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ENVIRONMENTAL EFFECTS 0412
OF DAMS AND IMPOUNDMENTS

R. M. Baxter

Canada Centre for Inland Waters, Applied Research Division, Burlington,
Ontario, Canada '

INTRODUCTION

Most of the primary civilizations of the world emerged in or near river valleys. The
construction of dams and other hydraulic structures is, therefore, one of the oldest
branches of engineering (e.g. 11, 105).

The earliest dams were probably built for the purposes of irrigation, flood control,
and water supply. Later, water was impounded so that its subsequent controlled
release could provide a source of energy, first by the use of waterwheels and later
by the use of hydroelectric generators. Other purposes include the maintenance of
an adequate river flow through the year for navigation, and the provision of facilities
for recreation. Most modern reservoirs are designed for two or more of these
purposes. Usually “the role of water storage reservoirs . . . is to impound water in
periods of higher flows so that it may be released gradually during periods of lower
flows” (135), but sometimes the sole purpose of the impoundment is to provide a
new body of standing water for use as such; for example, for fishing or boating, or
for waste-heat dissipation from a thermoelectric generating plant.

The earliest dams were probably constructed by blocking the stream with earth.
Such dams are still constructed. In its simplest form, an earth-fill dam is a pile of
compacted earth extending across a stream with a fairly gentle slope both upstream
and downstream. Similar to earth-fill dams are rock-fill dams composed of quarried
rock or natural boulders or gravel with a layer of impervious material on the
upstream face.

A later development in dam construction was the invention of the masonry dam,
probably in Spain (150). The earliest masonry dams were of the gravity type. Such
dams are held in place by their own weight pressing against their foundations, and
usually have a long sloping downstream toe to prevent overtipping.
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Arched masonry dams are convex upstream with their ends abutting against the
walls of the stream valley or against suitable artificial structures. Such dams are held
in place by thrust against their abutments, and are steeply sloping or vertical both
upstream and downstream. Dams may also be built of structural masonry, or less
commonly, of steel or timber.

In almost all dams, provision must be made for the safe discharge of excess water
by the construction of a spillway, and in most instances, provision is made to control
the rate of discharge. In dams constructed for hydroelectric purposes, there is also
a discharge of water through a penstock to the turbines, and dams for irrigation or
water supply must have outlets to the irrigation canals or water supply system.
Penstocks and other outlets may draw water from well below the surface of the
water in the reservoir.

The water level in a reservoir is usually manipulated according to the purpose for
which it was built within the constraints imposed by the prevailing climatic condi-
tions. Reservoirs built solely for flood control are usually emptied as soon as possible
after a flood. Reservoirs for other purposes, however, are usually filled at times of
high flow and either drawn down gradually during the rest of the year, or maintained
for several months at a fairly constant level, then drawn down rather quickly in
anticipation of the next period of high flow (143).

The amount of water impounded by a dam differs greatly from one site to another.
In run-of-the-river hydroelectric projects, the purpose of the dam is essentially to
direct and control the flow of the stream and little water is impounded. At the other
extreme, a major new lake may be formed with a retention time measurable in years.

Dams may be built on streams that leave natural lakes so that the level of these
becomes subject to some degree of regulation and they may be regarded as reser-
voirs. The effect on large lakes is slight. The conversion of smaller lakes to reservoirs
may have very considerable effects on their ecology (94).

Most commonly, impounded water is retained directly behind the dam in an
on-channel or mainstream reservoir, but occasionally water may be diverted from
the stream to a suitable natural or artificial basin to form an off-channel reservoir.

A special form of hydroelectrical generating station of increasing importance is
the pumped storage plant (4). In such a plant, some of the generated electrical power
is used to pump water to a higher level to be used to generate electricity at a later
time. Essentially, this is a means of storing energy. The reservoirs used in such
projects are usually small.

Man is, of course, not the only dem-building animal. The dams of beavers,
although smaller than many of those made by man, can cause spectacular changes
in certain areas. Streams may also become dammed temporarily or permanently by
various accidents, such as clogging with masses of floating vegetation or obstruction
by landslides or lava flows. Lake Tana in the Ethiopian Highlands, the sourte of
the Blue Nile, is an important example of a lake formed by the damming of a stream
by the flow of lava (19).

