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Preface

Despite the increasing appreciation of wetland values and functions, and the
acknowledgement of their benefits for humankind, wetlands continue to be destroyed and
degraded at an alarming rate. At the same time as this process of wetland degradation
continues, the effort to promote nature conservation, including conservation of wetlands,
is rapidly escalating. There is more money being spent and more effort directed towards the
conservation and wise use of wetlands than ever before. Increasing numbers of scientists are
becoming involved in wetland ecology research, and individual and organisational support
for conservation, restoration and sustainable use of wetlands is growing. Wetland conservation
has become an important issue in political debates which, in several countries, has resulted
in the development of national wetland policies. The increasing international support for
wetland conservation is reflected by the number of countries (81 by July 1994) which have
become Contracting Parties to the Ramsar Convention, an international treaty which
obliges the Contracting Parties to protect and make wise use of wetlands in their territories.

In many cases, however, wetland degradation is caused by non-sustainable, destructive
management of landscapes as a whole. Amongst the most serious types of damage is the
deterioration of the water cycle due to excessive drainage and destruction of natural vegetation
cover, which is coupled with irreversible matter losses from catchment areas to the sea. It
is now known that only by considering all the processes in a catchment area can the
function of wetlands be understood and their proper functioning secured. This requires that
a new — holistic — approach to landscape management be adopted.

Radical developments in the wetland ecology science and in approaches to wetland
management over the last two decades have provided an impetus for the promotion of
training and re-training of personnel involved in wetland research, management and
conservation. Among other international organisations — including the World Conservation
Union (IUCN) and World Wide Fund For Nature (WWF) — the International Waterfowl
and Wetlands Research Bureau (IWRB) has also become involved in the field of training.
In October 1991, IWRB with support from WWF-UK embarked upon a coordinated
wetland management training programme, focused primarily on Central and Eastern Europe.
The main objective of the programme is to develop and implement a strategy for training
which will support the conservation and sustainable use of wetlands in this part of Europe.

As many wetlands in Central and Eastern Europe have suffered serious deterioration, wetland
restoration was identified as one of the key areas where training would be beneficial. The
restoration of eutrophic lakes was the theme of two training courses, held in former
Czechoslovakia (1992) and Estonia (1993), resulting in the development of this handbook.
It is aimed at a fairly broad, advanced audience of ecologists, engineers and planners, who
are involved in planning, designing, and implementing restoration projects. Close
collaboration between these sectors in the design and implementation of restoration activities
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is a prerequisite for the long term success of such projects. It is also aimed at higher
educational and vocational training institutions, as a resource for curriculum development.

One has to keep in mind that wetland restoration is not a simple task, and requires a sound
scientific understanding of general wetland ecology, hydrology, water chemistry as well as
relevant knowledge of zoology and botany. Through this handbook, we intend to provide
a comprehensive insight into wetland restoration but do not want to repeat basic ecological
information dealt with in every textbook. The necessary scientific background is presented
in a new way which should contribute to the understanding of how biological processes, the
water cycle and energy are interrelated.

The handbook is primarily developed to address the restoration of wetlands in Central and
Eastern Europe and, therefore, encompasses mostly case studies from the temperate zone.
Nevertheless, the principle of a holistic approach to wetland restoration and integrated
landscape management is applicable to other regions, too. Indeed, the non-sustainable
management of water resources leads to the degradation of catchments in many parts of the
world which, in more southern countries, can escalate even more rapidly due to the higher
solar energy input.

Although the handbook is focused on the restoration/redevelopment of lake ecosystems, it
is emphasised that these systems function in a larger ecological entity — the landscape. To
be truly sustainable, the management of wetlands has to be incorporated into a system of
integrated land and water use and, indeed, into the socio-economic system of each country.
Thus, we suggest some possible solutions for ecologically sound landscape development
considering both environmental and socio-economic interests of society.

IWRB intends this publication to be used widely in the development of wetland restoration
strategies, in the design and implementation of restoration projects, and as a resource for
training professionals. It is necessary that we adopt the concept of integrated landscape
conservation and effectively protect one of the most important resources of life — water.
Water of good quality and sufficient quantity must be retained in the landscape. This can
be achieved only by preserving, and where necessary re-creating, areas of properly functioning
natural water bodies and wetlands which are vital for our planet and its biosphere. We hope
this publication contributes to the theoretical knowledge and practice of a holistic approach
to restoration ecology.

Martina Eiseltova
July 1994
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1. Overview

Sven Bjork

Man-induced degradation of inland waters

The drainage of lakes and wetlands, and the pollution of inland and coastal water bodies
have had detrimental effects in various forms: large-scale losses of surface waters and their
biota, rapid terrestrialisation of accumulation basins, regional lowering of the ground water
level, and degradation of water quality. Many years of observations have led to the conclusion
that severe pollution sometimes results in more or less irreversibly poor conditions, i.e.
conditions that remain even after the elimination of sewage and wastewater discharge.
Similarly, studies on shallow lakes in which the water level had been lowered have shown
that it is often impossible to revert such lakes to their previous character simply by raising
the water level. The overall reason for this course of events is that the exploitation of the
individual water body was focused on just one goal, as when wetlands were utilised as
wastewater receivers or drained for obtaining arable land. Most often the goal was simply
short-term economic profit. Because ecological prognoses were lacking, the negative effects
successively appearing in both the water body and its catchment area were not considered.

The shoreline of a lake is not a demarcation line between terrestrial and aquatic ecosystems.
On the contrary, the littoral is a transitional zone for the transport of water, nutrients and
other substances from land to water. The characteristics of individual inland water bodies
reflect the conditions in their catchment areas as the hydrological cycle closely connects
terrestrial and aquatic ecosystems, with water as the carrying medium. Therefore, water
management has to be based on a holistic view in both space — taking into account the
interdependence between the lakes and the surrounding land as well as possible effects
appearing downstream — and time — not least because there is often a considerable time
delay between an influence and the demonstration of its full-scale harmful effects in nature.
In the beginning, the changes are often difficult to observe and, therefore, not easy to
demonstrate in the short-time perspective of a human generation. Many man-induced changes
in aquatic ecosystems, such as overgrowing and terrestrialisation, are not linear processes but
start slowly and proceed towards a rapid escalation.

Ap.pro.ach towards wetland redevelopment — the need for
guidelines

Wi'-_'h the lakes nearest to towns and cities destroyed by pollution, with the agricultural
tandscape devoid of wetlands, with running waters straightened or hidden in pipes and the
forests drained, the negative boomerang effects successively become more obvious, creating
FPUblit.: desire to restore what has been lost. In the 1960s, the first well-documented
fStoration projects started (e.g. Lake Trummen, see Case study, Chapter 8) in order to
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demonstrate the possibilities of ecosystem redevelopment. The growing interest in lake and
wetland redevelopment/restoration techniques, projects and results, is reflected in the number
of congresses and symposia on the topic as, for example, in Blacksburg 1975 (Cairns et al.
1977), Rome 1985 (Vismara et al. 1985), Budapest 1987 (AMBIO 1988) and Hohenheim
1994 (Bocker & Kohler 1994). The subject has been discussed in new textbooks on limnology
and water protection (Besch et al. 1984) and is part of modern planning for water resources
(cf. Bjork 1988, the Stockholm planning model). Efforts to incorporate basic ecological
thinking in order to secure sustainable environmental conditions — replacing the primitive
concept of continuous economic growth without profound ecological consideration — were
made by The World Commission on Environment and Development (1987).

At the same time as the degradation of inland water ecosystems is getting worse in some
parts of the world, an increasing amount of experience on restoration techniques and results
from re-created ecosystems is being collected elsewhere. The desire to bridge this gap
between the growing needs for ecosystem redevelopment on the one hand and available
expertise on the other, led to the inception of this handbook. The aim is to disseminate
a holistic view in space and time on lake ecosystems, their development, and their changeable
structure and function, and to illustrate how to govern systems in order to reach defined
goals. The explanation of the long-term development of lakes, their transformation into
wetlands and their final terrestrialisation, seems to be an appropriate way to inoculate the
basic understanding of, and respect for, the so often forgotten time-factor when dealing with
dynamic and changeable ecosystems. The primary aim of restoration projects is to create
sustainable systems — as measured on a human time-scale. In some cases, continuous
management may be necessary in spite of being costly. Cosmetic measures, however, may
have an ephemeral revitalising effect but in the course of time only result in aggravated
problems.

Redevelopment and restoration

In limnology, which is the science of inland water ecosystems, research, aiming to actively
adjust and govern the structure and function of degraded lake and wetland ecosystems
started in the 1960s. From the very beginning, the term restoration was used only for
activities carried out in the ecosystem itself. According to this definition, measures taken
to reduce or divert sewage supply do not belong to the act of lake restoration sensu stricto
but to preparatory stages of making the restoration of damaged ecosystems efficient. (Compare
the fact that marble and limestone sculptures, from European classical antiquity and the Renaissance,
damaged by recent atmospheric pollution will not regain their features just through cleaning up the
air!) Looking only at nutrients, preparatory activities like sewage diversion, the building of
sewage treatment plants with phosphorus removal, and efforts to avoid diffuse pollution, are
necessary steps taken to normalise or reduce external loading. Restoration, on the other
hand, means, in this connection, the normalisation or considerable reduction of internal
nutrient loading.
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In order to correct damage in water bodies where the water level has been lowered, direct
operations are also necessary before any raising of the water level. Precipitation of phosphate
in hypertrophic lakes, hypolimnetic (deep-water) aeration, artificial circulation through
bubbling and lasting regulation of pH-conditions can also be designated as true restoration
activities. Removal and neutralisation of toxic substances in contaminated lakes belong to
this category too.

Redevelopment is the superior term for both restoration sensu stricto and all preparatory work
preceding restoration projects. Redevelopment comprises all activities aimed at an upgrading
of the environment according to given goals, for the use and utilisation of ecosystems.
Improvements appear immediately or gradually.

It should be stressed that restoration does not imply the permanent reinstatement of a water
body to the conditions prevailing during a specific phase in its development. In practical
environmental protection and management, the meaning of the term restoration is the re-
creating of the conditions in such a way that acceptable environmental conditions are re-
established (Bjork 1968). As a rule, the restorative measures imply the re-establishment of
a lake or wetland — according to local or regional interests — for those purposes for which
it used to be suitable before its degradation. It should always be a goal to design the
ecosystem in such a way that lasting results are obtained, thereby minimising management
costs. The ecosystem design includes the determination of the concentration level of nutrients,
the level of productivity, balanced metabolism and — if considered realistic — management
of food webs.

Subjects covered in this handbook

Inland water ecosystems are not static systems — in the long term a lake develops from a
juvenile to an ageing state. The speed of this development varies with this size of the lake,
with the latitude, the geology, the climate, etc. Every state in the natural development of
every lake has its specific ecosystem characteristics, which can be revealed through
palaeoecological studies of the sediment and peat deposits, the eco-historical archives of
ecosystems. Knowledge about ecosystem dynamics, and about speed and direction in the
development of the system, must constitute the general background when dealing with
redevelopment and restoration projects which always demand a holistic approach in both
time and space. Typical features in the evolution of lakes and wetlands are outlined in

Chaprer 2.

The impoverishment of the landscape with respect to surface water bodies, the lowering of
the groundwarer table and the qualitative degradation of lakes and other still remaining
Wet.]ands. call for a holistic approach to water resource management as stressed by Ripl et
al. in Chaprer 3. Arguments that there is an urgent need for re-creation of surface water

165 in th.el landscape as well as for programmes for management, preservation and optimum
Wetland utilisation are brought forward.
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General descriptions of the structure and function of inland aquatic ecosysters are dealr
with in every textbook on limnology and it is not necessary to repeat it here. However, the
specific problem concerning vegetation succession and changes in primary productivity over
time, especially in shallow lakes, needs to be elucidated (Pokorny, Chapter 4).

More than 30 years ago, Hrbd¢ek demonstrated the relationships in the food web in ponds
with and without fish. In Chapter 5, he summarises and synthesises his profound knowledge
collected over several decades within this field of research. Based on Hrbigek’s studies, the
possibilities and restrictions of governing the food web are described by Maténa, Vyhnalek
and Simek (Chapters 7 and 8, Food web management). The naive application and misuse
of the principles of food web relationships as a means to ‘restore’ heavily polluted, natural
lakes necessitates scientific clarification. The term food web management should not be
replaced by the infelicitous ‘biomanipulation’ because the literal interpretation of this word
makes one think of unfair change or falsification of life.

Methods to revitalise and restore inland water ecosystems have been elaborated and have
already been applied on a small scale. Experience clearly indicates that pre-project ecological
investigations are prerequisites for obtaining basic information about past and present
relationships between the water body and its catchment area, about the history of the
ecosystem and its prevailing structure and function. This knowledge is necessary for making
reliable limnological diagnoses as well as for the technical planning of restoration projects
(Chapter 6). The authors of this handbook aim to present experience from such projects
as a means for widening and intensifying activity within this field of applied ecology.

Restoration methods and techniques are described in Chapter 7. Although defined methods
are available, it must be remembered that every lake and wetland ecosystem has its individual
characteristics. The treatment of them must, therefore, be given an individual design and
the local possibilities should be fully utilised wherever possible.

Pre-project investigations, technical planning and accomplishment, post-project studies and
results of restorative efforts are treated in each of the case studies reported in Chapter 8. A
spectrum of degraded ecosystems, each demanding tailor-made restoration methods are
described as examples which, hopefully, will serve as guidelines for future projects in a
variety of degraded lakes and wetlands.

Because the landscape has been so impoverished with respect to wetlands, all opportunities
to enrich it once again with these types of biotopes must be utilised. For a long time, gravel
and peat deposits have been exploited in a technically primitive manner without any
consideration for ecological planning. Before the start of mining, the groundwater table has
often been lowered, an operation which has effects over a large surrounding area. This
makes it difficult, or often impossible, to re-create aquatic biotopes. However, old pits and
mined-out mires sometimes offer opportunities to be restored as wetlands. Before any new
mineral extraction project of this sort is allowed to start, plans for the design of the wetland
to be created after the mining has finished, should be presented. As 4 guideline, the general
rule should be not to lower the groundwater table. Although this type of activity is most
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vation and creation of wetlands in the landscape, neither methods

o ctudies are included in this book, because conditions can vary tremendously from
- We hope, however, that the information given here about the design and
lmn. uf-\\'etl;m\] ecosystems should also inspire the creation and management

important for the preser

case o casc.
mode of reac |
of this category of aquatic biotopes.
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2. The evolution of lakes and
wetlands

Sven Bjork

Postglacial evolution of lakes and wetlands

The fact that inland water ecosystems are not static units but subject to continuous evolution
has already been emphasised (p. 3). The speed of these changes is high in shallow, productive
accumulation basins and extremely slow in deep, large, oligotrophic lakes. Palaeolimnological
studies on ecological succession clearly demonstrate how important it is to take the tme-
factor into account when dealing with the restoration of systems which have been degraded
and which now possess all the characteristics of rapidly ageing wetlands.

With the perspective of a geological time-scale, shallow lakes and inland wetlands are short-
lived ecological units which become filled up with inorganic and organic material. During,
and immediately after, the latest deglaciation of northern Europe, layers of minerogenic (i.e.
of mineral origin) matter were deposited in depressions. Coarse particle fractions settled
close to the shore beside the mouths of feeder streams, while clay and other fine particles

sertled further lakewards.

The landscape of northern Europe is characterised, originally, by its richness in lake and
wetland basins produced by glacial action. In comparison, the region south of the glaciated
area is poor in lakes. Former northern European lake and wetland basins were cleaned of
sediment and peat by glaciers and, after deglaciation, the development of lakes in shallow
moraine depressions also started, as it were from scratch, with a minerogenic bottom. South
of the glaciated area, tundra conditions prevailed during the ice age. As a consequence of
frost erosion — cryoturbation — the topsoil layers resembled the moraine of the deglaciated
region. This is because they were also largely unleached, and the processes in these soils,
including the leaching of nutrients and the influence of the successively developing vegetation,
corresponded to that found in the moraine-covered, formerly glaciated part of Europe. The
postglacial (Holocene) relations between catchment areas and lakes are, therefore, comparable
in both regions. Because the developmental history of northern European lakes is so well
known, the following description refers to these systems (cf. Digerfeldt 1972, Digerfeldt &
Hakansson 1993).

Northern European lakes

After deglaciation, the fresh moraine was generally rich in nutrients. These were subsequently
leached and transported by water from the drainage areas to the lakes, where a high production
of algae was supported. In the sediment, the transition from minerogenic to successively
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more organogenic (i.e. of organic origin) strata reflects this course of events. In several lakes
the lowest and oldest organogenic sediment consists of algal gyttja deposited during a shor‘;
period of high primary productivity in the lake but during low supply of organic matter from
the surrounding areas. Even in regions which now have a typically oligotrophic character
the oldest layers can consist of algal gyttja and lake marl, sediment types in sharp contrast;
with the present leached and unproductive character of the lake surroundings.

After this initial phase of high productivity, the lake productivity drops as the supply of
nutrients from the catchment area reduces. This reduction is dependent partly on the
decreased leaching and partly on the development of terrestrial vegetation accumulating
and recirculating nutrients. However, changes in temperature, precipitation and vegetation
cover during the last 10,000 years (Holocene) have caused variations in the productivity
of lakes. Along with the climatic changes, the water level of lakes has also changed, and
this, in turn, meant lakeward expansion or landward retreat and a reduction of the littoral
macrophytic vegetation (Digerfeldt 1972). At the same time, the sedimentation limit, i.e.
the highest level up to which organic particles settle above the shoreline, has been dislocated
downwards (due to erosion) during periods of low water and upwards (because of deposition)
during high water periods.

In an individual lake, the location of the actual sedimentation limit is lower along shores
exposed to winds than along wind-protected shores. As prevailing winds are westerly in
large parts of Europe during the ice-free season, the littoral zone is washed clean of organic
particles down to a greater depth along the eastern, wind-exposed shores than along the
wind-protected, western shores where particles can settle in more shallow, calmer water.

Growth rate of the sediment

The rate of increase in the sediment thickness is dependent on the productivity of the lake
itself, on the supply of matter from the catchment area, and the efficiency of the mineralisation
in the lake ecosystem. Inract lakes, within previously glaciated regions, had the highest
productivity and sediment growth rate during the first phase of their evolution (cf. Digerfeldt
1972, Digerfeldr & Hakansson 1993). After that, these properties became reduced at the
same time as the leaching and supply of nutrients from the surroundings decreased (Figure
1). The thickness of sediment varies from lake to lake as well as within the individual lake
depending on the topography of its minerogenic bottom. The deposition of organic matter

flatte - . )
chtt ns the bottom such that the thickest sediment is found in the deepest depressions of
he minerogenic botrom.

E‘k: n‘;ftf;ml. a\"-elfrjgc Lhiu.k:was of Iorf\ganogeni; sediment in, for example, a south Scandinavian
i an age of 1I2,L.-OO—1 3,000 years is about 5 metres. In this region, the current
; qliéeue:;hio{:t r.?::.j lfihaboutw 9'2”;”1 or less per Year in a more or less intact, shallow
M pollmed‘br ' thd iuut} ‘t.,._*)--l.l. mm per year in a shallow eutrophic lake. If a lake
e y | e u. ischarge of nll_unent—rlch sewage, the balance between production

sation is disturbed. Organic matter accumulates and the sediment growth rate
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Figure 1.

Lake Trummen, Sweden.
Upper Diagram: Rate of
sediment deposition. {The
indicated rates during the
Preboreal (PB) and Early
Boreal (BO 1) periods are
mean values.)

Lower diagram:
Radiocarbon dating of the
sediment. From Digerfeldt
1972.
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The evolution of lakes and wetlands

LTI
P a0 3

4, . .
The former lake completely transformed to a raised bog with fast-growing Sphagnum during a wet climate period. The bog surrounded by a

60 llagg), i.e. the zone infl i i i
| | influenced by water from the mineral soil. The raised bog totally dependent on precipitation and aitborn matter

Key
A = moraine, B= sand-silt, C = silt-clay, D=gyttja,
E = peat of emergent macrophytes, F = Sphagnum peat.
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Figure 2.

The transformation of a
lake from an open water
ecosystem to a raised bog.
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can increase to about 10 mm per year. Thereby, the speed of ageing of a shallow lake is in the accumulation of coarse detritus produced by emergent h
multiplied — the result of the addition of an internal nutrient supply from the sediment to ecological succession and terrestrialisation process includes stiges vtfr}iiro'? Y;ZS'SThk;e gezeral
. o e
that of the increased external loading (ie. from the catchment area). and Phragmites are replaced by Carex, and the formation of peat abyp ) t}i engl? Cctus
ove the sediment

prepares for the (iinvaSiOn of Salix and Betula. Lowering of the water level in shallow lakes
) o ) ) ) means a tremendous speeding up of th i ;
Primary productivity and vegetation succession in lakes and wetlands & up e ageing process (Figure 3).

In a naturally ageing lake, there is a successive decrease in the primary productivity based palaeolimnological studies

on plankton. However, a very dramatic change in the productivity takes place when the

lake has become so shallow that it is possible for peat-forming macrophytes, such as the The sediment composition reflects the communities which have i i

common reed (Phragmites), bulrush (Schoenoplectus) and cattail (Typha), to colonise the B llenis. Provided the sediment growth rate is know: iltC‘ avé bllnhiblted a lake over .the

organogenic bottom (Figure 2). The plankton is replaced by communities of microorganisms analysis to determine the supply of different elem) tls SOSS.I © hy means of chemical

(periphyton) developing in the water on stems and leaves of emergent, floating-leaved and PR ...1::. By means of palacolimnological investi af; Ijs uring tl e various phases' of

The most productive phase in the whole evolutionary history of a lake is the period when ::;::sm ;ft eicr11’secTilse alr311:Sz{;fieocoefr:rristlelzzsdsoirillazgs’ ?.’Sts and other remnants of algae,

the shallow lake has just been transformed to a wetland overgrown by emergent vegetation. ecological interpretation of the conc’iitions prevaihnerw}:aspo}:esél’rf?ots, etc., allows f'or an

The reasons for this sudden increase in productivity are as follows: and peat were deposited. Pollen analysis, dating ff seggr:eris 1b;r31t:£elfr¥1?:afifos§dgfnf£t
e

content of radioisotopes of carbon (*C), caesium (¥7Cs) and lead (*'°Pb), and palacomagnetic
» . . ’

investigations, are used to determine the age of sediment layers. When the age is known
the sediment growth rate and the accu i i ’

mulation of different elements i i

| | | : . per unit of time can
+ there is never water shortage in a wetland; and be determined (cf. Digerfeldt 1972). This means that both natural and man-induced leaching
and transp'ort processes from the catchment area to the lake can be revealed through studies
of the sediment archives (Figure 4).

there has been a continuous supply of nutrients from the catchment area to the lake

which has acted as a trap for these elements;

e the perennial, highly productive emergent macrophytes are adapted to an efficient
utilisation of the environmental conditions in all three media: sediment, water and air.

Figure 3. — Palaeolimnological investigations are often an essential isi
. . . ial prerequisite fi i
The effect of water level The macrophytes rooted in the sediment can restoration plans because the aim is usually to try to re o iy the~ .demgn of
lowering in a shallow lake thus make use of the accumulated, nutrient- have been lost. Past and present relationshi bry ;reate ccosystem qualities which
itat . . . £ ‘ i ionships betw
on the quantitative rich resources which until now have not been have to be elucidated and used ideli bs berween e catchment area and the lake
development of oble for deepl dol during as guidelines in restoration planning. With a collapsed
mactaphytic vegeation available for deeply rooted plants during the ecosystem as the patient, and with a holistic approach in space and tim| i ° h

. . . - “ ime as a necessity, the

previous stages in ecosystem development pre-project investigations need to be organised as team-work for penetrating diffe .
Wetlands overgrown by plants such as of the system and for providing analytical d _ P ing different sectors
g analytical data for solid, ecological-diagnosing, syntheses.

Phragmites and other perennial, emergent
macrophytes constitute the most productive
ecosystems of any at the same latitude.

Important physical processes

In northern latitudes, the preservation of
organic matter in cold and oxygen-free
sediment and peat is much more efficient’
than in waters of warmer latitudes where:
the mineralisation processes take place 8t
higher rates and over a longer period of the
year. This makes it especially troublesom€
to preserve northern, highly productive
wetlands characterised by a high growth rates

hi&‘?‘f‘l.vjle:;: ::;:;3 i:slil,:;s and ulrt:{l}mds ofter.1 eliminates important natural agents such
e \;‘m".t ! \j»lcm.rhn.\-'_il:l fluctuations. Temperature changes in the Holocene
o ar: ir:ﬂ“eh.lfl the }: evelopment of ice cover on lakes. A general feature
e Winrr\r..{. o,n‘ ;d e shores. both wben it covers the whole lake and at
- etr _per.il_ 5 especially at night when the ice cools down and
B ellonin 01" qs;\ ]I ml e llce cover. When cracking, a sound like thunder is
. w;mw: m:\. |c-§1. akes. The cracks are immediately filled with water
B e periods, as on sunny d?lys, the volume and area of the ice
g pressure is exerted against the shorelines, which are subject
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Figure 4. [_

Lake Trummen, Sweden.
The transport of
phosphorus (indicated by
arrows} from the
catchment area for
deposition in the sediment
during four periods. The
figures within the lake
denote: lake depth, rate of
deposition, and the annual
deposition of phosphorus.
Compiled on the basis of
data from Digerfeldt
(1972). From Bjork et al.
1972.
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to ice-pressing. With the changes in the winter temperature, this process is repeated Figure 5.
continually and means a successive increase in ice pressure. Over the vertical range of the Schematic distribution of

shore, the erosive zone (Figure 5) which is influenced by the ice, can be cleaned of vegetation,

vegetation in different
littoral zones in a Lobelia

bottom material (including big boulders) can be forced landwards, and building constructions | (ke Fiolen
demolished. In regions covered by coarse moraine deposits, barricades of boulders along the  Sweden. The upper
shores have been built up by ice-pressing (Figure 6). These barricades were probably mainly ~portion of the minerogenic

formed in the early Subatlantic period (about 2,000 years before present), when the ice-
pressing is considered to have been stronger than at present.

In a very large number of Scandinavian lakes, the water level nowadays reaches far below
the barricade, indicating that the lake has been lowered. In intact lakes, however, the water

level is still found ar the base of the barricade (Figure 3).

zone is under the erosive
influence of ice
movements. The
minerogenic zone is
fakewards followed by the
organogenic bottom. From
Thunmark 1931.

Besides ice-pressing, another type of ice movement occurs, which is also important in the

-'ph\f_s_i'cal sculpruring of the shore. This is ice-pushing, brought about by ice-floes in connection
with the break-up of the ice. When a sudden break-up of the ice is caused by strong winds,

Hﬁwwd vard side,

€3 IWRB Publication 32 - 1994

M:'icc’ﬂoes are pushed against the shore and piled up along the wind-exposed side of the
lake. In this way, the shore is also cleaned of vegetation and trees are de-barked on the

never possible, in the restoration and management of lakes and wetlands, the conditions
formation of qualitatively good ice in order to make use of ice movements, as well

) Way to protect lakes from overgrowth and heavy detritus production by macrophytes,
_preserve open shores suitable for wading birds, etc.
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Figure 6. References

Lake Fiolen, Sweden
(summer, above; winter,
below). Littoral barricade
of boulders pushed

] together by the ice. Photo:
Einar Naumann 1917,

Biotk, S. et al. 1972. ies i i i i
]orLimnOeL Lll& 37'79_35’(7:.0system studies in connection with the restoration of lakes. Verh. Internat. Verein.
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3. A holistic approach to the
structure and function of
wetlands, and their degradation

Wilhelm Ripl, Jan Pokorny, Martina Eiseltova and Steve Ridgill

A holistic approach to wetland management

Only by considering all the processes in a catchment area, over space and time, can the
function of wetlands within the catchment, and their possible degradation, be understood.

This is known as a holistic approach. By relating living processes, the water cycle and energy
use together, these processes are seen in a new light. An understanding of how the energy-
driven processes, the water cycle and the living processes are mutually interrelated and
inter-dependent allows new insights into how man’s interference is de-stabilising ecosystems.
A holistic approach to wetland management is fundamental to the task of putting right the
imbalance and re-stabilising the system.

The condition and life-expectancy of catchments and natural water systems is determined
by their efficiency in minimising non-regenerative, dissolved matter losses from the catchment.
Man is de-stabilising these ecosystems by his random distribution of energy in time and
space, by decreasing system efficiency (and hence stability) and by greatly increasing
irreversible matter losses. In the last hundred years, irreversible charge flows (matter loss,
mainly base cations) via surface waters to the sea have multiplied, often more than a
hundredfold, such that matter losses from agricultural areas are often more than one tonne
per hectare per year. Use of fertilisers will hardly compensate for this loss, nitrogen and
phosphorus together only accounting for 1 to 2% of this matter loss.

Man’s influence on the landscape has affected the water cycle and its coupling with energy
flow and the transport of matter. The recreation of vegetation and a water-saturated soil is
a prerequisite for the minimisation of water and matter losses. Wetlands, as efficient dissipators
of energy in time and space, help to ameliorate the climate, shorten water cycles, maintain
high groundwater levels, retain high nutrient and mineral loads, and minimise matter losses.
All these aspects must be taken into account for the redevelopment of catchments and their

natural water bodies.
Historical perspective of landscape development

Palaeolimnological studies of south Swedish lakes with respect to landscape development
conducted in the early 1970s by Digerfeldt, revealed the conditions of the catchment @ eas
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since the last glacial period. Initially, directly after glaciation had ceased, matter deposition
rates in lakes were relatively high (Figure 1). Over the next 3000 to 4000 years the rates
of sedimentation for various deposited compounds gradually reduced by a factor of between
4 to 10. From then on, the low deposition rates of approximately 0.1 to 0.2 mm per year
remained rather constant until the second half of the 19th century. Maximum deposition
rates then occurred, as sewage from cities and urban areas was diverted to lakes and deposition
rates increased nearly a hundredfold to almost 8 to 10 mm per year. Examination of the
different parameters of these lake ecosystems revealed a high degree of auto-correlation.
This means that organic matter, nutrients such as phosphorus and nitrogen and even base
cations such as calcium and manganese showed the same relative deposition pattern

(Digerfeldt 1972).

Reflecting on these facts leads to several conclusions:

e deposition rates within the lake are directly proportional to the process density in space

and time within the catchment;

e processes in the catchment are coupled and their energy and potentials are channelled

by the vegetation development;

o the amount of transported matter to the lake is inversely proportional to the increased

organisation of biocoenosis in the landscape;

o disturbances result in highly increased matter flow rates from the landscape to aquatic
systems;

e the amounts of increased matter flow not deposited in sediments are irreversibly transported
to the sea;

o there exists a relationship between the deposited amount (in sediment) and the irreversible

matter flow (to the sea), which is given by the Jandscape’s hydrograph, the morphometry
of the lake basin and the metabolic processes in the lake;

e for a given morphometry, a higher metabolism will result in a relatively lower retention
of matter in the lake. However, these relationships are not linear ones but are related
to the spatial and temporal distribution of the coenosis. For example, the short-circuited
bio-film structures on macrophyte surfaces (periphyton) show a much higher retention
of matter than planktonic assemblages;

o the former viewpoints show that water protection has to be carried out by controlling
processes and flow patterns in the landscape rather than just the management of the
aquatic ecosystem;

e the main causes for the deterioration of aquatic systems occurred together with the larges

scale interference with vegetation and manipulation of the water regime which degraded
ordered structure in the landscape and replaced it with increased randomness.

The above-mentioned points show that a holistic approach to the integrated landscape &%
water transport system is necessary for the redevelopment of the environment. 88

€D IWRB Publication 32 - 1994

A holistic approach to the structure and function of wetlands, and their degradation

develgpmer;; of high loss rates and system deterioration is connected with industrially-
ca.u}sle hmte erence (i.e. vegetation destruction and extended areas of sealed soil surfaces)
with the cooling capability of vegetation cover, the latter being a consequence of the

detel‘lOI‘athIl Of t}le diSSlpatlve pIOI ert l'eS t I 1€ (llSI] ll YUtion of enet ote: ]a] and rocesses
( 3
mn the landscape).

Water cycle and matter losses

The central point in managing landscape and water is to examine the role of energy and
its dynamic agent, water. In nature, water is almost exclusively the medium with g\Zh' h
transport takes place and chemical reactions are performed. Quantity and quality of @

in the landscape, and associated aquatic systems, are almost entirely determinedtsé hergy
and its temporal and spatial distribution in the landscape, and the interactions \Zri‘taﬁe:}gly
prevailing coenosis. The coenosis partitions energy into a water evaporation proce .
chemical dissolution process and a biological production process. All these threep rocZ?s .
are cooling processes which have as their cyclic counterparts heating processes: condre)nsa\tiois
precipitation and respiration. Thus, the water cycle can be considered as an eglergy processo;

that ch?\nnels er}ergy into dissipative cyclic processes according to its inherent structure
under given environmental conditions.

