The high-altitude specimens are
much smaller than their downstream sisters, probably because they spend
less time in the fifth larval instar, and they have fewer eggs. But their eggs
are mature at the time of emergence, so oviposition is more or less synchro
nized at all altitudes (18). Control of oogenesis by photoperiod would ap
pear to be the most reasonable hypothesis in both these instances.
Differences in temperature tolerance with particular reference to life
histories therefore account in large measure for the altitudinal, longitudinal,
and seasonal distribution of species in streams as well as for the often re
ported relatively great importance of Plecoptera at high altitudes and lati
tudes (9, 18, 19, 49, 84, 92). They also explain the freque n tly observed coex-
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istence of closely allied species in the same habitat, as it is possible to avoid
direct competitive exclusion by having life cycles out of s tep with one an
other. This can occur even when emergence and oviposition times coincide
or overl ap, because of different eclosion and growth patterns related to dif
ferent seasons. Such temporal succession may occur even among coexisting
multivoltine summer species, as was shown by Obeng (73) among Simulium
species in Wales. She found, for example, that succeeding generations of S.
reptans and S. variegatum were out of phase, so that small larvae of one
accompanied large larvae of the other throughout the summer . This , pre
sumably, reduces competition between the two species and allows them to
occnr together.
One must, however, be cautious about reg arding differences in life his
tory as the only exp lanati on for coexistence of allied species. Often there
are differences in preference of microhabitat which are difficult to detect in
the fine mozaic s of stream beds. A good example is Madsen's recent careful
study of Heptagenia sulphurea and H. /ttscogrisea i n Denmark (63). These
two species look very similar and often occur together , but H. sulphurea is
more fl atten ed, swims little when detached from the subst ratum, and takes
hold of the bottom as soon as it touches it, settling in the boundary l ayer . H.
fuscogrisea s wims when released into free water, does not reattach so read
ily, and seeks out dead water. The two species therefore live only centime

apart but in quite different microhabitats. Interestingly, Madsen was
able to find small morphological differences between them, involving the po
sitions of hair fringes on the legs and the teeth on tarsal claws, which he
was able to relate clearly to the habits and habitats of the species. It is
pleasant to think that p erhaps some day we shall understand the significance
of at least some of the trivial morphological characters which we use for
distinguishing the young stages of stream insects.
tres

DRIFT

Dur ing the past few years many i nvest i gators have concerned themselves
stream animals as revealed by nets left st a
tionary in the water. It is well established that most stream insects face into
with the downstream drift of

the current, and indeed many of them have little option in this as their long
(Ephemeroptera and Plecoptera ) or tapering cases (Trichoptera)
sweep them round to face the local direction of flow. Th us, a ny voluntary
move they do make tends to take them upst ream . However, any los s o f hold
swe ep s th em downstream, and the numbers carried past a giv en point seem
far in excess of any possibility of compensation by m e rely walking up
tails

stream.

Roos (77) showed that he caught more adult insects flying up
than were flying downstream in central Sweden the problem seemed

When
stream

to be solved, and the idea of the "colonization cycle" resulted. This postu

adults fly ttpstream to oviposit, the young stages dr ift down and
emerge, and the adults again fly upstream. Support was given to th i s by the
finding that even the winter stonefly, Capnia atra, which emerges onto the

lates that
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100 m di
walking (89).
Other workers have also reported upstream flights [e.g. (98)]. Unfortu
nately for this theory, Elliott (28, 30) was not able to confirm Roos' results

snow when it is too cold to fly in

northern

Sweden, walks about

rectly from the stream and then turns upstream and goes on

in England, where wind direction seems more important than stream direc
tion in controlling movement. And, in Ontario, while we have been able to
observe the initial march away from the stream by a winter stoneHy, Allo
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capnia pygmaea, the upstream part of the journey is not as clear-cut as re
ported for Capnia. M oreover, about a month elapses in the Capniidae be
tween emergence and oviposition, so unless the females remain close to
where they arrive on their initial journey and retain knowledge of the local
geography, it is difficult to see how a net upstream movement can result.