The most dramatic environmental effects are those associated with the very large
impoundments, especially perhaps those in Africa: Lake Volta, in Ghana, the largest y
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in the world; Lake Nasser on the Nile, in Egypt and the Sudan; Lake Kariba on
the Zambezi, between Zambia and Rhodesia; and the newest, also on the Zam-
bezi, behind the Cobora Bassa Dam in Mozambique (56, 74). The many large res-
ervoirs in the USSR, such as the Kuybyshev, Rybinsk, and Gorkii Reservoirs on
the Volga, have received a great deal of attention. One South American reservoir,
Lake Brokopondo in Surinam, has been studied by ecologists (90, 91). The largest
North American reservoir is the Smallwood Reservoir in Labrador, Canada. The
James Bay Hydroelectric Project in Quebec, Canada, will involve the construction
of several iarge reservoirs (23, 48, 76, 137). In the United States, the best known
is probably Lake Mead, on the Colorado River, although at least two others cover
larger areas: the Garrison Reservoir and the Oahe Reservoir, both on the Missouri
River. A more extensive list of large reservoirs of the world has been compiled (34).

Many studies have also been made on small reservoirs, such as those under the
jurisdiction of the Tennessee Valley Authority (e.g. 172). Such countries as Rumania
(40) and Spain (104) are dotted with small reservoirs. The study of reservoirs in
Spain and in Czechoslovakia (64, 66, 67) has been a major activity of the limnolo-
gists of those countries in recent years.

The control of water for the benefit of man has been traditionally regarded as a
particularly noble activity. According to one interpretation of Goethe's Faust, Part
Two, it was Faust’s hydrological endeavors that ultimately saved him from damna-
tion. In our own tiuie, such projects as the Tennessee Valley Authority have been
rightly regarded as marvellous accomplishments. At the same time, the possible
dangers of manipulating the flow of water have been recognized in moral and legal
codes; the Negative Confession in the Egyptian Book of the Dead (16) contains the
words “I have not turned back water at its springtide. I have not broken the channel
of running water.” The traditional Ethiopian law code, the Fetha Negast, recognizes
the duty of people in the highlands to let waters flow to people in the lowlands (35).
Doubtless, many more such examples could be found. Large modern projects have
made provision to avoid at least the most obvious objectionable side effects; for
example, the operating schedule of the TVA reservoirs includes periodic fluctuations
in the water level to destroy the larvae of malaria-transmitting mosquitoes (143),

An attitude of optimism and enthusiasm still survives; it has recently been said
(162) that “‘dams are the only solution to Man’s angst.” This attitude, however, is
by no means universal. In recent years some very large projects have been under-
taken to produce man-made lakes approaching in size all but the biggest of natural
lakes. Some of these projects have had effects that were not anticipated or were
ignored by their planners, and these have given rise to widespread concern. The
literature on reservoir ecology is extensive, and is scattered through journals devoted
to a wide range of disciplines, reports from various agencies, and books. Entry to
this literature has been greatly facilitated by previous reviews (32, 41, 94, 106, 113,
138) and by the published reports of several symposia (1, 3, 33, 96, 118, 121).
Translations of a number of Russian works are available (146, 147, 166, 175).

It has been pointed out more than once that a large impoundment may be
regarded as a large-scale ecological experiment that may reveal or at least illustrate
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certain general ecological principles. The emphasis in this review is on the peculiari-
ties of reservoirs and how they differ from natural lakes. Much excellent work on
reservoirs has advanced our general knowledge of limnology rather than our specific
knowledge of reservoirs. For the most part, I have not referred to this.