Energy-Transport-Reaction (ETR) model

The i‘nrc:rrclmion of energy, warer transport, physical, chemical and biological process
described in a new ecological model, called the Energy-Transport-Reaction (ETR) Z\ZS ZZle
p_ro!;!osed by the first author (more derail can be found in Ripl 1992, 1994). Ecosyst e
.q_ptmised in their structure as dissipative energy processors, through ’the acti'ons ofy :hzm cer
sycle. by being in phase with the cyclical additions of energy. Man interferes wit}‘:/itlfr
regular, phased, energy input, and its regular dissipation by a selected, optimum bioc .
through the introduction of random elements into the system Man: i Lenerey
coupled with the transport of materis i i Y B
- port of material has resulted in excessive energy- and matter flow
m :;f:ilt zd-he dl.‘gl’?dk‘ltlt‘)l’l of biocoenotic structures and the distortion of the water cycle
vy mu;? er::;‘ll;;:lr:?:ednll;:::. ltll,tL-O;;:llt?g prf)perties. The out-of-phase oscillations thus
T ,j' ﬂ: ' :St ' :lr1 r;tlons in natural systems, which can be manifested
s and droughts, extremes of temperature, abnormal upper

Emospheric conditi ass die-off of
3 onditions, mass die-off of plant and animal communities, etc., i.e. randoml
uted processes in both space and time. ’

lopment of vegetation cover

CYCle arld ﬂ]e rele ¥ 1
e l-df,_\ ; lopment of vegetation cover (coenosis), and the control of matter
e m\;nlf*t e mgethcr. To enable a better understanding of the consequences
= ) e 5 > a

interference, the development of the landscape since the end of
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Figure 2.

Water cycle and matter
losses in various stages of
Jandscape development
since the last glaciation.
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the last glaciation is considered below in more detail. Figure 1 shows areal matter losses with
th European catchments in five time phases which

water transport in postglacial, nor

correspond to (1) vegetation expansion, (2) climax vegetation, (3) man’s gradual interference
with agriculture, (4) the dramatic consequences of the industrial age, and (5) the predicted
collapse. The development of vegetation cover and areal matter losses is schematically
illustrated in Figure 2, where four stages correspond similarly to the above: (1) pioneer and

(2) climax coenosis, (3) man’s interference and (4) the breakdown of the water cycle.

Two stages or phases (Figure 2, stage 1 and 2) in the development of landscape can be

recognised:

1. an establishing phase with organisms expanding,
diminishing, and

2. a coupling phase which increases the system stability and where losses are at a minimum:

1. Postglacial pioneer coenosis

The development of vegetation an
had sorted the soluble and suspen
increased biological activity and metabolic processes,
due to both chemical surface erosion and soil formation. As
were taken up, a certain amount of energy was used, the pH

d soil begun after the glaciers had retreated and streams:
ded material to form the landscape. Waters showed
caused by increased nutrient influxes
the vegetation expanded, ion
was lowered and the dissolved
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;3“; v(v;re sus;eptlble to rain erosion. Therefore, in this period, matter losses were initially
igh (Figure 2, stage 1) but loss rates continually reduced as an interlaced vegetation co
developed in the whole catchment. e

2. Climax coenosis

The rate of matter loss became reduced as the coenosis, and the cyclic processes carried

by the coenosis, developed and space became limitating. The growing s atial«t:rr N oui
interlacing of organisms in the catchment led to an increase in system efﬁcier?c a ilmpo'ra
of matter losses, and the interlacing of processes, which even affected the dez]f’el o UCUOI}
climate (Figure 2, stage 2). Soil was the interface between vegetation, the subst;)aiment Od
th’e water cycle, where plants recycled matter and nutrients, controlled’ the water ¢ L::rlre1 and
primary production and energy level by evapotranspiration, and decomposition ofyd o
was controlled by the water cycle. The system became closed as losses became mini eltntuci
only net production (harvest) caused siseable losses. New growing biomass would mlf o
from the mineral ground (easy dissolvable minerals). i e o

Degradation of vegetation cover

ﬂle next two Stages (Figllle 2 st age ') all(l 4 SI]( YW ]he result Of man s int
) y . .
; e ) erference in the

3. : , .
a phase of system disturbance with an increased mineralisation of organic matter and
accelerated matter losses from the catchment, and

. a t'lansitional phase to the Xt i tl’ et t Ile ter y Ieak( I( YW an l 1 I)e
4 ne. glaCla on du (] warte
i x C Cle b
COEenosis dle‘off.

3. Marll’s interference and the degradation of the biocoenosis

_'I”I'Ie. clu.nax coenosis lasted in northern Europe until about 1500 B.C., when man began
;:;i:i::g tllle‘se éystems wit.h increasing intensity. However, compared to present day
e , cultivation Was orientated almost always to human needs, with management
10-35,5 elg ;CSS:SZECZ :vr;th sp?tial and temporal ph'fises and less randomly in relation to the
e yilts th1;:5 o (;vater. .Inter.fe.rences in .tbe structure of the system led already
g S T rmodynamic efficiency (minimised charge losses), which could,
_ ) e well buffered by the matter storage in the topsoils. The control mechanisms

within the sys :
; ystem still all :
. allowed sustainable development at the low population densities

" fl"?z:z:;r; tt}cieszzzlczr:;y tagrlculture. and the exploitation of the forests, meant that
hatw‘_‘_involved i O?f Orrose cgnsfl.derak?ly. Clearance Qf land for agricultural purposes
ot .ests yhlre with consequen.ual loss of much nutrient-laden
ey utrients, however, was used in the further spread of littoral

_ nd lakes. This helped to retain the extra nutrients in the plant biomass,

d the rar i

e of sedimentation i
S - on in most lakes i . .
ater, L L and rivers, as well as the nutrient level in the
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As agriculture developed, the first step of net production (harvest) was on account of the
mineralisation of the existing organic matter. However, the increased clearance of forests,
exposure of bare land, drainage of agricultural land, and the increasing populations along
rivers, which became used for transport and the first manufacturing processes, accelerated
the matter losses from the catchment. The lowering of water levels by man increased the
rate of mineralisation and resulted in matter-loss from the water-unsaturated soil zone
(Figure 2, stage 3). In the water bodies, the increased inputs of nutrients can be documented
by higher deposition rates of sediment — the beginning of eutrophication.

Before the interference of man, the electrical conductivity (a measure of ionic concentration)
c. 10-30 pS cm™ (rain water as surface run-off from areas with an
intact, moisture-keeping reticulum of humic substances). For phosphorus, the efflux of
nutritive substances from an intact vegetation, lies at c. 10 pg P 1! or less, and for nitrogen
¢. 50300 pg N I''. Considering northern European catchments, electrical conductivity was
gradually raised to c. 150-250 uS cm™ by increased percolation through the soil. The man-
made increase in conductivity was accompanied by a fivefold increase in phosphorus and
nitrogen concentrations. Mineralisation was only able to supply the needs of primary
depleted and fertilisation became necessary for the

in run-off water was

production until available nutrients were

continuation of intensive agriculture.

in matter losses. Water,
along with

The growth of cities in the industrial era brought dramatic leaps
in many cases, was extracted from the ground and discharged into surface waters,
putrescible sewage. At the turn of the 20th century, conductivity rose to almost more than
300 pS cm™. Biocoenoses, loaded far beyond their range of control, almost lost their
properties for the retention of nutrients in water systems. By the natural control span of the
total matter flow which is affected almost by the
and in which zero-net production can be

biocoenosis is meant, the control of
organisms themselves (by evapotranspiration),
maintained, almost without inorganic matter [osses.

The establishment of our modern industrial society led to a rural exodus and the necessity
to cover the rising demand for foodstuffs by intensification of agriculture. This development
was only made possible by an enormous distortion in water cycles. The impounding humidity
which hampers agricultural production, as well as the stable podsol or gley structures, were
finally removed. Groundwater levels began to oscillate with each rainfall event. Consequentlys
there was a quicker erosion of humic particles (important for water- and nutrient retention)
from topsoils, as well as the oxidative formation of sulphuric and nitric acids, which led to.
dissolution and influx of lime to the lake, and by biogenic precipitation into the watet
sediments.

Losses of matter from the landscape increased
to 150 times in comparison to unaffecred soil systems. From agricultural areas,
of dissolved solid matter are regularly over 1 tonne per hectare annually. In nor
German rivers, nutrient concentrations of phosphorus now amount, on average, to 200-90%
pg P I'}; nitrogen concentrations to 2-4 mg N 17, and conductivity to between 400 b8
1000 pS cm™.

even further and today they have risen by &
areal loss&8
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The increase of nutrient and mineral losses may not only be diagnosed from the el d
concentrations in lakes and rivers. In addition, the water run-off from the landsc eVa}tle

been increasing. By now, the coefficients of discharge (regional run-off to preci aie on
ratios) have approximately doubled in northern Europe, together with a reduces sh -
cycle (dew generation), in comparison to a landscape with an intact ve etatio(:lrt .
Decreased evaporation potentials in areas with poor vegetation, remote fromgcoasts C Coverci
with vegetation, is likely to result in a gradual regress of the amount of precipitati OOVenii

for some time, in a larger variance of climatic parameters (Figure 2, stages 3pand 41; e

The continuing losses of nutrients must be compensated by means of intensified fertilisati

However, this in no way can replace the total losses of matter. One consequence of ‘01?‘
continuous losses of water soluble material (e.g. carbonate) is the increased concentr t ;
of immobile components almost insoluble in water, e.g. quartz, heavy metals, and not 2':1;?1;

soluble toxic organic residues from the industri
rial as well as from th i i
o) e 3 e agricultural production

4. Breakdown of the water cycle

With increased matter losses, the growing vegetation increased the proton flow (uptake of
base cations) and if it was not sufficiently buffered, the pH decreased, accom anieg 1231 e}(l)

dissolution of toxic substances which then entered through the root; and c:)used theyc;' )
off of vegetation and the whole coenosis. Together with the coenosis die-off, the l'le—
system is destroyed and the water cycle breaks down (Figure 2, phase 4) ’ o

water cycle water cycle

. Soluble nutrients i Toxi
A : and Unused, insoluble Toxic, less soluble,
! bases, e.g. Mg, K, Ca substances e.g. . immobile substances
sand, clay (heavy metals, organic

hydrophobic components)
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Figure 3.

Dynamic model for the
accumulation of toxic
substances in the topsoil.
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Figure 4.

Water and matter flow
through vegetation and
soil.
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short, closed water cycle

o[:en water cycle in agriculture |
C with minimised matter losses

aracterised by high losses of
matter into surface waters

..
water-saturated soil

water-unsaturated soil
w
@ low dissolved matter flow
§ I Key

high dissolved matter flow

water flow @ ‘

‘ dissolved matter flow ‘

L N —

s and nutrients),

Although the processes of irreversible areal losses of matter (base cation:
occur naturally, they are greatly accelerated by man

transported via surface waters to the sea,
greater the intervention in the

and his non-sustainable management of water resources. The
water balance, the faster the degradation of the catchment proceeds. In more southern
countries, these degradation processes can escalate even more rapidly because of the higher
solar energy input. Finally, the water cycle collapses and the process of desertification

expands. This has already been seen in the ancient cultures of Mesopotamia and North

Africa.

‘Short’ and ‘open’ water cycles

The dissipation of the sun’s energy by the water cycle is mainly through what is collectively

known as evapotranspiration. The complet

sources of high evapotranspiration, by extensive areas O
wetlands. Water is cycled over short distances, in frequent small amounts, and can

thought of as a closed (little water lost to the system), short-circuited or simply short wats

cycle. In contrast, where the landscape provides no such heat sinks of sufficient the

capacity (e.g. sparsely vegetated and urb
and any evaporated water must finally condense a long way away, Over the sea, coast &
distant mountain range. This cycle can be called a long or open water cycle. In this €2

ally and is lost to the system, rain events being infrequent 458

most water is not recycled loc
chematically 8

varying greatly in amplitude. These two types of water cycle are shown s

Figure 4.
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ion of the water cycle requires an area of landscape:

relatively cooler over which condensation (dew) and possible precipitation (rain or snow)!

can occur. Such heat sinks, or relatively colder localities, are often provided locally to the
f vegetation cover such as forests and!

an areas), great extremes in temperature can 0ccul

A holistic approach to the structure and function of wetlands, and their degradation

Open (or long) water cycles result from an unphased, random distribution of ene

the landscape (catchment). Lack of cycled water means less cooling of the local clil;iy tovsr
evapotranspiration and greater energy fluxes. This situation is found in catchme ta . K
little or no expanse of vegetation, where forests have been cleared and agricult o Wltl
arable (cereal or root crops), or where cities and towns are concentratei Suc;llr? lsc;n pes
have greatly exaggerated amplitudes of temperature (heat energy fluxes) With roan cicapes
levels generally low, soils are usually dry and heated by high energy ﬂu);es whigchl%n s
th‘e oxidative processes and micro-organism activity, releasing more solub’le ions 1111rféeaies
rain events cause groundwater levels to fluctuate wildly. Water percolatin thr‘ou hgu}?r
mainly dry but occasionally wetted soil removes available soluble ions on itsgwa tog' s
lakes and eventually the sea. Open water cycles are therefore high in irreversi%le r::ftrs’
losses, with water-unsaturated soils, high ranges in temperature (extreme diurnal and eli
amplitudes), and rainfall being irregular and often reduced. e

Short (or closed) water cycles, on the other hand, are much more efficient systems with
fewer energy losses and more regular energy fluxes of reduced amplitude (reducedy otent'wllt)
A landscape (catchment) with a short water cycle necessarily has wetlands End E'S};
vegetation cover, the biocoenosis being able to provide cooled areas by evapotrans atio

and thus cycle the water rapidly by condensation. A more frequent and Iz'e ularprlr?tlfoﬁ
Waintains a higher groundwater level, which in turn reduces reactivity and micrgobial a::l :

in the soil, and any surface-water run-off, not retained by the vegetation, removes littllVl'ty
the way of irreversible matter losses. High groundwater levels mean w,ater»saturat d ) IZ
where the metabolic processes are slowed down, the energy flux is reduced, and th spo

of matter away from the soil system is minimised. , ¢ frampert

.-;l-\ort water cycles in the catchment inevitably means wetlands. Wetlands have a high
_.aﬁ;n;azi zzjtitﬁjtrzai capa;:‘:.ty},‘l higb ev.apotra‘nspiration rates (energy dissipative potential)
. cture which maintains a high groundwater level and water-saturated soil
da\, b minimises matter losses. Considering the dissipation of heat by wetlands, for a typical
Fm. ;n‘ilelzz;l;nrgeclntral I;urope, .the global solar radiation energy is about 16 MJ m™ day.
i g én ;tosi(n 1,9 gstyp:al flgure for evapotranspiration might be 4 mm day™ of
vy < ( ). \ssuming 4 mm day! water, the evapotranspiration accounts
T :,]:er as a minimum on a bot day) which is cycled to the atmosphere.
ke ﬁ) i prop%rtlon of 1r'1com1ng.radiation if net solar radiation (global
e .le%._ ;oer;: erec}ll. Eqﬁuvalent ﬁgureé for agricultural land may be only
B ‘_ _. j'mg \t at the energy not Cl.lSSlp.ated by evapotranspiration must
, causing dust to be convected high into the upper atmosphere.

e ;i: ;z:_li; h;:;:eﬂ:;ejf)w dl(_f‘trilrtner?tal and often considerable effects on the climate
B mng; : : ‘[ ;1{:111I{ n.m_ bution of energy, in time and space, affects rainfall
E northémlmngt‘nluéspherlc conditions (bigh winds and unstable vertical
i _r;t . L%Irope, for example, it has been found that for many
T i hzs 1[ F‘:ranﬁn has been altered. The normal summer peak in
e I-tl_(‘.n s .1f.ted’to the autumn months of September and
annual precipitation appears not to have been reduced, less
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Figure 5.

Water and matter transport
with precipitation and run-
off in various land-use
types.
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water is available during the summer growing season. Thus open water cycles, as a result

of man’s activities in the landscape, produce significant climate changes.

Matter losses for different land-use types

vegetation in the catchment, as we have just seen,
result in short or open water cycles with different degrees of matter loss. Figure 5 illustrates
ation, surface water run-off and water seepage

the proportional amounts of water evapor
through the soil, following a given precipitation on different landscape types, and their
and water bodies have a high

associated matter (mineral and nutrient) losses. Wetlands
ratio of evapotranspiration and surface water run-off but no water can seep down through
the soil and little matter is lost to the system. Forest-moor habitat shows a similar pattern
but with some water percolating through the soil, a slightly higher surface run-off and
matter losses similarly low. The other example habitat types all show proportionally large
matter losses through the soil or substrate. City urban areas can have similar amounts of
surface run-off as do wetlands, but unlike wetlands where metabolic processes are slow, this

surface run-off removes relatively high amounts of matter from streets and storm drains. The

high areal matter losses associated with extensive arable agriculture, and to a large extent

also meadows, are multiplied throughout large areas of many typical catchments.

The differing amounts and quality of

Not every agricultural land-use necessarily implies an open water cycle with high matter

losses. Two extremes of agricultural practices are:

( Key

Landscape type lprecipitation ,
: size of arrows
according to
field wood, sand, meadows water, built-up relative impact
mire gravel wetland urban area
surface
v run-off
seepage
| 1 I ‘ evaporation

Matter-losses (mineral- and nutrients) into recipients

38 & | ¥

¥
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A hotisti
ic approach to the structure and function of wetlands, and their degradation

(i) agncultu;i be‘lsed on cereals, a ‘dry agriculture’ of crops developed from ‘steppe-like’

grasses of basically dry habitats, which leads to a fast degradation of soil quality, and
(ii) ?grlculture based on rice-paddies, a ‘wetland agriculture’ with a short water cycle and
ow matter losses ~ as an example of a sustainable use of land.

It was shown i
- for. r;amly rural catchments that the specific areal losses from agriculturally
" . -
e ti re, VV.lt in ar;l order of magnitude, between 900 to 1500 kg ha! year! of dissolved
solid matter. This is without including sodium i i
T'h um ions which are almost alwa i
S : : ys man-introduced
go 1 gsb Smaller ﬁ%ure:1 were obtained from forested areas, already low in base cations
epleted by previous leaching It is the i i
. agricultural practices which i i
. g Iris result in the depletion
cz)g klias; C_alltlons 1amd the acidification of topsoils. The above figures are equivalint to
: g ha year™! proton loss.for the total catchment, of which 5 to 10 kg ha! year! is
b . a
(f;j T ;1m ions hl hle areal Iclzorlt?butlon of proton flow by industry and traffic (burning of fossil
els) is much lower than from agricultu
re and forestry. That me i
. ‘ . ans that the prim
production process is the main problem it i . Iahry
, unless it is recycled (net producti
: : uctive process).
oint-s i .
go(y fources, 11.e. wastewater, cause 20% of dissolved solid matter losses, whereas about
6 of matter losses are caused by non-poi i i ,
-point sources, i.e. mainly agricult
: . . . ural sources. The
irreversible matter losses from agriculture and urban areas are compared in Figure 6

Thi i
. sl has befe:ll the case in almost all cultures based on dry ‘steppe-type’ crops, i.e. cr
intoleran iti A fields,
g tai f(1)od§'d co(ndmons, such as wheat. Agriculture is necessarily on drai,ned—fieldi
t y flooding (or water-saturated soils) i i :
it avo or on dry fields with i
. o : , water supplied b
i ngs ; ., which, 151 both cases, leads to high levels of soil activity and leaching of dissolveZlI
ons during sporadic rain events. Soils ar i
. . e warmed excessively in sum idi
. or . mer, aiding even
gre il activity and the prevention of cool condensation points and short water cycles

Agriculture City

Transport of food and construction
materials from the surrounding area.

& lncreased proton-flow at the root zone of .
‘€rops due to high net-production.

| |

. .tgcreasgd leaching of the soil due to .
“mineralisation or organic matter in the
waler-unsaturated zone.

Energy input by traffic, construction work
and use of groundwater.

* [Irreversible matter losses from point
sources into surface waters; ¢. 20% of
total dissolved matter transported; no
recycling of materials in the landscape.

g idification of soils through fertilisation
With manure (nitrification),

T 1
t_amble matter losses from non-point

inte surface waters; ¢. 80% of .

al dissolved matter transported. Input of partly-treated sewage effluents

and storm water run-off, rich in salts, to
recipient waters. Nutrients P and N
actually less than 1-3% of matter fluxes.

v 9 @ b

Matt ipi
- er transport to recipient waters c. 1 t ha year
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Figure 6.
Destabilisation of the

ecosystem by urbanisation

and agriculture.
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However, agriculture based on wetland farming, as for example in rice-based cultures, shows
a much more sustainable landscape system. Soils are water-saturated, matter losses are kept
to a minimum, short water cycles are encouraged, soil fertility is maintained and the climate

remains more predictable.

Holistic ecologists

Given the typical matter losses described above, nutrients by themselves are hardly the pre-
eminent and immediate problem, neither in north European or in any other waters. The
problem is the complete over-demand and overload on the system qualities, far beyond any
system-immanent control span, by an energy and matter flux that is too high and, in
connection with it, the degradation of the biological processing structure for the control of
transport- and metabolic processes. The problem is the unattended random energy influx,
the accelerated water flow, the strongly oscillating groundwater levels, and, as a consequence,
the biochemical oxidative erosion of soils (oxidation of ammonia to nitric acid, of sulphur
to sulphuric acid, of carbon to carbonic acid, and the associated elution of cations from the
soil), that also result in the matter losses. Moreover, the problem is made worse by the
forced pumping of groundwater and the discharging of sewage into surface waters.

Regional analyses in north Germany have shown that the problem of acidification, of
declining forests, and the depreciation of drinking water by increased nitrates in the
groundwater have one single cause, namely the disordered un-phased kinetics of oxidative
processes in the drying, aerated, and then by precipitation events, wetted soils. After a
period of establishing heuristic models of the process distribution patterns in time and space,
say for a catchment area, together with the measurement of the hydrological flow pattemn,
only relatively simple measurements of conductivity over time are needed to realise the
state of the system. (Charge flow densities can then be calculated in energy terms, by means
of the Nernst-Peters equation, to establish the energy balance in an ecosystem).

Heuristic regional models and environmental monitoring, on a water cycle and energy
(flow-density) basis, provide a means of understanding system coherence, which cannot be:
achieved by integrating the individual process rates. These are basically non-linear processes,
distributed in both space and time, rather than linear ones and cannot be integrated ta
achieve annual totals, etc. Only holistically trained ecologists, in the future, will be able ta:
mediate the necessary transparency of local and time-relevant ecosystem functions, including

man, and contribute to system solutions.

Redevelopment of the catchment
Increase in natural vegetation cover

To begin the redevelopment of catchments where the natural cycles have partiaHY'
completely broken down, measures must be taken in all areas of the catchment (Figut€ &
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A holisti
istic approach to the structure and function of wetlands, and their degradati
> , ion

The upper
ppet parts of the catchment are the most sensitive to the leaching of soils by water

run-off. Thus a major priority in redevelopment will be to ensure

areas are covered by un- (et upper catchment

m . .
i oeed b : an:ﬁed foreslt, with no net production, in order to secure matter
erosion. More wetlands are needed i
ed in headwaters t

e, | o act as buffers and
i p tp §ate( for Climeven flow rates, (uneven distribution in time and space), and reduce

e spontaneity (randomness) of proce ipari ,

sses. The riparian zones, especi
: ecially at the fl

of two tributa - i e . eopecially
- ry sub catchments, are the catching areas for matter losses. Here, especiall

ooding areas are important to help stabilise the water cycle ) ”

Riparian buffer zones, with interlaced vegetation structures alon i
adjusted to the conditions relative to their expansion and mana eg Wate;{margms,
retained in vegetation, and due to the diminished degradationg rr;l:: s
can be prevented together with the retention of organic substanfes T;ses’
areas should also increase evaporation run-off ratios due to the };i heerse i
nutrient and mineral substances accumulated in the biomass and 1%1 th eval'jloratlon. e
to be ?e.cycled by intelligent management measures in accordance ;i:}oxl dWOUlddhave
:;;:;iltrfm%-}olpimum growth, tll1e vegetation components hold their retentioreinflj:cgiolrslss,
y. The biomass accumulating by the i
as a substrate for the restitution of lan%l I;,ing mtlir;igjliehr: c?aftctifn::’z%e?ﬁ;z S:}l:)euslfr(:enie
: : ngly

damaged SOilS COuld be rec( )l( )]I]‘Se(l l)y d ]()W—]]la“ —] SS veget
i
er-10: A\ 'V T
. g ation cover over the uppe

must be
water can be
most matter loss
riparian wetland

Decrease in the toxicity of pollutants

The reticulated vegetation, with an incessant water cycle
b

'mn" Nt Ilelps Sol\/e the I) (&4
(1T i 9 p— I‘Ob
antinuous Increase in Ihe toxicit y ( )1 ] )( )ll] 1tants ln th e to 1 m Of a

e psoil due to the loss of useful
mine i :
ﬂ-lhsl ( ral bases and nutrients), and prevents an intensive circulation of dusts in

bt atIIlOSplleIe by blndlng them. I}le deWy Vegetatloll COVeI, t}laIlkS to t}le lIlC[eaSed
g T ater Cy 1 S, Iy
d p()Slll()n f t
aensation ‘lu()ll ]l SI 10It wate cle })l] 1dS llle d (5] 3 1]. €rs thOSe Substallces
=il are USL‘LII IL'I tl 1€ \/egetatlon from t]:le duSt aIld Cllalulels tlle[[l mto CyCIeS

substances thar are not very soluble are

s = ‘d .1 ’ : .
:hus P 4 iluted’ by the production of organic substances

ke Uanspuil:n?_ [l:Jt: rllnzosphere by transfer into deeper, reducing zones,

ol ld? ‘t‘wrefor.e. a low reduction potential), and, as far as

o membr.n.‘u‘: ::_11 .EjiNtk deposition. Roots and rhizomes, for example, have

e “\,ir;g » ‘m.lL. 1 firra Erobably the only low-energy means of detoxifying

! ;vatfbs‘ 9kxc substances are also fixed by means of a reduced
vater in gley and podsol soils.

9 a ]
@ areas of agriculture production

i Present population leve

I th. C ]) Ru {
Ih Ea1 e al(]l]lle]]] ll)()(l [()(l CL1ON Mmus l)e ana e{l
3 t man g

cessary i in bi i
Iy increase in biomass and vegetation cover in the
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Figure 7.

Restitution model of water
cycle in the catchment to
increase the sustainability
of the ecosystem.

W, Ripl, J. Pokorny, M. Eiseltova and S. Ridgill B

Present situation

Arbitrary distribution of land use -
erosive system, high losses of matter.

water unsaturated
transport and leaching zone

low evapotranspiration
ﬁ degraded river
/ system

water flow

» soluble and suspended
matter discharge

lowest groundwater table

After restructuring the catchment

Phase-related distribution of land use, conservative system,
minimised losses of matter and improved energy dissipation by
enhanced organism structure (parallel energy processors).

forest without management

¥

residential areas, farming areas and forestry
high evapotranspiration

wetlands

groundwater table / restored river
sk -, ecosystem
restitution of soils by transport of matter > water flow o
opposite to water flow (sludges, «
sediments, compost) mp  soluble matter discharge
.

Objectives of the restitution

to improve the vegetation cover

to reduce air pollution (CO,, particle emissions)

to improve soil structure by nutrient and mineral retention
to restore microclimate and short-circuited water cycle

to detoxicate soil by vegetation growth
to protect the groundwater and improve water quality

U e W=
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A holisti i
Istic approach to the structure and function of wetlands, and their degradation
> ——— e — - e ’_

catchment a i i
oo honen Eea could not be achieved by a spatial expansion of agriculture, unless much

T i
o e griculture was based on wetland-type crops with a substantial increase of soils with
" dg water-preserving capacity. Reasonable animal-keeping on smaller areas, with intensive
leld management in areas more remote fr ’

om waters, offers the possibility of i

‘ ‘ y of recreatin,

substantially larger areas with a natural vegetation cover and their proper water cycle :

Improved water and matter Storage

Throughout the catchment in general, moist-soil layers should be increased, providi

stora}ge ff)r vegetation and increasing evaporation. As we have seen coo’llijn eyster
c;uaacil.y important zind their distribution has consequences for both clim,ate and %h?izzr:;;)rs
of gradient potentials in the landscape. If cooling svs istri

and time, evaporation does not result in a loss ff \Zfatteer:;azzeisr epgaliltaglfyccii;zt:llszted OY: n the
system. To keep matter within the system, the groundwater should be statio an WII; 'mthe
water supplies should only be taken from surface waters and never from grouncrllvi?t’;ar sl;;tlerlrrllsg

i )
-lr?f series analyses of hydrological processes combined with chemical analyses, in areas

wi i i ’

; t ‘mtact vegetation cover, show that vegetation also supplies high quality water thar is

1Ow in nutrients and minerals, as well as strongly-damped discharge ratios

Possible solutions for the future

h measures for the redevelopment of catchment areas for sustainable use, as described
, could support low population densities similar to those existing prior to ’thz ine;i:trieal
ci)r\:/;\;irc; ptiuz I:;)ueli ?“?}i ebry itszlf suiiort, in a sustainable way, the population densities
B o chewhe ee to ay. Man cannot turn the clock back to the period of
Gent thinking s necded for st forre, Faia ooy 3B and
as to how matter and water cycles can be clos'edlg:z L ven la'grammatlc'auy ooed
€r catchment areas, and food production manaéed iziln;]iigeeltlaff ?nfz;‘lle;rézs ressed

the aty z

er cyc ' ake it possi

> ::yx_ les ;nd to make it possible to manage the land without severe matter
i Oy : iries i i

areas with low urban densities and their environments, the sewage and clear water
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'_1. Short-circuited natural

system with zero
net productivity
(self-optimising)

| ,gx -;

v
G

water @
oo

matter S

carrying capacity <10 people per km?
recovery time after disturbance >1000 yrs

2. Coupled urban-rural

system with closed
matter cycles

biologically treated
wastewater

navigable
channel i

drinking water

food, energy, construction materials

carrying capacity ¢. 100 people per km?

recovery time after disturbance 20 yrs _J

[ Self-optimising climax coenosis,
minimised losses, high efficiency.

L

|

Man has to compensate reduced
coenosis by intelligent phase-related
management.

3. High technology
food production
with controlled water

and matter cyles

food

water Y

bioreactors
greenhouse
S

carrying capacity >1000 people per km?
recovery time after disturbance <2 yrs

I—_ Ecosystem ‘spaceship’ with
optimised food chain, water and
matter recycling. This system can
L also be applied to arid zones.

A holistic approac o] e structu a unc 1 etla a racgation
t structure tion o t d
wetl
oacl h d nds nd their de
’ g

Water farming

Water farming — th
eu i
o o grq;)lacecfle3 of lrslurface water — is the only sustainable use of water. Ground
g o e eplace y ; e use of surface water. Farmers could be paid for the prod Wa'ter
and quality — i.e. becom —
T q .e. e managers responsible fi
e doantity ond : . : ponsible for wastewater treat
o pgo e production. This would raise the value of the countryside and m’irllt
ion: i ¥
. s to move away from city areas. In urban ar eeded
in order to recycle the waste. e werlands are needed

Taxes on resources

One way to inco i '
| the%imitatiofz;iiaiz ;Iizlgglca.l b.ams would be to change the rules of society in a wa
B e rtlrlne is mtroduc'ed, in the same way as time and space limitsy
B e ;md . a systel'ns‘ This could, for example, be realised by linear)
s ,Of Mo progressive lan?l tax, instead of a tax on persons and work
it },De ﬁnanrseé ? social basis (the right to a minimum subsistence anci
R o e thce ro;n these taxes, instead of a social net. Waste could be
" ; ! e ;se of energy could be reduced by optimisation of transport
. post-in ustrial society, which is limited in its spatial and ‘
ild be carried out. remporal

Figure 8.

Proposed landscape
systems, low in matter
losses, to be integrated
into sustainable and
manageable ecosystems.

Extensive creation, or restoration,
run-off in drained farmlands (Stibe & Fleisc]
managed extensively for the production o
with the recycling of biologically well-treated e
these areas. The use of intensive sites for
a high degree of recycling, all establishe
flow, seems to be a way of stop

energy with complete
be integrated into cities for the pro
structures are approaches for ensuring

third world.

Cities show the strongest interventions in the water
land they give less opportunity for establishing
in the city and a water balance with increase
sealing and the greening of sealed surfaces,
business areas. So emissions wi

a short water ¢y

f raw material
ffluents free from noxious substances i

e.g., vertical greenhouses i

d in catchments with highly reduced ground
rtical glasshouses run using

les and a minimal need for water C

food production in,

ping the impetuous losses. Ve

ly closed water and matter cyc
duction of vegetables. Such parallel
the food production even in arid areas i
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balance. Through extensive sealing of
cle. Better cooling conditions
d short cycles could be reached by partly des

facades and roofs of residential, industrial and

1l be minimised and the city climate will be improved.

of wetlands provides the necessary nitrogen sinks during
her 1990; Fleischer 1990). Large areas of wet

s and energy should be establi

greenhouse prod

!ﬂnma ry

B8 uinderstand the causes and conseque
R " inmg:lar.):::::hrkim nces of wetland degradation it is necessary to see
e hf:;, dt | li;lt thOI? catchment area. Many processes have to be
e lak'__: Thz_L l: tll_-El'?t:'ﬂ"atlon of the catchment results directly in a non-
o ke Th o mrlL‘ apprgach attempts to consider all the proces
pe and how these are interrelated in both space and time -

CY. cle is tl1€ hi’l:i-'
; is for the lTlEI"'iI‘l 11‘ i
- s IC processes 1n n. i g
. i iy : 3 ature. ater i1s the C i
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3 CIEN, dfer cycle 1S an en d i
dISS.p.Itlt ;{l‘ {[ i . 1! Ilt. ergy-ariven process Whele water
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E’lEIg-V (50 ar rad 1at 150 I 2Te i y € SUCh
i ll”n) ;5 ofte td on a dally and yearly frequenc \X/at T, as ’
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W. Ripl, J. Pokorny, M. Eiseltova e_m_di. R_idg_ill_

A holistic approach to the structure a d function of wetlands, and their deg:adat or

coupled dissipative water cycle, is given by the amount of matter cycled in relation to Ripl, W., 1992. Management of Water Cycle: An Approach to Urb
matter lost (charge losses, reacted protons) for a given amount of energy delivered. Journal Canada, Vol. 27, No. 2: 221-237. o Urban Ecology. In: Water Pollution Resource

Ripl, W. & Feibicke, M., 1992. Nitrogen Metabolism in Ecosystems —

W Fi , M., 1992. tabolism i 5y W ational Revue
| . o g. stems — A new approach. In: Internati R

N i | | - 1 der gesamten Hydrobiologie 77/1: 5-27. tonal

Rlpl, W . 1994. Managemem of Water C e and Ener; Flow fo! | h
. . ) . . yCl d E |
’ gy 1 for Ecosystem Contro € LEnergy- 1 ransport-

Reaction (ETR) Model. International Conference Mathematical Modelling in Limnology, Innsbruck, A
) ck, Austria.