Several species of mayfly nymph are known to be negatively phototropic
or to be more active in brighter light, and these responses tend to keep them
in sheltered places during the day

(30,42,81,82). When night falls they

wander out of the shelter and are more readily dislodged by the current. As
a

result, the d rifting of mayflies, and also stonefiies, campodeiform Trichop

tera and many other inse cts, is greatest at night, and the Same applies in

(4,5,27,28,54,57,70,99). The drift rate
24 hours (4) and
drift by day but not by night (5,98).

large rivers as in small streams

of Chironomidae seems, however, not to vary over the
some species of Limnephilidae

As l ight is clearly involved in much of this behaviour it is understand
able that it has been reported that nocturnal illumination, or even a full
moon, reduces the amount of drift, and that artificial darkening before

Waters (41) showed that the
1 lux, while Elliott
(30) reports levels of 5 to 20 lux for the start of activity and 2 to 60 lux for

nightfall brings it forward

(4,27).

Holt &

critical level of illumination for Baetis vagans is about

its cessation in a number of other mayfli es . These differences may account
for some discrepancy in the findings of Anderson

shall (32)

(4) and Elliott & M in

on the effect of moonlight. It seems, indeed, that the eff ect i ve

level of illumination must vary from place to p lace, or from species to spe

cies, as Ulfstrand (92) found

that the midnight sun in the Arctic does not

totally suppress the diurnal rhythm.
Drift may also be enhanced by freshets, as they increase the flushing ef
f ect of the stream. This so-called catastrophic drift has been studied by An
derson & Lehmkuhl

( 6)

and Elliott

(28)

who found that the diurnal

rhythm persisted even where the numbers were greatly increased, and by
Weninger

(99)

who observed little drifting at times of very h igh water, in

dicating perhaps that very hi g h dischar ges cause the animals to seek shelter.

The rhythm, however, is more complex than a simple nocturnal maxi
mum. Usually, the maximum follows soon a fter sunset, and there is o ften a
later one, or even two, before dawn on long nights

(28, 70).

A probable ex

planation for this is provided by a recent study by Chaston (14) who
showed that Simulium, Isoperla and Ephemerella have fluct uating innate
rhythms of activit y which are suppressed by lig ht. The onset of darkness
releases the rhythm and the animals drift most readily at their times of peak
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activity, of which there may be one or more depending upon the length of
the cycle and the duration of the night.
A further complication is that not all size groups of anyone species drift
in the same proportions as they occur in the population. Anderson (4)
found that the drift of larger individuals was more depressed by moonlight
than that of smaller ones, and that the early caseless instars of Hydroptila
rona drift less readily than larger case-bearing ones (5). There are thus in
dications that drifting is associated with life history (99), and Elliott (29,
31) concludes that in most species the maximum amount of dri fting occurs
at seasons of maximum growth.
Other studies indicate that temperature may affect the drift rate (74)
and that this may be the major controlling factor for daytime drifters (98) ;
that riffles and runs produce more drift than do pools which may indicate a
decreasing importance of drift in lower reaches (7) ; that reductions in flow
cause increases in drift (68) ; and that there i s some correlation between the
density of the population and the amount of drift ( 2 1 , 74).
The l as t p oint appears to indicate that drift is at least partly an outcome
of competition for space, and that it causes the loss of excess production to
downstream areas. But in the present state of our knowledge the si gnifi
cance of drift is fa r from clear. It is even uncertain how far the animals
move, and whether there is any significant downstream displacement of the
population as a whole. Some earlier studies indicated that individuals travel
tens of metre s each night, and Carlsson (12) mentions movement of some
hundreds of metres by Simulium larvae marked with 32P. On the other
hand, 32p has been shown to move similar distances upstream, with at least
circumstantial evidence that it had been carried by aquatic insects. Recent
studies have stressed that only a very small proportion of the population is
in the water column at anyone time, and that the size composition of the
drifting insects varies i rr egularly ( 28, 57, 92). Th is seems to i ndicate that
the distances moved may be quite short and, despite the large numbers
caught in drift nets, Elliott (28) has calculated that the loss to the fauna, if
it is one, is only 0.37 per cent per d ay in an English stream. The correspond
ing figure for an arctic Swedish stream is about 1 per cent (92). These low
figures, together with our lack of knowledge of how much upstream move
ment occurs, possibly indicate that the importance of drift has been over
stressed. It certainly remains in need ot further study, with p a rticular refer
ence to upstream movement and distances moved, before its ecological im
portance can be fully assessed.