MORPHOLOGY AND PHYSICAL AND CHEMICAL
LIMNOLOGY OF MAN-MADE LAKES

General Morphological Characteristics of Reservoirs

When a new lake is formed by damming a stream, its shape will usually be different
from that of most natural lakes (68). The shoreline development (the ratio of the
length of the shoreline to the circumference of a circle of the same area as the lake)
is almost always higher than for natural lakes. If the river is confined between high
banks, the new lake will be long and narrow; if there are tributaries, the water will
back up into them, giving the new lake a dendritic form. If the river flows through
flat terrain and has low banks, the water will spread over the plain forming what
Russian scientists (175) call a lobed reservoir. The Manicouagan Reservoir in Que-
bec is ring-shaped, having been constructed by blocking the outlet of a meteorite
crater with an elevated center (79, 148). It has, perhaps, the greatest insulosity of
any large body of water in the world. When a reservoir is formed by damming the
outlet of a lake, the change in morphology is less pronounced; but here too, the new
shoreline will be more developed than the old. Off-channel reservoirs, on the other
hand, being often completely artificial constructions, may be unusually regular in
shape.

Reservoirs formed by damming rivers frequently differ from natural lakes in the
shape of their longitudinal profiles. Whereas natural lakes are normally deepest
somewhere near the middle, river reservoirs are almost always deepest just upstream
from the dam. They have been referred to as “half-lakes” (32). One consequence
of this is that surface currents passing down the reservoir will not dissipate them-
selves in shallow water. as they do in natural lakes, but may be deflected downward
or reflected backward at the dam.

The new shoreline, a shoreline of submergence in Johnson's (77) terminology, will
not persist. It is acted upon by waves, by currents, and in cold regions, by ice; it
is modified at a rate depending on the energy available, the shape of the reservoir
and the surrounding terrain, and the resistance of the material. Ultimately the
deveiopment of the shoreline is reduced, although in the earlier stages it may
increase (159).

The extent cf shoreline modification in a reservoir is likely to be greater than in
a comparable natural lake because the annual drawdown exposes a larger area to
the effects of shore processes.

Empirical equations exist (31, 85, 95) for calculating the available wave energy
and the amount of material that wiii be eroded, but attempts to predict the changes
that will occur have not been very successful (25).

In high latitudes where the inundated area may consist of muskeg overlying

'f permafrost, shoreline changes may be particularly extensive and prolonged as the




DAMS AND IMPOUNDMENTS 259

permafrost melts. The time required to establish a new shoreline of moderate
permanence under such conditions may be more than 30 years (1 15).

Although the modification of the shorelines of reservoirs is usually a fairly gradual
process, on at least one occasion it has been catastrophic. In October 1963, a large
landslide fell into the newly filled reservoir behind the Vaiont Dam in Italy, spilling
an equal volume of water over the dam into the valley below with the loss of more
than 2000 lives. This disaster was probably due in part to seisrnic activity, perhaps
induced by the filling of the reservoir (141).

Sedimentation

Most of the material eroded from the banks of the reservoir will probably be
deposited elsewhere within it. How it is deposited will depend on the morphometry
of the lake and the currents in it. If the bottom has a low slope and there are strong
currents along the:shore, the material may be deposited near the shore, forming spits
or sand bars. If the bottom slope is high, and nearshore currents are weak as, for
example, in Lake Diefenbaker on the South Saskatchewan River in Canada (22), the
material will be ttransported to the deeper parts of the lake and deposited there.

If the reservoir is on a river that carries a heavy load of sediment, this material
will also contribute to the modification of the morphology of the lake. The sediment
load of a stream: may be produced either by sheet erosion of the surrounding land
or by erosion of the banks of the stream itself or its tributaries. Of these, sheet
erosion is usually the more important. Its extent depends on rainfall, slope, soil, and
the vegetational cover; it may be greatly modified by land use.

Material carried by a stream may be divided into relatively coarse material pushed
or rolled along the bottom (bed load) and finer, suspended sediment. When a stream
carrying such material enters a body of standing water and its flow rate decreases,
the material may be deposited, forming a delta. The coarsest material is dropped
first, forming the foreset bed. As the delta grows, the rate of flow of water over it
is further reduced, and material is deposited on top of it, forming a topset bed. Finer
material may be deposited beyond the leading edge of the growing delta as a
bottomset bed. Delta formation in reservoirs is complicated by the practice of
drawdown. Material deposited when the water is high may be eroded away again
when the level drops. Consequently, the shape and position of the delta are con-
stantly changing, and the nature of these changes is not easy to predict.