(mainly cation charges) from the catchment. In the last hundred years, irreversible charge 'b(lﬂLpreS&)' '
flows via surface waters to the sea have multiplied, often of the order of a hundredfold. The Stibe, L. & Fleischer, S. 1990. Agriculture production methods — impact on drai ‘
Internat. Verein. Limnol. 24. pact on drainage water nitrogen. Verh.

total matter (salt) losses from agricultural areas are, in many areas, far more than one tonne
per ha per year. The traditional water quality control parameters, phosphorus and nitrogen,
together only account for 1% to 2% of this loss. Increasing losses of water soluble material
in soil systems results in acidification and the concentration of ;mmobile heavy metals and
less soluble toxic organic residues, Jeaving impoverished toxic soils.

The structure of wetland ecosystems is determined by their function as efficient dissipative
energy processors (water and organisms as an ‘optimised water structure’), in time and space.
Wetlands are biotopes where water is present in such an amount, that plants (biocoenosis)
control all the processes by controlling the water transport, in a sustainable way. As stable,
efficient systems within the landscape, wetlands serve to [maintain short water cycles, decrease
energy potentials by forming cooling condensation points and hence ameliorate the climate,
maintain high groundwater Jevels and water-saturated soils, retain high nutrient and mineral
loads, reduce high nutrient loads in surface waters, minimise oscillations and charge losses
(base cations) from the topsoil, produce high biomass and extensive vegetation COVer, and

maintain water quality in surface and groundwaters.

Due to the deterioration of the short water cycle, climate changes become more sudden and
severe, as less water is involved in evapotranspiration (cooling processes) and higher
temperature gradients are randomly distributed throughout the catchment.

The recreation of vegetation and a water-saturated soil is prerequisite for the minimisatioft
of water and matter losses. In other words, the restoration of short water cycles is essential

for sustainable development.

The long-term influence of man on the landscape has affected the water cycle and i
coupling with energy flow and the transport of matter. Some solutions are briefly described
for improvements in catchments and water bodies in the short-term, and more radich
solutions to re-stabilise urban-rural integration, water cycles, food production and the balang
of natural, terrestrial and aquatic ecosystems, for a sustainable future.
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4. Development of aquatic |
macrophytes in shallow lakes
and ponds

Jan Pokorny

Zonation of macrophytes in oligotrophic lakes

ate water bodies where the littoral topography, bottom conditions, exposure

In cold, temper
to wind and waves, Jight penetration in the water, grazing, €tC. allow the development of

of life forms of aquatic macrophytes, they are typically distributed

a complete constellation
in the littoral zone according to the schematic illustration in Figure 1. Based on the

occurrence of different life forms, the littoral zone can be divided into a number of
sub-zones. In Figure 1, the terminology of a zonation system useful for the ecological
al sections of Scandinavian lakes is included. The groups of

characterisation of littor

Developm i
pment of aquatic macrophytes in shallow lakes and ponds

il

Supra- " s
littoral T
ors?l o
Eulittoral X ____Spring high water level
y Summer low water level
pper
Sublittoral Helophytes
Lower
_I Nymphaeids
Upper
Elittoral Elodeids
Lower
Profundal

macrophyte life forms include:

1. The hyperhydates (helophytes) — emergent plants such as the graminids, Phragmites and
Typha, and the herbids, Alisma and Cicuta.

2. The ephydates — floating-leaved plants represented by spirodelids (Spirodela, Lemna) and
nymphaeids like Nymphaea and Potamogeton with floating leaves.

3. The hyphydates — the group of submerged plants including riccids (Riccia), elodeids (18
plants with long shoots like Elodea, Myriophyllum and Potamogeton without floating
leaves), isoetids (submerged plants with short shoots, exemplified by Isoétes and Littorellak

and muscids (submerged mosses)-

The uppermost zone of the littoral, the eulittoral (Figure 1), is delimited by the highest I _'
of the spring high water and the lowest level of the summer low water. The remai in
division into sub-zones, as illustrated in Figure 1, is based on the vertical distributi
hyperhydates, nymphaeids, clodeids and isoetids. Thus the lakeward limit of the

sublittoral coincides with the extension of hyperhydates (helophytes) and that of the low

sublittoral with the deepest occurrence of nymphaeids. In the same way, the uppet elirt
littoral with that of 15068

ends with the deepest distribution of clodeids and the lower €
and mosses. Below these littoral zones inhabited by macrophytes comes the zone called®
profundal.

Depending on environmental conditions, the aforementioned types of plant life form*!
be present Or missing in lake ecosystems of different character and the deepest Jeve!
which macrophytes grow can vary tremendously. In a typical, South-Scandinaviaih =5

water lake, macrophytes occur down to ¢. 5 m. In some Eifel maar lakes in Germany £

oded.

€D IWRB Publication 32 - 1994

&9 IWRB Publication 32 - 1994

oxilis gro
grows at a depth of more than 20 m (Melzer 1992) and in a Bavarian lake d
, meadows

of Chara are found at a depth of 15 m (Melzer 1976).

most diverse vegetation i
: ation is 1i i
f :TJL l ;i n is found in the upper littoral sub-zones, with a mixt f lif
il ) ure of li
; As: e Efter ;;rcasal,:. the hy}lf)erhydates, the nymphaeids, the elodeids alcel
sa e other, as the limits of i .
their ecological d
emands become
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i \l 11.. yl on, flrst the 18O tlds n h 1 th l d idS d.
l@se tl 1e1r lt WET 'cu-ld U.[ ’I [ d ] i ctiona
. Lllttoral zones as Stmctural ingredients and fu.n i i

IEIr ecosystems. A

.Atth i ,
e e same time, the quantity of em .
Increases. ergent and floating-leaved

1N ni Ifrient ¢ = T I O y

oncentrat ’
. . C tration eSult N ecosystems Cl \aracter 1sed b Y 1T lStablllt y
Sl.ldden CI 141 |geh ar ld Collapse situations. I lle de Vv elopllleI 1t tO tl 1S Stage) ar 1d
dls

among ecologic; .
gical facto
T rs in such systems, are exemplified by the heavily

Figure 1.

Schematic illustration of
the littoral zonation of
macrophytic vegetation in
an oligotrophic lake.



J. Pokorny
oy D i
evelopment of aquatic macrophytes in shallow lakes and d
ponds

Structure and function of fish ponds under heavy human
impact

Figure 2.
Development of aquatic
vegetation (1) from
oligotrophic (A) over
mildly eutrophic (B),
eutrophic (C,D) to
hypertrophic (E,F,G)
stages; (2) biomass
distribution in vertical
profile; (3 extinction
profile, E, = PhAR
iradiance at water
surface, E, = PhAR
iradiance at the depth z;
(4) pH and {5) oxygen
concentrations in vertical
profile (- - -) night
minimum values, (—)
day maximum values,

With an increase in nutrient input, stands of aquatic plants (macrophytes, chlorococcal and
blue-green algae) become denser, their biomass per unit area increases, the vertical distribution
of this biomass changes, and a shortage of carbon dioxide (CO,)) in the water occurs as pH

increases during the diurnal cycle of plant photosynthetic activity. Competition for light
f the crucial processes determining the development and

and CO, are assumed to be one o
succession in submersed vegetation habitats in shallow ponds with increased eutrophication.
light extinction, pH

Figure 2 shows graphically the vertical profiles of biomass distribution,

and dissolved oxygen concentration under different conditions of eutrophy or human impact
), Pokomny et al. (1990),

(fish stock). This scheme is based on works of De Nie (1987
Pokorny & Ondok (1991), and does not include emergent wetland plants like sedges,

common reed, etc. Below, the ecological conditions in fish ponds at different levels of

eutrophy are described as schematically {lustrated in Figure 2 (A — )

ﬁ_ﬂlll‘

A. Oligotrophic stage

In oligotrophic water bodies, growth of macrophytes is limited by lack of nutrients. Likewise,
the lack of nutrients dissolved in water limits the growth of algae. Transparency of water

is high and only the plants which are able to take nutrients through their roots from the
the lake bottom.

sediment can grow. Plant biomass is accumulated near or on

Depth [m]

do not change during day and night. Similarlg
e vertical profile, the

Values of pH and oxygen concentration
there are no differences in oxygen concentrations and pH values in th
being about air saturation level.

values of oxygen concentrations
Such situations may be found in ‘Lobelia lakes' (Littorella sp., Lobelia sp. and Isoétes sp.):
These conditions were also common in some Bohemian fish ponds — before the fertilisifg

of these ponds and the increased transport of nutrients from the catchment began.

0.8

Chlorococcal

%\\

algae +
. . . . 0.4 .
B. Long-lasting oligotrophic to mesotrophic stage dens;(e fish
stoc|
. . . . , . . - 0.8+ <D
In more fertile water bodies, the aquatic vegetation consists of a relatively high numbes Bloe
species. Water transparency is 2 m or more and the plant biomass is evenly distributed e R
water surface to the bottom. The tips of submersed macrophyte shoots only rarely reac —— :
. 1] ]
water surface, some of them developing floating leaves. Species diversity of the periph® 04kt . ;
( on macrophytes and of the benthos near their roots is also high. |
0.8+ :
Oscillatoria i
]
]

‘ Nutrient concentrations in the water remain low during the whole season and !

development of planktonic algae is therefore limited. Shading and carbon dioxide U
d macrophytes 8%

by the periphyton do not seriously limit the growth of submerse
periphyton is intensely grazed by molluscs, insect larvae and fish.

|
o -

0 100 200002 06 8 0 100 200

Dry m.

[gr’);1 'z]ass E,/E, pH Dissolved oxygen
[% of air saturation]
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Figure 4.

Stands of submersed
macrophytes invaded by
fifamentous algae.

The concentration of oxygen in the water is about air saturation level and no marked
differences are observed between the day and night or surface and bottom oxygen
concentrations. The photosynthetic uptake of carbon dioxide does not have any strong
effect on water pH — neither diurnal changes nor differences in the vertical profile are seen

| in pH.

|
roduction is essentially limited by a shortage of mineral

At this stage, the aquatic primary p
autrients. Nowadays, fish ponds of this kind are rare, not only because intensive fish pond
management is more COmmon, but also because of high levels of nutrient input from the

catchment areas.

C. Initial stage of progressive eutrophication

Higher nutrient input in the water bodies
by, for example, manuring and direct
fertiliser application (as in the case of fish
pond management), and agricultural run-
off, brings about a more vigorous growth of
macrophytes and makes their stands become
denser. Plants grow fast and their biomass
accumnulates at the water surface. The young
green parts of macrophytes shade the deepe
water. Water transparency decreases and
even in water bodies shallower than 1 m,
irradiance at the bottom may not attain the
light compensation point for photosynthes
(less than 3 Wm?). While photosynthe
prevails at the water surface, respirati
prevails at the bottom — steep gradients @
oxygen concentrations and pH values develd
during daylight hours when no mixing occul
due to temperature differences between wall
surface and botrom.

Figure 3.
Stands of richly developed
submersed macrophytes.

Figure 5.

Cladophora fracta thrives
in highly eutrophic fish
ponds with low level of
fish stock.

As nutrient loading continues, spe
diversity of aquatic plants decreases but
stand biomass rises (Figure 3). This sta
also characterised by a mass development
ome macrophytes. The respiration rate 0 )
s stages and therefore a lack of oxygen

f organic matter at the bottom
t. Inte

periphyton which suppresses the growth of s
whole community is higher than at previou
occurs near the bottom. The rapid decomposition O

lease of nutrients from the sedimen

in low oxygen concentrations and the re

loading of the water body starts to play an important role.
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D, E, F. Eutrophic to hypertrophic stage

At high nutrient loading, the fish stock plays an important role in the development of water
vegetation. At lower fish stock (seasonal mean live biomass of fish under ¢. 350 kg ha),
large Daphnia (filter-feeders of phytoplankton) are not completely consumed by fish. The
high feeding pressure by Daphnia (cladocerans) prevents the growth of algae and water
transparency is kept high, despite the high nutrient level. A combination of high transparency

and high nutrient levels cannot last long and results in:

(a) the growth of macrophytes (D) in shallower waters. At high nutrient levels,
macrophytes are very often invaded by filamentous algae (Figure 4). Filamentous
algae, namely Cladophora sp., use inorganic carbon effectively even at low
concentrations, grow fast and develop dense mats throughout the water column
(Figure 5). When the filamentous algae reach the water surface (E), they completely
chade the water column, pH increases to values above 11 (Eiseltova & Pokomy

1994) and those macrophytes which served as the substrate for filamentous algal

growth die off.

(b)  the development of Aphanizomenon blooms in deeper waters, as large colonies of

Aphanizomenon cells are not consumed by filter-feeders so effectively and therefore

remain, whereas smaller chlorococcal algae are consumed.

At higher fish stock levels (seasonal mean live biomass of fish above c. 400 kg ha'') large
Daphnia numbers are reduced and chlorococcal algae develop dense populations of several i
hundred g chlorophyll a I'". These dense populations of chlorococcal algae (F) bring about

low light transparency (Secchi disc transparency less than 0.4 m) which prevents the
development of blue-green algae like Aphanizomenon and Microcystis later in the seas
when higher temperatures are suitable for their growth. However, later in the summer, othef
species of blue-greens may occur in the phytoplankton (Limnothrix, Planktothrix). F
managers use the number of large Daphnia as an indicator of fish stock feeding pressure
are able to prevent water blooms of blue-greens at high nutrient levels by adjusting the
stock. This stimulates the development of dense populations of small chlorococcal algh
(Faina, pers. comm.). Such manipulation of the food web is possible in fish ponds whe

the fish stock is under control.

G. Development of Oscillatoria species

Spring development of filamentous blue-green algae, such as Oscillatoria, at the sedimél
surface results in a high pH in the whole water column and the subsequent release of 8

ammonia (NH,) responsible for fish-kills.

&3 IWRB Publication 32 : 1994

l Develo i
pment of aquatic macrophytes in shallow lakes and ponds

Summary

To summarise, the de i
oo Conditionsvielllos}rf;?gtw arlldksuccesmon of submersed vegetation indicates the level
B o of b c;i es and. ponds, as illustrated in Figure 2. If eutroph
o aloe) orences and th V'egetatlon (submersed macrophytes, chlorococcal anzll
B oceetion and oE1 S m;reased photosynthesis leads to extreme values of
I Co,nzr‘l‘ subsequent undesirable changes in water chemistry
B coore s e itions .for many aquatic organisms and degradati f
nctions. Considerable reduction of nutrient loads, both exlt.i::‘nZl

and internal, is essential i
: . tial in order to re-create properly functioni
sustainable in the long term. ning ecosystems which are
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5. Food web relations

jaroslav Hrbacek

History and management of lakes and reservoirs

The end of the 19th century started a divergence in the development of limnology and the
ecology of fishes. This limnological approach is best documented by the sentence: “While

various reciprocal relations exist between the plankton and the non-plankton animals,

there is reason to believe that if all non-plankton animals were removed from a lake and
kept out, the plankton, with possibly some minor modifications, would continue to exist’
(Welch 1952, p. 277). The paper of Lindemann (1942), which is often considered as the
start of the ecosystem approach, is based on the study of a fish-less bog lake. lvlev (1939)
has shown a very high efficiency of transfer of energy from primary production of phytoplankton
to fish production. It is a pity that this paper was disregarded. From the high efficiency of
the transfer of the energy in the food chain, an intensive pressure of predation, a ‘top-down’

effect, could have been predicted.

In the investigations of the ecology of fishes, it is usually tacitly assumed that the feeding
activity of fish influences only the biomass ot the quantity of their food organisms. The
possibility that it changes the competitive interactions, and thus the species composition of

its food spectrum, is usually not considered.

The term lake or reservoir management usually does not include fish management (Henderson-
Sellers 1979, Mitsch & Jprgensen 1989), irrespective of the fact that the well-being of fish,
especially predatory ones, is the best continuous indicator of adequate management of water
quality for human use. On the other hand, a lot of experience exists with fish management
in man-made water bodies. In countries such as the Czech Republic, the area of man-made

stagnant water bodies is much larger than that of natural ones. That is the reason why

Czech limnology has been concerned not so much with the classical objects of limnologys
i.e. lakes, but with man-made water bodies, i.e. fish ponds and reservoirs.

area larger than a hundred hectares. By the construction of ponds new watet bodies with:
their biota were formed, or in today’s terminology, new ecosystems were established ané
managed. Since the middle of the last century the management has increasingly intensifie
As the result of this endeavour their productivity has exponentially increased (HrbacH 3

1969a).

The first reservoirs, for water supply to mills, were also established in the Middle Ages, SOH
of which were managed as fish ponds. Larger reservoirs for power generation and those &
water supply are of more recent origin. The main features of theit limnology are gumMmMArs

by Hrbacek (1984).
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Many fish ponds in Bohemia were established in the Middle Ages, some having 2 surface

Food web relations

[he aim of this in ion i indi
B e trciductlon is to indicate that the management of freshwater ecosyst
a .. . S
e Of, as a long tradition in ecosystems where its goal cannot be restrict dy er}r:s
pristine natural conditions. Due to the necessity to manage m: ed ate
an-made water

bodies, a more com i i
. , prehensive understanding of the interactions of all
biota were necessary. ol componens of the

In the last quarter

e anccll blue_g(r):et:z lzggli rielnlzury, the efforts. to decrease the undesirable development
b docrease the concei . a e; aﬁd reservoirs have been based on two concepts. One
B iy of filtrarors and brOWseSn F0 the limiting nutrients, the other is to increase the
B food weh management is. ocri t Teh latter approach the term biomanipulation or more
on the extent of practical ex ersieuSe ‘ de success of food web management depends both
B e ccosystem of 1emiP; Wal;lece aIn on th.e Fheoretical understanding of interactions
B < impossible to present a corll‘z.i Sensf:ty Ofp.lmon n.either is fully satisfactory at present
‘biorr'lanipulation’, In the following paragrap}w()th:fetsrl‘;llzlsfr'li; \t}o sgfel}l achieve the goals of
considerations of a group of Czech limnologists on these topeizzlii‘;:o;—i:::tzge theoretical

Nutrients-phytoplankton interaction

The fund i i
I man:rgr;e{;l;a:}ltq?lestlﬁr\ }\;vhlch has to be addressed from the point of view of both the
is which compound or elem is limiti o
e . ent is limiting for the developm
:nd qsamit aot:; 6;I‘(ltic)ttelri)r.l, develoFrrllent, includes both the qualitative (species corrll;)po:irtlito:l))f
: al biomass of algae in space and ti
o (total : time) aspects. Preferably th
nd biomass of individual algal species should be measured but that is thtanflrelque'ncy
ely time

ﬁnsuming. Therefore, estimation of the
- lorophyll a concentration is often used as 1000
& substitute for the determination of the

Figure 1.

Relation of the seasonal
average of chlorophyll a
concentration to total
phosphorus concentration
in spring (from Dillon &
Rigler 1974).

ass or biovolume of phytoplankton. The
ntage is that chlorophyll concentration
@ple to determine and it directly indicates
_ oplankton activity. Its disadvantage is
At it does not strictly correlate with biomass.
is because the percentage of chlorophyll
-the biomass of algae varies (within
4if limits) in different species and under
i3 gpnditions. All the available methods
: v_ etermination present only the static
€L The dynamic aspect, namely how

.;;lr-ganic matter is produced by the
I8 more difficult to assess.
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a warm one in the next. Seasonal averages are usually robust quantitative parameters due
to the effects of autocorrelation (we have hot days only in summer) and compensation (a
hot May can be followed by a cold June), more so than their coefficients of variation would
suggest. The estimation of the seasonal average of chlorophyll a concentration was used to
establish the relation between biomass of algae and blue-green algae on the one side and
phosphorus on the other. Dillon and Rigler (1974) correlated the concentration of total
phosphorus during the spring circulation and average concentration of chlorophyll a in the
prowing season (Figure 1). From the relatively good correlation of data from lakes which
differed in total phosphorus by several orders of magnitude, it follows that total phosphorus
is the main factor influencing the seasonal average value of chlorophyll in these lakes. If
one looks in greater detail, the picture is less satisfactory, i.e., to the value of total phosphorus
of 100 pg ' correspond values of chlorophyll in the range 10 to 100 pg I

There are several reasons why the phosphorus~chlorophy11 correlation is not closer than

actually observed:

1. Hydrological, e.g. during the growing season there occurs a considerable inflow of
water with a concentration of total phosphorus very different from that of the spring
circulation. This is important especially in reservoirs with average retention times

lower than half a year so that during the growin,

is replaced. In such cases correlation between the seasonal averages of both total

phosphorus and chlorophyll a are usually used. One would expect that in this case,

the variation should be smaller because the value of total phosphorus includes the

phosphorus compounds present in the phytoplankton and therefore these two variables
ations have, however, shown that this expectation

are not entirely independent. Investig
is not fulfilled (Hoyer & Jones 1983, Hrbacek et al. 1993) and that there is about

the same residual variability as in the classical relationship.

2. Physiological, e.g. some other nutrients limit, at least temporarily, the development
of algae. Limitation by nitrogen was found in those cases when the N/P ratio wii
below 15, and limitation by CO, in cases where the pH was very high.

erage value of chlorophyll is not comparable 18
lated to the amount of nutrients present iny the
hyll represents a dynamic equilibrium betwee
ases are due to the growth and multiplicatief

of algal cells which, in turn, is related to the actual concentration of nutrie "._i'

Decreases in the algae are due to consumption by filtrators or browsers, sedimentd i
| and decay. Consumption of algae by filtrators is connected to the partial regeneriis

of nutrients due to catabolic processes in animals.

3. Methodological, e.g. the seasonal av
the biomass of higher plants being re
soil. Actual concentration of chlorop
the increase and decrease of algae. Incre

n is too infrequent such -
ted by present, but unsamE

Statistical, e.g. sampling during the growing seaso
| extraordinary high values sampled are not compensa

low values, and wvice versa.
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g season a considerable water volume

_— ~ Food web relations

5.

Inherent variabili
ability, e.g. several
8- other factors n :
phosphorus-chloroph _ . ot mentioned above influen
relations as. for P ylll correlation. This is analogous to the variability j ce the
5 example, the length-weight relarion of fish v in other

Relation of zooplankton and benthos to

fish stock phytoplankton and

In the early days of li ; .
b ch CozlcemlrI:tIil;llo(g)sff, :u :vtas tacitly assumed that the development of algae is du
B orimals is dependent on tEer;tS. The development of filtratory zooplankton a ;
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prey. The nowadays Shor’thand terr:rllefofot}lje influenced by the development of its invertébrate
limitation). However, it is evident th. 1Sh aspect of relations is ‘bottom-up’ control (resource
B e developm ; at the zooplankton can influence, by their feedi
pment of algae, and equally, fish can influence the bi;mzss :ril se; dl’ng
ecies

composition of zoopl i
‘ l plankton and benthos. This relational aspect i
B | (control by predators). pect is now known as ‘top-down’

The selective effec i i

e r;ac;i Ifllz}; ire{iitt)p oln zooplankton is much more pronounced than that
B i rtlu ively assumed to be due to much greater protection of
i e t},leipe?ally to that of most numerous small fish. Zoobenthos
B e e ?h o ;ooplankton frequently during the season but its
e b over than ﬁt o }iooplankton. In fish ponds with an average depth
B e »Et 1t9e zooplrinkton and zoobenthos contribute almost

B Do uction (L a ) 57, Kofinek et al. 1987). It may be reasonabl
e assessuzﬁ o zoobéntljlos to the fish production decreases as ch
B o e lguanutamve dynamic aspects of the aquatic biota
et I;’y mplicated and time consuming task. The role of all
will be presented below in the section on the transfer ofeeze:;y

e food web.
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especially of Bosmina longirostris and Ceriodaphnia pulchella prevailed. In fish ponds with a
very low fish stock (about 300 specimens per ha of carp in their third year) at the average
concentration of total phosphorus of 0.3 mg I, the spring values of chlorophyll decreased
to a few pg 1. Later on in the season, blue-green algae developed water blooms, the biomass
of which was highly variable from year to year and from pond to pond. In fish ponds with
a fish stock twice or three times as high, higher concentrations of chlorophyll were found
throughout the year (Fott et al. 1980). It was therefore expected that in reservoirs with a
total phosphorus concentration lower by one order of magnitude, a low fish stock may
induce a lower biomass of phytoplankton than is the actual one at a high fish stock.

The high fish stock in reservoirs is manifested not only by the presence of small species in
zooplankton but also by the slow growth rate of fish which can be identified by the small

distances between fish scale annuli.

Effect of different fish stock on the seasonal average of
chlorophyll concentration in reservoirs

In reservoirs, it is difficult and time consuming to estimate the fish stock. Monitoring the
development of the young-of-the-year (YOY) is especially difficult, yet, the production of
this year-class can constitute a considerable part of the annual total fish production. The
YOY can thus execute a considerable effect on zooplankton. In the previous section, it was
mentioned that the feeding pressure of fish stock in shallow waters does not influence the
biomass but the size distribution of the zooplankton. Therefore, the size of the prevailing
zooplankton was expected to present a suitable measure of the impact of fish on zooplankton:
As a parameter of the size distribution of zooplankton, the ratio of the biomass of largé
cladocerans (retained in a sieve with a mesh size of 0.72 mm) in the total cladoceran af
zooplankton biomass, expressed as a percentage, was established. Cladocerans can be separated
from other zooplankton by their selective adherence to surfaces. In this way, samples relativeli
free from detrital and water bloom particles can be obtained. This parameter has
advantage that it can be relatively easily determined, if desired, in less than 24 hours ait&
sampling. It is not dependent on the method used for biomass determination (e.g. db
weight or colorimetrically as biurett reaction of proteins). It is also, within certain limi8
(central European climate and total phosphorus concentration within the range 20 — I8
pg 17 as first approximation), independent of the level of primary production. Kubet®
(1989) and Seda (1989) have shown a good correlation of this parameter to the biomi
and ration of the fish stock. Individual samples are, however, partly dependent on
autritional status of the zooplankton. In the case of a high food supply, newborn of cladoce®
are numerous and decrease the ratio. Conversely, poor feeding conditions act in the opp™®
way. During the growing season the feeding conditions of zooplankton are variable ané
this effect is, within the seasonal average, negligible.

The seasonal average of chlorophyll concentration and the above ratio of zooplank
biomass was determined during several years in three reservoirs. In total, 20
observations were made (Figure 2). The range of the percentage of large cladocerans
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The above discussion on the interaction of phytoplankton-zooplankton-foraging fish powerful is the concept of ke e
concerned only seasonal averages of concentrations of total phosphorus, chlorophyll, biomass development of their biomags (S)’rstonebspecles and the assessment of how the change in th
of zooplankton per unit area and the ratio of large cladoceran biomass. The literature on trophic levels. In the COmmumtnu;n ers changes biomass or species composition fg dfn the
this subject emphasises the seasonal course of differences at the species (or group of species) species. Y of standing waters, the fish stock has the rol ? ka o
level. My own early observations used this approach but reproducibility of results was poor € of key stone
(Hrbacek et al. 1961). Early discussions (Brooks & Dodson 1965) up to the present (DeMello 3. The subjective difficulty is co
et al. 1992 and Carpenter & Kitchell 1992) concermn mainly the  interaction of fish- is neither scientifically nor econnnecuid to the fact, that quantitative ecology of ecos
cladocerans-filtrable phytoplankton. On the other hand, cyclopoid and calanoid copepods the probability that some omically a very profitable endeavour for the res KStemS
and phytoplankton species which are not directly accessible to filtratory zooplankton present principally new facts or phenomena will be found o B
not a negligible part of total plankton and at high-fish stock levels the average biomass of It is, of course, possible, at least art] Is very low
copepods can be larger than that of the cladocerans (Hrbddek et al. 1994). Organic matter production of the planktonic 3113 ¥> to fulfil the aims of the dynamic approach Prim
produced by algae and blue-green algae not directly accessible to filtratory cladocerans can increase in light glass bottles sy géiedc;n be measured in fertile water bodjes e o ary
be, at least partly, directly utilised in the food chain by copepods and indirectly by bacterial considered as ideal, but it hag sefe nl Z at several depths, Exposure for 24 hours COUISC’ian
activity in the so-called microbial loop (Stockner & Porter 1988). Thus organic matter is value obtained in this way is smalleril th;i“f})lacks. Thfe most important of which js thar th:
e sum of severg

made accessible also to filtrators.

Transfer of energy from primary production to fish production

The approach presented up until now has been pragmatic, i.e. referring to observations and
measurements which can be easily accomplished, even if they are not in full accord with
the requirements of methods used in the study of productivity. A more rigorous approach:
is to measure, in addition to the static parameters such as concentration or biomass, the
dynamic parameters such as uptake and regeneration of nutrients, growth rate, reproduction;
mortality and production, and include them in a simulation model. There are, at least, three
kinds of complications or drawbacks, two objective and one subjective, making this approact
not as productive for the understanding of the interactions within the aquatic biota as if
would appear at first sight:

1. One objective complication is that some factors (e.g. the effect of nutrient concentratiol
on the growth rate of algae, or the effect of food particles on filter-feeding zooplankton) ¢i
only be related to unit volume. This increases the necessary number of estimations due &
the reality that the activity of organisms is influenced by temperature and temperature |
vertically, and within restricted limits also horizontally, stratified and some organisms undei#
vertical and partly also horizontal migration. Still further, organisms are not distributé
randomly even in the same layer but in more or less pronounced patches. This is especidl
true for benthic organisms. To get a real picture it would be necessary to take such a git#
number of measurements that their realisation is not within the possibilities even of a 18
research team. It is therefore necessary not only to clump species with similar roles in
food web together but also to include some assumptions, the reality of which is not eas$

verify.

is subtracted. To conver

e of thj i i
. his comparison is that in fish ponds the e

is abour 5% (Kofinek er
sh, this finding indicates

fficiency of the transfer of energy
al. 1?87). Assuming transfer by
an efficiency of abouyt 20%

2. The necessary simplifications (mentioned above) have a drawback - that the desc
of the energy flow does not have a predictive power, e.g. to determine what k
influences can change the participation of individual parts on this flow. In this respect; #
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Figure 3.

Schematic diagram of the
quantitative trophic
relationships within the
Rybinsk Reservoir
ecosystem. Data from
Sorokin in Kuzin &
Shtegman (1972) in
kcal m? y" transformed to
ki m? y! using the factor
4,187 (Hrbacek 1984).
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For the estimation of the fish production in lakes and reservoirs, it is necessary to estimate
the numbers and the biomass of individual year-classes of individual species present. The
method applied is to catch, estimate the numbers and size of individual year-classes (partly
later on from samples of scales) of individual species, mark by fin-clipping and release. Later
on, catch again. From the proportion of the marked fish in a later catch, the probable
number of fishes in individual year-classes is estimated. From this description of the procedure
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To reach the market size of about 1.5 kg, carp was grown, in the second half of the 19th
century, for about six years, whereas now it is only three years (exceptionally two in warm

areas and four in cold).

The length of the period from egg to maturity is regulated first of all by temperature (degree
days), and to marketable size, also by the density of the fish stock. Usually only a single year-
class of carp is grown in each fish pond. For simplicity, a linear inverse relationship between
the size of the fish stock and individual growth is normally assumed. The desirable number
of fish to be reared in a pond is calculated from the long-term average harvest of the fish
which is related to pond fertility and the desired increase in size during the growing season

(Schiperclaus 1961).

The above-mentioned linear relationship is, of course, applicable only within a restricted
range. It is obvious that one fish per ha cannot fully utilise all the resources of the pond
and grow to a size of several hundreds of kilograms which represents the usual harvest. It
was found that at the stock which is close to the maximal growth rate of fish (u__ in
bacterial or algal cultures), the maximal yield of fish per unit area is not reached. It should
be mentioned that in fish ponds, except in cases of mortality due to diseases or some
negative environmental conditions such as low oxygen concentration or toxic substances,
the yield represents net production of fish as the natural mortality is negligible. The maximal
yield or production is reached at two to three times a higher density of fish stock than is
the one at which maximal growth rate is reached. At a still higher density of fish stock the
total yield decreases. This is obviously due to the necessity of fish to increase the intensity
of searching for less accessible food. Usually it is assumed that this is due to the increased”
scarcity of food but in my opinion the assumption of lower accessibility is more adequate
which includes not only frequency but also size (for a large fish small food items are of
limited importance) and protection of the prey (e.g. protection of the larvae of chironomids
by a layer of mud). In fish pond farming, natural fish recruitment is undesirable. From the
above it is obvious why. It decreases not only the expected growth of individual fish but
in cases of intense recruitment, also the total yield.