AVOIDANCE OF DISASTER

Catastrophic drift caused by h i gh rates of discharge is only onc symptom
of the difficulties faced by insects in the essentially unstable habitat of the
stream bed. Severe floods with their attendant scour, wash out and abrasion
may occur at any time, and only those species which can survive them can
successfully inhabit streams. It has been known for a l ong ti me that spates
reduce the fauna ; recent reports of this phenomenon are those of Maitland
-
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& Penney

(64) on Simuliidae i n Scotland, and Hynes (43 )

on the insects o f

a Welsh stream.
One way in which such effects are minimised is the very close attach
men t of eggs to the substratum, so th at even if stones are rolled and

abraided some survive. The elaborate attachm ent mechanisms of the eggs of
stoneflies and m ayfl ies have o ften been described and reports on them con
ti nue to appear ( 20, 53, 55, 56 ) . Moreover, in m any i n s e ct s th e eggs c on 

tinu e to hatch over a very long period, often f ar exceeding the flight period
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of the adults. Macan

and it

(59) has discussed the importance o f thi s

ph enom eno n,

h as been subsequently observed, o r inferred from the co ntinued ap

pearance of ve ry small spec imens , by many authors. Long hatching periods,
coup l ed with firmly attach ed eggs, of course ensure that there is a long p e
ri od du rin g wh ich

a

spat e severe enough to remove nymphs or larvae will

not eliminate th e speci es.
Another disaster which may, regularly or infrequently, o ve rtake stream

insects is d rought, and here aga in there is evidence that many species sur
vive as eggs, and again the long eclosion period is an insurance. Some in
verteb rates can burrow deeply into the substratum and escape th e dryness,

but among insccts this ability is confined to Coleoptera and s ome Dip tera .
Mayfl ie s and stoneflies, apart from the di apausi ng nymphs of Capniida e ,
normally survive only as eggs.

It is not, however, generally appreciated that even when water is present
great numbers of t he small stages of st r eam insects, an d some large ones

also, burrow deeply int o the gravel. Schwoerbel (83) has written exten 
sively on this

"hyporh eic"

habitat, and has shown that the insects spread out

laterally from th e e dge s of st rea ms and can bc coll e cted some d i stan ce from

the water's edge. Work in my labo ra to ry has confirmed th at a den se fauna
extends downwards for tens of centimetres below the substratum/water in

te rfa ce in a stream in southern Ontario, and it seems probable that the hy
porheal has considerable ecological s ign ificance. It se em s, for instance, the
only reasonable explanation for the steady return of the fauna to a Welsh
mountain stream which had been devastated by an unusual flood, because

m ost of the species returned before they had had time to recolonize as flying
adults and their size-distribution was the same as it woul d have been had the

flood not occurred

(43 ) .

The last point indi cates

that at

lea st most of the

recolonization had not resulted from unhatched eggs.

QUANTITATIVE STUDIES
The fashionable trend in m odcrn ecology is towards the study of produc
tion and measurement of e ne rgy transfer between trophic levels. This i s
very difficult in streams not on ly because much of the p rimary source of en

e rgy is allochthonous and irregularly transient an d thus very difficult to
measure, but because we have no effect ive methods for quantitative sam

pling.
We have al read y seen that very large numbers of s amp le s have to be co l
lected because of the mozaic nature of the stream bed. Those results were

HYNES
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based on collections made with a Surber sampler which is, for various rea
sons, rat h er inefficient despite its gen eral usefulness. B etter samplers are
available and have been discussed by Macan

(60) and Albrecht ( 1 ) . None,

h owev er, penetrates very de eply into the substratum so, quite apart from

deal of the
all involve the use of some kind of screen, which

any other failings they may have, they do not collect a great

hyporheal. They also

causes the loss of small specimens if it is too coarse and large ones if it is
too fine

(60, 87 ) .
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Moreover, there are indications that insects move laterally across the
beds of streams as they pass through various stages of their life histories

( 58, 92 ).

In h igh mountains, the fauna becomes con cent rated toward the

centre of the bed under the ice

( 18) ,

and thi s p ro bably appli e s in all severe

climates, and at least one species of mayfly,

Habroleptoides modesta, seems
far out

to leave the stream altogether for part of its life history, wanderinginto the hyporheal under the banks (83 ) .

It will be clear therefore that all the quantitative data so far obtained are
very unsatisfacto ry and that even our estimates of standing biomass are al
,

most certainly far too low. Th is accounts for the paradoxical finding of

some fishery wo rke rs

that fishes seem to eat many times the numbe rs

of in

sects present at any one time, even though most of those insects are univol

tine.
FUTURE PROSPECTS

It will be apparent from this survey of recent work that study of the

ecology of stream insects i s still l a rgely exploratory and d es c ri ptive We are
.

beginning to understand some of the reasons for pa rti cula r distributions in
relation to substratum and temperature, and also some of the relationships
of life cycles to sea s onal changes. We suffer, however, very much from our
inability to identify immature insects. Wiggins

( 100 ) has stressed that only

a very small percentage of the species is known and that this type of study
is un fashionable. The situation is particularly bad with very early stages,
which are often o f con si d erabl e ec olog ical importance, and the universal
and abundant Chironomidae are almost i mpossi bl e to identify. This lack of
taxonomical work is one of the most serious barrier s to further progress.