If the gradient in the river is not very steep, the deposition of material will not
be confined to the reservoir itself, but may extend upstream, sometimes for many
miles. This leads to reduction in the capacity of the river channel and a consequent
danger of flooding at high flows.

Physical Limnology

The retention time of water in many reservoirs is fairly short, so that its circulation
is likely to be dominated by near-field effects, i.e. those associated with the inflow
and outflow, rather than the far-field effects (thermal circulation and currents gener-
ated by winds) that are dominant in most natural lakes. The situation in reservoirs
is rendered still more complex by the fact that the discharge is frequently effected
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from a point at some depth below the surface. This depth may be varied. Discharge
may be effected from more than one level at the same time. If the water in the
reservoir is stratified, the outgoing water will be drawn from a relatively thin layer
at the level of the outlet, so that internal currents (withdrawal currents) are set up
and little vertical movement occurs (174).

The water entering a reservoir frequently differs from the water already present
in temperature, or in content of dissolved or suspended solids, or in some combina-
tion of these, and consequently, in density. The incoming water does qot then mix
immediately with the water of the reservoir, but moves downstream and laterally
above, below, or within it, as an overflow, underflow, or interflow. Such flows are
referred to as density currents. A convergence line often appears where the inflowing
water plunges below the surface. A compensating upstream current is generated,
carrying back debris which is immobilized where the two currents meet, making a
convergence line visible even if its position has not already been revealed by a
difference in turbidity between the inflowing and the surface water. The first density
currents to be observed in a reservoir were apparently those in the Norris Reservoir,
the largest of the storage reservoirs of the Tennessee Valley Authority (171).

When the inflowing water owes its greater density in whole or in part to suspended
material, the resulting underflow is known as a turbidity current. The difference in
density may be only a few percent; or the water may be so loaded with silt as to
form a virtual slurry, so that the distinction between a turbidity current and a sliding
mudflow may be almost obscured. The differences have been discussed by Kuenen
(87). Turbidity currents caused by very dense suspensions are important in the sea
(78) but in lakes and reservoirs. the density difference is usually rather small.
Formulas exist for the calculation of the flow rates of turbidity currents (151).

The best known turbidity currents are those in Lake Mead which may extend for
the whole length of the lake—about 160 km (51). Turbidity currents are important
not only for their contribution to the flow patterns within a reservoir, but because
they can carry silt for a long distance into it, depositing some of it on the way, and
so contribute to the formation of bottomset deposits.

Slapy Reservoir on the Vitava River in Czechoslovakia provides a good example
of the complexity of the flow and stratification patterns in reservoirs of relatively
short retention time (65). This reservoir is 42 km long and 313 m in mean width
and has a maximum depth of 53 m. Water is withdrawn from it at a depth of 35
m. The filling time at the mean flow rate of the river is 38.5 days. From February
or March until August, the outflow water is cooler than the inflow, and during the
rest of the year, the inflow is cooler. Through most of the year, the surface water
is warmer and less dense than either the inflowing or outflowing water, so that the
inflowing water plunges beneath the surface, mixing, to some degree, with hypolim-
nic water but not to any great extent with surface water. The consequence is that
the renewal time for surface water is very considerably higher than the mean
renewal time for the reservoir as a whole, the reverse of the usual situation in natural
lakes. This tendency of the inflowing water to pass under the epilimnic water has
been accentuated by the construction upstream of another reservoir (the Orlik
Reservoir), the cool outflowing water of which becomes the inflow of Slapy.
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Slapy Reservoir also displays a degree of horizontal zonation not usually found
in natural lakes. The upstream region of relatively high flow has a length of 10-15
km and merges through a transition zone of 5-10 km with a relatively stagnant
section of about 20 km. Finally, there is a zone of about 5 km where the reservoir
is directly influenced by the turbines. The biological consequences of this horizontal
zonation are discussed below.

If a reservoir is formed in a wooded area and the trees are not removed before
flooding, they may have a significant effect on the circulation pattern of the reservoir.
In the Nam Ngum Reservoir in Laos, standing trees almost completely abolish
wind-generated turbulence and consequently reduce the extent of mixing. This gives
rise to a complex pattern of stratification with a surface layer of warm water and
an intermediate cooler layer from which water is drawn to the turbines, and a still
cooler bottom layer apparently consisting of water that has been brought in by
streams from the mountain during the coolest part of the year (W. M. Lewis, in
preparation). Standing trees also interfere with mixing in the Brokopondo Lake in
Surinam (90).