Production and yield of fish in reservoirs

In lakes and reservoirs, the yield of fish does not depend only on fish production but
on the fishing effort (Bayley 1988). The fishing effort does not embrace evenly all yea
classes of all fish species. Contrary to the situation in fish ponds, in these water bodies 2 pi
of the fish stock must remain over the winter to reproduce the next spring. Yield is in thé
water bodies much lower than fish production.

The important finding in these estimations of fish production is that the first two
classes, which are usually not caught by anglers, constitute a very important part of thﬂl
production (Figure 3, Mills & Forney 1983, Hrbacek 1984). The proportion of the 0
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The historical background to the formation of the biota of
standing waters

The description of phenomena and relationships, and conclusions derived therefrom, is
based on biota as they exist at the present time. This is, to a certain level, comparable to
attempting to derive the meandering of the present shoreline of a reservoir from only the

resistance of its different parts to erosion.

For a better understanding of the function of the biota in reservoirs it might be useful to
get an idea of how the species composition of these biota came about. It was mentioned
that these biota are relatively simple in the sense that the bulk of the biomass of individual
Jevels of the food web is composed of only a few species. In zooplankton, this may be
perhaps expected, due to the relatively uniform physical environment. This is probably not
true, as in the ocean, in a single vertical haul of a plankton net, the number of species can
be ten to hundred fold higher than in reservoirs or lakes.

From the geological point of view, not only fish ponds and reservoirs but also most of the
European and American lakes are of recent origin. Zooplankton, contrary to the benthic
fauna, do not have endemics, not even in the oldest lakes. Most of the species present in

the plankton of reservoirs and lakes is also present in pools and oxbow lakes. There are a
few exceptions, as, for example, some species (in Europe, Daphnia hyalina) are at present
known only from lakes of glacial origin (Hrbsgek 1987). Bythotrephes longimanus is also
reported in the literature only from these lakes. Nauwerk (pers. comm.) has found this latter
species, in northern Europe, also in pools. However, none of these species has been reported

from reservoirs.

It is claimed that the low fish vield in reservoirs is due to the fact that the species of fish
living there are derived from the stock of fish living in the riverine environment (Fernando
& Holeik 1982). It is assumed that this fish stock is unable to fully exploit the plankron
biomass in the central part of the water body. However, the range of the ratio of large
cladoceran in total cladoceran biomass shown in Figure 2 does not support this assumptiot.
The part of the statement concerning the origin of the species can be perhaps enlarged so &
that by the riverine ecosystem we mean not only habitats in the river itself but also in pools,
backwaters and oxbows connected with the river during the flood. In one pool, in the
course of one year, the concentration of nutrients can vary by one order of magnitude
(Pechar, pers. comm.). In this way, we can perhaps understand why there is not 2 mote.
expressed difference in the species present in plankton in habitats differing in total phosphors
concentration by three orders of magnitude (e.g. presence of Daphnia pulicaria in fish ponds
and in the High Tatras mountain lakes above the tree line). Also the course of seasond
interaction between cladocerans and cyclopoid copepods can be understood more propelf’
if we take into account that this relationship developed in pools (Hrbacek et al. 1994):
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6. Planning and accomplishment
of redevelopment and
restoration projects

Sven Bjérk
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Planning and accomplishment of redevelopment and restoration projects
S. Bjork o — ) '

development of the
production and destruction of organic matter, etc.) as well as the future D

I, Project planning
water body in the case that no restoration measures are taken.

1. Pre-project investigations. The holistic approach in space and time.

. : A. The long-term development of the ecosystem; palaeolimnological investigations. The ecological conditions immediately
The limno-technical plan

. ] . . . .] g acatiol e status trom a egm“h Hn0|0glca| pOlm Of view
LII[H 1010 1Ca plaI mn (){ oratio sho deSCI be mn detal t} 1€ measur esS Necess I’y to
g 1ng restoration h uld 1 )

<o Jividual characteristics, the restoration B. Changes in the catchment area, Presgnt relationships between catchment arga~]ake/wetland. The external loading. What
achieve the agreed goals. As every ecosystem has its indivi 1:18 :e - appro,priatew worked is the regio-limnological normal loading? Input and output of water and nutrients, calculation of budgets.
. ifi ject, and a .
plans have to be tadorjmade for e.ach Sii:f;; Str;f]feof the firm responsible for the technical C. Internal ecosystem conditions. Investigations during at least one year.
out by the limnologist, in cooperation wi Je detailed descriptions of the technical procedure,
side of the project. Each plan should include detaile ot to assess its effectiveness. Prognoses (a) The bottom - sediment, peat: horizontal distribution, stratigraphy and functional role in the ecosystem (seasonal
cost calculations and the monitoring programme neede 13 be included in the plan, and a changes). A . ’ '
he development of the lake after restoration shou .e in lake should be (b) The water ~ch§mucal and phys;ca! factors: nutrients, pH, transparency etc. Diurnal and seasonal patterns.
for the de P heck environmental conditions in the restored lake sho (c) Organism conditions: plankton, primary productivity, macrophytic vegetation, bottom fauna, vertebrates. Changes in
follow-up programme to check € . ts should be reported. evapotranspiration conditions of importance for water-leve! fluctuations.
designed. Both positive and negative results @

Based on experiences collected during planning and exegmo; c?f :11 it;um:fzompmhmem e
and restoration undertakings, the procedure of pl.annmgg, J esig Thi, o
follow-up of a project can be schematically summarised as follows. tar[; O e oo
which have to be taken in case of acidified waters and ecosystems con

of redevelopment

2

Sediment growth rate in lakes, deposition rate of coarse detritus in wetlands (accumulation basins).

. Project design and implementation

A, The degraded ecosystem, its structure and function. Ecological diagnoses. Remedial eco-medical measures; ‘strict diet,
medication, surgery’.
substances are not included here.
B.  Design of restoration method(s), calculations of cost.
(a) Measures to be taken in the catchment area.
1. Selection of ecosystem (examples) (b} Measures to be taken in the lake/wetland ecosystem.
. Selection
: irs, fish ponds. €. Information, argumentation, convincing. The public, politicians, administrators. The past and present situations compared
to towns and cities, water reservoirs, fis ! ) ! ; Cians, : sent s  comp
1. Degraded lakes close with the future development of the ecosystem, with and without restoration measures, Co-operation with decision-makers
7. Degraded lakes/wetlands which used to be valuable waterfow! biotopes. and contractors.
i el ds for improvement of self-purification. D.  Finalisation of financial commitment. Decision-making.
in Chapter 3. )
. -scale redevelopment programme treated in . Accomplishment of eco-technical measures,
, ment according to the type of farge-sca ; 3 :
4. landscape water manage (a) Ecological and technical cooperation.
{b) Ecological control programme.
. 1,
1. Project goals

i iti i ons.
1. General improvement and re-creation of local, pleasant, environmental conditions. Aesthetic reas

2. Re-creation of waters for swimming, canoeing, wind-surfing etc.

3. Re-creation of waters and wetlands for waterfow! and aquatic biocoenesis in general.

ic bi : irath ion projects.
4. Education Before-during-and-after-studies. Access to aquatic bictopes for schools. Inspirational demonstration proj

Ecosystem structure and function as dependent on environmental changes.

5. Recreation of a landscape with sustainable production and living conditions.

@2 IWRB Publication 32 - 1 994
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A

Meastires for food web management, if considered realistic, to tune-up the system.

3. Post-project monitoring and project evaluation

Post-project investigations/monitoring during several years for control of sustainable results.
(@) External and internal nutrient loading.

o) Collection of chemical and physical data, investigations on organism conditions.

Ecological syntheses of analytical data. Both foreseen and unforeseen positive and negative results should be reported.
Before-and-after comparisons utilised for training and education of students,
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7. Restoration methods and
techniques

Internal nutrient control —

Introduction

Sven Bjork

Inland water ecosystems reflect the character — primarily the geology — of the catchment
area, with surface and groundwater as carriers of solid and dissolved matter. Through rainwater
and dry deposition, these systerns also mirror conditions and activities transmitted from the air.

The external loading of nutrients is decisive for the original productivity in water bodies -
within the limits set by light, temperature, precipitation, water renewal etc., for different
areas at different latitudes. Properly-working lake ecosystems act as sinks for organic and
minerogenic matter and this [material in turn participates in adsorption reactions and chemical-
complex formation. Nutrients are accumulated in the sediments and bound there. However,

overloading by nutrients from external sources gives rise to an increased production of plant

material in the lake and this in turn causes a spectrum of processes at the water-sediment

interface. These processes may result in the leakage of nutrients accumulated in the sediment.’
This surplus supply of nutrients to the lake water constitutes the internal loading.

When the internal loading is added to the external one, a lake ecosystem undergoes sudden
and dramatic changes in the form of a rapid increase in primary productivity. This leads &
a fast degradation of the whole system — severe oxygen deficiency, increased sediment
growth rate, fish-kills, etc. Such changes in the character of an ecosystem hit by interndl
loading, were first described and explained by Ohle (1955, 1965, 1971) and Thomas (195%
1963), who designated the changes as being very sudden.

As already stressed, restoration methods and techniques aimed at a reduction or eliminatiof

of the internal loading in irreversibly damaged lakes should be applied after the exteri
Joading has been reduced to, or close to, normal. Phosphorus precipitation, aeration, sedimefif
treatment and sediment removal are methods to counteract internal loading and to transfoll

the ecosystem from a nutrient source to a nutrient sink.

thods for the reduction and control of macroph¥t

If sustainable results are to be achieved, me _
for the adjustment of environme e

vegetation have to be combined with methods
conditions, as for example, by increasing water depth.
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Efffortshto mar‘fage the food web might be a method tot
a tez1 .t. e nutrient level has been brought under con
conditions for all stages of the life cycle of esteernedtr

ulne up the function of an ecosystem
o ar.ld the necessary environmental
species have been realised.
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Phosphorus precipitation

Klaus-Dieter Wolter

Overview
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In lakes with long retention times (considerably more than 1 year), lake recovery can be
accelerared by the precipitation of phosphorus out of the water column (in-lake treatment).
For this purpose, aluminium (aluminium sulphate, AL[SO 4]3) and iron compounds (iron-111-
chloride, FeCl,) can be used. They form relatively stable phosphorus-binding compounds,
which sediment out in the form of a gelatinous floc.
As these preparations always have to be used in an over-stoichiometric amount, relative to
the phosphorus in the water, an additional phosphorus-binding capacity is created at the
sediment surface. For this reason, every in-lake precipitation may be viewed as a sediment
treatment too. The principle conditions formulated in the chapter ‘Sediment treatment’
(p. 75) are also valid for phosphorus precipitation from the water column.

so recommend the use of lime. In this case over-

Beside aluminium and iron, some authors al
lied to the water. Calcium together

saturated calcium oxide or hydroxide solutions are app
with hydroxide and phosphate forms apatite, a phosphorus-containing mineral, but no
successful technical treatments of lakes with this preparation are known:

10 Ca?* + 2 OH- + 6 PO, — Ca ((PO,)(OH),

By several authors, the use of fly ash from the combustion of coal or oil was proposed. Fly

ash may bind phosphorus by its high specific surface and the content of CaO, MgO, and
Al (111). Nevertheless, the use of fly ash is not recommended, because toxic effects by heavy
metals or by drastically increasing or decreasing pH after the treatment were observed.

The methods of phosphorus precipitation from the water column are best suited for smaller,
shallow lakes. The application of in-lake treatment should always be preceded by a significant
reduction of nutrient loading from the catchment area in order to achieve effective and
long-lasting results. Otherwise, the positive effects of treatment can be overwhelmed in &

few months by continued external loading.

Effect of aluminium and iron compounds on pH of lake water

Aluminium sulphate and iron chloride have to be used with care because of their effecton
the pH of the water. When applied to the water, the preparations undergo hydrolysis wh ich
liberates protons as described in the reactions below:

AL(SO,), + 6 H,O — 2 A(OH), + 3 SO + 6 H'
2 FeCl, + 3 H,O — Fe,O, + 6 H + 6C

In water bodies with low alkalinity, the introduction of iron chloride ot aluminium sulphat

could use up buffer capacity, which would result in acid conditions in the lake. Although fh_
coenotic structure in the lake will change, toxic effects on fishes and benthic organisms ¢

hardly be observed, as long as pH does not fall below about 6.
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;n order to prevent acid conditions
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orm of fine particles with a high reac
to provide a sufficient amount of b
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tivﬁyft be ;eces.sary to add calcium carbonate (in the
i) oiet er with the iron or aluminium preparations
r
In the water and at the sediment surface ,

Precipitation with aluminium sulphate (alum)

In the case of aluminium,

no: i .
hydroxide: rganic phosphate is bound directly or b i )
y y adsorption to aluminium

Al(OH), + PO} — AlPO, + 3 OH-

Al(OH), + PO — AI(OH), ~ PO, (aq)
The best fraction to bind to aluminium is phosphate

phosphorus are bound less. Di i
b e ond issolved organic phospho

—phpsphorus. Organic fractions of
rus is less effectively removed than

gotal phosphorus in the form of particulate
ounFl Fo aluminium hydroxide directly
aluminium flocs and subsequently settle,

h .

bUtpt hosphoxjus (algae, detritus, bacteria) cannot be
puct e pa.mcles may be enclosed into the formin
o the sediment. For this reason, .

nium flo |
lum (above 5 g AP* m3) are used, which rcrfa;)rllaz

or the lack of buffering capacity (alkalinity) in the

oc i
curs when high concentrations of a

restricted by the cost of the chemicals
lake water.

I lle Sul‘pluS alulllln le to e ed m O pl 101U ’blIldlIl
1um settles th § ment ar ld Imncreases 1ts p}l S,
S

ntation i i e,
on top, this static layer of aluminium is buriZi

, long-lasting
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ne thei A i 1.
g their physiological ability of phosphorus-uptake by th
e roots.
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— T TTIOSPhorus precipitation

Laboratory experiments with aluminium and also with iron have often shown increased Treatment with ir
. . i on-oxide- :
mortality of certain species. In lakes, these effects are usually lower, because the oxide-hydroxide
unhomogeneous distribution of iron and aluminium during treatment allows for escape
. . |
reactions by the organisms. ) sludge pump
arrow
wat
floating er pump dredger

Precipitation with iron chloride = Lo —
Phosphorus precipitation with iron has been used in many cases. Similarly as with aluminium, S ezt
the phosphate is bound in iron-phosphate minerals or it is adsorbed to iron oxide-hydroxide: 5 S:Ving :d e

L s ) iluting tock

SR iron-oxide-hydroxide iron  Stoc
-oxide-hydroxide

Figure 1,

Schematic illustration of
the application of iron
oxide-hydroxide and iron
chloride to the lake water,

FeO(OH) + H,PO, — FePO, + 2 HO |

Treatment with iron-(I1l)-chloride

electric generator

FeO(OH) + PO — FeO(OH) ~ PO/ (aq)

water pump aﬁid safe
| | . ‘ . N arrow
inorganic phosphate is best bound by iron. No significant it

From the phosphorus fractions,
ntrast to aluminium, it is not possible

bond of organic phosphorus has been observed. In co
to precipitate organic phosphorus-containing particles by their inclusion into the forming R _

compressed air

acid safe

iron flocs. For iron, chronic toxic effects on organisms in the lake are not known. =
=
m\;?/ floating pipe
=

After sedimentation, iron continues to bind phosphorus at the sediment surface. In contrast
to aluminium, the bond of phosphorus to iron is redox sensitive. When the sediments

acid safe tanker

become anoxic and hydrogen sulphide is formed, iron-bound phosphorus is released from
the sediment and may be transported to the water column. To prevent this event, the
treatment of sediment (Sediment treatment, Chapter 7) has to be in many cases combined

with phosphorus precipitation.

f iron has also some positive aspects. As lakes and

However, the redox-sensitive behaviour o
sedimentation

their sediments are dynamic structures, being altered by processes of production,
and respiration, the dissolution of iron may be viewed as a process enhancing the iron.
buffering capacity. Iron dissolved in deeper sediment layers migrates along its concentration
gradient to the sediment surface. Generally, an enrichment of iron occurs at the reductive/
oxidative boundary layer near the sediment surface, where, the exchange of phosphorus
with the water and especially the binding of phosphorus from the water is a quantitatively
significant process. Therefore, iron can be seen as a dynamic phosphorus trap, also functioning
if the lake system shows some spatially or temporally restricted increase in phosphorus

concentration.

Treatment schedule

First of all, an analysis of processes involved in phosphorus metabolism in the lake have®
phorus fractions during one Of sever

be made. Measuring concentrations of individual phos
years would allow the identification of the most suitable period for treatment. The best
for phosphorus precipitation is when the phosphate fraction is at its relative maximumt
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Figure 2.

A floating tube is used for
the distribution of iron
oxide-hydroxide and iron
chloride which are applied
by a harrow from the boat
to the lake.
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usually from late autumn to early spring. The treatment of the lake has to be finished before

intensive plankton growth starts in spring.

The use of solid preparations is recommended only when these can be distributed over an

ice area with high weight-bearing capacity. Fine solid particles of the acid-forming preparations
have to be handled with care. Distribution from aeroplanes may allow fine particles to drift
and cause damage to the lake surroundings. After applying the preparations on the ice, its
structure changes, the ice weakens and should not be walked on. Most often, the preparations
are applied in dissolved form. Figure 1 shows a schematic illustration of the application of

hloride to the lake. The solutions are rransported to the lake

iron oxide-hydroxide and iron ¢
by flexible, high-pressure polythene tubings and applied by a harrow from the boat to the

lake (Figure 2).

anic substances in the water prevents

In the case that high amounts of dissolved org
fine mineral particles (clay, bentonite)

flocculation of the iron or aluminium compounds,
may be added to reduce the activity of these organic substances.

Chemical analyses of the water should be made during the treatment of the lake. These

analyses include:

iron or aluminium concentrations
concentrations of individual phosphorus fractions
chloride and/or sulphate concentrations

pH

alkalinity.

After the treatment, further monitoring and control of the
parameters indicating the biological production of the lake, should be performed.
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Aeration
Bo Verner

Background

Oxygen deficienc
y caused by an increased
matter in the lake ased supply or production of i
ecosystem, can be compensated through the adZitio rganflc’ degradable
on of oxygen. The

method chosen and th
¢ amount of oxygen that has to be added depends on h
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and for how long the lake h
as been suffering from lack
of oxygen. In the sim
plest case, the

‘ just enough to ¢
e oo be just e gd 0 cover the extra need caused by an
egradation of organic matter should be in

naturally and artificiall i
: y available
ace with the production rare. PeoRen should ensure that the

increase in productivity,
balance. In other words,
degradation rate keeps p

In addition to the i

S :Ccirinal spring an.d autumn circulation periods

o oo are ot © temporary circulations caused by the wind ’
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By nature, however,
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he interface between water and

to the photi i
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Stratification at the water-se l].] Ne Vv
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Preservin
g the natural conditions of the ecosystem

Dif i
..: fuse aeration/destratification
Working principle

-0 pressed air is released throu
ttom (Figure 1). The risi
re- Oxygen transfer takes p
and then burst at the surfa

h .
ni ai}rxciglzz l;rlle:i perforated pipe. placed on or just above the
g air bub) bUbielnerate a vertical flow of water towards the
poca es emerge from the holes, rise through the

Ing an oxygen-saturated film onto the surface layer
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Additional oxygenation from the atmosphere occurs due to the induced turbulence. The
circulated mass of water is directly proportional to the cube root of the discharged air flow.
The practical conclusion of this physical fact is that the more the discharge of compressed
air installed can be spread over the bottom area, the higher becomes the

oxygenation efficiency.

Design and installation

Perforated polyethylene pipes are placed on the lake bottom (Figure 1), spaced to cover the
deeper part of the lake or distributed along the watercourse. They are anchored in a suitable
manner depending on local conditions and the diameter of the hose being used. A special
technique has been developed for drilling the air release holes directly into the plastic pipes
to get the calculated outflow along the whole pipe system, which takes into consideration
varying depth and pressure drops. The method excludes expensive nozzles or diffusers and
there are no problems with corrosion or clogging. The aeration system is dimensioned in
accordance with local requirements: the morphometry of the lake, the desired oxygen
concentration, the flow and pressure of compressed air and the optimum balance between
operating and investment cOsts. All installations are designed for each individual project in

order to meet the customer’s specifications, e.g.:

o in areas where maintenance dredging has to be done (or for other reasons), an integrated
buoyancy pipe makes it easy to lifc and move the air pipes aside;

e in canals, where very long pipes are used, starting up is facilitated by the installation of

water evacuating valves at the far ends;

e to avoid stirring up the sediment, the perforated pipes can be placed at a certain distance

above the loose sediment.

The air supply lines can be laid out from a raft and successively provided with an appropriate:
ballast. By running the compressor during the installation, water is prevented from entering
the air supply lines or the perforated pipes which greatly facilitates the handling. The ait
line between the compressor and the water is often placed in a small covered trench. Al
the very edge of the water, special arrangements may be required to protect the air line from
ice-movements during the winter and from possible interference caused by boating in

the summer.

Compressed air supply and control

The air is supplied by a compressor plant installed close to the shore. The air pressuf
required is the total sum of the hydrostatic pressure at the deepest point of the acr o
system and the pressure losses over the air supply lines, the perforated pipes and in the
release holes. The compressed air must be oil-free, supplied by a non-lubricated compré
or a standard compressor equipped with a separate good quality oil separator/filter. M
COMPressors are normally silenced package units but special arrangements may have 0¥
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Figure 1,

Diffuse aeration/
destratification method,
suitable for shallow lakes,
to prevent thermal
stratification at the water-
sediment interface and to
secure favourable oxygen
concentration of the water,




B. Verner -

solved in the water and then distributed
nutrient concentrations and the productivity

such as phosphorus and nitrogen, are released and dis
during the circulation period. This increases the

escalates even more.

Figure 2.

HYPOX aerator, developed
to supply oxygen to the
hypolimnion without
disturbing the thermal
stratification.

Table 1.

Dimensions and
oxygenation capacity of
the HYPOX aerators.

The HYPOX aerator (Figure 2) has been
developed to supply oxygen to the
hypolimnion without disturbing the thermal
stratification. In this way, a high oxygen
concentration is maintained throughout the
stagnation periods and the release of
autrients from the sediment is minimised. It
is very important tO make a careful
limnological investigation and state a
definite diagnosis of the lake’s condition
before any HYPOX installation can be made.
Only then can the adequate number, size
and location of the aerators be determined.

Design and working principle

The HYPOX aerator consists of two
concentric tubes with lengths equal to the
installation depth. The outer tube has a
number of outlets close to the lower end.
The unit is permanently anchored to the
bottom by means of concrete weights. A

50 - 2,000 kg day”

Oxygenation capacity

Air consumplion 5-1501s" compressor on the shoreline supplies the
Diameter 1-10m aerator with compressed air via a hose placed
Height 5-25m on the lake bottom. Through the diffuser

placed under the inner tube, the airflow is

disintegrated into fine air bubbles. As the bubbles rise through the inner tube, an upward

water flow is generated (the airlift pump principle). During the intense contact between the

air bubbles and the water, and when the water flow meets the atmosphere, oxygen i

transferred to the water. When the water spreads over the rim of the inner tube, the flow

velocity is reduced. The water flow then turns downward through the space between the
tubes and leaves the unitas a number of horizontal jets through the outlets and spreads over
the sediment. The oxygen-poor water from the deepest portion of the hypolimnion is drawn
towards and through the aerator, becoming oxygenated, and then sprea
hypolimnion without any temperature increase of the water. In this way, the oxygen is

supplied for the required decomposition and mineralisation of organic sediment.

All HYPOX aerators are designed and manufactured to the customer’s specification t© suit

a particular project. Table 1 gives a general idea of the possible capacity range and dimensions:

Larger units are designed on request.
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Internal nutrient control — Aeration

Oxygen transfer efficiency

Oxygen transfer effici ; ,
delivered by the CO:::rIfl!(S:ZO:Stthteh o betv\./een the oxygen supplied with the air-flo
oxygen transfer efficiency of an a e oxlz’gen in the water. It is possible to obtain a hi V}:
resulting in a low flow velocity He;ator y having long contact times between air and watge
for example, decrease. For a g{Ven Wever). for low flow velocities, the oxygenation capalcitiesr
installed then has to be increased ‘;’;‘Pafilty demanded, the number and/or size of the unit’
ransfer cfficiency results in a 10, thus increasing the investment cost. So, although a hi }i
important. Main factors conttih W Tunning cost, it is, of course, the total cost th gl
ntributing to oxygenation efficiency are the following: e

s solubility of ox i
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ygen y in cold water.
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iency.
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air pressure needed and the compressor desi y. This, in turn,
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Figure 3.

Common results from
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HYPOX aeration.
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B. Verner

internal nutrient control — Aeration

Transparency and chlorophyll

The normal variations of these parameters are large due to, e.g., difference in meteorological
and hydrological factors and irregular diffuse leakage of nutrients into the epilimnion.
Consequently, the effect of aeration on transparency and chlorophyll has to be studied over
| a longer time period as this effect is not as immediate as it is on the elements above.

Phosphorus

Concentration

Nitrogen

Iron and

Manganese

Oxygen

Sediment treatment

Start of LIMNO aeration

Wilhelm Ripl

Introduction
imni 1l
Wh d hypolimnion, the fu
W i d in a completely oxygen-deplete ‘
O e to all i id increase in the oxygen
i i the'HYP acitf is supplied to all the HYPOX units. A rafrla e o
nealed i o chieved. When the desired oxygen concec? o e reded
Concentriluo'n lstf\e stagnation period, the system can be adjuste
i uring . ) oo
aere;tcl:(i)tl; just enough to maintain this concentration
cap -

Butrophication problems in lakes are, generally,

caused by an increased flow of nutrients
and/or degradable organic matter to the lake basin. If such an excessive inflow has continued

over a long period of time, the metabolism in the lake will change and the sediment’s
structure and function will alter. This change concerns an increased primary production
which is often not adequately compensated by decomposition processes due to an insufficient
‘oxygen supply. This means that both nutrients and organic matter are accumulated at the
‘sediment surface, poising sediments at low redox conditions and in a state of high potential
reactivity even if the external loading is reduced. This is the reason for the sudden change
'in lake metabolism after prolonged eutrophication, and at the same time the reason for a

lake to be buffered against any effects of reduced loading. This behaviour could be called
a hysteresis or delay in reaction after changed external conditions.

ita quick improvement of a lake’s condition is the objective of restorative measures, this
|

4y in improvement can be met by sediment treatment in sit. It has to be stressed,
ever, that internal lake measures have to be necessarily aug

the catchment. Otherwise, any short periods of improve

mented by unloading measures
W the metabolism caused by external nutrient or energy (

ment obtained will be limited
organic matter) loading.

m ‘lle lly[)()l“llll]()ll l)el()le aeration 1Ile aeration Iypl(,a“y bl"l Sab()llt ata[)ldleduCthIl L
) g
t}le COIlCeIltIatl()n Of amm()nlum and a Sy[lCIlIOIlOUS increase m nitrate.

. : ion with
Iron and manganese tion has already been mentioned in connectl
i iron concentratio
The drop in the iro

i wal
i i low in aerated
i ionic iron is exceedingly -
. tration of ionic iro ow in aer e e
uction. The concen . e |
Phosphae as ferric hydroxide in particulate form.hTh§ o o 8 .
o teably hid f i however, their chemica .
. iron, however, ' g
i igher than that o . e s |
considerably gimilar In drinking-water reservolrs where aelra fon s B o
' 8]
O ration sf both the metals have been almost completely supp
ncentration of bo . compiere”
C}Ol drinking-water quality and reducing the prepar
the -

ernal restoration measures and processes involved

lly, the first problem to tackle is to increase mineralisation processes in step with

ction by supplying oxygen to the top sediment layer. The supply of oxygen is necessarily
Panied by water movement, t

hus increasing reactivity in a transport-limited sediment
Both the introduction of pu

re oxygen as well as the addition of very strong oxidising
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xample, potassium permanganate and peroxides have been tried. However,
d to have a very low oxidation efficiency caused by the loss of gaseous
diment surface. In contrast, aeration
me cases, especially in

agents such as, for e

compartment of the lak
ake. Th .
these substances prove e small planktonic production in such lakes is mi 1
is mineralised in

the pelagic zone b .
e y a sufficie ;
oxygen and partly also by the sterilisation of the se retention function for ph n}: oxygen supply during the water circulation twi

i i i ; D osphorus in the sedi . ) wice a year. The
measures using compressed air have ’shown good efﬁctem.:y in so . stoichiometric content of iron. or oth diment is very high because of a greater th
deeper, drinking water reservotrs having small areas of sediment to be treated and having phosphorus inflow » or other phosphorus-precipitating agents, in rel I than

. . ‘ . . . . in relati

dissolution problems of iron and manganese. High concentrations of iron and manganese » In relation to the

A] 1 Increase Of pI()duCtl()Il n tl 1€ lake by nutrient cor 1tr 1bUtIOI 1S Or an 1Ir lPUt Ot or nic
’
ga

matter from the cat
. Chmen
In most eutrophicat sediment surface layer Th't, leads to the accumulation of degradable organi
. . . . . . 1S i 1IC m
long time periods and much smaller layers have been deposited during periods of activities and increased le(nrlchment of the substratum is followed by in actlter at the
o o . Vs . : upta cre ;
eutrophication. This is despite the fact that deposition rates during recent periods of ptake of oxygen, ased bacterial

ten times or more that of earlier sedimentation rates. In these

ed lakes, however, the majority of sediments have accumulated over

; causin, .

the sediment surface. This spontaneously red g}:’thenCClled periods of anoxic conditions at
uces the oxidation .

potential, and othe

r electron

aCCeptOIS, Iat} 1€ thall ()Xyge]l are use( I I( I mineralisation den 1tr]f1Cat]0n
’ ( i

eutrophication can be at least
binding on the one hand and oxidation methane production) desulphuri
: urication,

cases, a combined treatment, increasing phosphorus
of easily degradable organic matter on the other, can be a solution.

In this reactio
n scheme PRSP
B e acer & tilclemtrczﬁcatlon is the first process. This provides terminal
e i erm idari
Y production of carbon dioxide and the liberati m? oxidation
ation of molecular

Combined sediment treatment with nitrate and iron nitrogen, described by the following chemical
ica ion:
Table 1. 3 ) _ equation:
Lake Lilleson (southern Ca:('chment area 10 i;m The combined measures of iron treatment 4 NO,- + 5 CHO
Sweden, treatment Lake area 4.2ha and oxidation by biochemical denitrification 3 O —=5C0O,+2N,+3HO + 4 OH-
accomplished in 1975} Mean depth 20m lied, for the fi i i ] ’ : H
W it processes were applied, for the irst time, in This process is still in a redox ran. o
' Lake Lillesion (southern Sweden). The where, hydrogen sulphid ge where, iron is not reduced to bivalent f i
Treated sediment area 1.2 ha . p phide competes for ferr i ; €ITous ions, or
e — ) experience showed that a single treatment that phosphorus is still not di ous ions with the phosphorus ions. Th )
o 0 . s. Thi
5 tCa(Oiil) can change lake metabolism instantly and Peimary production in the iSso.lved from the sediments and does not lead t ‘shmeans
1 tCa(NOi)2 provide water of bathing quality for a long REERIC WHLEES. o enhanced
Methods of application direct injection by perc;od. Lake I};d}eS]onhwas treated 1fn 19715 Although natural, denitrification is not a v
. ) ) . ] : orv sionifi .
‘ sediment harrow ana its rr.leta olism has not significantty Tutrogen in the oxidised stage is seldo ry Slgfuﬁcant process in natural lakes, becau
Treatment peried 3-4 weeks changed since. Some data for the treatment is especially true during the periods of m pI'O\.Ilded in sufficient amounts by tributa;ies Ths'e
Further measures for redevelopment of Lake Lillesjon and of Hambutten and disappear by this process of stagnation when oxidised nitrogen compound o
+ stoppage of sewage inlet Karutschen ponds (Berlin) are summarised ' pounds quickly
+ removal of vegetation in Tables 1 and 2. Aft ;
. :1‘ .thehdlsappearance of nitrate, desulphurication, d bed
place in the sediments. Th ) , described in the equati
Table 2 The reactions involved in this type of lake €0, thereby reducin' S 1eErocess of desulphurication oxidises organiccrlnatéorl bzlow, takes
: . . I3 . = . e
Hambutienpfuhl and fa‘t(chment arca é‘;;‘; 23';;’?‘ restoration, by sediment stabilisation, & g sulphate: r and produces
Karutszhenpf:hl (sn;all N:e:na:i:nh - m_a(’)g = . processes which ocecur naturally in lakes it 2 CHO
ponds within Berlin, d S . vt 0+ 80> + 2 H
treatment accomplished in Maximum depth 19m37m thle tOP1 seczlment layers. I{‘ 1;‘1(65 thli Vel 4 H"—HS +2CO, +2 H,0
relative ow nutrient loadin: : Jsug . .
1991). Treated sediment area about a lake area o i £ B FelEenE ‘sg,uickl'." desu] }yl' S}llphate is ubiquitously present in wate -
Chemicals used 41Ca(NO), I:l osp OSU; EQERE cate m;n 15 q " Wphurication at the sediment surface. H rar Sl;{fﬁqent concentrations, maintaining
= eposited by precipitation wit iron or WM& bletes remaini . However, HS i S
Method of application entry into the lake water compounds, intro “uced into the lake ot e Withrflammg traces of oxygen, the last traces oE fdPrOdUCfed and this compound
Treatment period several days g t, cributi Such - iron to form ferrous sulphide, which lead O;il {sed nitrous compounds, and
groundwater ~ contri utions. e iments in just th, ’ eads to the liberati ’
. . . : i e m on of pho
Further measures mmediate precipitation, during periods ¢ oment when all ferrous hydroxides are phosphates from
. iron treatment of the sediments (500 g Fe m? hich flow i . - Kes Little reacted to sulphides:
. aeration by circulating plant igh flow in winter ai Spring: ma.l o 2 FeO (OH
phosphorus available for maintaibt )+3HS—>2FS+S+4HO
2

+ clearing of shore trees to minimise foliage (leaf litter
biological production activities in the P ) FepO
e 4+3st_>2FeS+2PO43'+S+6H+
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At this moment, free hydrogen sulphide poisons the sediments and prevents higher faunistic

components in the benthic areas.
Usually, when this process is stopped by the lack of sulphate in deeper sediment layers,
methane production takes place:

2 CH,O — CH, + CO,

t mixing occurs by methane bubbles

Since methane is only slightly soluble in water, sedimen
ive primary production.

and phosphates are liberated to the pelagic waters causing excess

esses in the sediment, along with their time and depth
made solutions for sediment treatment with the

lication of both nitrate and iron at the
ducted in the

The knowledge of these proc
distribution, provides possibilities for tailor-
aim of inactivating sediments. Usually, the app
sediment surface is necessary. The treatment of nitrate and iron is usually con

latter part of the spring circulation.