Another serious barrier is the inadequacy of our sampling methods, espe
cially in view of the depth to which many insects apparently penetrate. Until
thi s probl em is solved all quantitative work, u nless it is st r ictly comparative,
must be accepted with great reservation.
We also need to know much more about the adult stages and what influ

ence their habits and requirements may have on the distribution of species.
Van Someren ( 96 ) has suggested that the absence of some stream insects at
high al titude s on Mount Kenya may be because nightl y frosts eliminate

adults, and Hartland-Rowe (40) proposes that the distribution of Rhith
the Canadian Rockies may be controlled by the oviposit i on habits

rogena in

of the adults ; and the same sort of consideration has been applied to Simu
liidae and damselflies ( 12, 101 ) . The reverse situation may apply to Hy-
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draena which has aquatic adults but semiterrestrial larvae. It occurs up to
o nly about 1 000

m

in the Pyrenees, whereas at least some Elminthidae, in

which both adul ts and larvae are aquati c, are found at much higher

( 9 ) . Much of this is,

however, merely speculation and there is

altitudes

an obviou s

need for further study.
Finally, there is the almost uninvestigated field of the role of allochthon
ous organic matter and its associated microflora in the nutrition of the pri
mary consumers in streams. Insects comprise the maj ority of the speci es
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which feed on this organic detritus.

LITERATURE CITED
Die
quantitative
der
Bodenfauna
Gewiisser. Z. Fisch.,

1. Albrecht, M.-L.
Un tersuchung

fliessender
N.F,. 8, 481-550 (1959)
2. Ambiihl, H. Die Besonderheiten der
Wasse rstriimung in pbysikalischer,
chemischer und biologischer Hin
sicht. Schweiz. Z. Hydrol., 24,

the parasite. Ann. Entomo1. Soc.

Am., 61, 42 5-55 ( 1968)
12. Carlsson , G. Environmental factors

13.

367-82 (1962)
3. Anderson, J. R., Dicke, R. J. Ecology
of the immature stages of some
Wisconsin black flies. Ann EntO'
mol. Soc. Am., 53, 386-404 ( 1 960)
4. Anderson, N. H. Depressant effect
of moonlight on activity of aquatic
insects.
Nature,
209,
3 19-20

14.

15.

( 1 9 66)
5 . Anderson, N . H. Biology and down
stream drift of some Oregon Tri
choptera. Can. Entomologist, 99,

507-21 ( 1967)
6. Anderson, N. R., Lehmkuhl, D. M.
Catastrophic drift of insects in a
woodland stream. Ecology, 49,
198-206 ( 1968)
7. Bailey, R. G. Observations on the

natu re and importance of organic
drift in a Devon river. Hydro
bi% gia, 27, 353-67 ( 1 966)
8. Baldwin, W. J., Allen, J. R., Slater,
N. S. A practical field method for
the recovery of blackflies labelled
with P". Nature, 212, 9 5 9-6 0

( 1 966)
9. Berthelemy, C. Sur I'ecologie com
paree des piecopteres, des Hy
draena et des Elminthidae des
Pyrenees. Verhandl. Intern. Ver.
Theoret. Angew. Limnol., 16,
1 727-30 ( 1 966)
10. B ournaud, M. Le courant, facteur
eco\ogique et ethologique de la vie
aquatique. Hydrobiologia, 21, 125-

65 ( 1 963)
11. Brown, H. P. Psephenus parasitized

by II new Chalcidoid. II Biology of

16.

17.

influencing blackfly populations.
Bull. World Health Organ., 37,
139-50 ( 1 967)
Chapman, D. W., Demory, R. S ea
sonal changes in the food ingested
by
aquatic insect larvae and
nymphs in two Oregon streams.
Ecology, 44, 140-46 (19 63)
Chaston, 1. Endogenous activity as a
factor in invertebrate drift. Arch.
Hydrobio/., 64, 324-34 ( 1968)
Clifford , H. F. The ecology of in
vertebrates in an intermittent
stream. Invest.
Indiana Lakes
Streams, 7, 57-98 ( 1 966)
Cushing, C. E. Filter-feeding insect
distribution and planktonic food in
the Montreal River. Trans. Am.
Fisheries Soc., 92, 216-19 ( 1 963)
Decamps, H. Introduction a I'etude
ecologique des trichopteres des
Pyrenees. Ann. Limnof., 3, 101-76