The exposed parts of flooded trees are quickly destroyed by wind and waves
combined with biological action. The fully submerged parts, however, persist for a
long time. In the Gouin Reservoir in Quebec (latitude 48 degrees N), the wood of
submerged trees showed little change 55 years after the reservoir had been filled (28).
In warmer climates, the process of decomposition is presumably more rapid; but
even there, submerged trees may be expected to persist for many years.

Chemical Limnology

The chemical composition of the water of natural lakes and mature man-made lakes,
particularly the concentrations of conservative constituents, is largely determined
by the chemistry of inflows and of precipitation into it. However, in new impound-
ments it may be influenced by the leaching of soluble material from the flooded
ground. If the amount of soluble material is small and the retention time of the water
is short, this effect may be brief. If the amount of soluble material is large, as in Lake
Mead (63), and especially if the retention time is long, the chemistry of the im-
pounded water may continue to differ from that of the inflow for a long time. The
presence of density currents may lead to unusual and complex patterns of chemical
stratification if the chemical composition of the inflowing water is different from that
of the water already present in the reservoir (152, 153, 171).

The decomposition of submerged vegetation often leads to a depletion of oxygen
in the depths of the reservoir. The peculiar profile of most reservoirs, as compared
with natural lakes, may permit the accumulation of a mass of stagnant water in the
deepest part against the dam (165). This bottom layer can become anoxic (36), and
reduced substances such as sulfide, ferrous, and manganous ions may accumulate.
Nutrient substances may be leached from the underlying soil or released by the
decomposition of submerged vegetation. The biological consequences of this are
discussed in the next section.

Impoundment by itself usually improves the quality of water for domestic and
industrial use (134); suspended solids have an opportunity to settle, the bacterial
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population decreases, the dissolved oxygen concentration may increase, and the
color of the water may decrease [probably by photo-oxidation of the dissolved humic
substances (155)]. In a new reservoir, however, many of these effects may be more
than balanced by the depletion of dissolved oxygen and the leaching of humic
substances from the soil (46). As the reservoir matures, the quality of the water
gradually improves. To hasten improvement, it has sometimes been the practice to
strip the area to be flooded (i.e. remove the vegetation and top soil) before the
reservoir is filled (155). The usefulness of this practice depends among other things
on the nature of the soil, climatic conditions, and the retention time of the reservoir.
In a group of reservoirs in New England, water over the unstripped soil attained
normal conditions in an average of six years (145). In experiments carried out in
southeastern Quebec using several types of soil in small basins, the concentrations
of most constituents over unstripped soils approached those over stripped soils in
a year or so (18).

Often the construction of dams on a river is only one aspect of increasing indus-
trial activity in a region; to the effects of impoundment are thus added the effects
of domestic and industrial effluents. In the Saint John River in New Brunswick,
Canada, the construction of dams has reduced the rate of flow of the river, and
consequently, its ability to become oxygenated; and at about the same time, the
establishment of industries along the river has contributed effluents of high bio-
chemical oxygen demand (29).

The flooding of previously dry ground may lead to the release into the water of
toxic substances there either naturally or as a result of human activity. The altera-
tion of the pattern of erosion and sedimentation may lead to the release of pollutants
(such as mercury) which are known to accumulate in sediments.

BIOLOGY OF RESERVOIR ECOSYSTEMS
Some General Principles

An ecosystem consists of a biological community and the habitat in which it lives.
The two interact so that both change. The formation of a new lake provides a new
habitat for the development of a new ecosystem. This section considers the biological
factors that come into play when a new lake is created, and traces the way the
biological community develops.