Experience has shown that it is convenient to start with an iron treatment. It destabilises

hydrogen sulphide and other sulphide compounds in the sediment:

2 FeO(OH) + 3H,S — 2 FeS + S + 4 HO

Thus, these reduced compounds do not have to be oxidised in total by added calcium-
nitrate solutions, which makes the nitrate treatment a little more efficient.

These treatments have to be evaluated by sediment experiments conducted in the laboratory
where iron, phosphorus, and energetic conditions (amount of easy degradable organic
substances) have to be analysed. Various additions of the agents have to be tested with the
sediments in question. By conducting experiments wi
| areal dosage and the concentrations of these agents can
penetration of the surface sediment layers by calcium nitrate has to be exa
respect to iron,
binding, even if a desulphurication process in the sedi
mentioned in this handbook (Lillesjon, Hambutten-
Glienicker) can only be regarded as examples. The dosages in

as general recommendations.

In water bodies wi
chloride, could use up the buffer capacity,

2 FeCl, + 3 HO — Fe,O, + 6 H* + 6 CI

Acid conditions, however, retard the denitrificati
in the lake will change, few toxic effects to fishes and benthic organisms can

as long as pH in the lake does not fall below about pH 6.

be obsernves
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Internal nutrient control - Sediment treatment

bottom, leaving a dephosphorised water which is necessary to prevent excessive primary
production in spring and avoid the loading from organic degradable matter by algal
sedimentation. The phosphorus bond to iron is possible through two different processes: the

phosphate can be bound in iron-phosphate or adsorbed to iron oxide-hydroxide (see
Phosphorus precipitation, page 63).

Figure 1.

Equipment used for Fhe
treatment of Lake Lillesjon
{southern Sweden).

Epilimnion Additional literature

Rheinheimer, G. 1991. Mikrobiologie der Gewasser. (Microbiology of water bodies). 5 Auf. - Jena: G. Fischer.
(In German.)

Ripl, W. 1976. Biochemical oxidation of polluted lake sediment wit
5: 312-135.

Ripl, W. 1978. Oxidation of lake sediments with nitrate. A rest
Lunbds / (NBLI-1001)/1-151/(1989). ISSN 0348-0798.

Ripl, W. 1983. Diimmersanierung. (Restoration of the Dimmer). Berlin: TU-Berlin, FB 14, Fachgebiet Limnologie.
(In German.)

Ripl, W. 1986. Restaurierung der Schlei. Bericht @iber ein Forschungsvorhaben. (Restoration of the Schlei estuary.

Report on a research project). Hrsg.: Landesamt fiir Wasserhaushalt und Kiisten Schleswig-Holstein, D 5.
Kiel. (In German.)

Ripl, W. & Feibicke, M. 1992. Nitrogen metabolism in ecos

h nitrate. A new restoration method. Ambio

oration method for former recipients. Coden

ystems. A new approach. Int. Revue ges. Hydrobiol.

77: 5-217.

ioure 2. Ripl, W., Feibicke, M. & Heller, S. 1993. Nihrstoffelimination aus einem gering belasteten FlieBgewssser mit Hilf
Figure sewage p

tment Sewage eines bewirtschafteten Schilfpolders. (Nutrient elimination from a river with a low load by means of reedbeds).

Proposal for the treatm treatment 2 | , , _ o ,
r agresbericht 1992. Berlin: TU-Betlin, FB 14, Fachgebiet Limnologie, GFGmbH. (In German.)
of effluents of a sewage lant Jag
| plant in Schleswig (Schlei plan Ripl, W. & Lindmark, G. 1978. Ecosystem control by nitrogen sediment metabolism. Vatten 34: 135-144.

estuary, northern

Cermany). @ / 3

Ripl, W., Leonardson, L., Lindmark, G., Andersson, G. & Cronber,

G. 1979. Optimering av reningsverk/
recipient-system. Vatten 35: 96-103. (In Swedish.)

> Ripl, W., Motter, M., Wesseler, E. & Fischer, W. 1988. Regional-skologische Studien zum Plankton und Benthos
SCh'GS\N‘ Berliner Gewisser. (Regional ecological studies of plankton and benthos in water bodies of Berlin). Berlin:
d ~ TUB, Institut fiir Okologie: Selbstdruck. (In German.)
2 dephpsphate ’ Ripl, W. & Wolter, K.-D. 1993. SanierungsmaBnahmen am Hambutten- und Karutschenpfuhl. (Restoration
nitrified water 4 measures at Hambutten and Karutschen ponds). Berlin: TU-Berlin, Gesellschaft fiir Gewisserbewirtschaftung
mbH, Selbstdruck. (In German.)
5 % ﬁwmm, W. & Morgan, ].J. 1981. Aquatic chemistry. 2nd Edition. New York: Wiley-Interscience.
3 3.2
2 (|
Q 2 3
2 Schiei S
estua .
a inflow
| J —1

2 km

€3 /WRB Publication 32 - 1994

81
€3 /wRB Publication 32 - 1994




Sediment removal
Sven Bjork

Background

The removal of nutrient-rich sediment deposited in irreversibly damaged lake basins must
be considered the most radical and definite method to restore such lakes. For a number of
reasons this method should be practised only in shallow water bodies suffering from heavy
sediment deposition. In waters deep enough to preserve their lake character with open
water, other methods for the normalisation of their internal loading and metabolism should
be applied, with the primary aim of stopping the release of phosphate from the top sediment
layer into the water column. Compared with sediment removal such methods are technically
less complicated, as well as being fast and cheaper. However, in shallow lakes in which the
ageing processes are taking place at a high speed, sediment has to be removed in order to

re-create sustainable, balanced systems.

Suction dredging

Technical requirements

For the removal of defined layers of top sediment without roots of growing macrophytic
vegetation, suction-dredgers have to be used. As most water bodies selected for restoration
through suction dredging are small, dredgers should be small, lightweight and easily
transportable on a lorry from one lake to another. During dredging operations, no turbidity:
should be caused by nozzles, dredgers and pumping, because this is a sign of stirring up and.
moving sediment, indicating undesirable fertilisation of the lake by nutrient-rich interstitial
water. In some of the early projects, commercially-available suction-dredgers which were
not constructed for this specific purpose, had to be used. In the case of the Swedish
demonstration project of restoration through sediment removal — the Lake Trummen project.
(cf. case study, Chapter 8) —a special nozzle was developed, whereby it was possible to avoid

turbidity.

In summary, experience gained during the 1960s and 1970s from sediment suction-dredgif
projects made it clear to limnologists that the dredging technique must meet the followi

three demands:
e no turbidity should be created;

e the admixture of water to the sediment should be no more than that required to alle
it to be pumped. As a rule, the nutrient-rich top sediment can be pumped without a
addition of water; and

e the proportions of sediment and water should be constant when homogenous sedimé

is pumped.
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Horizontal control of dredgers

So far, two methods for controll

. ing t i
viz. by means of: g the horizontal movements of dredgers have been applied
ied,

o two }lydraullcally OI)eIated Spuds (Stablhsels) at tlle rear Of the ﬂoat
3

e wire arrangements.

Pumping and deposition of sediments

The conditio
ns for the iti
depending on dredging dteelz(})lSItli)n of removed sediment on land varies fro
selected for restoration, If jt iSno ogy and the space available at the Speciﬁn; case tobcz;se
: necessary to deposi water bo
the run-off water, bej Ty eposit the pumped sedi i y
» being a mixture of lak ) sediment in settling pond
treated in order to . ake and nutrient-rich j . s,
av ; nterstiti
oid pollution downstream of the settling pond (21131 aren has o be
s (Figure 1).

1. Suction dredger. 2. Seitling pond. 3. Run-off water. 4

i Precipitation wi ini
(42 automatic dosage), 4b serton, 4c sedimentain. 44 Cipitation with aluminium sulphate
'

. . . l l
6. The dried sediment is used as fertiliser in horticulture. Pt .- Tl o wae, ;'i‘"e i
chematic illustration of
“ lake restoration by means
@ of suction dredging. From
Bjork, 1972,

&3 IWRB Publication 32 . 1994

83



S. Bjork
- e In i

R _te_rrlaiﬁu_trlent control — Sediment rem I

————01~ Sediment removs,

Because degraded lakes that need dredging are often located in urbanised regions, it is admixture of water. This j pProgrammed to PUmp sediment with ¢,
sometimes necessary to pump the sediment long distances to suitable deposition sites. This position and movery ( }is accomplished through the continuo € smallest possible
. s . . . . ent i us co.
is made possible by means of the installation of booster pumps to increase the pressure in Orizontally and vertically). ntrol of the nozzle’s
the pipeline, in order to overcome the distances and increases in elevation. In order to In summary, the highly flexih]
protect the booster pumps from mechanical damage, a grid for the separation of stones find deposition sites fY hX1 Z, computerised, automatic control I
Or the se iment Th System makes
) € reasons for thig €asier to
are;

ought to be installed between the nozzle pump and the first booster pump.
e The amount of water can be minimj

One of the aims for a new, suction-dredging technology designed to meet the three
limnological demands described above, is to make it possible to deposit the sediment
directly onto fields. Thus the need to construct settling ponds and treat the run-off water
is avoided. The new equipment is characterised by being automatically controlled. This is
based on a continuous analysis of the pumped medium. Detailed maps showing the stratigraphy be adjusted and substances for (] :

Of the binding of metals

and horizontal distribution of the type of sediment that should be removed constitute the basis

for the operation.
conditioning, direct depositi

Automatically controlled suction dredging technology

In principle, an automatically controlled suction-dredger consists of three parts: the floar,

the nozzle, and the automatic control system.

The float is designed in the most simple way. Its size is determined by local conditions

1.
(size of the lake, waves, transport conditions, etc.). It is imperative that the size of for this .
the dred ’ d, the size of th ‘tu | water body in order o optim E type of suction-dredging. Instead € contrary, it js often a disadvantg
e dredger corresponds to the size of the actual water body in order to optimise efined sediment layer is decisive o th » Precision in the removal of a [imno) ng
transport and installation costs. because of th, 11 this connection, hijgh ; Nologically-
e lack of corre, » igh capacity dred
spondence they sh edgers are problem, 1
area that has to b ey show between ) ‘ atica
. . . . y e Cleane Pumping cq aci
2. The nozzles developed for soft organic sediment include pump and grid for protection of sediment for which it hd p;r unit time, in order tq supply thegdres ty and the bottom
. . ) ) : er
against stones. (Primarily, the sediment (gyttja) to be removed does not include the speed required in otrderatS eeln designed Because the dredger canngOt Wlthbthe volume
stones. However, stones, ammunition, bicycles etc., have often been thrown into action results i, Berpurs o collect enough sediment from 3 layer 20 ¢o ?8551 ly move ar
lakes, especially in urbanised regions). For other types of sediment, a special design’ e lake. ping of either excess water or sedimenr wh h sh 1 thick, che
. . s . . ic
and function of the nozzle is needed to fulfil the limnological demands. should remain in
The Jim
nological ajm £
. ) , o . 3 o
3. The control system consists of measuring devices from which signals are continuously lake js 4 Testoration project b sed
Uty to carefully clean g defined ¥ sediment removal from a eutroph
transmitted to the unit directing the position of the nozzle that pumps a predetermmed foublesome Internal nutrien | ned area within whjch the polluted sedi utrophicated
concentration of sediment, the speed of movement of the dredger, its location on the lake after (e Project b, bent ?adu;g It is the cleaned area that should b ment Tlauses the
E cen finished. The © controlled in th,
the yol e dredged/clea e
ume of removed sediment because Sofne/ ned areq is much more important

lake etc. The measuring devices of the automatically-controlled sediment pumpiné
system include reading of water depth, density-, flow- and other meters for recordin
physical and chemical parameters of pumped sediment and sediment/water mixtures

The type of precision dredging most often desired for lake restoration is the removal
sludge, layer after layer, by pumping sediment according to a programmed, constant, d

matter concentration. A serious drawback concerning old types of suction-dredgers was 1€
pumping of large volumes of ‘unnecessary’ water. This made the construction of big settli
ponds inevitable. Through automatically controlled pumping, ‘unnecessary’ water is avoid

3 teChIlOlo
; gy. Cleaned 3
8INg operatjon, reas s

&3 /WRB Publication 32 - 1994
@ IWRE Publication 35 . 71994

85




1

S.Bjork S ——

n automatically controlled suction dredger was launched in Vaijgar fish

A prototype of a
South Bohemia, in July 1991, cf. case study,

pond in the town of Jindfichtv Hradec,
Chapter 8.

Removal of sediment overgrown by macrophytes

h heavy water blooms are typically devoid of submersed

Eutrophicated, shallow lakes wit
plants but often characterised by luxuriant stands of floating-leaved and emergent littoral
great problems and often

vegetation. The presence of living roots in the sediment causes

makes suction-dredging impossible.

lluted lake with large stands of floating-leaved vegetation (Nuphar,
Nymphaea, Potamogeton etc.), the petioles and stems should be cut immediately above the
lake bottom. After that, the rhizomes and roots have to be cut by a rotavator mounted on
pontoons (Figure 2). In soft bottoms, it is possible to loosen the rthizomes from the bottom
by the use of cutting bars (one horizontal and one vertical), also mounted on pontoons
(Figure 3). The loosened material, drifting at the water surface, is transported to wind-
exposed shore sections. It is sometimes necessary to carry out this type of treatment in sub-
areas surrounded by floating booms. After finishing the work within the sub-area, all loosened
material is dragged, with the boom encircling it, to the shore where the material is removed’

from the lake by means of a conveyor belt.

Before dredging a po

The pre-treatment of the lake bottom, to get rid of thizomes and roots, in order to m
suction-dredging possible, ought to be carried out at least one year before the dredging starts
Root material remaining in the bottom has then decayed to such an extent that it is n
longer a problem and the negative ecological effects (turbidity), caused by the treatment ot

the bottom, are remedied by the subsequent dredging.

Plaur formations developed in the lakeward vegetation zone should best be cut in portions
suitable for being towed to the shore and removed by an excavator. Draglines, amphibiots
excavators, etc., are used for cutting the plaur into manageable pieces. Firmly rooted vegetatic
along shores should, if necessary, be removed by draglines and excavators. All such w
should also be carried out in due time, for ecological reasons, before the final suctiof

dredging takes place.

s have been constructed for the removal of bottom material, includin
all kinds of living plant material, from densely overgrown wetlands (Figure 4). Pumps &
mounted inside a bucket, in front of which a revolving drum with knives cuts roots

plant stems to a pumpable mixture. The machine is very easily transported on a lottys

the ability to move into and out of a water body by itself, and to open up free wately
(see also Lake Hornborga &

for example, drained and completely overgrown wetlands
study, Chapter 8).

Multi-purpose machine
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Figure 2,

Pontoon machine
equipped with rotavator
for treatment of roots and
hizomes of aquatic
macrophytes. Constructor
Emil Crongvist, Lake
Ldngasjén, Sweden, 1972
Photo: Sven Bigrk, '

Figure 3.

Pontoon machine
equipped with horizontal
and vertical cutting bars.
Constructor Emil
Crongvist. Lake
Hornborga, Sweden, 1969,
Photo: Sven Bjirk.
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Figure 4.

Multipurpose dredger, type
Lannen Watermaster.
Constructor Lédnnen
Engineering, Finland. The
dredger is easily
transported on a forry and
capable of loading and
unloading itself as well as
launching itself into
wetlands and lakes. By
courtesy of Lannen
Engineering.

Sven Bjork

Some information about methods and tec
governing of emergent and floating-
Trummen-Vajgar and Lake Hornbo
complementary additions are made t

hniques for quantitative control and qualitative
leaved macrophytic vegetation is given in the Lake
rga case studies (Chapter 8). In this chapter, some
o the information given in these case studies.

Notes on basic macrophyte ecology

bad in the water, such wetlands are ion. ,
floating-leaved and emergent macrophyti ion i
The lakeward margin of the reedbeds

te external supply of
level, submersed macrophytes, Ceratophyllum, Elodea,
sometimes reach such a quantitatively rich development
attain the goal of the management programme. Even

narophytes, like Chara tomentosa, can appear in such masses that a reduction is required.

/hen dealing with lakes of this type,
h care. This is because the ecosy,
cture and function, viz. (1) one ¢

the reduction of submersed vegetation has to be made
stem might oscillate between two different types of
haracterised by richly developed submersed vegetation

ing it B ucers, either the submersed
d into a pulper/macerater, transferring

macrophytes or the phytoplankton.
: f up to 100 bat
rt it (at a pressure O

\ ial can also be 1oade
t d bottom materia . i

Ellxdcaalalliec hmger pumps ViIlg t apacity to transp
yar P ha he ¢ O

S Wit We]
TesS

n lhdl Slnhlgh ftns

T S, € ph tes l
over s€ eal klO

l developed rhizome and OOt systems,
ssimilated from the bottom, In spring, these nutrients are transloca
but then, at least in part, returned, together with soluble car!

&s before the end of the vegetation
are more or less preserved within th
€ thizomes in autump, This means th

'_ t:i‘ansport from the bottom, via the p
Figure 1),

essential nutrients
ted to the growing
bohydrates, to the
period (Figure 1). In contrast to those elements
e plant, other elements are not transported back
at, for this group of elements, there exists a one-
lant, straight to the water and

Reference

. . restoration progr € (& S. bio 1: 153—1()5.
m gets 1 sult . Am

BOIk S 19;2 Sw dlShlal(e estoration progra

)} o €

the top sediment
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Figure 1.

Schematic illustration of
the role of Phragmites and
other rooted perennial
aquatic macrophytes in the
transportation of elements
within the limnic ecosystem.
From Bjork 1967

S. Bjork

——————_ Macrophyte control

reproduction, the colopicr: by pend

The reproducti e
A B . P_ uction strategies of different :
, L1 1 , decisive Importance for thejr dispersal daquatlc Plam Species (cf. Sculthorpe 1985) is of
, Yy YY)y quantitatively domrar : and recolonisation within tr o0
' A I \ AN 7 the distrib y hating species are characterised by rapid cared wetland arcas The
/ ! U ribut . id ve i )
N \1 \ﬂ \ ’/ \ jr\\'{ / \ \ f/ ton of - Phragmites australis is de soatve repr.oducuon Although

Arrow A indicates the uptake from the bottom of elements which are transported to the shoots but returned to the rhizomes at the end of the
vegetation period. Arrow B indicates the uptake from the bottom of: (i) elements which remain in the shoots at the end of the vegetation
period and are eventually transferred to the sediment with the detritus and (ii) elements which are leached from the shoots and thus
transferred to the water during or after the vegetation period.

Aspects such

. ) g ch as the envj I species need |

The fact that essential nutrients can be preserved and repeatedly utilised in the development periods, as well as i}, 1?Vlronmental fequirements during migrat arge open water areas
. . . . . . ) : s the ion

of shoots, as in a perennial plant like Phragmites australis, has important ecological ood requirements of young waterfo » nEsting and moulting

consequences. Thus an occasional addition of nutrients (e.g. a temporary outlet of sewage)

to the superficial soil layer can have a prolonged effect on the productivity, as tested in field Pre- project in .
experiments with sewage (Bjork 1968). In lakes where eutrophication has resulted in the vestigations and pl anning
luxuriant growth of perennial macrophytes, diversion of sewage does not have any immediate: If

effect in the form of reduced productivity because the essential nutrients are re-circulated.
The plants assimilate as much nutrients as they need for their normal physiological function.
Above this level, a ‘luxury consumption’ can appear.

Nutrients preserved within the perennial plant system can also have been taken up durifg
a long time from the soil within the rhizosphere. The deeply rooted macrophytes in the
minerogenic littoral zone frequently seem to be furnished with nutrients from the subso
water from which an enrichment can take place. Thereby the standing crop can successivell
increase quantitatively. The nutrient concentration of the water penetrating the ground

: Ottom conditj
) . ) ) ; w
and seeping through the littoral zone is, therefore, important for the development of thé Besting sies of bird SODS.(OFganogemc, Mminerogenic, soft or hard lO’Ca: ter depth during the
deeply-rooted aquatic vegetation growing in minerogenic soil landwards from the organ Wportance f becies, etc. The information collec ted d ion of boulders etc )
I or the correct evaluati uring the pre-studies is of great

sediments.
the improvement
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Methods

Figure 2,
Pontoon harvester Limno-
Combine with gne
hori.zontal and two vertical
cutting bars (above),
Automatic unloading of
cut plant material (below)
Constructor: Emi] .
Crongvist. Lake
Magelungen, Stockholm
1993. Photo: Stefan ,
Crongvist.

Technical equipment

Among the three different types of methods generally mentioned in connection with the
reduction of undesirable vegetation, i.e. biological, chemical and mechanical, only mechanical
methods are treated in this handbook because they are the only ones possible to have under
continuous and complete control. The available technical equipment covers a wide spectrum
from simple scythes, small boats with cutting bars, to expensive aquatic harvesters. In
addition to the amphibious and pontoon machines mentioned in Chapter 8 (Trummen and
Hommborga case studies), a pontoon harvester for removal of submerged vegetation has been
constructed for Scandinavian wetlands (Figure 2). The cut material is automatically loaded |
and brought to land by the harvester. Contrary to other machines with about the same

function, this type can be easily transported from one site to another. Pontoon machines

can also be equipped with rakes for collection and transport of cut material or masses of free- |
floating plants to the shore. The most suitable propulsion of pontoon machines is by paddle .
wheels (Figure 2). : ' =

The need to remove cut plant material

Plant material cut by mowing-machines or loosened by rotavators should be transferred to
land. If, in large projects, plant material is disintegrated in a macerator and pumped to land,
precautions should be made to prevent pollution from the sap. Easily degradable fresh
material and plant sap consume oxygen and act as a fertiliser.

Slowly degrading matter like coarse Phragmites detritus covering the bottom constitutes an
unsuitable substrate for submersed plants and for bottom animals. Such detritus is also easily
moved along the bottom by water currents and can accumulate in stands of, for example,
Schoenoplectus, originating from submersed seedlings in areas of open water. Contrary to the
stems of Phragmites, those of bulrush (Schoenoplectus) wither in autumn. However, becausé :
the basal portions remain, the bulrush stands growing in open water act as very efficies e el B uuuu!ﬁ’nm 3
traps for drifting detritus, both minerogenic and organogenic. Most intensively, SKURUP

accumulation among stubbles and young shoots takes place during the windy spring hij -
water periods. In this way ‘verlandungs’-islands are created. Because of the tough thizo
system of Schoenoplectus (acting like reinforcing netting) such vegetative islands are often
difficult to get rid of.

Time schedule
In principle, the most suitable time for cutting perennial emergent plant species is
they have their highest concentration of nutrients in the shoots. Then the removal of

standing crop means a maximal depletion of nutrients from the plant. In the cas
Phragmites, this stage is reached just before the appearance of the panicles. Repeated cuttist
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AL

Figure 4.

The effect of grazing on

‘ the littoral vegetation.

//f From Luther &
Munsterhjelm 1983,

Figure 3.

Re-growth of Phragmites
shoots after burning of
stems and the layer of
accumulated coarse
detritus. Lake Homborga,
Sweden {cf. Hornborga
case study, Figures 2
and 3). Photo:
Sven Bjork 1973.
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Shore profile of a grazed shore pasture at Pojo in Finland, in 1945

m

in a treated area. However, provided the

e extermination of a species with
uccessively recolonise

can result in th
altered, the same or other species will s

environmental conditions are not
the cleared bottom.
i

J:\*h B s

R
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from a wetland also means a certain

the real importance of this activity
en dealing with the huge biomass:
rative to remove it from

re the

Although the removal of green emergent plant material

reduction in the total nutrient capital of the ecosystem,
for the nutrient economy is cather negligible. However, whi
yllum and Myriophyllum, it is impe

of submersed plants like Ceratoph
the wetland before any decomposition of the plant material has started, i.e. befo
release of nutrients from the easily degradable mattet.

| _
The same profile in 1981 with no grazing since 1963

i

[ /
/

to observe is that the cutting should be done before seeds have become fully
ut material

get lost from the ¢ of, for example;
the root systems of hydrophytess
d, the cleaned area can also b
ring and propagations

' Another aspect

! developed and germinative, and easily
Potamogeton. Both when cutting standing crop and rotavating

especially submerged plants, late during the vegetation perio
seeded with hibernacula of various kinds, i.e. buds adapted for overwinte

G

M L=
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Use of fire
ion and with the bottom covered by a layer -_
it is sometimes possible to make use &

repare for treatment of the oot
e mostly 1

rgent vegetat

In wetlands overgrown by eme
coarse detritus (Hornborga case study — Figure 3),
geing process Of as 2 means to P
Figure 6). The best conditions for burning ar

'|u H
PEsiute at Pojo, still grazed in 1981,

fire to retard the a
(Hornborga case study —
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iate training for firemen). Because the rhizomes and

summer and early autumn (appropr
) and because better light and temperature

roots are not damaged by the fire (Figure 3
conditions appear after removal of the detritus cover, the procedure results in an increase

in biomass in the following years. If the aim of the treatment is to get rid of the emergent

vegetation, rotavation of the root-felt is necessary after burning the stems and coarse detritus

layer.

Management of the littoral zone

ntal protection agencies and the army includes,
rriers for management of the transitional ‘blue

zone’ of open water separating land from the richly developed emergent vegetation surrounding
eutrophic lakes. As long as grazing by cattle existed, this zone was kept open up to the depth
which cattle reached when grazing aquatic vegetation (Figure 4). When grazing stopped, it
rapidly became overgrown, and nesting as well as foraging sites for waterfowl were lost. By
means of military tracked vehicles (training of drivers) the root systems of the emergent
perennial plants within this littoral zone is destroyed and it becomes productive with respect
to a diverse fauna, insects, molluscs and flora (Lemna, Ceratophyllum, Hydrocharis, etc.). Like
grazing, this form of artificial treatment has, of course, to be repeated along shore reaches

not exposed to ice- and strong water movements.

In Sweden, cooperation between environme
among other things, the use of all-terrain ca
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Food web management

J M &

Introduction

oo ion was introduced
e eomectty, web management means the
management of the fish stock

to fdou)n -OTL, Or more ¢
p control of the ecosystem, Primarily orrectl,
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. Howev
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mited systems.
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- L e— ~_Food web Managemen
In some cases, a reduction of total phosphorus was observed as a result of food web As recently reviewe by Sh e T —
management (Reinertsen & Olsen 1984, Stenson et al. 1978, Scavia et al. 1986, Wright important in COnSumingy el‘:c & Sherr ( 1988, 1 992) heterotmph
’ Prey of > 2 um (most] : ¢ Nanoflage|lates
Plcoplanktgn, and overa]] protistan herbivory );f :Cr)totiophlc cells) as 1 are as
iva

& Shapiro 1984). On the other hand, no reduction of nitrogen compounds can be expected.

in such systems, 1,

» OwWever, as we]

. s ast A
which might be expecte he Strong shift in gj,

& Sherr 1988, 1992).

€ structure and

d, has scarcely been documente Species composition

The role of the microbial loop
d (Beaver & Crisman 1989, Shery

Only recently has the importance of the microbial food web been recognised (Sherr &
Sherr 1988). It plays an essential role in stabilising the effects of food web management. [n
plankton of most aquatic ecosystems, bacterial production amounts to about 30% of primary Food wep mana .
production on an aerial basis (Cole et al. 1988). If we assume a growth efficiency of 10~ gement — jig mevrij
50% (Pomeroy & Wiebe 1988), planktonic bacteria process more than half of the organic
carbon produced in aquatic systems. While the response of zoo- and phytoplankton
communities to management of higher trophic levels have already been documented, the
responses of heterotrophic microbial processes have become a ‘hot’ topic of recent limnological
studies (e.g. Christoffersen et al. 1993, Jiirgens 1994). Bacteria are grazed by a wide variety
of protozoans and metazoans in freshwaters (Sanders et al. 1989, Berninger et al. 1991),
Changes at higher trophic levels may cascade to bacteria and protozoans via a number of
pathways (Christoffersen et al. 1993). For example, cladocerans can, and do, graze both
bacteria and protozoans in addition to algae, whereas most copepods do not graze on

bacteria (Stockner & Porter 1988).

The‘ Increased 8razing pressyre
species, especially colonial blye
Therefore, changes in size s

t . orter 19
Phytoplankton can be the co reture, species composition and 77, Lynch 1980).

nisequence of foq,

In general, two extreme situations can be expected:

1. In systems with a low stock of planktivorous fish, large daphniids develop a high
standing stock, which causes a decrease in protozoan abundance resulting in low
protozoan grazing pressure on bacteria (Riemann 1985, Jirgens 1994). Direct predation
on bacteria by macrozooplankton could funnel a significant fraction of bacterial
production up the food web (Pace et dl. 1990). Naturally this situation develops
during the annual spring clear-water phase of most temperate freshwater bodies and:
is characterised, compared to the remainder of the season, by a significant drop itk
abundance of microheterotrophs: by a factor of 2-4 for bacteria, 5-15 for heterotrophit
flagellates, and by a temporal decrease or even disappearance of ciliates (Simek eta
1990, Vyhnalek et al. 1991, Simek & Stragkrabov4 1992, Jirgens 1994). It foll
that especially protozoan abundance and species composition might be a sensi
indicator of the food web management efficiency, as indicated in experimentil

enclosures (Riemann 1985).

It js known ¢,
B at managemen of the £
put. In e i ¢ tood web g more efficj
i e o igh exte i ent at low Jeyels of ph, ru
Ospho ] logdmg no 1 mal (Benndorf ¢ al. 1988) or interna] (Lamnfer(l)sspllgéSS
efficiency thredhy can be achieved. The )

food wep
about 0.6 8P m7yeqy, (Benndorf

l;he desired Improvemeng
Seems to reach 4 value of

2. Under the same nutrient loading, a high abundance of planktivorous fish usua
results in a much higher phytoplankton biomass. Bacteria are grazed primarily
abundant protozoans, and then relatively little bacterial carbon will be transferred
higher consumers because of respiratory losses at each trophic step. Since this situatiof
is more common and develops naturally, during the spring or summer phytoplan ‘
blooms, then the question arises: What is the fate of high primary production in 6%

absence of large herbivores?
Gee
PEr water Jayers with . = s hytoplankton regularly transpogteq

thus. .
» Thus, its growing Potential is ligh.
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Figure 1.

Schematic illustration of
the effects of ‘restoration’
efforts by reduction of
planktivorous fish ir.1 a
polluted lake with high
concentrations of

100

nutrients.

Maténa, V. Vyhnalek and K. Simek
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Food web management

There is only a poor knowledge about relationships between the effects of food web
management and the technology of drinking water production. The most recent results
showing the relationship between toxic compounds and trophic structure of aquatic ecosystems
(Barica, pers. comm.) have to be taken into account. Higher accumulations of toxins in

organisms was found in oligotrophic rather than in eutrophic water bodies.

Conclusion

Positive effects of food web management can be more easily achieved in smailer, fully
controlled, shallow water bodies, such as fish ponds, than in natural lakes and reservoirs.
The situation that often occurs in lakes and reservoirs where reduction of planktivorous fish
was attempted is schematically illustrated in Figure 1. As it is very difficult to achieve the
total removal of planktivorous fish from natural lakes and reservoirs, the fish left in a lake
reproduce at a very high frequency and the conditions in the lake may revert to the
situation which existed before the fish removal.
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Figure 1. [
Location of Lake Ringsjon
in southern Sweden.
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Control of external nutrient loading — Lake Ringsjén, Sweden

Investigations

82 revealed the following:

° water flow, quality and matter transport in the main tributaries showed big variations.

the

A distinct relation between the percentage of farmland and the concentration of dissolved
nutrients in the tributaries was found. Direct measures of the annual P and N supply
indicated that the land around the lake leaks more nutrients than was estimated. The

P-leakage from farmland is amongst the highest measured in Sweden.