( 1967)
18. Decamps, R. Ecologie des tri cbopteres
de la vallee d'Aure ( Hautes Pyre
nees) . Ann. Limnol., 3, 399-577
( 1967)
19. D ecamps , H. Vicariances "cologiques

chez les trichopteres des Pyrenees.
A nn. Limnol., 4, I-SO ( 1 9 68)
20. Degrange, C. Recherches sur la re
production des Ephemeropteres.
Trav. Lab. Hydrobiol. Piscic. Univ.
Grenoble, 50/51, 7-194 ( 1960)
21. Dimond, J. B. Evidence that drift of
stream benth os is density related.
Ecology, 48, 855-57 ( 196 7 )
22. Dunbar, R. W. Four sibling species
included in Simulium damnosum
Theobald from Uganda. Nature,

209, 597-99 ( 1966)
23. Edington, J. M. The effect of water

flow on populations of net-spinning

40

HYNES

Mitt. Intern. Ver.
Theoret. Angew. LiIllIl01., 13, 4048 ( 19 6 5 )
24. Edington , J. M. Habitat preferences
in n et-spinn ing caddis larvae with
special re ference to the infl uence
of running water. I. Animal Ecoi.,
37, 675-92 ( 1968)
25. Egglishaw, H. J. The distributional
relationship between the bottom
fauna and plant detritus in
streams . I. Animal Ecol., 33, 463-

France. Physiol. Camp. Oecol., 1,

Annu. Rev. Entomol. 1970.15:25-42. Downloaded from arjournals.annualreviews.org
by UNIVERSITY OF FLORIDA - Smathers Library on 05/29/09. For personal use only.

Trichoplera.

76 ( 1964)
26. Egglishaw, H. J., Mackay, D. W . A

s urv ey of the bottom fauna of
str eams in the Scottish Highlands.
Part III. Seasonal changes in the
fauna of three streams. Hydro
biologia, 30, 305-34 ( 1967)
2 7 . Elli ott, J. M. Daily fluctuations of
drift invertebrates in a Dartm oor
stream. Nature, 205, 1 12 7-29
(1965)
28. Elliott, J. M. Invertebrate drift in a
Dartmoor stream. Arch. Hydrobiol.,
63, 202-37 ( 1967)
29. Elliott, J. M. The life histo ries and
drifting of the Plecopte ra and
Ephemeroptera in a Dartmoor
stream. I. Animal Eco !., 36, 34362 ( 19 6 7 )
30. Elliott, J. M. The daily activity pat
terns of mayfly nymphs I. Zool.

London, 155, 20 1-21 ( 1 968)
3 1_ Elliott, J. M. The life histories and

drifting of Trichoptera in a Dart
moor stream. I. Animal Ecol., 37,

6 1 5-2 5 ( 1968)
32. Elliott, J. M., M inshall, G. W. The

invertebrate

drift in the River
Duddon, English Lake District.
Oikos, 19, 39-52 ( 1968)
33. Eriksen, C. H. Ecological signifi
cance of respiration and substrate
for burrowing Ephemeroptera. Can.
I. Zool., 46, 93-103 ( 1 968)
3 4 . Fredeen, F. J. H. Bacteria as food
for blackfly la rv ae in laboratory
cultures and in natural streams.
Can. I. Zool., 42, 527-48 ( 1 964)
35. Gibbs, D. G. The larva, dwelling
tube and feeding of a spec i es of
Protodipseudopsis. Proc. Roy. En
to m o!. Soc. London, Ser. A, 43,

73-79 ( 1 968)

36. Gower, A. M. A study o f Limnephillls
lunatus Curtis with reference to
its life cycle in watercress beds.
Trans. Roy. Entomol. Soc. London,

1 19, 283-302 ( 1 967)

37. Grenier, P. C ontribution
biologique

des

a

!'etude

Simuli ides

de

165-330 ( 1949)
38. Harrison, A. D. Recolonisation of a
Rhodesian stream after drought .
Arch.
Hydrobiol.,
62,
405-21

( 1966)
39.