A number of general biological principles have been discerned by ecologists which
make it possible to predict, in its broad outlines, the course of development of a new
ecosystem and to provide a general conceptual framework for interpreting the
observed events. The epistemological status of these principles is a matter of ques-
tion (127). At least, however, they are helpful in organizing and systemizing large
numbers of diverse observations. Among the most useful of these are the following:

THIENEMANN'S RULES 1. The greater the diversity of conditions in a locality,
the larger the number of species in the biological community. 2. The more condi-
tions in a locality deviate from the normal, and thus from the optimum for most
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species, the smaller the number of species and the greater the biomass of each. 3.
The longer a locality has been in the same condition, the richer its biological
community (160).

THE CONCEPT OF SUCCESSION Students of terrestrial botany have long recog-
nized that the development of a new plant community follows a recognizable pattern
(e.g. 84). This concept has been generalized and refined by Odum (119, 120) with
an emphasis on certain characteristic changes that an ecosystem exhibits as it
matures. Among the most important are the following: A balance is approached
between gross production and community respiration (in a new ecosystem either
may exceed the other); there is an increase in species diversity and spatial
heterogeneity, in the complexity of food chains, and in orderliness (a decrease in
entropy, an increase in information content).

THE CONCEPT OF PULSE STABILITY This concept, also Odum’s (119, 120),
argues for the maintenance of an ecosystem in a relatively immature state by the
periodic or quasi-periodic imposition of a physical perturbation. In the present
context, periodic flooding is the perturbation of interest. Many of the most dramatic
ecological effects of impoundment can be interpreted as results of the interference
with previously existing pulse-stabilized ecosystems, or the establishment of new
ones.

THE CONCEPT OF THE ECOTONE As the concept of [ :!se stability concerns the
ecological consequence of variability in time, so the concept of the ecotone compre-
hends the consequences of variability in space. An ecotone is a transition between
two communities or environments. It is usually narrow and characterized by a
greater diversity of species than the communities or environments on either side.
The littoral zone of a lake or river may be regarded as an ecotone (102, 120).

THE THEORY OF ISLAND BIOGEOGRAPHY A lake is in some ways the aquatic
equivalent of an island (83). The concepts of island ecology (98) are of value in
understanding the ecology of lakes, especially the colonization of new ones. Specifi-
cally, the distinction between K _selection and r-selection first proposed by MacAr-
thur & Wilson (98) and subsequently developed by a number of authors (e.g. 131)
appears useful. The terms K and r refer to the parameters of the logistic equation:
N = K/(14e ¢, which generally describes the growth of populations. N is the
number of individuals at time ¢ and the parameters K and 7 are respectively the
maximum population possible in the given habitat and the specific growth rate of
the specics in question. K-selected species have a high capacity for maintaining their
numbers under competitive conditions, whereas r-selected species can increase their
numbers rapidly. New ecosystems are usually colonized by r-selected species.
These concepts are not independent. The high diversity in spatially variable
environments to which Thienemann’s first rule refers could be attributed, in part,
to the large number of ecotones in such environments. Poorly diversified yet rela-
tively productive ecosystems such as hot springs (15), highly saline waters (173), or
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soda lakes (158) to which the second rule applies may be considered immature
ecosystems that are unable to develop because the few species able to live in them
cannot bring about any modification of their physical and chemical characteristics.
Thienemann's third rule calls attention to one of the most prominent features of the
process of maturation of ecosystems.

DIFFERENCES BETWEEN STREAMS AND LAKES When a stream is dammed,
the new lake provides a very different habitat from that provided by the stream (71).
Because flow is always turbulent in a stream, thermal stratification rarely develops
and oxygen depletion rarely occurs unless the stream is grossly polluted. Because
floating organisms are being swept away continually, the population of plankton is
low, whereas the benthic population may be high. The benthic organisms of streams
often display morphological adaptations to life in flowing water.

An even more fundamental difference between the biological communities of
streams and those of lakes is the source of the energy needed to maintain them. The
communities of standing waters rely for the most part on photosynthesis. In streams,
however, the ultimate energy source is allochthonous organic material that is hetero-
trophically metabolized (72). Part of this is in particulate form and is utilized by
benthic organisms either directly or after being attacked by microorganisms (7); and
part is in the form of dissolved organic compounds, mostly leached from the soil.
These together may provide more than 99% of the utilizable energy input (38).
Although a few predominately heterotrophic lakes exist, especially in the tropics (9),
the concept of lakes as fundamentally autotrophic systems and streams as hetero-
trophic ones appears useful and generally valid.