* 90% of the annual marrer transport to Lake Ringsjon takes part during the winter
months. A very small part is supplied during the vegetation period from May to September,

the water quality in the lake has markedly degraded since the middle of the 1960s. In

ten years, the value of total P during the summer was almost five times higher and that
of total N three times higher.

since 1890, a change in phytoplankton composition has occurred. The increased nutrient
load resulted in an extensive development of blue-green algae and simultaneous reduction

of diatoms and N-fixating algae. Since the 19605, the total biomass of phytoplankton has
rapidly increased.

20th century. This is especially substantial for P in Lake Sitoftasjon and for N in Ostra
ﬂ?\ingsjém Regarding heavy metal contamination, Lake Sitoftasjén is the most exposed,
SSpecially considering cadmium, copper, lead and zinc. The PCB content was high in
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4toftasjon and has to be considered a high potential

all three basins, especially in Lake S
ecological risk.

to an unnaturally heavy load of

It was concluded that Lake Ringsjon has been exposed
e supply of fertilisers from the surrounding farmland is still
ased from the

nutrients for many years. Th

causing deterioration of the water quality. In addition, nutrients are rele
sediments during the summer. To improve the water quality of Lake Ringsjon, the annual
supply of phosphorus should be reduced by 70%, i.e. the existing load reduced from 30
ronnes to about 10 tonnes. To reduce the supply of nutrients from the tributaries and restore
the lake sediments will take a very long time, if it is at all possible given economic constraints.

Measures undertaken

declared specially sensitive to pollution

In 1985, Lake Ringsjon and its drainage area was
with the following

according to a supplement of the Environmental Protection Law,
regulations and recommendations:
tection Law

Regulations under the Environmental Pro

Use of fertilisers
1. The application of manure, sewage sludge and commiercial fertilisers to
content of the soil, especially considering phosphorus, and not exceeding given re

tand should be done by 1988.

2. Manure spread on unsown fand should be

farmland must be based on a survey of the nutrient
commendations. This sofl survey of all

ploughed in, within 36 hours.
cember to 28 February must be ploughed in, on the same day.

Joughing did ot take place the same

3. Manure spread during the period from 1 De
of an open ditch or water course, if the p

4. Manure must not be spread within 10 metres
day as the manure was spread.

urine and liquid manure can be collected.

Storage of fertilisers
hould be furnished such that all manure, -
th more than 15 heads of catlle MUSHI®E

5. The storage facilities for manure s
storage capacity should correspond to at least eight months production. Farms wi
2 tank for urine and liquid manure. These arrangements must be ready by the end of 1990.
is not allowed during the period from 1 December to 28 Februan’

6. Storage of manure directly on the ground {compost)
feed stuif must be designed s0 that all juice can be c@

7. The storage capacity for silage, heet mass and other juicy

Drainage

8. Drainage water from the milking rooms of dairy farms with more than eight cows should be treated in sludge fraps I

by an infiltration bed or collected in a manure tank. If washing-up detergent with a phosphorus concentration [esst
is used, then treatment in a sludge trap followed by a filter outlet will be sufficient. These arrangements should bet

the end of 1990

9. Sewage water from a single farm should be treated, at least in 2 sludge trap
methods are valid. This arrangement must he ready by 1988.

followed by infiltration. Other simila
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Table 3.
Costs of research projects
to restore Lake Ringsjon

Research project Cost
(thousands US$)

Limnological investigations 58

Agricultural investigation (1) 110
Investigation of tributaries 51

Agricultural investigation {2) 31

Cultivation of water plants 850
Cyprinid reduction 783
Protective crops 70
Total 1,953

Research projects

The reduced phosphorus load to the lake
resulted in lower P-concentrations in the
lake water, from more than 300 pg 1! in the
beginning of the 1980s to about 50 pg I in
1989. The reduced P-concentration has
resulted in lower algae production. This
has influenced composition and size of
zooplankton which in tum has changed
conditions for the fish community.

Various projects of an experimental character, aiming to test methods of restoring the lake,
have been presented to the committee (Table 3). Among these, the following ones were

chosen to be carried out:

¢ nutrient reduction by cultivation of water plants

o field experiments with protective crops

e lake restoration by reduction of cyprinid fish

Overall evaluation

Since the beginning of the 1980s, Lake Ringsjon has been at the centre of the debate
regarding diffuse nutrient loading from farmland. The eutrophication of Lake Ringsjon, its
status, the nutrient leakage from the drainage area and the enforced regulations on farmers
will all be of great interest in future debates on the environment. The studies carried out

and still continuing in Lake Ringsjon are probably the most extensive in Europe.

The regulations have resulted in a considerable reduction in the external nutrient loading

quality and how long this will take.

Reference

Bjork, S. & Lettevall, U. 1968. Bolmen-Lagan-Ringsjén. Resultat frin en tvi-arig limnologisk undersoknitii
samband med projektering for Skines framtida vattenforsorjning. (Results from a two-year limnol
investigation in connection with planning for the future water supply for Scania province). Sydvattett
Limnologiska institutionen, Lunds Universitert. Rapport. (In Swedish.)
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Figure 1.

Land use in the catchment
area of Lake Gross-
Glienicker.
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_Restoration ieuti)phic lakes by phosphorus precipitation — | gke Gross-Glienicker, Germany

Processes in the lake

! In the Berlin region, the prevailing wind is from a westerly direction. Due to the north—

south orientation of the lake basin and lack of kinetic energy brought into the lake by any
inflow, the stability of thermal stratification is high. In normal years, the stratification
' develops in April or May, with a thermocline in summer between 5 to 6 m.

Lake Gross-Glienicker showed some typical signs of a lake with a high nutrient content.
In summer, the transparency of water decreased to values lower than 1 m and blue-green
algae became an important phytoplankton group. In the bottom water layer, the hypolimnion,
oxygen was depleted usually by May, soon after the establishment of thermal stratification.
Consequently, hydrogen sulphide was formed.

The littoral zone of the lake was poorly developed. Reeds were missing in nearly all parts
of the lake, submersed macrophytes could hardly be found. Therefore, the positive benefits
of these surface enhancing structures for nutrient cycling was missing. Coenoses in the lake

were dominated by phytoplankton. Due to production of hydrogen sulphide, the benthos
was poorly developed.
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sulphide is formed. The hydrogen sulphide can reduce iron and form iron sulphide thus
releasing the iron-bound phosphorus. Usually, sediments with high S/Fe-ratios (above 1 or
1.5) do not show a good phosphorus-binding capacity. (See also Chapter 7, Sediment treatment).

With sediment analysis of iron, sulphur, and phosphorus, the state of the sediments can be
‘evaluated. In Lake Gross-Glienicker, the molar ratio of sulphur to iron (S/Fe) was 1.3,
‘indicating that a relative high amount of iron is present in the form of iron sulphide.
‘Consequently, relatively little phosphorus was found in the sediments (0.2% dry matter).

As shown by pre-investigations, the upper sediment layer contains about 33% dry matter
Of organic substances, most of them easily degradable, about 22% dry matter of lime, and
HP 10 41% dry matter of acid insoluble residue (AIR). Besides these main components, the
*iment content of iron, sulphur, and phosphorus is particularly important for the evaluation
phosphorus exchange between water and sediment. In Lake Gross-Glienicker, sulphur
: hes 1.5% dry matter and phosphorus about 0.2% dry matter, while the iron content of
dry matter is very low in comparison to other Berlin lakes. Depending on the geological
Cture of the catchment area, some lakes in the Berlin region contain much more iron
their sediment. Under oxidised conditions, this additional iron is able to bind phosphorus.

Mowledoe of these processes helps to anticipate the process determining the phosphorus
~Centration in the water. In Lake Gross-Glienicker, analyses of the water had been
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Restoration of eutrophic lakes by phosphorus

precipitation — Lake Gross-Glienicker, Germany
Figure 2.
Volume-weighted
concentration (means: 1 =
4) of total phosphorus in
Lake Gross-Glienicker.
A, distinct values,
B. successive calculated
yearly pattern {cumulative
mean).

distinct values

1989-1992 (Figure 2). This means that, under the given circumstances, sedimentation was
the main phosphorus process during summer. In comparison to other lakes, this untypical
' pattern of Lake Gross-Glienicker was caused by the lack of iron in the s

ediment. The
increase of total phosphorus during the cold season from about September to March was

probably caused by mineralisation of organic sediment and inflow of phosphorus-rich water
via surface or ground waters.

Redevelopment and restoration of the lake
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The aim of restoration of Lake Gross-Glienicker, situated in the densely populated area of
Berlin, was to use the lake for recreation, bathing and fishing.

cumulative mean

The concept for restoration and redevelopment of the lake was based on the analysis of the
processes determining its nutrient budget. Two principles had to be respected in order to

. restore the lake and its catchment area:
; : :
0.9 . \ ' ! o to keep water in the soil thereby achieving a maximum evapotranspiration (short water
] 1
' ; ': :' cycle; see Chapter 3), and
o-a ] 1 t ]
i ' - . . . . . . -
0.7 ' '. ': l'. e to keep minerals and nutrients in particulate or solid structures, i.e. soil, terrestrial
= i . . ' | vegetation, emersed and submersed macrophytes and sediments.
L} 1
a® 0.5 :. ! |
] 1] 1
0.4 ': ': :
1

N o e e B LB

The basic prerequisite for the redevelopment of the lake was the diversion of sewage. The
sewage from the military barracks situated north of Lake Gross-Glienicker was diverted
prior to restoration measures in the lake itself being undertaken. In subsequent years,
soakaways in the settlement area should be replaced by central sewage discharge into a
biological sewage plant. At the same time, the seepage of groundwater into the lake should
be minimised. This can be performed by decreasing the rate of groundwater formation by
increasing evapotranspiration with the aid of increased vegetation cover. Raising the water
level in the lake as high as possible also ensures that the seepage of water from the lake to
the soil increases, thereby minimising nutrient load to the lake by that path.
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During the previous years, when the lake was heavily loaded with nutrients, a large amount
(of algae was produced which died and settled on the bottom of the lake. During summer,
When the hypolimnion was anaerobic, no oxidative degradation of the organic matter
‘Occurred. Therefore, a lot of easily degradable organic substances accumulated in the
“diments. Even today, these sediments exhibit a very high capacity for oxygen consumption,
Which also influences the water body. This oxygen consumption can be controlled by the
polimnetic aerators.

e first step in the restoration of the lake itself was the installation of four hypolimnetic
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Figwre 3. [
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treatment.
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Iron treatment

As a second step, iron in the form of solid iron hydroxy-oxide and dissolved iron chloride
was added to the lake water, in order to enhance the phosphorus binding capacity still
further. The iron treatment was planned to be carried out during the autumn circulation.
Because of several delays it was carried out from December 1992 until February 1993.
General recommendations are made in Chapter 7, Phosphorus precipitation.

In both cases (iron hydroxy-oxide and iron chloride), the area to be treated by the addition
of iron was restricted to the deeper parts of the lake. Iron deposited in shallow parts of the

spended in water and pumped to the lake. It forms an iron buffer inside the sediment. In
Gross-Glienicker 250 g Fe m™ of lake area were used.

Application of jron chloride

chloride is a very acid solution and has to be treated with care. In this case, another
V8 Fe m? of lake area were used. The pH of the 40% iron chloride solution is below
. After dilution with water, the Fe3* ions are precipitated as oxides and hydroxides. This
$8 releases additional protons by the hydrolysis of warer. The protons have to be
ed by alkalinity. In Lake Gross-Glienicker, the addition of 112 mg [ Fe Cl, led to
M0p of alkalinity from 1.96 to 0.36 mM (Figure 4). The pH of the water during the

Stment with jron chloride reached a minimum of 6.26 (Figure 4).

0 the jron treatment of the water body, i.e. precipitation of iron as oxides and
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— Restoration of eutrophic lakes by phosphorus precipitation ~ Lake Gross-Glienicker, Germany
-D. Wolter -
) - o ] hydroxides and a subsequent binding of phosphorus to the sedimenting iron particles, the
e | phosphorus concentration in the water decreased during the treatment phase and afterwards
Figure 4. |——_ 95 | | from about 0.5 mg P I to 0.012 mg P I'* (Figure 2). In 1993, the transparency of the water
Chemical parameters (pH, | 9. : (Secchi depth) increased to values above 2 m during the summer. Due to diminished algal
alkalinity) - volume - | 85 : | growth the chlorophyll a content of the water decreased to a mean value of 10 mg m= in
weighted means. | '8 : l the vegetation season 1993 (Figure 5).
| 5 s ||
| / ‘. . Importance of the littoral zone and recommendations
6.5 e e T
. T T JFMAMJJASON
6 ﬁwd%&ﬁMAMJJASONDJFMAMJJASOND o Lk hal . . e L | N “ ) _
| JFMAMJJASONDJFMA 990 1991 1992 In lakes with a ong retention time, the littora zone may have an effect on the nutrient
| 1989 ! flow in the lake. In Lake Gross-Glienicker, for example, phosphorus from the collection
| e hollows may enter the lake. An additional rel
| 3
| 2.5

ease of phosphorus from the littoral sands can
be caused by people bathing and stirring the sand with their feet. In one sample, a phosphorus
concentration of 0.5 mg P I! was found in the interstitial water of the sand only 35 cm
below the surface.

alkalinity [mM]
.

To prevent nutrient input by stirring of
littoral sands by bathers, several recommend-
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| 1989 T e
S

artificial bathing
. . isles
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— & p ll‘tt'oral biotopes without damaging the —
e sepsitive macrophytes. These two measures
Figure 5. |_
Physical and chemical |

are schematically drawn in Figure 6.
hi depth,
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Figure 6.

Proposal for artificial
islands and ‘observation’
trail near the shore in
Lake Gross-Glienicker,

Project evaluation
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| '. to be successful. During the whole vegetation
WMTOW ;rioi of 1993, low concentrations of

° JFMAMJ‘JASONDJFMAMJJASONDJFMAN:\SJE)1 1992 1993 hosp orus a?ld chlorophyll a were
| 1989 1990 Maintained (Figures 2 and 5). During the
| lowing vears the development of the

e will be observed and the following
‘ameters monitored:

= T
e A
MJJASONDJF MAMJJASOND

fol
300

N
o
(@]

hydrological parameters (inflow and

outflow);
100

chlorophyll a [mg m?]

development of stratification (oxygen
and temperature profiles);

0 L A T T ——tr T 3 -,_(_:he o ( Cia

993 ] ‘Phosphorys and chloride); and L
1992 ! —
89 1990 1991 -
5 _
| 1 I ————
T

300 m

€3 IWRB Publication 32 - 1994
ication 32 - 1994
e IWRB Publication

116

117




——»

K-D.Wolter o

- ilability (phyto-plankton and Aeration of the hypolimnion as a tool for
f the lake to decreased nutrient avai s during the growing ) :
« biological response ot¢ 11 be made every two weeks du restoring eutrophic lakes

iti ions wi
littoral communities). Observation:

season.
tors will no longer be necessary Bo Verner

i ic aera
We hope that in a few years the use of the hypolimnetic a
an:l 1a1£)e processes will stabilise by themselves.

Background

Oxygen conditions in lakes, especially in stratified lakes and reservoirs in a temperate
climate, are highly dependant on morphometric features, such as the relation between
epilimnetic and hypolimnetic volume, and the trophic status of the lake. The trophic status
of many lakes has been altered through pollution by organic matter or nutrients, mainly
phosphorus. Similarly, in man-made reservoirs, flooded organic material causes an increased
oxygen demand.

arise. Fermentation processes reduce both inorganic material, such as iron, manganese, nitrogen
compounds, sulphate, and to some extent suitable organic matter to form methane. Higher
living organisms cannot survive in such anoxic environments, The phosphorus binding
capacities of iron compounds in the sediments become depleted, since iron is either dissolved
to a larger extent in the divalent state or transformed to sulphide, thus releasing large
amounts of phosphorus to the hypolimnetic water.

processes due to increased water temperature, a larger epilimnion, and fertilisation due to
the direct contact of the productive layer with the sediments.
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B. Verner

Aeration of the hypolimnion as a tool for restoring eutrophic lakes

lv or for the production of aeration,
i ificial reservoirs, for drinking-water §up1:.) 171 e O e

L e e pov o My lies the inundation of topsoils ric organic Meie s
e aggen- usuauyllm? oxygen reduces the redox conditions 1 e el
deman g e dissolved, in some cases even hydrogen A
Divalent ion an B0t and toxic compounds degradés v&lfater q e e
The occunence ofEe Co'rroswees the preparation cost for drinking-water.
o pe o o mi:er(‘:lsethod of treatment in these cases.

the situation was back to the previous oxygen depletion with the formation of
hydrogen sulphide and high release of phosphorus from the sediment.

Lake Brunnsviken, Stockholm, Sweden

In 1972, four LIMNO units were installed in this lake which has a volume of about 10 Mm?,
an area of 1.5 km? and a maximum depth of 14 m. The situation in the lake had not
aeration is usually the chose improved several years after the diversion of the wastewater. Hydrogen sulphide

concentrations of over 20 g m™ were registered during both the winter and summer stagnation
Natural lakes

periods, and the offensive smell, when more than 20 tonnes of hydrogen sulphide were
ral years and sufficient experience has

released was probably injurious to health. During eight years, 775 kg of oxygen was supplied
e of the various applications. to the lake for six months per year. In this way a positive o

xygen balance was maintained
each season.

}lypOh[[lneT.lC aeration llas now bee[l in use f()! seve
beerl gell(\ed to € aluate t}le E{fl:lell:’, berleflts allil

. ; tor LIMNO |
olimnetic aera . . .
dertaken with the Atlas Copeo b over a long period. The In 1980, the lake outlet was widened and deepened resulting in an increased water exchange
. : ur . ter ] . . ) . . .
The first projects 1were hic lakes which had received waste\ya and to avoid the worst with the sea. Since then, a hypolimnetic draw-off has been built to increase the successive
: in highly eutrop heir functioning - P . in the hvpolimni
(Figure 1) in hig hus to improve their dilution of nutrients in the ypolimnion.
. . ion was thus i
aim with the aefraz‘nking hydrogen sulphide.
: sti
inconvenience O

As the compensating inflowing water has not
‘ been of the expected quality,

the results of dilution were lower than expected. A combination
LIMNO aeration and draw-off may be the final solution.

Figure 1.

Installation of LIMNO

aerators in highly ik
eutrophic lakes to supply [

oxygen to the

hypolimnion.

Lake Kolbotn, Oslo, Norway

This lake is 0.8 km? in area and has a maximum depth of 24 m. One LIMNO unit was
installed in 1973 and has maintained aerobic conditions in the hypolimnion since then. In
1981, the unit came up to the water surface as the anchoring line broke off. Immediately,
the situation reverted to that before the aeration started, with anaerobic conditions and

high concentrations of hydrogen sulphide. The aerator unit was put back into service to
continue assisting the receiver function.

L. Lago di Caldonazzo, Trento, Italy

P lis lake served for many years as a receiver of wastewater. The lake is 7 km? and has a
. West Germany Maximum depth of 50 m. In the 1960s, the wastewater was diverted by means of ring-
Lake Grebin, Vve Snalisation. However, the lake had been irrevocably dama;

‘ . hich is about 1 K#lZ _ ged and did not recover by itself.
. ion in 1971 was done at this eutrophic lake, w polimnetic aeration by means of six LIMNO units
The first LIMNO installation h

. f a one yeif
installation was part O
The LIMNO insta
depth of 16 m.

» adding 2 tonnes of oxygen per day
i rated water for adsorptieit the water, was applied in 1974 to try to improve the water quality, which is so important
in area with 2 maxmflltllml ddition, bentonit was added to the ae O tourism.
iect by Ohle. In a )
research projec |
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i alu
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e leakage into the lake. The aeration plant, therefore, margin

ditions. This is, however, a considerable improvement compared t
aeration, when high concentrations of hydrogen sulphide were

ally prevents anoxic
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B. Verner

L ake Wacabuc, New York, USA

A research project, using LIMNO, was carried out in this lake in 1973 by Union Carbide
Corporation. Lake Wacabuc has an area of 0.7 km? and a maximum depth of 13 m and is
subject to eutrophication. Two units were installed © counteract the oxygen depletion. The
lake home ownet association has since then successfully operated the aeration system for
more than 10 years avoiding anoxia development in the hypolimnion and permitting a

quality, cold water fishing.

Lake Wessling, Austria

Another research project on hypolimnetic aeration using LIMNO was carried out by the
Bavarian authorities. The lake area is about 0.5 km* and the maximum depth is 12 m. The
aerator was installed in 1981 and run to obtain a dissolved oxygen concentration of not less
than 6 mg 1! in the hypolimnion. The immediate results were good, but the authorities are
looking more on the long-term effects which will have to include extensive reduction of
external load. This project will serve as a pilot study for further restoration plans of the

Bavarian lakes.

Lake Sodra Hérken, Sweden

Results from this 9.1 km? lake illustrate some typical effects of regulating the oxygen
concentration by LIMNO aeration (data from Ahlgren, Institute of Limnology, Uppsala
University, Sweden).

Lake Sodra Horken (Figure 2) was originally an oligotrophic lake in which sewage and
industrial water from a mining industry was discharged into the northern bays
Grangesbergsviken. The bay is divided into basins of which the two innermost are 19 i
and 14 m deep, respectively. They are separated by a ridge where the depth is only 6 m
The hypolimnetic parts of the basins are, therefore, separated from each other. An outflow
of polluting water into the innermost, deepest basin of the bay, over a long period, greatly
increased the concentration of phosphorus and nitrogen. The hypolimnetic oxygen deficienci”
was total, and heavy production of algae caused environmental problems. The maint
of the exteral loading has been removed in recent years, but the internal loading:
considerable and implies a threat to the lake as a whole.

Thanks to the morphology of the bay in which wastewater has been discharged, this 8
as a buffer protecting the main water body of Lake Sodra Horken from direct pollution- =
first deep basin, Djupudden, is the most severely polluted, affecting the second bass
Sandudden. The hypolimnion of Sandudden basin has also successively become anoxie

enriched in phosphorus and nitrogen.
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Aeration of the hypolimnion as a tool for restoring eutrophic lakes

This project shows how hypolimnetic aeration can be a useful tool to achieve:
mineralisation of organic matter
precipitation of phosphorus

oxidation of the sediment surface and its recolonisation by bottom animals
optimum conditions for fish to survive in the hypolimnion

Lake Tegel, Berlin, Germany

As a result of a high nutrient load this lake became
distinctive features: algal blooms,

of sapropel at the lake bottom.

eutrophic a long time ago with all the
hypolimnetic oxygen depletion, fish-kills, and the formation

Lake Tegel has a surface area of about 4 km?, a volume of 32 Mm?
of 16 m. Situated in the centre of the metropolis it was once an o

asset and is still used by many people for boating,
deteriorated water quality.

and a maximum depth
utstanding recreational
fishing and swimming in spite of the

However, the future of the lake is now secured, as restoration is well under way. In the near

future, an advanced wastewater treatment plant includin.

g phosphorus elimination will
enter into service.

To speed up this restoration, considering the high internal nutrient circulation in the former
receiver, a LIMNO hypolimnetic aeration plant was installed in 1980. The system comprises
15 LIMNO units supplied, with an airflow of 1.07 m’ s at about 2.0 bar, by two Atlas
Copco oil-free screw compressors mounted in a container placed at the shoreline. The
compressors require 185 kW for an oxygenation capacity of 4500 kg per day. The installation
is operated about 270 days per vear. The total project costs were about US$ 1 m.

The aeration system has fully achieved the specified goal: a dissolved oxygen concentration

higher than 4 mg I!. However, the reduction of nutrients due to fixation of phosphorus to
the sediment has not yet been achieved. This was due to an underestimation of the oxygen
consumption of the sediment due to higher external load, on which the size of the installation
was decided. The Authority of Fisheries reports the return of salmonid fishes and crayfish

the bottom sediment by chironomids assisting in the
decomposition and mineralisation of the sediment.

Reservoirs

\nother very important application of the hypolimnetic aeration is in drinking-water
eservoirs. A high oxygen concentration of th

€ raw water in the reservoir suppresses the
cases of iron and manganese causing taste, colour and odour problems which are so

ion plant. Considering the recent concern
a high oxygen concentration is equally important
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to be able to lower the chlorination demand. Below, some data are presented from three .

drinking-water reservoirs where hypolimnetic aeration, by means of the LIMNO method, i3 1982
15+ Fe/Mn

has been applied for several years. ; e . D mh Key Figure 4,
M "hr:"_“ ’- L =LIMNO aeration Ennepetal reservoir. Raw
11V ‘ D = destratification water quality in 1982,
\
!

1983 and 1984,

The Ennepetal reservoir, Hagen, Germany
“— = Manganese [mg ]

®°*% =ron [mg |_1]

This lake has an area of about 1 km?, a maximum depth of 25 m and a volume of 10.6 Mm’
—== = Oxygen [mg ]

and serves as a drinking-water reservoir. 23,000 m® of drinking-water are delivered a day or

8.4 million m® a year. In addition to the drinking-water at least 50,000 m® of water per day

is necessary to ensure the recipient function for the little stream below the reservoir. The )
catchment area of 48 km? provides about 45 Mm® water per year. The water renewal time

is two to three months.

The oxygen conditions in the Ennepetal reservoir become critical during summer stratification,
since water in the tributary is of poor quality. The catchment area of the Ennepetal reservoir
is largely used for farming and a small town (about 12,000 inhabitants) discharges water from
a treatment plant to the reservoir. Until 1973, the mean phosphorus concentration entering
from the treatment plant was about 10-15 mg 1! or about 6 tonnes of P per year. Phosphorus
climination measures in the treatment plant were able to reduce the amount of phosphorus
discharged to about 2.0-2.5 tonnes of P per year. Further phosphorus reductions are planned
for the near future and the goal is to decrease the phosphorus discharge below 0.4 mg 153

mg 1984
15+ Fe/Mn

To meet the oxygen problems, the first LIMNO aerator was installed in 1976. The second }N [
unit was installed in 1981. At the same time the old piston compressor for the first LIMNO
unit was replaced by three rotary screw compressors to be able to operate with different
oxygenation capacities for different storage volumes and oxygen demands. The oxygenation
capacity can be varied between 360 to 1,330 kg oxygen per day. The effect absorbed by the
COMPTessors depends on the water level in the reservoir as the air-pressure required is equal
to that of the hydrostatic pressure of the LIMNO air-diffusor plus some very small pressure
losses in the air-supply lines. The compressor capacity installed is also used to extend the

natural circulation periods. The Breitenbachtal reservoir. Si
r, Sitegen, G

The alternatives to aeration are dramatically increased treatment cOSts, since an additional gen, Lermany
filtration step (active carbon) would be required to eliminate the fermentation products called for an extensi i
in cases of anoxic conditions in the hypolimnion. The trophic level of the Ennepetal increased by 12.5 mSIOrL of the storage volume. In 1975-79 the hei - increased demand
reservoir is so high that sulphate reduction would occur immediately in the case of anoxia. = a maximum del;th O’fV;7erebY the storage volume was enlarged fro; 15 6t of the dam was
Destratification sometimes used for a short period does not solve the problem, since it mn-off water to the re m: The drainage area of about 11.6 km? delj 6 o 7.8 Mm’ with
increases the productive layer and results in increased biomasses and temperatures. 5 26,000 m> 55¢ diy servoir and the maximum intake flow for drinlfirll‘;ei\sraibom 7:6 M’

) -water preparation

unacceptable to users.

This reservoi
r has served as a drinki
nking-water su i
pply since 1956. How
- ever,

.FDI' t i
he increased storage capacity
)

Data kindly supplied by the AVU water supply company from 1982-84 show the fzorrelatk;ﬁ' “e1ator was installed in Au 19 hYPOIimnetic aeration was foreseen, and
between the oxygen concentration and the iron and manganese concentration of t"‘ “ondition in the reservoi .guls.t 9 “flth an oxygenation capacity of 400’ ljn 2 FIMNO
reservoir water (Figure 4). During 1982 and 1983, the oxygenation capacity was not quite “The investment cost for trhls o lgoﬁop}}lllc and the aeration system is a preve tg Per day. The
. : In € system, t; . ntative me
sufficient to suppress the manganese concentration. ; (;a&%i Ijnd ready to operate. The reeifilr\gl\go um}t1 and the compressor, was US$ 45 ;‘gg
kel TO: : . ) )
Wh were needed for aeration. m the operation during 1981 shows that
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A laboratory report for 1981 stated the onset of the summer stagnation at the end of April,
Aeration was started on 22 June when the oxygen saturation in the bottom layer had
decreased to 41 %. During aeration, mean saturation in the bottom layer was 60 %. The
importance of aeration was demonstrated during a short maintenance stop of the compressor
at the end of September, when the oxygen saturation decreased within a couple of days from

70 % to 20 % saturation.

During the whole period of aeration, manganese was present in concentrations of
0.1 mg 1. The incident in September, however, caused an increase of manganese to
0.78 mg I'*. The oxygen demand in the reservoir was caused mainly by intensive production
processes due to the mass development of the green algae Cosmarium during July and
August. Up to 88 million cells per litre were obtained with a chlorophyll content of
75 mg m, causing oxygen supersaturation of 185 % and pH values above 10.

Another result of aeration is the nitrification of the ammonia in the hypolimnion. About
1 mg I NO,-N was present in the hypolimnion while ammonia was lacking.

New LIMNO design

In 1982, the LIMNO aerator was redesigned (Figure 5). The earlier design in stiff polyester
was changed to a one using flexible, heavy duty, polyester fabric coated in PVC. As no
mould is required with this design the units can be manufactured to the customer’s required size.

The relatively light and foldable material, with a density of about 1 kg m2, permits the
transport and installation of bigger units than could be handled earlier. The less costly
material and manufacturing, make it also favourable to apply lower flow velocities in the
unit. These factors increase the contact time between the air and the water and increass

the oxygen transfer efficiency.

The major increase in the efficiency of the new LIMNO design is the introduction of the
secondary air diffusor, whereby a counterflow transfer is achieved. As this air diffusor &
placed just above the water outlets, at the very lower part of the unit, more oxygen can be
dissolved at this higher hydrostatic pressure.

For the overall efficiency of the aeration system the proper dimensioning of the regulating
system and air supply lines is important. The operating air-pressure is the sum of the
hydrostatic pressure at the level of the installed LIMNO plus a small pressure loss in the
air supply lines. The transfer efficiency also depends on the specific compressor efficiency
which, in tum, depends on the compressor design. The compressed air must be oil-fregy
which is why non-lubricated compressors are recommended.

Not only the operating cost (expressed as kg oxygen transferred per kWh), but also the

capital cost must be considered for an aeration plant. It may be favourable to run @68

somewhat lower transfer efficiency to reach a required oxygenation capacity (for details se€
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Chapter 7: Aeration). In each case, the
minimum  capital,  operating  and
maintenance costs for the installation have
to be calculated.

Conclusions

The experience with hypolimnetic aeration
shows that this method can be used for
different purposes, as long as the preconditions
are known and the mechanisms clear.
General recommendations should always be
complemented by special studies of the lake
or reservoir in question. The costs for
treatment can be classified as moderate in
comparison to other measures, such as the
use of pure oxygen or ozone.

The argument of lethal effects to fish, due
to enrichment of dissolved molecular
nitrogen in the water at the hydrostatic

pressure in the level of the installed

equlpl[lfllt, SECIT tc C l SF Otheti : l C t S€ i:l 1S “E: t on lill’ }1 1¢ :
seems plaus”:]‘e ‘ ]:le[l t}le movement F‘atter[l Cf fls}l 18 :CIlleIEIEd‘ [ lSSCI ECI gas ElCCLlIIlLllElthIl
a Ways occurs at dle Sedll[lent water 1r ltel’face due to inter ISlfled resplratlon and denltr lflcatloll
g g
I)]()CeSSeS dl,lI 1Ing stagnation. I lSh were ()bSeI Ved mn eChOgIamS m the hyp 1
olimnion at SeVeral
Hlstallatlolls, Wth}l WOuld not lla\/e beell the case uIlder pre\/alllng anoxic COﬂdlthnS
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Figure 5.
The new LIMNO design.

129




through sediment

Restoration of lakes sweden

removal — Lake Trummen,

Sven Bjork
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Location of Lake
Trummen, Sweden. From
Cronberg 1982.
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Restoration of lakes through sediment removal

— Lake Trummen, Sweden
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After sewage diversion and an end to industrial wastewater discharge in 1957-58, the lake Figure 2,

did not recover, a very interesting but not surprising fact to limnologists and a severe lake Tf“mme‘;" Map of
problem for the town authorities. About 10 vears after the diversion of wastewater from the ZZﬁfl:agr?nmjnFr:nit;:arsson
lake, the summer transparency was still only 15 to 20 cm. At this point, the town authorities 1969 and Digerfeldt 1972,
definitely had to face the Trummen problem when planning the urbanisation of the

surroundings. Of course, the simple, narrow-minded technological solution of filling the
lake was considered, but the authorities

decided to follow a proposal to restore the lake.
Later, the restoration project developed a very successful cooperation between limnologists

and palaeolimnologists, other ecologists, politicians, technologists and administrators. The

scientific pre-project investigations carried out as a teamwork during 1968-1970 were designed
as a typical ecosystem-oriented study.