H arrod , J. J. Effect of current speed
on the cephalic fans of the larvae
of Simulium ornatum vaT. nitidi
frons E dwards. Hydrobiotogia, 26,
8-12 ( 1 965)

40. Hartland-Rowe , R. Factors influenc
ing the life histories of some
stream insects in Alberta. Ver
Intern.
Theoret.
hand!.
Ver.
Angew. Limnol., 15, 9 17-2 5 ( 1964)
41. Holt, C. S., Waters, . T. F. Effect of
light in tensity on the drift of
stream invertebrates. Ecology, 48,

225-34 ( 1967)
42. Hughes, D. A. Th e role of responses

to light in the selection and main
tenance of microhabi tat by the
nymphs of two species of may fly.
Animal Behavior, 14, 17-33 ( 1 9 6 6 )
43. H ynes, H. B. N. Further studies on
the invertebrate fauna of a Welsh
mou ntai n stream. Arch. Hydro
bioi., 65, 360-79 ( 1968)
44. Hynes, H. B. N. The ecology of
running waters. (Liverpool Univ.
Press, Liverpool, England, 5 5 5
pp., 1969)
45. IIlies, J. Phylogeny and zoogeography
of the
Plecoptera . Ann. Rev.
Entamot., 10, 1 1 7-40 ( 1965)
46. Jaag, 0., Ambiihl, H. The effect of
the current on the composition of

biocoenoses
in
streams. Intern.

flowing

water

Conf. Water Pol

lution Res. London, 33-49 (Perga
mon Press, Oxford, 339 pp., 19 64 )
47. Johnstone, G. W. Stridulation by
larval Hydropsychidae. Proc. Roy.
Entomol. Soc. London, Ser. A,
39, 1 46-50 ( 1 964)
48. Kaise r, P . 'tlber Netzbau und Stro 
mungssinn lei der Larven ' dcr
Gattung Hydropsyche Pi ct. Intern.
Rev. Ges. Hydrobiol. Hydrogr., 50,

1 69-224 ( 1 9 6 5 )
4 9 . Kamler, E. Distribution o f Plecop
tera and Ephemeroptera in relation
to altitude above mean sea level
and current speed in mountain
waters. Palskie Arch. Hydro biol. ,

14, (27 ) , 29-42 ( 1 967)

50. Khoo, S. G. Studies on the b iolo gy
of
Capnia
bifrons
( Newman)
and notes on the diapause in the
nymphs of this species. Ge-wiiss.
Abwiiss, 34/35, 23-30 ( 1964)

41

ECOLOGY OF STREAM I N SECTS
5 1 . Khoo, S. G. Experimental studies on
diapause in stoneflies. 1. N ymphs
of Capnia bifroMS (Newman) .
Proc. Roy. Enlomol. Soc. London,
Ser., A, 43, 40-48 ( 1968 )
52. Khoo, S. G. Idem. II. Eggs of D iura
bicaudata (L.) Proc. Roy. Entomal.
Soc. London, SeT. A, 43, 49-56

( 1 9 68)

Annu. Rev. Entomol. 1970.15:25-42. Downloaded from arjournals.annualreviews.org
by UNIVERSITY OF FLORIDA - Smathers Library on 05/29/09. For personal use only.

5 3 . Khoo,

S. G. Idem. III. Eggs of
Brachyptera risi ( Morton) . Proc.
Roy. Entomol. Soc. London, Ser.
A, 43, 1 4 1-46 ( 1 968)
54. Klj utschareva, O. A. On downstream
and diurnal vertical migration of
benthic invertebrates in the Amur.
(Russian, English summary) . Zool.
Zh., 42, 1 601-12 ( 1963)
5 5 . Knight, A. W . , Nebeker, A. V . ,
Gaufi n, A. R. Description of the
eggs of common Plecoptera of
Western United States. Entomol.
News, 76, 1 0 5-1 1 ( 19 6 5 )
56. Knight, A. W . , Nebeker, A. V.,
Gaulin, A. R. Further descriptions

of the eggs of Plecoptera of West
ern United States. Entomol. News,
76, 233-39 ( 19 6 5 )
57. Levanidova, J. M . , Levanidov , V . Va.

Diurnal migrations of benthal in.
sect larvae in the river system. 1 .
Migrations o f Ephemeroptera lar
vae in the Khor River. (Russian,
English summa ry ) . Zool. Zh., 44,
373-84 ( 1 9 65 )
58. Lillehammer, A. Bottom fauna in
vestigations in a Norwegian river.

The influence of ecological fac
tors. Nytt May. Zool., 13, 1 0-2 9
( 1966)
59. Macan, T. T. Causes and effects of
short emergence periods in insects.

60.

61.

62.

63.

