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1.1 Why plan?

Some problems are simple, and some solutions obvious. But

just as often the problem is not obvious and the solutions

are far from simple.A good plan is just as crucial to good

stream rehabilitation as is skill in building structures, or

knowledge of how streams work. Here are five reasons for

rigorous planning.

1. A transparent planning procedure ensures some public

accountability.You can then justify why you did what

you did.

2. Setting clear, measurable objectives allows the manager

to evaluate the completed project.

3. Planning makes you distance yourself from the

obvious/visible problems and think about the

catchment context of problems.

4. Setting priorities avoids working on symptoms rather

than causes; ie. you can settle on the most important

issues instead of the ones that appear superficially

important.

5. Planning avoids inefficiency in the execution of the

project (eg. doing things in the wrong order).

Further, stream rehabilitation is an expensive business.

Even the smallest projects, on small streams, would seldom

cost less than several thousand dollars. Major rehabilitation

can easily cost millions of dollars. It is not unreasonable to

spend around 5 to 10% of the cost of a job on planning.

Thus, for even the smallest job you should not be surprised

to be spending a few thousand dollars on planning.A well-

known stream restoration project in the Mississippi

catchment (Twenty Mile Creek) spent 43% of its budget on

planning and management (Danley, Eubanks et al. 1995).

Although the planning procedure suggested here looks quite

long and time-consuming, most of the document is devoted

to explaining concepts. If you accept these concepts, the

catchment is small, and you already know your stream well,

you may be able to apply the procedure in less than a day.

On the other hand, large, complex catchments may well

require a large, complex stream rehabilitation strategy. Most

of the effort will go into understanding the processes

occurring in the catchment. Remember, it will probably take

many years to rehabilitate a stream. It’s worth trying to get

the plan right at the beginning!

Finally, planning is required for any stream management

project, but even more so in stream rehabilitation projects.

This is because attempting to restore physical and biological

values to streams is more uncertain, and often more

complicated than, say, flood or erosion control projects.

1.2 A stream rehabilitation planning procedure

Several planning procedures are available for stream

management. Good examples are the 10-step procedure for

bank stabilisation recently published by LWRRDC (Kapitsky

et al. 1998), or the well known 10-step procedure of Newbury

and Gaboury (1993). Both of these procedures are very good

1 The planning task 

(a)

(b)

The angry stream manager stands on the stream bank “Just look

at that stream—it’s ruined and it’s getting worse! There’s no

time for lots of planning. It’s obvious what needs to be done!”.

Figure 1: Stream reaches that appear to be sorely in need of some fast

and efficient rehabilitation: (a) the Inman River, SA on the left: and (b)

a tributary of the Campaspe River,Vic. on the right.Through the

planning procedure that follows, we will consider carefully whether

the obvious things are really what needs to be done!
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1.3.1.A. Drift

Drift describes the movement of organisms downstream.
Most macroinvertebrates drift at some stage in their larval
lives, as do larval fish. Drifting generally occurs at night.
Individuals will continue to drift until a suitable
environment is found. Sampling drift can give an idea of
the numbers of organisms drifting that could potentially
colonise a stretch of stream.

1.3.1.B. Aerial dispersal

Although this is not an option available to fish, other
organisms, such as macrophytes and insects take to the air
to recolonise upstream against the flow, or to disperse
between rivers. Many macroinvertebrates, such as flies,
mayflies, stoneflies, and caddisflies, are appropriately named
and do indeed fly in their adult forms (some are better fliers
than others, and stoneflies are a particularly well named
group). Most macrophytes disperse as seed, some using the
stream to travel to sites downstream, while others rely on
wind dispersal to take their progeny (somewhat
haphazardly) to sites upstream or in other water bodies.

1.3.1.C. Migration

Many native Australian fish make spawning migrations as
part of their life cycle. Migration patterns vary, with adults of
some species moving upstream to spawn, and the juveniles
then drifting downstream (anadromous), while other
reverse the cycle, spawning in the sea or in estuaries, leaving
the young fish to swim upstream (catadromous). Others

make migrations within river systems (potamodromous).
These distinctions become important when considering the
effect of barriers to fish passage. Juvenile fish are not strong
swimmers (Beamish 1966), yet catadromous species depend
on their upstream migration and are thus more likely to be
restricted by barriers to passage

In many cases, fish migration is seasonal, and fish use the
flow and temperature regime of a river as a rough guide to
the seasons. In this way, key features of the flow regime act
as ÔtriggersÕ to initiate migration and spawning. Regulating
rivers can remove these triggers and reduce the
reproductive success of many fish.

1.3.2. Implications of life cycle complexity for stream
rehabilitation

For a life cycle to be successfully completed, the stream must
meet the requirements of each life stage, in terms of food
and habitat, as well as provide free passage between the
habitats and the appropriate environmental triggers for
movement between stages. Failure to meet these
requirements will result in the local extinction of the animal
in question. This can happen quite quickly, within one
generation, or be a gradual, insidious decline in population.
Fish barriers are a classic example of such a breakdown in
life cycles. A dam or weir blocking the upstream passage of
young fish will eventually result in the extinction of that
species above the obstruction. For example, populations of at
least six migratory coastal species disappeared from above a
small weir at DightÕs Falls in the lower Yarra River before a
fishway was installed.