Pre-project investigations

In the intact, oligotrophic Lake Trummen, the sediment growth rate was between 0.2 and

“4 mm per year, but because of the very high nutrient supply during the recipient period
increased to 8 mm (Digerfeldt 1972). Therefore, in the 1960s the sediment of Trummen
howed a very characteristic stratification including a brown, well-consolidated gyttja overlaid
sits from the recipient period (Bjork & Digerfeldt
to Lake Trummen was due to the presence of that
eleased (Bengtsson & Fleischer 1971, Bengtsson et
p was being deposited after every vegetation period.
g plaur zone, surrounded the lake (Figure 3).
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Figure 3. ’T
3

Lake Trummen. Section
through a Typha-
Equisetum plaur area.
From Bjork & Digerfeldt
1965.

Restoration of lakes through sediment removal — Lake Trummen, Sweden

S. Bjork S

— The sediment was pumped to simple, settling ponds (Figure 5) constructed in an abandoned
5 farming area from which the topsoil had first been removed. The run-off water from the
Equisetom flviatife settling ponds — a mixture of lake and interstitia) water — was treated with aluminium
Typhalatifolia TZ sulphate in a simple plant (Figure 6) for precipitation of phosphate and suspended matter
“ Before restoration, the tota] phosphorus content of the lake water was about 600 pg Il The
al e 14 ] . | phosphorus concentration of the water from the settling ponds was of the order of milligrams
wl sl J per litre before the treatment. After the precipitation, the total phosphorus content of the
vq;*éﬁ?"q"?#ﬁ%*asw ezt | run-off water was about 30 pg I,
ot e T

o

o " o
o 00:.11.02%:‘:%‘ e
R B

R rootfelt in mud

Figure 4.
Lake Trummen. Suction

dger. Photo: Sven Bjork
ek 1970.

132

R , (5] morsne R e suitability for agricultural and horticultural purposes. The pumped sediment was, after drying,
-2 detritus mu - T R . . 3
r BRXY coarse [ fayerwith fits of Trapa J sold by the town for parks, gardens, roadsides etc. (Figure 7), and the income financed the
clay mud layer with fuits of Trapa and charcoal . k4 ti £ d the lake. A t b lef rfowl
3| (3] ssndandgrve 1 L . L o preparation of green areas around the lake. Separate overgrown bay was left as a waterfow
L ; 1 : _'5—_3'0 - © B * reservation (an observation tower was constructed on the shore), and an artificial island was
L 20 2 . . .
* 01 s 10 * built for the birds (Figure 8).

Overall evaluation

stiucture of the ecosystem that the lake recovered to a functioning unit
a balance

inistrators to believers in ecology and preservation of nature for creation of sustainable,
Nigh quality environmental conditions.

fTrummen, the nutrient-rich sediments had been deposited over more or less the whole
ke areq (with the exception of the bay preserved as a waterfow] reservation). Therefore,
> hecessary to dredge the extensive part of the lake. However, in other lakes, sediments
“Wage-sludge character could be concentrated to restricted areas, and the restoration
€t could be reached after dredging only part of the lake bottom.

tion |
o oved by suction dredging, E
er about 400,000 m® of se

diment was rem
ost half metre of se .
In 1970, the topm oo e .

Figure 4). Altogeth
1971, another half metre was dredged ( v:(g) e i

] . L,
the pumped sediment. The limnologists 1€9 .

. e
(gyttja) were removed during nin | o
ble to suck in the sediment wi

mixed with
200,000 m?® of lake water were it
’ i hich would make it p : iy
ahnolzzLe foraCtlzdtil;}logi;V and with a minimum intake of lake wate
the lake w ,
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Figure 7,
Lakfe Trummen. Drying
sediment in the settling

pond. PhOtO: Sven Big
1970, jork

Figure 5.

Lake Trummen. Setding

ponds for dredged gytija.
Photo: Sven Bjéirk 1970.

Figure 8.

Lake Trummen. Artificially
constructed island for
waterfowl. Photo: Sven
Bjtrk 1979.

Figure 6.

Lake Trurmen. Plant for
treatment (phosphate
precipitation through
addition of aluminium
sulphate) of run-off water
from the settling ponds.
Photo: Sven Bjéirk 1970.
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Figure 9.
Lake Trummen.
Concentrations of
phospharus and nitrogen,
total biomass of
phytoplankton and total
biomass of blue-green
algae 1968-1978. From
Cronberg 1982.
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Figure 10,

Lake Trummen before
(above) and after {below)
restoration through
sediment-suction- -dredging.
Photo: Sven Bjsrk 1970
(above) and 1989,
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Restoration of lakes through sediment removal — Lake Trummen, Sweden
s.Bjork o

Management and monitoring programmes

Figure 11, [
Lake Trummen. Results of
nutrient reduction and
intensive removal of fish
on phosphorus and
nitrogen concentrations
and on phytoplankton
development. From Bjork
1988.

After the highly significant nutrient reduction h
/ the period 1976-79 was carried out to reduce the
roach (Rutilus rutilus) by 16 tonnes (190 kg ha-

ad been realised, intensive fishing during
populations of bream (Abramis brama) and
1), while predators, pike (Esox lucius) and

rosd e R
SRR
TR A LAY |
R SBERRET
RIS r L,
R RBI .

Total phosphorus [mg I

narrow. If a snapshot

restoration, the surroundings have been urbanised, i
has changed considerably.

Total nitrogen [mg I']

(=3

In the limnological management

plan for the restored Lake Trummen, it was suggested to
make arrangements for continuo

us and careful control of the water quality in the tributaries.
Among other things, construction of basins for the reduction of nutrients,

1]
Total

Changes in the ecosystem caused by the restoration have been followed by a research
Programme covering the period 1968 to 1980. The lake is, furthermore, included in the

mme executed by the local authorities. Ten to fifteen
mmen, there appeared indications of increased plankton
turbidity caused by tiny blue-green algae (among these Cyanodictyon imperfectum) decreasing
the transparency. In order to revert to the restored stage, it is necessary to reduce the
€xternal loading, including nutrient trapping at the mouths of the tributaries and, first of
all, by minimising the losses of nutrients from the catchment area.

Phytoplankton biomass fmgl

H
[=]
I

Blue-green algae
N
o

1975 1980 1985
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reRestoratio? of lakes through sediment
moval — Vajgar fish pond, Czech Republic

Jan Pokorny and Vaclav Hauser

Background

In Central and Eastern Euro fish
ol and E: urope is ponds, constructed mainly in the Mj
S e Odriessi ::l:ilfnf in size from less than a hectare to several }I::Ilfc;lrleed?lges’ -
ol watonroon Stcs of orm;r marsh, éwamp, bog or fen, or in original flood lec‘tarES.
mall (Dkajové o f 11;(;2) s ;}r:d th.elr littoral zones have become a speciﬁcp ta e Oﬁ
aystom It the e 19 as. ese ﬁshlp.onds are an important part of the hydr lype .
, water purification systems and sediment trapys ;rco)ilitlal
; e

habitat for

many plant and ani .
, mal specie .
fish production. pecies, serve for recreation, but above all, dedicated for

as wastewater recipients.

g g’
I]] I]Ie case ()1 ' SI] [)( )]l(lS Su 1e]|]| “()]ll (()Illl]llla] ]Ille]lla] nutrient ]()adl]l llle IeIIlOVal Ot

nutrient-rich sediment, a method
o be applied. od developed for degraded shallow lakes, can be considered

Vajgar and its catchment

Vajgar fish pond (c. 40 ha) is si
K . a) is situated in the distri )
15°01’E, altitude 476 m). The fi ¢ district town of Jindtichév H °09’
of the castle. T]e e firrI;t) - ahe fish pond was part of the town fortificatiortl :inczatcli:3 Cf(49 09.N’
written documents ahout Vajgar fish pond come fi e Olﬁldatlon
e from the 13th

century. The fish i
ond pr i
By P ’p ovided water, fish, acted as a recreational
3 p nt of the town'’s waste waters. The et oren andserved alo as
istorical documentation of the town and

Vajgar fish ;
pond are deposited i Fish pond
archives and described fgr e; ed 1r11 the town p waiehr area water volume
(1927). ample by Teply Zhejal 9“ thousands m?
Karhay ZI.g ;g;
;Jntil 1970, the town wastewater (BOD KMoe;rié?kky 320 660
00-250 mg I, P . 5 mg I ol 56.3 1700
mgl,N 5 1 H
was disch Froe g, N _ 50 mg ') ejtman 68.4
2y arged into Vajgar fish pond (abour ~ Retmifovsky 780 A
s). In 1970, a wastew Krvavy : 1100
pPlant whj h ater treatment Vajgar b 1300
ich treats about 10,900 m? per & 36.0 400
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Table 1.

Hydrological data for
important fish ponds in the
Vajgar catchment area.
(The data might be
overestimated because of
the silting-up of the fish
ponds).
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Scheme of the fish pond

s (e \ . MiL A the catchment of Vajgar
conditioning with calcium hydroxide and carbon dioxide is necessary.,

— ———— Restoration (ih—keith_m“_gh_seﬂm_erlre_mg\,i, -
I Pokorny and V. Mavser
_ Ty ‘ b . / i Table 2,
i L 1Y zhejral . Karhov fish pond was built in the $pring water area of Studensky brook and together with Zhejral fish pond (above) they S s G
o " R " l: Karhov provide potable water to the abattoir and town of Studend. The water is of good quality only, because of low alkalinity,
I . |
The Vajgar catchment. !
i

fish pond.
| T et /i
I I Sand fish pond (1,3 ha) serves as the stabilisation pond of the wastewater treatment plant of Studend (monoblock treatment,
system in the catchment of ll two-steps activation and apaerobic sta@ib'sation of siudge}. About 850,000 m? of sewage water (about 500 metric tonnes of
StudenskY/Hameflﬁk? i Studena BOD. a year and 400 metric tonnes of insoluble material a
brooks and the sampling ;
points (1 to Xith).

year) from the abattoir and from the town are treated. About
1,600 inhabitants live in the small town of Studend. In the eighties, when samples were regularly taken, the wastewater

|
I
'
|
|
|
I
1
|
! from the town was partly discharged untreated into the fish pond.
|

I

|

Mut'ynévesk)"
)

M. Dvorecky brook which brings water from a mainly agricultural landscape into Mezificsky fish pond.
:grr:éi . ' V. Mezifitsky fish pond is the first Jarger fish pond below the town of Studens

untreated sewage water from Studend until
Mezifitsky fish pond is called Hamersky.

\
Strmi Io\v

and therefore served as the recipient of

1980, when the wastewater treatment plant was built. The braok flowing from
Komornik

Hamersky brook above the smail town of Strmilov (about 1,800 inhabitants)
VL. Hamersky brook below the town of Strmilov. Only part of the sewage water of Strmilov is treated, In total, about 70,000 m?
per year is discharged from Strmilov town, only 18,000 m* per year of which is treated.

VIL - Hamersky brook under the fish pond Hejtman near the factory Strojobal Rozkog, The factory produces metal lids for glass
conserves. The wastewater is pre-treated in septic tanks.

i nd about
four overflow rain water drainage outputs a

day (126 1s™) was built. Unfortunately, o der the level of canalisation pipes) are still
ay

! vill.
twelve individual septic tanks (which 1

' y i IC ace 0‘ recreation,
X.
fl h d

dl C. g I h

Mutynévsky brook receives wastewater from the small village of Oldsiz {120 inhabitants)

1 d and fish was harvested. Then due to The distiflery (potato processing and fermentation)
ie

ish pond was regularly emp

Up to 1965, the fis

daI[lage Of Outlet xnec}laIHSI[ls aIld 1atet also due to a SI[lall

and flows into Hamersky brook.

discharge pre-treated wastewaters into the Hamersky brook (c. 4 tonnes
vy of BOD. and 18 tonnes y" of insoluble material).
dam which was made between 5

e ¥ Hamerst brookabove the ol mil i i, Jindfisské valley (indiské Gdolf) the brook has a status of trout water
d ‘Large’ Vaijgar, the pond could not be drained. e
€ b a s
the so-called ‘Small’ an basin of the Hamersky potok (brook) which Xl Hamersky brook below the village of Jindis near a cate stable.
i rves as a sedimentation basin o
Vajgar fish pond serves

k¢ brook (in its upper part called Studensk?? r?e; o
'erlsloy Hradec near the hill Javofice (837 m a.\ltltu le) |
- thro the system of several fish ponds (Figure 1).

Hamersky brook at the infet to Vajgar fish pond in JindFichéy Hradec.
X Hamersky brook at the outlet from Vajgar fish pond.

brings water from the catchment. Ha(r;i
from a spring 45 km north-east of Jindf v i
in Ceskomoravské vrchovina and flows throug

2 250 km?. The average annual when nutrients are bound in the organic matter of micro
5 bout .

¢/Hamersky brook has

ment area of Studensky/Ha

I'he catchment ar

-Organisms, algae, etc. The
d the average temperature 7.3°C. concentration of ammonium under ice was 4.1 mg I' and it became lower than 1 mg I
‘ e L el e 0064 mml 2'm o s between 1981-85, and in summer. The highest load of nutrients was measured below the town of Studens ( locality
e (r:tl:r ;OW o it maar Blateor. T thﬁYZﬁiiOgical data of important II) where the average values of ammonium were about 30 mg I}, for PO about 16 mg 1!
The average w e  ieiow. The
L ¢ brook at Oldfi§ nea Th
1.2 m? s in Hamersky

4
CODCr about 160 mg I, and BOD,; about 32 mg I, Downstream, due to self-purification,
; in Table 1. the concentration of nitrate decreases to about 20%
. hment are given in ,
fish ponds in the catc

the concentration of ammonium
decreases by about one order of magnitude

Pre-project investigations

of tration ity index show similar trends as the
< lues of nutrient concentrations. The biological lysi i
Ficure 1 and Table 2} have been chosen in the catchments 0! .-saprobitY in ; iy i (g a),na ed o — E
i le 2)

. . . ig
Thirteen sampling sites ( de 1 ysis showed

fy and evaluate the sources of eutrophication e water in Sant] fish pond was polysaprobic with dominance of Sphaerorilus and Oscillatoria.
i identi G - tia
. ¢ brooks in order to identi v dex, and trophical poten
Srudensky and Hamersky NH,, PO,, saprobity index, a
BOD,, COD, NO,, p T
(Stara et al. 1988). 5

. ;n € 1, Il]e h]gh n
ere f =3 i g 01
ff Cesbt ensummrand inter alues
arke ireren:
Wi a d M era o

_ utrient level in these catch
in summer Sommunal waters disc
h I neral. the concentrations are lower in S
osphate. In ge ’

ment results from agricultural run-off,
harge, fish pond fertilising,

and from fish pond sediments which
nitrate, ammonium and ph
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Figure 2. - _ —_—

Seasonal course of 350
chlorophyll 2 i ]
concentration in Vajgar Ségdlfre 4,
fish pond from January 300"——————-——-—__—_—"_'_‘———_' €diment core with-
1990 tl July 1991, f;;g:scgfv«: ey and lck
ediment.
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release nutrients to the water. The results of the chemical analyses of nutrients correspond
with the test of trophical potential: 570 mg 1 and 860 mg I! (locality 11), and 60 mg I
and 195 mg I* (locality VIIL=XTD), in July and October 1985, respectively.

Vajgar fish pond

Water quality

Mass development of Stephanodiscus hantzschi, indicator of eutrophic waters, in the summer
of 1985 was typical for Vajgar fish pond as well as for the Hamersky brook and fish ponds
up to Merzititsky fish pond. Water blooms of Microcystis occurred regularly in summer and
caused environmental problems — a smell of degrading blue-greens and the impossibility of

using the pond for recreation.

The seasonal course of chlorophyll a concentration in Vajgar fish pond from January 1990
till July 1991, before sediment removal, is shown in Figure 2 (Kummel & Pechar, unpub.
data). Seasonal courses of the total phosphorus budget in the inlet and outlet of Vajgar fish
pond (Figure 3) have shown that the fish pond served as a phosphorus source in late spring.
At that time, the sediment begins to warm up, organic matter starts to decompose removing
oxygen from the bottom and, thus, allowing the release of phosphorus from the sediment.
This observation confirmed that in-lake restoration measures have to be undertaken should

the nutrient loading be reduced.

Zooplankton and benthos were also studied in order to compare the status before and after

the restoration.

Stratigraphical study of sediment
Sediment cores (Figure 4) were taken in order to measure the thickness of black (nutrient-

rich) sediment which should be removed from the pond. Map of the black sediment
thickness were made for the whole pond using data obtained on transects 100 m apart and
at 50 m distances along cach transect (Figure 5). In the centre of the pond, the deepest
possible core was taken in order to try to reach the original bottom of the valley basin. This
approximately 2.4 m deep core was divided into 42 five-centimetre segments and the
following analysis made for each segment: dry matter, organic matter, Al, As, B, Bi, Ca, Cd,
Co, Cu, Cr, Fe, Hg, K, Mg, Mn, Mo, Na, Ni, P, Pb, S, Se, Sr, Ti, V, W, 7n, and pollen
analysis (selected parameters in Figure 6).

The release of phosphorus from the upper black layer of sediment and from the lower grey
layer (both total P and phosphate) were tested in laboratory under aerobic and anaerobic
conditions (Figure 7). The dating of the whole profile was made by “C, the dating of uppet
layers was measured by **Cs and by 137Cs dating. The dating by 14C showed that the original
bottom was flooded about 1,000 years ago. The rate of oxygen consumed by the different
layers of sediment was also studied and could be correlated to organic matter content
(Figure 8). The dry matter content in the vertical sediment profile is shown in Figure 9-
The pH, alkalinity and phosphate in the interstitial water were measured and microbiologica
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Figure 6,

Vertical profile of
concentrations of selected
elements in fresh ( +) and
dry (%) mass sediment of
Vajgar fish pond.
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— —‘ tests were undertaken. The analyses showed Figure g,
that the sediment could be safely applied to oftRtbfeml e ThthFBa(;lic matter content
| : : . b In the sediment profile of
Figure 7. [ b qug I fields for agricultural use. . I ;, | Vaigar fsh pond. 1
The release of phosphorus w!H8 | / October 1999
(p and P07 fromthe | 1000 30 | J I )
! llack) ayer (O, *) . w© _
uppeand lower (grey) layer K Restoration 50 |
(%, +) of sediment from 7 % |
the Vaijgar fish pond U“decfl 800 - 7 The sediment accumulated in the pond | ;7 ) |
aer:::b(ic ( E} a;) T served as an uncontrolled source of nutrients. | eo ||_ \ |
it ' - .
a conditions. - Therefore, attempts were made to find a | 100 i |
600 F = - technique of sediment removal convenient :z [ l |
o a - | for the situation in Vajgar fish pond. In 1986, i |
- o military pontoons carried a suction-hopper | 140 | (_.-// |
o0 - container lorry which sucked the sediment | 150 g |
400 o out and transported it by a conveyor-belt to 11:;] | |
a g . where it was de-watered using different types w00 | e |
of precipitants. The de-watering of sediment | 150 o |
200 - on the conveyor-belt itself would be possible [0 = w5 w e a0
but expensive. In 1987, an old type of organic matter [%] J
suction-dredger was tested (Czechoslovak-
0 8 1o 12 14 16 18 20 22 made suction dredger ‘SB 20). The dredger Figure 9,

0 2 4 6 time [h] was able to pump sediment onto the bank , depth [om] - The dry matter content in
of the pond. However, the sediment was wl N T the sediment profile of
very diluted (less than 4% of dry matter), | 2 i lT. | Vajgar fish pond, in

PO, [ug I'] ] the dredger made holes in the bottom which | % [ \ | October 1990

300 — 5 could cause problems during fish-harvesting, ;:: | A |
T the maximum length of transport and capacity | l_ L |
& - of the dredger was low, and systematic | o | ‘1 |
250 e o dredging of the bottom surface was very ::: [ ' |
= difficult. i ! i
200 O - | ’r |
— A
8- New technology . |
o >
= /,/” ._-’/ |
150 a From the beginning, the restoration of Lake \ |
| Trummen (see revious case study and e.o. -~
p y g I
a Bistk L h . . ~— |
100 - o jOrk 1988) inspired the restoration activity e |
. . of Vajgar. However, the excessive water faot—bow o W o, oy |
. Pumped by old, conventional suction- P m M 0 s e w0 w0 w10
0 Y dry matter [%]
50 F . + dredgers during sediment removal constituted 7 ) N
* ﬁ . . st a general problem. Hence, there was the
e o r I s 8 need for a suction dredger which would respect the demands of limnologists (for details see
! L 20 22 24 2 .
0 14 16 18 Chapter 7, Sediment removal). The rototype of such a dredger, desiened in Sweden, was
6 8 10 12 prototyp g gn
0 2 4 ime [h] constructed for the sediment removal in Vajgar (technical arameters are given in Table 3).
t g P g
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Figure 10. l‘_‘— —
Vajgar fish pond. Suction-
dredger. Photo Jan 500 _(,{ _— .
’ —— Figure 11
Pokorny 1991. —— gure 11.
W | | | Seasonal course of total
} | PhQSShorus concentrations
=== ] inintlow and outflow of
4 b e ) W 0
00 T | the Vajgar fish pond in
—J 1993.
_ 300 V]
)
=)
a® 200
100
FEb_._M-ar _Apr Ma ) a =
y June July Aug  Se
P Oct N
month oV Dee
Table 3. .
. . Measurements length:  13.50m Nozzle width: 12m
Basic technical data of the : :
suction-dredger height:  2.80m height: 0.80 m
' width: 520 m efficiency: 2-4 o’ min”? [
weight:  18.5t pump: 40 kW, Turo, {Swiss) |
draft: 0.80 m pumping distance: 1 km Figure 12,
pumping height: 30m | Sﬁasonal course of
300+ chlorophyll a
Main engine Stationary diesel engine Volvo Penta | fCO;centrations in Vajgar
ish pond in 1993.
Hydraulics two independent hydraulic systems: medium: biodegradable oil (BioSafe). 2 50L
1. pump |
2. movement of nozzle depth and steering, efc. | |
Measuring instruments angle transmitters (angle of wires) flowmeter (flow rate, volume) I @ 200'—
incremental decoders (relative length of wires, speed) load cell {tension of pulling wires) = |
absolute decoder (absolute length of wires) echolot {depth) : |
densitometer (density of the sediment) 2 15 0[
<}
o
Electronics microcomputer of industrial standard (Satt-Control, Sweden) programmable from Personal S |
Computer, terminal regime allowed, two programme loops (BASIC, pseudoassembler), eight 5 100}
independent programmable regulators, 64 counters, 64 timers, battery-backed programme and |
memory registers content, display, keyboard |
3 digital/analog input/output interface cards 50
interfaces to hydraulic valves, relays |
Automatic or manual speed (typically 2 m min) |
regime (regulated values) flow {typically 2 m* min™) o Jan
depth of the nozzle | May Ju '
L ly S
- @000 O ep Nov

0 150
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992, about
. 10). By the end of 1992,

. ; ted in August 1991 (Figure d in pipes for
The Sedlmf e l'smtaac;r Eeen pumped out from the pond and. transpoflt?or 1angrliclliltural
330’00051 " sedm;;nstetthng lagoons. From 1994, the sediment will be use

about 2.5 km to sev

purposes.

. .
l l 1 town ()' l \% e Qrte y c .S Tict ()“ ce fltlanced the restoration
lndrlchu Hrad C Supp Tt d b th dl tri 1 =
k h E NI ntal Mlnlstt y subSldlS d th 1men .
WOTIKS, the Nviro: € & (&4 Sed ent IeI[lOVal aIld SCleIltlfIC WOtk

The whole cost was ¢. 850,000 Uss.

I lle Sledge suctior l’d] ed (41 deS I led n E; Wede[ 1 I] ldU.StI lk()l 1St Uktl()[ €Y / XB ar ld ptoduced
)
g lg I (
mn COOpeX ation w lth CZeCh and S W edlsh {11 ms was uSed- I unctionir lg auto[[latl(:all y ) t} 1€

of this suction-dredger.

Situation after restoration

¢ ary' dam
ined in order to remove the ‘tempor: ‘ _
) . ish pond was partly draine : £ Vajgar fish
n A%nkl, o Viliz fa::xdpsomall Vajgar and to allow the corr;}ﬁe;e dir;fiifef o srocked
placed between La il, the fish pond was retilled w
. half of April, the ~ dded to
B (Coints cario, 12 ki, ot 250 ki i) e ik sediment
“},\ith h'ee'wKirﬁc:}l:itock in order to disturb and mix the rest of the
the origina

i . d
W lgal species composition, an:
i lorophyll a content, a : . -
(Secchi deprt. < i 3. Vajgar fish pond w
haterhtrarfgizlegr;ywere monitored regularly during the wh?le ;f{ ijzvhen ]t i s el
g a8 4 ing the whole year except for : ,
| > D A o ek’s daily samples
aCtmgi v 1a %E)es(li) }\1’\/011:}1 watper. The output P budget ;rl\ea:lnﬁvalue e(c])or:tzwxzzn s dally e
e onth i P value, and the differenc : .
than the input P value, : et in 10
cor momh)' Wisolfot‘:::ll phosphorus in 1993 (Figure 11) were evidently hig
concentration:

(Figure 3).

. ) 4
i hment area entering the Va.] gar fish pony
v ’a igh load o r:lu}t\rilehnet: 1f(:aoén otf};ehizgilorus was recorded in 1993, C;n rclzt:\iaz:z?;;
o neegd to be controlled. Sewage treatment plants ?Off oy
o 'sources'lnogvnd two further problems remain. Firstly, th}fi run off o o
B e e e ds to be controlled. Secondly, the fish ponds.of the 121pp e
& e s m? - manner that the quantity of fertilisation useh in fh PO
prea need Elo " rrtlsll?\iem:;sired level of nutrients in the fish po;dt:\rexil ;l e1 ;1;; tis o
e This s a. ¢ ’ Faina, pers. comm., ko a ,
Stoclk. gng)is r?dmv(;(r)ilcr; ifelgjclzerrtizaeg::elses?\t/e( nutrierzx)t outflow from these fish ponds.
et al. a

IV[OIlltOIIIlg Of Valgat fls}l ()ll(i 18 Stll continuing. Ill th.e fllst yeal aft T the SedlIIleIlt
g
p 1 1 € )
remo al’ tlle C})IDIOpllyll a COXlCEIltIathIl 1IlcreaSEd up to C. 16: pgl (I lgure 12 * I]:lE g
Values Of Cl:llo[opllyll m s Xprll aIld IV[ay are due to 10W water 1eVe]. aIld I61atlvely hlgh fls}l
1S ha g m t cal Chment' NO bl()OmS Of IVI"C,OC )‘Stls 1la\/e beLI
StOCk at tllg}l nutrient d C. rege f[O Ile t
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registered even though Microcy

stis cells were transported from the
Other minor blooms occurre

upper pond into Vajgar.
d briefly. Swimming is again possibl

c.

The measures are now being taken to decrease the external loading and to implement a fish

stock control aimed at reducing the amount of small white fish — predator of Daphnia. The
measures have been taken to stop the discharge of several individual septic tanks. The
improvement of water quality in the whole catchment area will be a long process which
requires a lot of understanding among local auth

orities, farmers, and fish pond managers,
and which may even require changes in the tax system. Some possible solutions of how to
incorporate ecological consideration into catchment development are suggested by Ripl et
al. in Chapter 3. Only the catchment-

wide redevelopment approach can ensure that the
restoration effort in Vajgar and the results achieved will be sustainable in the long term.
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Treatment of overgrown shallow
lakes — macrophyte control:
Lake Hornborga, Sweden

Sven Bjork

Background

In order to get access to arable land, the watet level of a great number of wetlands has been
the aeration of the peaty and organic sediment soils made available for
eased mineralisation. The subsidence
itudes and to about 4 cm per year in
water level lowering of shallow lakes

lowered. However,
agriculture resulted in rapid subsidence due to incr
often amounts to 1 to 2 cm per year in temperate lat
tropical countries. Therefore, after some decades, the
nearly always created problems. In many cases the remaining lakes have become overgrown

by macrophytes and the obtained arable land impossible to cultivate, being too wet due to

subsidence soil. Some of the lowered, shallow lakes used to be outstanding waterfowl
m to their former ornithological

biotopes and efforts are now being made to restore the
g-waters and to recreate the qualities of the landscape in general.

value, to get back fishin:
Among the numerous lakes degraded through water level lowering in Sweden, Lake
Homborga (in Swedish, Hornborgasjon, location 58°29'N, 13°34°E, Figure 1) in the province
of Vastergotland, is the best known. This is partly because the lowering was a legal scandal
and partly because extensive basic investigations have been

£ shallow, drained lakes. The
ga were applied there already

and a big economical failure,
made there, concerning the possibilities to restore this type ©
eco-technical restoration methods elaborated at Lake Hornbor:

in the 1960s (Bjork 1972).

Causes of degradation

Until man interfered with the well-organised complex of components that functioned
within the Lake Hornborga ecosysterm, it maintained a rather high degree of productivity
without suffering from rapid ageing. This is quite remarkable for a lake of this size (30 km?),
shallowness and high trophic level. The lake used to have a maximum depth of 3 meties
but most of the lake was much shallower. A constellation of factors such as rapid watet
renewal, well-situated inlets and outlets (Figure 1), strong watet- and strong ice movements
provided a good system for transportin
becoming overgrown. The emergent vegetation was mainly restricted to wind-protected

shore areas. The organic matter of the richly developed submerged vegetation easily decayed

and was transported out of the lake, while the precipitated calcium carbonate particles

covering these plants settled to the bottom. Before degradation following the water levet

&2 IWRB Publication 32 - 1994
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valuable waterfowl lakes in north-western Europ
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I
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ke that was (Figure
i i i rt (12 km?) of the la ‘
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Restoration goals

The ecological goal for most restoration | \F
projects in lowered and overgrown lakes is | i \
to create an open water area and a mosaic \ fil

—-_—

of open water and emergent/submerged | ? i
vegetation. The restored lake/wetland should |

be brought to a stage of permanence where ‘

no future extensive management programme | 1

| |
is needed. For responsible, long-term planning —Pg :}
C
J B

of wetland restoration, management and
protection, this is of the utmost importance. 2

Shallow lake ecosystems are not at all static |
but highly dynamic systems and can suffer
from a very rapid ageing processes. After
water level lowering, as well as after an
insufficient increase in water levels as a
means of ‘restoration’, such lakes usually pass
through a transient period of flourishing
birdlife. Sometimes, as in the Lake Hormnborga
case, it is still difficult to convince the

general public that this period is of just short duration and that ecologically realistic measures
to counteract the rapid ageing must be taken in order to give the ecosystem sustainable
character. When planning for restoration of such s
to man’s time-scale —
comprise the whole e
for the factors which

| ‘l A

Al ;.‘. { J
Key

A = roots and rhizomes. B = very coarse Phragmites detritus.

C = horizontally deposited stems of several shoot generations
together with basal parts of broken stems. D = vertical living stems
and several generations of dead stems,

ystems to sustainable units — according
it is necessary to apply an holistic approach not only in space, i.e. to
cosystem including its catchment area, but also in time, i.e. to allow
have an influence on the speed of the ageing processes.

Field investigations

The field investigations started in 1967 and were carried out by a team of omithologists
(under the leadership of Dr. P.O. Swanberg, 1980), limnologists, technologists, hydrologists,
economists and agriculturalists. In 1968, the lake and its subsid

mapped using aerial photographs to obtain contour maps with
the governmental directives,

developmental prognoses were el
Lake Hornborga itself. As the e

unique, a tailor-

ing surrounding areas were

a 25 cm interval. Following
the necessary limnological restorative measures and

aborated, based on the specific conditions in the degraded

cological properties in every lake/wetland ecosystem are
made restoration plan has to be designed for each individual project.

One year of limnological studies made it quite clear — theoretically —
be restored (Bjork 1972). The most serious problem following the
shallow lakes is the development of a root-felt in the upper sediment
of coarse plant material (detritus) produced by highly productiv

that Lake Hornborga could
lowering of water levels in
layer and the accumulation
e macrophytic vegetation.
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Figure 2,

Lake Hornborga.
Distribution of living and
dead material in stands of
Phragmites. At the start of
the restoration of the
bottoms overgrown by
Phragmites, the thickness
of the B and C layers
amounted to c. 75 cm.
From Bjork 1972,
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Figure 3.

Lake Horborga.
Accumulation of coarse
detritus in the 17km? farge
stand of Phragmites in the
northern haif of the lake.
Photo: Sven Bjork 1969.
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In Lake Hornborga, as elsewhere, the sedge root-felt poses a problem, as it is thick, resistant
and for economical reasons impossible to remove from the very large areas covered by it
(c. 18 km?). In small water bodies, the floating root-felt can be removed by means of a
dragline, or cut up, towed to the shore and removed. The reed root-felt can easily be cut
by amphibious rotavators that were constructed for the Lake Hornborga project (Figure 4).
Following the governmental directives, the limnological project goal for Lake Hornborga
was to transform the reed (Phragmites) areas to open water (about 11 km?) and to keep
emergent vegetation in the area covered by sedge (Carex) (about 18 km?). When the water
level is raised, the sedge root-felt will float to the water surface and be recolonised by reed

The procedure to replace emergent vegetation by submerged vegetation is illustrated in
Figure 5. During the field experiment in the years 1968—
successful restoration using the above serics of methods were o
vegetation and destroying the root-fel, prototypes of amp
were constructed (Figure 4). The use of the constructed eq

1972, convincing results for a
btained. For cutting macrophytic
hibious and pontoon machines
uipment is schematically shown

in Figure 5, according to dry and flooded conditions characteristic for Lake Hornborga.
During dry periods in late summer and early autumn it
clean several km? from accumulated reed detritus by me

was sometimes possible to quickly
ans of fire (Figure 6), especially in
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Figure 4,

Lake Homborga,
Prototype of rotavator for
removal of the stubble
mat and rhizome layer of
Phragmites. The slowly
moving knives cut the
rhizomes in long, easily
floating pieces. Photo:
Sven Bjork 1972.