Verhandl. Intern. Ver. Theoret.
Angew.
Limnol. ,
13,
845-49
( 1 9 58 )
Macan, T. T. Methods of sampling
the bottom f auna in stony streams.
Mitt. Intern. Vel'. Theoret. Angew.
Limnol., 8, 2 1 pp. ( 1958)
Macau, T. T. The occurrence of
Heptagenia lateralis in streams
in the English Lake District. Wett.
Leben, 12, 23 1-34 ( 1960)
Maci ol ek, J. A., Tunzi, M . G. Micro
seston dyna mics i n a simple Sierra
Nevada lake -st ream system. Ecol·
ogy, 49, 60-75 ( 1 968)
M adsen , B. L. A com parative eco
logical investigation of two related
mayfly nymphs. Hydrobiologia, 31,

3 7-49 (1968)

64. M aitland, P. S., Penney, M. M. The

ecology of the
Scottish river.

Simuliidae in a
I. Animal Ecol . ,

36, 1 79-206 (1967)

65. Marinkovic-Gopsodnetic, M. The dis
tribution of the caddis-flies popula
tions in a small mountain stream .
Verhandl. Intern.
Angew.
Limnol.,

Vcr.
16,

Theoret.

1693-95
( 1966)
66. Maxwell , G. R., Benson, A. Wing
pad and tergite growth of mayfly

67.

nymphs in winter. Am. Midland
Naturalist, 69, 224-30 ( 1 9 63)
Minshall, G. W. Role of allochtho
nous detritus in the trophic struc
ture of a woodland springbrook
community. E cology, 48, 139-49

( 1967)
68. M inshal ! , G. W., Winger, P. V. The
effect of red uction in stream flow
on invertebrate drift. Ecology, 49,
5 80-82 ( 1968)
69. Minshall, J . N . Life history and
of
Epeorus
pleuralis
ecology

( B anks ) . Am. Midland Naturalist,
78, 3 69-88 ( 1967)

70. Muller,

K.

Die Tagesperiodik von

Fliesswasserorganismen. Z. Mor
phol. Oekol. Tiere, 56, 93-142

( 1966)

71. Needham,

P. R., Usinger, R. L.
Variability in the macrofauna of
a single rifHe in Prosser Creek,
California, as indicated hy the
Surber
sampler.
Hilgardia,
24

( 14), 383-409 ( 1 9 5 6 )
7 2 . Nielsen , A. Is dorsoventral flattening
of the body an adaptation to tor
rential life ? Verhandl. Intern. Ver
Theoret. Angew. Limnol., 11, 26467 ( 1 9 5 1 )
7 3 . Oheng, L . E . Life-history and popu

lation studies on the Simuliidae of
North Wales. Ann. Trop. Med.
Parasitol., 61, 472-87 ( 1967)
74. P earson, W. D., Franklin, D. R .
Some further facto rs affecting drift

rates oE Baetis and Simuliidae in
a large river. Ecology, 49, 75-81
( 1 96 8 )
75. Pleskot, G. Die PeriodiziHit der

Ephemeropteren-Fauna einiger os
terreichischer Fliessgewasser. Ver
Ver.
Theoret.
Intern.
handl.
Angew.
Limnol.,
14,
410-/6
( 196 1 )
76. Rauser, J . Zur Verbreitungsgeschichte
einer Insektendauergruppe ( PIe.
coptera) in Europa. Acta Acad.
Sci. Cech. Basis Brunen., 34, 281-

383 ( 1 962)

77.

Roos, T. Studies on upstream migra-

42

HYNES
tion in adult stream-dwelling in
sects. 1. Rept. I nst. Freshwater
Res. Drottningholm, 38, 1 6 7-93

(1957)
7 8 . Ross, H. H. The evolution and past
dispersal of the Trichoptera. Ann .
Rev. Entomol., 12, 1 69-206 ( 1967)
79. S aethe r, O. A. Chironomids of the
Finse area, Norway, with special
reference to their distribution in a
Hydrobiol.,

Annu. Rev. Entomol. 1970.15:25-42. Downloaded from arjournals.annualreviews.org
by UNIVERSITY OF FLORIDA - Smathers Library on 05/29/09. For personal use only.

glacier brook. Arch.
64, 426-83 ( 1968)

W. Weitere Mitteilungen
uber die Okethologie einer neo
tropischen Macronema-Larvae. A m
azoniana, 1, 21 1-29 ( 1 968)
81. Scherer, E. Zur Methodik experi
menteller
Fl iesswasser-Okologie.
Arch.
Hydrobiol.,
61,
242-48
80. Sattler,