Stream rehabilitation and life cycles

For an organism to be present in the stream, the
requirements of all life stages must be met. If just one part of
the cycle is broken, the population will not be sustainable. To
attempt to support the life cycles of as many stream
organisms as possible, you should aim for:

¥ habitat diversity in the channel and riparian zone;

¥ appropriate water quality;

¥ an appropriate riparian zone;

¥ free passage between different habitats;

¥ connectivity with the floodplain (floodplain habitat
such as billabongs and inundated vegetation are
important nursery areas for some fish); and

¥ natural flow (low and high) and temperature regimes.



36Part 1: An introduction to stream ecosystems

1.4. Resources required by organisms in streams

The physical character of the stream drives the ecology. In
fact, this is the central premise of stream rehabilitation: that
the ecology can largely be managed through manipulation of
stream resources. These resources can be broken into three
groups: the physical habitat available in the stream, the
quality and quantity of the water, and the floodplain.

shallow running water. This is of course rather
simplisticÑthere are obviously many other plants
which could thrive in one or both of these
environments. However, by having a range of habitats,
you create the opportunity for a variety of organisms to
utilise those habitats.

2. Most organisms with the ability to move need different
types of habitat for day-to-day life. For example, a fish
may need foraging areas rich in macroinvertebrates,
resting areas sheltered from predators, and areas of
refuge from floods or drought. Thus, the maintenance
of one species requires a variety of habitats.

3. The habitat requirements of mobile organisms will
probably change during their life cycle. A damselfly, for
example, needs good pool environments as a nymph,
but as an adult it leaves the water and uses the riparian
vegetation as perches and shelter. There are also
numerous examples of habitat preference changing
with life cycle within the water. To support a single
species through its life cycle requires a diversity of
habitats.

For these reasons, reaches with more habitat complexity
will usually support a larger number of taxa (different
types of plants and animals). Substrates that contain a
range of particle sizes support larger numbers of taxa than
homogenous substrates (Williams 1980). Reaches with
pool/riffle/bedrock provide more habitat complexity, and
therefore biotic diversity, than the same length of reach
with a simple pool (Brussock, Brown and Dixon 1985;
Statzner and Higler 1986).

Unfortunately, a widespread impact of European
settlement has been the simplification of stream habitats.
Riparian vegetation has often been simplified to pasture or
a monoculture of willows, channels have been
straightened, incision has caused a loss of bed complexity,
desnagging has removed a lot of instream habitat, and
sediment deposition has smothered the stream bed
(Figures 25 and 26). Reduced flow variability downstream
of dams may mean that important triggers for fish
spawning migrations are lost, as is access to floodplain
habitat.

Human impact not only simplifies the structure of
streams, reducing the amount of habitat, but it also reduces
the continual evolution of habitats within a natural stream.
For example, consider a meandering stream that

1.4.1. Habitat

Instream habitat refers to all the physical features of the
stream, including the substrate (eg. rock, sand or mud), the
depth and velocity of the water (pool versus riffle), the
presence of vegetation in the stream (macrophytes) and
around it (riparian vegetation), and any instream shelter,
such as woody debris, undercuts or large rocks. The
floodplain is another important component of habitat
(billabongs or inundated vegetation can be important
nursery areas for juvenile fish, for example). Streams that
offer an array of different habitats are likely to support a
greater diversity of organisms. There are several reasons
for this.

1. The habitat requirements of one species are seldom
exactly the same as those of another species. For
example, the emergent macrophyte cumbungi (Typha
spp.) is found in areas of still or slow-moving water,
while ribbonweed (Vallisneria gigantea) can thrive in

Table 1. Some common organisms and some examples of important
resources that they require
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periodically cuts-off its meander bends to create
billabongs, or jumps to new courses on the floodplain
(avulsions) (Figure 27). Over thousands of years the
stream is continually creating billabongs that then
progressively fill-in. Different groups of organisms occupy
different parts of this succession from open stream to
disappearing billabong. In a natural system, at any one
time there are always bends in different stages of the
succession, providing habitat for all of the communities. By
stabilising the stream and limiting the number of cutoffs,
humans are terminating the entire process of succession
(National Research Council 1992). Thus, by stabilising
streams, and by controlling floods, humans reduce the
number of habitats, as well as their continual renewal.

1.4.2. Water quality and quantity

The flow regime can have a significant impact on stream
ecology. Flow has a direct effect on plants and animals,
through its role as a disturbance of the stream in floods
and droughts, as a trigger for migrations, and as a means
of connecting with floodplain habitats (see next section).
Indirectly, flow regime is an important determinant of
stream morphology, maintaining instream habitats.
Changes in flow are common triggers for spawning
migrations in fish. Changes to the flow regime may mean
these trigger flows do not occur, or occur at the wrong
time. Reducing the number of successful spawning
migrations, can lead to a decline in the population of the
fish species in question.

Figure 25. An extreme example of habitat simplification. On the left is the original urban stream in an Eastern European city. Note the good riparian
vegetation, and the varied water velocities in the channel. On the right is the channel after it has been ÔchannelisedÕ for flood control. Note the
simplification of the stream with uniform flow, and a single reed species at the waterÕs edge.

Figure 26. Another example of simplification. A reach of the Glenelg River below an invading slug of sand (a), and in the slug (b). The constant movement
of the sand makes it a poor substrate for macroinvertebrates (OÕConnor and Lake 1994).

(a) (b)
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