Treatment of overgrown shallow lakes — macrophyte control

s.Bjork 0
- — the sections of the lake where willow bushes prevented the immediate use of machines,
=== e However, the fire does not destroy the root systems Therefore, the productivity of the reed
Figure 5. |7[—_-_—-———-'— - 2 becomes higher when the fire has improved the environmental conditions through removal
The Lake Horborga . of the layers of settled detritus and dry stems which decrease both temperature and light at
‘E::’:;‘j’;kpr%e;; the bottom (see Chapter 7, Macrophyte control — Figure 3).

It is usually most practical to srart the removal of the macrophytic vegetation along the
wind-and wave-exposed shores. During periods of high water level, the cut and loosened
plant material is transported to the exposed shore. During low water periods it is possible
to burn it on the shore or to collect and compost it. In small scale projects, it is practical
to carry out the cutting and root destruction in sub-areas surrounded by floating booms. All
the loosened material is dragged within the boom to the shore and removed from the lake
s 4 stems are cut by amphibious harvester by means of a conveyer‘ belt.. With the procedure as described in Figure 5, enormous masses
on reed 2. n the winter the dry reed s of coarse detritus deposited in the stubble mat was loosened and together with the rhizomes

1,|nitiallstate.hT hioa;seglsidoa:lt::iggﬁ]nabcx:rzlcrin by coarse detritus, and burned on the ice. and roots transported by the spring high water to the shores along the wind-exposed
;iszztii’rtoi'fe" developed in the top sediment layer. portions of the lake (Figure 7) where they were burned in the summer.

_]

When the detritus was removed, the consolidated original gyttja (mainly lake marl) again
became the bottom. If covered by sufficiently deep water, the reed monoculture is replaced
by submerged vegetation, and a rich bottom fauna, microbenthos and periphyton develop.
The biotope changes documented already during the experimental period resulted in a very
obvious improvement in the waterfow! fauna (Figure 8).

The restoration of bottom areas primarily overgrown by common reed (Phragmites) is an
easy procedure by means of the technical equipment developed for the Lake Hornborga
project. Even if the root-felt of bulrush (Schoenoplectus) and sedge (Carex) could be cut by
rotavators, the main part of the loosened material would remain on the botrom, stationary
or partly drifting. In case of common reed, the internodes of big pieces of stems and rhizomes

o I
4. During the low water period in the summer and autumn

3. During the spring (high water period) pomoon-equié)pef 40 cm necessary, amphibious machines are again used to cut the green are filled with gas, providing them with an excellent buoyancy (Figure 7). It is imperative
mowing machines are used t reduce the S-tUbble| t(t)ez:nso :ch Figure shoots. that the rotavators cut the rhizomes in big pieces. Machines making a slurry of both stems
and clearthe botom from the layer of horzontal s . I and rhizomes are destructive because the buoyancy of the material gets lost and the bottom
2and 3). [ \ is not cleaned but becomes covered by a layer of coarse, partly drifring particles.

After treatment of the bottom for an area of 11 km? as described, and after the manual
removal of trees and especially bushes along the shores and in the bays of the former lake,
the restoration plan presented in 1973 (Plan/73) recommended the raising of the water
level in two steps, first by ¢. 1 m and then, after about 5 to 10 years by a further 0.5 m.
This procedure was recommended in order to get the wind-exposed shores worked up,

should be sudden and big enough to prevent both successive recolonisation of emergent
species, mainly Phragmites, from the littora) zone of vegetation and survival of inirial stands
in open shallow water areas. Before the lake degraded completely, Schoenoplectus was the
. 6. Provided a satisfactory water depth is restorej,bergs:fef’;;na characteristic species. After a restoration according to Plan/73, this species would again
5. The stubble and root-felt are cut by means of slowly rotating végetation is replaced by‘submergedlp}amsr Z“ 12. develop outside Phragmites stands along the shores and within plaur areas. With the
' communitie rich in species and individuals develop distribution of the emergent vegetation under control by means of water depth, wave and

cultivator with curved knives.
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Figure 8,
Lake Hornborga before
and after demonstration
experiments for directing
the primary production
from emergent to
submerged vegetation.
Water level not yet raised,
Comparison between
conditions in 1965 and
1971, Data from H,
Berggren and P.0,
Swanberg. From Bjork
Arear o 11 Yo covared by Fhrepmis e o bniicalypepared | 197

Figure 6. | ﬁi&'—

Lake Hornborga. Burning
of Phragmites reedbeds.
Photo: P.0. Swanberg
1970.

Macrophyte detritus
deposition
decomposition -~ > «I- s

Bottom fauna S
Chironomidae ind. m? x 1200 e

Birds (pairs x 10)

Podiceps auritus, Slavonian Grebe & & Z: & &

Aythya fuligula, Tufted Duck 23,

‘ Lyr Pochard B B p SN N N -y

especially ice action, the sediment bottom cleaned from coarse detritus could be largely

Fioure 7 covered by underwater vegetation (Figure 9).
igure 7.

Lake Hornborga.
Phragmites thizome piec.es
after cutting with
rotavators. Photo: Sven
Bjork 1969.

(Parliament) and in 1982, the Water Court and the Government granted permission to
raise the water level, in two steps, by 1.4 m. The Swedish Environmental Agency was
responsible for the implementation of the plan. Under their management, dikes, finally

addition to these, efforts were also made to get permission for construction of the Hertzman
dike for reclamation of one of the lake’s broad bays (Figure 10). The latter was, however,
tejected by the Government, Because geological investigations had not been made at the
Suggested location of the dikes, the risks for leakage had not been assessed. Pleading the
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Figure 9.

Lake Horborga.
Demonstration of
restoration methods and
recolonisation of treated
areas. Photos: Sven Bjork.

S. Bjéi -

1970: treated area.

1967: initial state.

—

1989: withou; raising the water Jevel the treated area is recolonised by
Schoenoplectus, Phragmites and Typha.

vl ' . .
1973: after cutting the reed, coarse detritus, stubble, rhizomes and roo
felt have to be cleaned from the bottom.
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of the results would, otherwise, be a matter
level would, of course,
shorter the period.

of decades, not centuries. Every rise in the water
cause a flourishing period for waterfowl, but the lower the rise the

It must not be forgotten that even a limnologically correctly restored Lake Hornborga is
severely damaged by the former water level lowering and that the restored system must be
given a structural and functional capacity to withstand the incre

should, amongst other things, have the capacity to metabolise nut
agricultural catchment area (the 1954 diked.
a short spring period) as well as anoxic wat
periods of decreasing water level. In this co
oxygen deficiency and nutrient release, wil
fertilisation of downstream waters. Within t

ased nutrient loading. It
rient-rich water from the
in lake was supplied with such water for only
er pressed out from the plaur sections during
nnection, chain reactions, including periodic
I appear and will affect animal survival and
he open water area, the bottom should consist
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Figure 10,
Lake Homnborga,
Distribution of open water
(a} with submerged and
emergent vegetation and
areas predetermined as
plaur (b) after raising the
water level according to
restoration Plan/73. Map
A: location of dikes
according to Plan 73. Map
B: dikes according to the
Environmental Protection
Agency, Stockholm:
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of sediment cleaned from root-felt and coarse detritus. Furthermore, the open water should
be large enough to enable the formation of blue ice capable of pressing and pushing to keep
exposed shores open as the ice did in the lake before its degradation.

The evolution of shallow lakes/wetlands is, in several respects, dependent on the conditions
in the extreme years. Most important are the effects of dry periods with low water levels,
especially if these effects in regulated lakes cannot be compensated by the effects of extreme
high water periods. In dry years, the artificially shallow lake overgrown by emergent vegetation
will suffer from extra water losses due to intensive transpiration from the plant cover.
Within the dry littoral zone, plants will transpire groundwater which, otherwise, would have
supplied the lake. In addition to this, agricultural irrigation may reduce the supply of water
during dry seasons. The summarising effect of low water level in extreme years is a lakeward
expansion of emergent macrophytic vegetation, resulting in increased production of

accumulating coarse detritus.

The Plan/73 for the restoration of Lake Homborga also included measures to secure an even
bottom in order to prevent sites from the accumulation of detritus and development of
stands of emergent plants. Dikes along the drainage canals (Figure 1) had, therefore, to be
levelled as part of the efforts to restore, as much as possible, the former wind-induced regime

for in-lake water and ice movements.

Methods to increase water depth

When the water depth of a lake becomes too shallow, there are in general three possibilities
to increase it: to raise the water level, to lower the bottom, or to combine these two
measures. Under all circumstances the bottom has to be treated in order to get rid of the
accumulated coarse plant material and the root-felt, a procedure which also results in a
lowering of the bottom level. In Lake Hornborga, the removal of the root-felt and the dense
stubble mat according to the Plan/73 would have lowered the bottom by ¢. 40 cm.

Lake Homborga is situated in an area where the bedrock, in some parts, consists of limestone.
The characteristic sediment deposit in the northern section of the lake is lake marl, i.e.
calcium carbonate precipitated as a result of the photosynthetic activity of a rich submersed
vegetation. The marl is of high quality and excellent for the liming of acidified areas instead
of spreading finely-ground limestone/chalk, obtained from quarries, and crushed and ground
to fine fractions. In Sweden, where inland waters in oligotrophic areas are suffering from
acidification, the liming of acidified lakes, brooks and catchment areas is state-financed
(c. US$11 million per year in the middle of the 1980s).

In lowered and completely drained lakes with lake marl as the characteristic sediment,
modern automatic extraction methods have opened up possibilities for efficient sediment-
mining aimed at the restoration of the lowered lakes, and the treatment of acidified land
and waters. For Lake Homborga, situated on the geological borderline between limestone
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1 = horizontally deposited stems of Phragmites etc.; 2 = coarse detritus; 3

4 = detritus gyttja; 5 = lake marl; 6 = clay; 7 =silt; 8 = sand; 9 = gravel st i ot n omes

and gneiss, lake marl is a characteristic sediment (Figure 11
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Figure 11.
Lake Hornborga.

Stratigraphical section
from north (N) to south (5).
Figures on both side of the
diagram denote level

above the sea (m).

upper dashed line

The

connects the upper levels
for consolidated gyttja and
the lower line the upper
levels for minerogenic

50ils.
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Swanberg, P.O. 1973. Homborgasjon som fige rfowl lake. The omithological study of the national env reduction of planktivorous fish was insufficient. These results were confirmed by the qualitative

kholm
i ke Hornborga as a wate tens naturvardsverk, Stoc ’ . Lo . .
om sjons framtid. (SL -f:westigation concerning the future of Lake Homborga. Stare investigation of the fish stock ( Vostradovsky, unpubl. data).
protection agency

. in the
00pp. (In Swedish.) 50 1969-1971. (Methods used in ¢

P.M. 280. (2nd ed. 1978) 100pp. (In Sw ingen av Homborgasion ish with

Swanberg, P.O. Metodik i den OmltOng;Ska ls?;rfrfr{giglw?l). Var Fagelvarld 39:369-376. (In Swedish wic In the Czech Republic, a lot of experience on the effect of fish stock on the whole
. real . 3

omit.hologlcal cen)sus of Lake Hornborg {vestigation.). Statens naturvirdsverk, ecosystem has been gathered from studies on fish ponds (Fott et al. 1980). All these results

Enghi‘ S{l;;?arlz]l;)mborgasjt’mtredningen. (The Lake Horborga investig confirm that the positive effects of food web management can be more easily achieved in
Vllbg;i’ck};olm‘ PM 280. 34pp. (In Swedish.) smaller, fully controlled, shallow water bodies and can be maintained there for a longer time.

The two large-scale field experiments described below aim to illustrate the application of
food web management in reservoirs and varied effects attained there due to the complexity
of this method as described in Chapters 5 and 7 (Food web relations and Food web
management).

Rimov Reservoir, Czech Republic

The best documented example of the development of fish stock in a reservoir is the Rimov
reservoir, which was intensively investigated since its impoundment in 1979. This reservoir,
located about 140 km south of Prague, has a maximum depth of 43.9 m, surface area of
210 ha, and retention time of 90 days. The three dominant fish species — perch (Perca
fluviaglis), roach (Rutilus rutilus) and common bream (Abramis brama) — account for more
than 90% of both total numbers and biomass of fish. An extensive programme was established,
aimed at the reduction of planktivorous fish during 1985-1989. The application of fyke-nets
(see Table 1) proved to be very effective in the elimination of perch during their spawning
period (Kubecka 1992). Shore seining was used to reduce adult cyprinids. While daytime
shore seining is often inefficient, night-time seining remains one of the simplest and cost-
effective methods (Kubecka 1993a). Probably the most effective method of reducing the
populations of dominant cyprinids (roach, common bream) was the lowering of the water
level in the reservoir after the mass spawning of both species. The spawning takes place
mainly in shallow warer near the shore and, thus, after the water level decreases, a substantial
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e No effect of the reduced fish biomass was i - B Figure 1.
Catch (kg)stock ~ Effect’ observed on the further (phyto lankton) I T L. Biomass of plankiivorous
5 e .g — p p 6°°J = fish in Rimov Reservoir
Technique (individuals) e 2 trophic level. The seasonal averages | = | B L during 19791992
. . _S %3 Common Bream 8 B )
24,000 20 % of phytoplankton biomass remained E‘MOOL_ __ = il
Seining and fyke nets _ R _ . ] ‘ almost unchanged between 1985-1991 "2 300 B 1 . = =
Stocking of piscivorous pike perch {Stizostedion lucioperca) 1+ 320 . (Figure 4). The observed, between-year § 20— {1 ! HHAP —
species p[te percz ‘? 75 X fluctuations of phytoplankton biomass | = 1o P HT-/-‘ H A Qﬁ 7
pike perc ine without bag - used for fishing . . . | LA W R {HH
pike (Esox lucius) 1+ 22'00(5) 10% Bte aﬁ?llsoe\:vn (leit\;vgtglo:tatizis-an active gear were most likely related to differences in ol PP o G I o e
pike 2+ : 330 ats water discharge (Komarkov4 1993). —]
wels (Silurus glanis) 1+ . -
wels 2+ m ?)g?) w00 o - Figure 2.
asp (Aspius aspius) 1+ : Conclusions ' Copepoda | Biomass of zooplankton
5 20| — o {Cladocera, Copepoda
Water level decrease £ moll—— i expressed as concentration
(0.3 - 0.5 m) after 70% It seems that the critical biomass of fish stock £ J of protein nitrogen under
spawning of cyprinids Fyke net - used mainly for removal of for obtaining a positive effect through food | § T | 1 m* of water surface in
perch - a passive gear web management lies lower than the | & wﬂ' ?;r;;vgegs;rvou during
fe)' Effect represents the contribution of a given 100 kg ha™ achieved in Rimov reservoir. 5°J'__ ‘ '
technique to the total reduction of ish biomass According to some data from the literature, R o S S P e S o e e J
1+ one year old fingerling it might even be lower than 50 kg ha' (Mills
2+ two years old fingerling & Forney 1983, Walker 1989). From this
S spawner point of view the results from London Figure 3.

Share of Cladocera
retained on a 0.71 mm
14 - . | mesh in total zooplankton
_ _— | biomass in Rimov

‘ Reservoir during 1979-

o N | 1992, '

) reservoirs (see p. 99), where the very low
. . ively stocked with piscivorous i ( ) p ), Ty )
reservoir was intensively ) and biomass of fish stock corresponds well with

the occurrence of large daphniids and low
phytoplankton biomass in spite of the high
sbout 100 ke per ha (Figure 1). ;\elvel of nutrie‘nt.s, are of particulz.ir interest.

evertheless, it is necessary to point out the
further management measure — continuous
mixing of the whole water column — that {
contributed substantially to the positive
results obtained there.

over, the i :
i i ike (Esox lucius), asp (Aspius aspius
dion lucopered) e d from about 600 kg per ha to

Table 1. proportion of eggs dry o}t:t(.SMore
The effectiveness of s species — pike perch (Stizoste ' o
measures (0 educe fthﬁ wels (Silurus glanis). As a result, the total fish stock decre
stock of planktivorous fis
in Rimov reservoir (fish

jomass decreased from ) k of planktivorous fish is
5(?(;?:’(;’;189“_1 in1982- The effectiveness of all the measures applied to reduce the stoc p

. - d.
i . s composition was observe
1985 10100150 kg ha™ 0 iy Table 1. At the same time a gradual. shift in Zpec};e 1992 Iits share had gradually
in 1988-1991). Kibella, 2 h formed about 75% in terms of numbers in 1985, but by 19" 4 to 60% (roach)
unpubl. daa. - Perch fo 0 he other hand, the proportion of cyprinids increased to ) o ‘
dropped to 3%. On the othe ) regularly in newly impounde: 7] Figue 4
and 30% (common bream). This phenomenon seem}s‘l to occur tgl;ikely eelerated by the Concentiation of
f perch was, mos 4 . chlorophyll a in upper 4 m
: Zka 1993b). The decrease o AR oir can . Vi ain upper
reierV? 1rsf§kK ul:;(; catching. The results of food web management in Rimov reserv Hubenov Reservoir, Czech of water column in Rimov
selective Tyke- ' Republic
be summarised as follows:

IS

% of zooplankton biomass _I N-p
|
|
i

o Nn

FNy Sy w—
1983 1985 1987 1989 1991

reservoir during 1979-

Chlorophyll a [mg m?]

{ormass Was observed 15— - 1992,
o No effect of the reduced fish biomass on the total zooplankton bi Hubenov reservoir, located about 100 kin A5 |
(Figure 2). ) 1L cast of Prague, has a maximum depth of s— .
. i e zooplankton was achieved. The Sma, ) . i
° I\.]O Change i}? 'the ;EZI:ZIE:::ES S(it:;?n;fltd;nd w; not replaced by the 1arger D ap hnia ::ni 1:;’18;';{ 323sar%:izslefvz;?ﬂi§;§f:::;; 1979 1e81 1983 Toss  tes7 1989 1991
flltl.'atO.I', Daphnia gad , after impoundment in 1972, was stocked —'
pulcariay as expectec kton was observed (Seda et al. 1989). with salmonids — brown (Salmo trutta) and rainbow trout (Oncorhynchus naykis). Thus, a
e A distinct effect on the size struct.ure of zooplanhtc?ne of 0.71 mm) increased from 1% delay of the massive development of planktivorous species (mainly small perch, roach and
The share of large daphniids (retained on acrlnes ;lzonl p;)sitive effect (cf. Chapter 5 ) common bream) was achieved. The population of salmonids declined, however, quite
to 10% (Figure 3). This result can Ezsszci; 125{;10‘1 resse’rvoilﬁ quickly; the last trout were observed in 1978. Their mortality was caused mainly by diseases.
of the food web management exp
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Table 2.

Selected hydrobiological
parameters (seasonal
averages) during periods
with different fish stock in
Hubenov reservoir. After
Hrbacek et al. 1978, 1986.
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Zooplankton Cladocera Secci
N protein >0.71 mm depth Chla Tofal P
Period mg dm? % m pg.t gl
1975-1979 1.65 241 3.8 6.5 19.9
1980-1983 1.26 16.5 33 137 176

Note: Period 1975-1979 = low fish biomass; period 1980-1983 = high fish biomass.

Subsequently, planktivorous species became dominant due to the propagation of perch and
later also roach (Hrbacek et al. 1986). At the same time the fish biomass increased.
Unfortunately, no exact data about the fish biomass are available.

Results

The years 1975-1979 represent the period with a low biomass of fish (period of successful
food web management) while the following years 1979-1983 represent the period with a
high biomass of fish. During the period of low fish stock, the zooplankton biomass, the ratio
of large daphniids to total zooplankton, and the water transparency were higher (Table 2).
The biomass of phytoplankton (measured as chlorophyll a concentration) was about half
of that at high fish stock levels, with a nearly unchanged concentration of the limiting
nutrient (phosphorus). At low fish stock, filtratory zooplankton, dominated by the large
species Daphnia pulicaria, effectively controlled the development of phytoplankton. The effective
food web management is indicated by the fact that the concentration of chlorophyll a lies
outside the 95% confidence limits of the Dillon-Rigler’s relationship (Dillon & Rigler 1974,
Hrbsgek et al. 1978), being about half of that predicted according to the phosphorus
concentration.
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APPENDIX A

Glossary

. i bodi
ACIDIFICATION - Decline of pH and alkalinity in groundwater and‘ mlanc.l watez Ozi c;zz
since pre-industrial times, primarily due to emissions of sulphur oxides, nitroge

and ammonia to the air or as a result of industrialised forestry.

ALGAL BLOOM — Seasonal appearance of dense phytoplankton colouring the water.

ANOXIC — Void of molecular oxygen.

i dy.
BENTHOS — The community of organisms associated with the bottom of a water body
Benthic plants and animals occur on or in the submerged substrate.

BIOCOENOSIS — The community of organisms inhabiting a biotope.

BIOTOPE — ‘Place of life’. The totality of the environmental conditions under which a
biocoenosis exists.
BOTTOM-UP RELATIONS — The series of basic dependence in the food web: of plant

nutrients f()t t} 1€ Pr Oduct on ()f I )13.] 1S, ar ld I )1 ants l()]: I )IaI 1t-eatir 1g Or ganisms [)rimal y
| Vi V’ iar Y Con(sumers)
COnSumerS) and successi ely hlgher le elS Of CONsSuUmers (SeCOndary, tertia
’

C{. Top-down relations.

CATCHMENT AREA — In this book, the denomination of the area from ‘which.water his
drained to a lake, wetland, etc. Drainage basin and watershed are sometimes given the
same meaning.

CIRCULATION PERIOD — Cool, temperate, deeper lakes are characterised by total

i i i ing and autumn.
circulation of the water column during two periods of the year, in sprmfi i
In summer and winter they are thermally stratified. Cf. epilimnion, meta

hypolimnion.

DENITRIFICATION — The bacterial reduction of nitrate to molecular nitrogen (nitrogen gas).

L - e
ECOSYSTEM — A natural unit which includes both living and. non-living cor;[l)lfer; .
forming a system characterised by the interaction and recycling of matter.

wetlands are good examples of such functional units.

EMERGENT MACROPHYTES — Aquatic plants that are rooted in the bottom and wit

isi rface.
leaves and reproductive organs rising above the water su
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EPILIMNION - The upper, warm water layer in deeper lakes with summer stratification.
Cf. circulation period, metalimnion and hypolimnion.

EUTROPHIC — Water bodies with a high supply of nutrients and therefore characterised
by high organic production. Cf. oligotrophic.

EUTROPHICATION - The enrichment of water bodies with nutrients, such as phosphorus
and nitrogen, causing an accelerated productivity.

EXTERNAL NUTRIENT LOADING — The supply of nutrients to a water body from the

catchment area.

FLOATING-LEAVED MACROPHYTES - Aquartic plants rooted in the bottom with

submersed and floating leaves. Reproductive organs are floating or aerial.

FOOD WEB MANAGEMENT — Efforts to govern the structure and function of an aquatic

ecosystem through reduction or favouring of selected species or groups of species.

GROUNDWATER RECHARGE - Infiltration of rainwater and surface water to water-
bearing soil and bedrock layers.

GYTTJA - Fine to coarse lake sediment with high content of organic matter, also including
inorganic precipitations and mineral particles.

HOLISM — Emphasising the value of a comprehensive view. In ecological research and
management a HOLISTIC APPROACH means to adopt a comprehensive view on, for

example, a lake ecosystem as a whole and its dependence on external and internal
factors and processes.

HYPOLIMNION - The lower, cold water layer in deeper lakes with summer stratification.
Cf. circulation period, epilimnion and metalimnion.

INTERNAL NUTRIENT LOADING — The supply of nutrients from the sediment to the

water column of a lake, most typically occurring in connection with oxygen depletion at the
water-sediment interface.

LAKE MARL - White to grey lake sediment of precipitated calcium carbonate, poor in
organic matter.

LEACHING - The washing of ions out of soil and bedrock by surface water and groundwater.
LENTIC - Standing water; living in lake pond, etc. Cf. lotic.

LIMNOLOGY - The science of inland water ecosystems.
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LITTORAL ZONE — Extends from the shore to a water depth where the light is barely

sufficient for rooted aquatic plants to grow. Cf. pelagic zone.
LOTIC — Running water; living in brook or river. Cf. lentic.

METALIMNION — The layer of water of vertically, rapidly changing temperature in lakes
during summer stagnation, above which is the epilimnion and below is the hypolimnion.
Syn. Thermocline. Cf. circulation period, epilimnion and hypolimnion.

MATTER LOSS - Irreversible flow of charges, i.e. dissolved ions (base cations and anions)
via surface waters to the sea, measured as water flow in the river multiplied by matter

concentration measured as conductivity.

OLIGOTROPHIC — Water bodies with a low supply of nutrients and therefore characterised
by low organic production. Cf. eutrophic.

PELAGIC ZONE — The open water outside the littoral zone in lakes. Cf. littoral zone.

PERIPHYTON — Community of micro-organisms that live attached to submerged substrate
(e.g. rocks, aquatic plants etc.).

PLAUR - Stand of aquatic macrophytes with the root-felt floating at the water surface.
Plaur formations develop when gas bubbles collect to such a degree in and beneath the
root-felt that this is loosened from the bottom and raised to the water surface.

PROFUNDAL — The bottom zone of a lake outside the littoral zone with macrophytes, i.e.
beneath the pelagic zone of open water.

REDEVELOPMENT — Activities aiming at a general upgrading of the environment according
to given goals for the sustainable use and utilisation of ecosystems.

RESTORATION — Measures taken in ecosystems, like lakes and wetlands, to adjust the
structure and govern the function of a specific damaged system. In practical environmental
protection and management, the meaning of the term restoration often implies the re-
establishment of an ecosystem — according to local or regional interests — for those
purposes for which it used to be suitable before its man-made degradation.

RHIZOSPHERE — The soil surrounding the root systems of plants.

SEDIMENT — Deposits of minerogenic and organogenic particles separated from water or
air, often settled in layers of sorted fractions.

SHALLOW LAKE — Common designation of a water body characterised by its littoral
organism communities. Cf. littoral zone.
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STAGNATION PERIOD - A period of thermal stratification in lakes;

. : . . .
winter st agllatlol 1. I }le OppOSlte 1S t}le peI'lOdS ()f tC )tal Circulat i( )9} m COOI temperate lak
€S.

SIRAIIC}RAI HY—DeSCI‘I t1 11()1 tlle arrangement a (1 e y
p O
) g n T typ Of la ers (Strata) in SOll (e,g.

SUBMERGED (SUBMERSED) MACROPHYTES — Aquatic plants

whose vegetative parts are under water. Re
submersed.

o rooted or rootless,
productive organs are aerial, floating or

SUSTAINABLE E
S NABLET f(?li)CStI)iT;iI;lAv;hAr}ll Zcosysterrz1 characterised by the natural development
. ich does not degrade because of s i

of sauct ‘ se of man’s interfe
e r;uizsziimable cam.e Into common use through the man-centred work ofe z;ncg&/The
ommi on o}rll. Environment and Development ‘Our Common Future’ (UI\? 190rld
Ng to this commission ‘Sustainable development is development that 8;).
meets the

n dS Ofthe present ltll t compr 1183 ]|lg‘ (s al)]]]ly ()' “llllle ge] erations tO meet ]]el]
ce A% ou O p Oomis

h
own l’leeds .

THERMOCLINE — Cf. metalimnion.

IOI ’DO C(/ IJ I{ELA] IONS —_ IIlflueIlCe exetted by lu }\el tI()phIC level on IOWeI leVelS m
g

WE - i
TSP}:N&) Wetlands are biotopes, or sections of the landscape
and ha 1t‘at, as well as their plant and animal life, are ’
an essential degree characterised by the factor water ’

whose general appearance
for at least part of the year, to
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Dr Ripl designed several of his own lake restoration projects in Sweden before, in 1979, he
was appointed Professor of Limnology at the Berlin Technical University and established
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a team of young limnologists working within the restoration sector of limnology. Results
from basic research especially on dynamic processes at the sediment-water interface inspired
him to further improvement of in-lake measures for control of internal loading in lakes. In
recent years, he has stressed the imporrance of a comprehensive view of the landscape and
has, in interdisciplinary projects, devoted much interest on restoration and management of
whole catchment areas. The overall objective is, first of all, to define and evaluate parameters
determining a sustainable development and stability of the landscape, where an ecologically
sound management of the water cycle constitutes the keystone. Present address: Technical
University, Institute of Limnology, Hellriegerstr. 6, G-14 195 Berlin 33, Germany.

KAREL SIMEK graduated in limnology at Charles University in Prague (1979), from
where he received his Ph.D. in 1986. He is currently head of the Department of Biological
Self-Purification Processes and Water Chemistry, at the Hydrobiological Institute in Ceské
Budgjovice, Czech Republic. His main fields of specialisation are microbial ecology including
bacteria-protozoan interactions, and limnology with regard to carbon flow through microbial
food webs to higher trophic levels. His current research deals with the factors regulating
bacterial abundance, production and activity in aquatic ecosystems, and protozoan bacterivory
and algivory. Present address: Institute of Hydrobiology, Na sadkach 7, 370 05 Ceské
Budgjovice, Czech Republic.

BO VERNER, limnotechnologist. After technical studies and service in the Royal Swedish
Navy, he was, in 1964, employed as an engineer at the Atlas Copco Central Laboratories
of Physics in Stockholm. In close cooperation with hydrologists, limnologists and
environmentalists, Bo Verner has invented and developed a wide range of technical
equipment for the management, restoration and protection of lakes, running and coastal
waters. These technological achievements include the development of hypolimnetic aerators,
the technical facilities for the Riplox and Contracid methods (treatment of acidified lake’s
sediment with sodium carbonate), pneumatic barriers preventing oil spillages and siltation,
devices for the prevention of ice formation and for preventing of jelly fish from entering
water intakes. His inventions have been introduced worldwide, and as an ecotechnologist
bridging the gap between ecological theory and practical application, he has cooperated in
redevelopment and restoration projects in Europe, Asia, Africa and the Americas. During
1972-1984, he worked at Atlas Copco, Antwerp; since the late 1980s, he has run his own
company. Present address: Bo Verner AB, Frejgatan 46A, S-11326 Stockholm, Sweden.

VOJTECH VYHNALEK graduated in limnology from Charles University in Prague
(1979), where he also obtained a Ph.D. in 1987. He is currently scientific secretary at
the Hydrobiological Institute in Ceské Budgjovice, Czech Republic. He has specialised
in phytoplankton ecology, especially nutrients-phytoplankton-zooplankton interactions,
phosphorus dynamics in lakes and reservoirs, and eutrophication. His current research
interests are with regards to factors controlling algal populations in freshwater ecosystems
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APPENDIX C

Companies involved in lake restoration

AUSTRIA

Aquaterra-Consult-Gesellschaft m.b.H.
Rothkirchgasse 4/4/20

A-1120 Wien

Tel: +43 1 813 1967

Fax: +43 1 813 1967

Planning and accomplishment of restoration projects.

CZECH REPUBLIC

Institute of Botany

Dr Jan Pokomy

Dukelsks 145

379 82 Ttebont

Tel: +42 333 2343

Fax: +42 333 2391

Consultancy and planning of restoration projects.

Envi Led

Dukelska 145

379 82 Tteboni

Tel: +42 333 2343

Fax: +42 333 2391
Precision suction dredging.

DENMARK

Seiga Harvester Co.

Mr. Gosta Larsson

Funkiavej 45

DK-2300 Képenhamn S

Tel: +45 31 554265

Sale of amphibious vehicles and equipment for lake and

wetland restoration.

J.S.P. Maskinfabrik

Mr Jorgen Pedersen

Sverigesvej 6

DK-8450 Hammel

Tel: +45 86 969511

Design, construction and production of amphibious
vehicles and equipment for lake and wetland restoration.

FINLAND

Linnen Engineering Oy

SF-27820 Iso-Vimma

Tel: +358 38 3961

Fax: +358 38 3963122

Construction and  production of multipurpose
(dredging etc.) machines for rehabilitation of lakes and
wetlands.

GERMANY

Gesellschaft fiir Gewisserbewirtschaftung mbH
Frauenstrasse 6

G-12207 Berlin

Tel: +49 30 76881 40

Fax: +49 30 76881 30

Planning and accomplishment of restoration projects.

SWEDEN

Limnoteknik AB

Mr Emil Cronqvist

Vistergatan 33

S-274 00 Skurup

Tel: +46 411 405 95

Design and construction of machines for lake and
wetland restoration and management (control of
macrophyte wvegetation, etc.), accomplishment of
restoration projects.

Skanska AB

S-211 02 Malmo
Tel: +46 40 144000
Dredging of lakes.

Bo Verner AB

Frejgatan 46 A

S-113 26 Stockholm

Tel: +46 8 327525

Fax: +46 8 590 88320

Planning and accomplishment of lake restoration
projects.
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