( 1 965 )
8 2 , Scherer, E. Analytisch-okologische
Untersu chungen zur
Verteilung
tierischer Bachbesiedler. (Doctoral
Dissertation, Giessen, Germany, 6 6
pp., 1965 )
83. S chwo erbel, J. Das hyporheische In
terstitial als Grenzhiotop zwischen
oberirdischem
und
subterranem
Okosystem und seine Bedeutung
die
Primar-Evolution von
Kleinsthiihlenbewohnern. A rch Hy·
drobiol. SuPPl., 33, 1-62 (1967)
84. Smith, S. D. The Rhyacophila of the
Salmon River drainage of I daho
with special reference to la rvae.
Ann. Entomol. Soc. Am., 61, 6 5 5-

fur

74 ( 1 968)
85. Steffan, A. W. Bezeihungen zwi schen
Lebensraum
und
Korpergrosse
bei mitteleuropiiischen Elminthidae.
Z. Morphol. Gekol. Tiere, 53, 1-21

( 1963)
86. Svensson, P.-O. Growth of nymphs
of stream living stoneflies in
northern Sweden. Gikos, 17, 197206 ( 1 966)
87. Tanaka, H. On the change of com
position of aquatic insects result
ing from difference in mesh size
of stream bottom-samplers. (J apa
nese, English summa ry) . Bull.
Freshwater Fisheries Res. Lab.,
Tokyo, 17, 1-16 ( 1 967)
88. Tobias, W. Zur Schliipfrhythmik von
Kocherfliegen. Gikos,
18, 55-75
,

(1967)
89. Thomas, E. O rientie rung der Imagines
von Ca{mia atra Morton. Gikos,
17, 278-80 ( 19 6 6 )
9 0 . Ulfstrand, S. Microdistribution of
benthic sp ec i es ( T richo p tera, D ip-

tera
Simuliidae)
in
Lapland
streams. Gikos, 18, 293-3 10 (1967)
91. Ulfstrand, S. Life cycles of benthic

insects in Lapland streams (Ephe
meroptera, Plecoptera, Trichoptera,
Diptera Simuliidae ) . Gikos, 19,
167-90 ( 1 9 68)
92. Ulfstrand, S. Benthic animal com
munities in Lapland streams. A
field study with particular refer
ence to Ephemeroptera , Plccoptera,
Trichoptera and Diptera Simulii

dae. Gikos Suppl., 10;

120 pp.

( 1 968)
93. Vaillant, F. Utilisation des dipteres
Psychodidae comme indicateurs de
certains caracteres des eaux cour
antes.
Verhandl.
Intern.
Ver.
Theoret.
Angew.
Limnol.,
16,

1 72 1-25 ( 1 966)
94. VaiIIant, F. Sur la choix des especes
indicat rices pour une zonation des
eaux courantes. Trav. Lab. Hydro

bioI. Piseic. Uni71. Grenoble, 57/58,

7-15 ( 1 9 6 7 )
9 5 . Va illant, F. L a repartition des Wiede1'nannia dans les COUTS d'eau et
leur utilisation comme indicateurs
des zones ecologiques. Ann. Lim
nol., 3, 267-93 ( 1 9 6 7 )
9 6 . Van Someren, V . D. The biology of
trout in Kenya Colony. ( Govern
ment P rinter, Nairobi, Kenya, 1 14
pp., 1952)
97. Vincent, E. R. A comparison of
riffie insect populations in the
Gibbon River above and below the
geyser basins, Yellowstone Na
tional Park. Limnol. Oceanogr.,

12, 1 8-26 ( 1 967)

98. Waters , T. F. Diurnal periodicity in
the drift of a day-active stream
invertebrate . Ecology, 49, 1 5 2-53

( 1968)

99. Weninger, G. Ver gleichende DriftniederosUntersuchungen
an
terreichischen
Fli essgewiissern
(Flysch-, Gneis-, Kalkformation) .
Schweiz. Z . Hydrol., 30, 1 3 8-85

( 1 968)
1 00. Wi ggins , G. B. The critical problem

of systematics in stream ecology.
Spec. Pubis. Pymatuning Lab. Fld.
BioI., 4, 52-58 ( 1966)
1 0 1 . Zahner, R. Vber die Bindung der

mitteleuropiiischen Calopteryx-Ar

ten an den Lebensraum des stro
menden Wassers II. D er Anteil der
Imagines an der Biotopbindung.
Intern. Rev. Ges. Hydrobiol. Hy

drogr., 45, 1 0 1-23 ( 1960)