Since in streams respiration always exceeds production, it might be thought that
a stream is a permanently immature ecosystem. In fact, it is not meaningful to regard
a stream as an ecosystem (72); this term can only be usefully applied to the entire
watershed.

When a river is dammed and a new lake is formed, two things may therefore be
expected to happen: (a) the lotic benthos will perish to be replaced eventually by
lentic organisms; and (&) plankton populations will develop, so that the importance
of photoautotrophic processes will increase. Ultimately, the amount of hetero-
trophic activity will probably decrease as the area of water increases relative to the
length of shoreline providing litter. Initially, however, there will almost always be
a burst of intensified heterotrophic activity as organic matter in the drowned vegeta-
tion and flooded soil is utilized.

Development of the Benthos

Among the first very large reservoirs to be constructed were those on the Volga in
the USSR. The development of the benthic populations of the Gorkii and Kuyby-
shev reservoirs has been described in some detail (110). These reservoirs were filled
in the autumn. By spring, most of the organisms originally present had perished and
so the benthic fauna was very sparse. Beginning in July, larvae of the chironomid
Chironomus (Tendipes) plumosus appeared and reached such numbers that when
the midges emerged they interfered with navigation (175). Several other species of
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chironomids subsequently appeared in smaller numbers, along with motile aquatic
arthropods and the freshwater mussel, Dreissena, which has motile larvae. Other
molluscs, and oligochaetes such as tubificids, remained confined to the old river bed.
During the following season, the chironomid population declined and the solely
aquatic species continued to spread into the newly flooded area. This trend contin-
ued during the third season and the benthic population approached that of a natural
lake.

Chironomids are well adapted to be the first colonizers of newly flooded areas.
They may reach the area either as the winged adults or as larvae (26). Their
fecundity is high; they may be regarded as typical r-selected organisms. Further-
more, some species can endure the low oxygen concentrations that are likely to
occur in new impoundments. It is scarcely surprising, therefore, that chironomids
have been among the first organisms to appear in new impoundments under a
considerable range of conditions. Thus, a beaver dam in Algonquin Park, Ontario,
was constructed in the early summer, and the insect fauna almost immediately
changed (154). The numbers of Ephemeroptera, Trichoptera, and Plectoptera de-
creased, and the number of chironomids increased. This trend was even more
pronounced in the following year. The study was carried out by trapping emerging
adults. No information was obtained about other components of the benthic fauna.

In a broader study on a small impoundment in southern Ontario (123), the
reservoir was filled in the spring and the major component of the benthic fauna was
initially oligochaetes that invaded the flooded area from the original stream bed.
However, during the summer, chironomid larvae became dominant. The chirono-
mid population was smaller during the second season, and the species distribution
showed a shift from species characteristic of a highly eutrophic lake to those favored
by less eutrophic conditions. During much of the study period, oribatoid mites were
the third largest group (after oligochaetes and chironomids) in the population.

In Barrier Lake, a reservoir on the Kananaskis River in Alberta, Canada, the
population of chironomids developed very quickly after filling; during the next two
years, chironomids made up most of the benthic biomass (116). Here, too, a succes-
sion was observed from organisms favored by eutrophic conditions to those prefer-
ring relatively oligotrophic conditions. A decade later, chironomids had decreased
and the benthic fauna now included substantial numbers of pisidia and oligochaetes
(117). In the reservoir formed by the Goczalkowice Dam on the Vistula River in
Poland, a similar succession (chironomids to oligochaetes to molluscs) was observed
(86).

It seems reasonable to suppose that in the temperate regions, small areas of newly
flooded land will be colonized first by oligochaetes from the former stream; but if
the area flooded is large, the first to arrive will be chironomids, and oligochaetes and
other purely aquatic organisms will invade the area later. Occasionally, however,
the damming of small lakes has been followed by a decrease in the population of
chironomids (149).

The development of the benthic populations of Lakes Volta and Kariba has
recently been reviewed (106). As in large temperate impoundments, the first colo-
nizers were chironomid larvae; in Lake Volta one species, Chironomus transvaalen-






