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Foreword

The bond of humans with nature is eternal. The beauty and
diversity of Latvian nature has been affected by ages of interaction
between people and the environment. People have no future apart
from the surrounding environment, and in the contemporary
world the diversity of nature cannot be conserved in isolation
from humans by prohibiting any action. Only responsible attitude
can make the conservation of semi-natural meadows, sea coast,
forests, rivers and lakes possible in the future as well. The rare,
the unique and the beautiful can only be preserved by including
nature conservation as an indispensable principle in the policies
of all sectors of the economy, which includes planning, as well as
action.

This book is an important resource for anyone, — either those
who have the authority to make decisions and plan the use of
land in Latvia, or those who manage their land themselves. The
guidelines is a comprehensive source of knowledge and methods
applicable in nature conservation, which provides every one of
us with an option of sensible and sustainable action while being
caring owners, who benefit themselves, their family and nation by
maintaining the balance between humans and nature diversity.
The choice of future lies with our wisdom, respect and awareness
of life.

General Director of the Nature Conservation Agency
Juris Jatnieks
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Introduction
(A.Priede)

Guidelines for the conservation, management
and restoration of protected habitats have been
developed during the period from 2013 to 2016
within the framework of the European Commis-
sion programme LIFE+ funded project “Nation-
al Conservation and Management Programme
for Natura 2000 Sites” (NAT-PROGRAMME,
LIFE11 NAT/LV/000371) implemented by the Na-
ture Conservation Agency. The purpose of the
guidelines is to provide recommendations for
the conservation, management and restoration
of land and freshwater habitats that are includ-
ed in Annex I of the Habitats Directive in Latvia.
The guidelines are intended for the planning and
implementation of habitat protection, conserva-
tion and restoration in Latvia, and are one of the
key tools for the conservation of the European
Union’s (EU) protected habitats. The guidelines
and resulting activities are one of the ways of pro-
moting the introduction of the Habitats Directive
and Birds Directive in Latvia. The guidelines are
issued in six books. This volume provides recom-
mendations for the conservation of the diverse
nature of rivers, lakes and dolines.

The guidelines were developed by involving a
leading expert for each group of habitats (coast,
sands and heaths, rivers and lakes, meadows and
pastures, mires, springs, and seep springs, rock
outcrops and lodges, forests), who organised
the compilation of the guidelines. Most of the
chapters of the guidelines have been developed
by the project’s experts, while the other part of
the guidelines has been elaborated through the
attraction of other specialists. The development
of the guidelines was an open process - they
were available to all interested parties in various
development stages — published on the project
website, giving the possibility for everybody to
participate with suggestions. At the beginning
of the project, working groups were established,
allowing for the involved parties to follow the
development of the guidelines and to participate
with opinions and recommendations throughout
the process. Representatives of various fields
took part in the working groups - experts of spe-
cies and habitat conservation, researchers from
scientific institutions, representatives of several
governmental and non-governmental organi-

sations — professionals of nature conservation,
forestry, agriculture and other industries. Devel-
opment of the guidelines included 25 seminars
that combined both work groups and excursions
to investigate the problem situations, as well as
discussions among representatives of various
fields about possible solutions. The suggestions
received were assessed carefully and used in the
development of the guidelines. During the devel-
opment of the guidelines the leading experts met
and consulted with practitioners and researchers
in Latvia and abroad, thus the best available ex-
perience has been gathered. So, the guidelines
have to be considered a result of team work which
would not be possible without a wide range of ex-
pert involvement, which has helped to create the
most voluminous edition of such type in the Lat-
vian language so far.

The recommendations provided for in the guide-
lines have been tested in practice in Latvia or
geographically similar conditions, their efficiency
was assessed and recognised as applicable. The
project also carried out experimental habitat
management and restoration by using less known
or even never used methods in Latvia, to assess
their usage and result. The experience gained was
used in the preparation of the guidelines.

For habitat management, restoration and cre-
ation, it is not possible to establish one recipe for
all cases, and it is not likely to be possible in the
future either. The diversity of conditions makes
every case unique. So any attempt of restoration
of a degraded ecosystem, even using well-known
techniques and applying thorough feasibility
studies, does not always guarantee success. One
should be creative in the restoration of degraded
habitat and willing to adapt to the conditions,
to experiment and use additional solutions - in-
cluding those not proposed by these guidelines.
If the reader expects universal recommendations
from this publication that always guarantee suc-
cess, this is not possible. The approach should al-
ways be flexible when trying to restore changed,
degraded or even extinguished ecosystems.
Sometimes, even having done everything possi-
ble according to the best recommendations and
practice, adjustments are necessary to correct
the mistakes or unexpected deviations from that



which was planned. Each ecosystem restoration
attempt is in a way an experiment, no matter how
well-designed it is. Its success or failure in the lon-
ger term can only be affirmed by systematically
made observations and careful analysis of results,
including errors.

The target audience of the guidelines is primarily
practitioners — habitat managers and restorers -
owners of the land possessing important natural
values, as well as those whose duty or call it is
to promote the conservation of natural values
— representatives of public administration, local
governments, and non-governmental organi-
sations. This edition can be used as a guide for
practical action - including both the planning
and implementation of works. It will be useful for
nature conservation professionals who create
and develop a regulations framework or plan and
implement nature conservation and biodiversity
preservation measures. This book can also be
read by those who want to explore and better un-
derstand the natural values of Latvia — students,
friends of nature, and other interested parties.
The authors of the guidelines hope that the book
will be applicable and useful — a step towards a
deeper understanding of ecosystems and an in-
tegrated approach in the conservation of natural
values of Latvia. As time goes on, this knowledge
will improve, the techniques and abilities will
change, yet these guidelines will remain as the
most complete reflection of experience of nature
conservation of the last 25 years, forming the ba-
sis for future problem solving. The authors hope
that this publication will serve as a source of in-
spiration for active work in maintaining natural
values of Latvia.

Rivers and Lakes
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Chapter 1. A Brief Description of
Groups of Water Habitats

In Latvian waters, there are seven types of protec-

ted habitats of the European (EU) level. Four of

them are lake habitats, while two are river habitats.

The group of water habitats also includes the habi-

tat types that occur rarely and cover small areas in

Latvia, namely, Lakes of gypsum karst and muddy

riverbanks with nitrogen loving vegetation of pio-

neering species.

This publication covers seven types of protec-
ted habitats of EU importance:

e 3130 Oligotrophic to mesotrophic standing wa-
ters with vegetation of Littorelletea uniflorae
and/or Isoeto- Nanojuncetea', 3140 Hard oli-
go-mesotrophic waters with benthic vegetation
of Chara spp.,

e 3150 Natural eutrophic lakes with Magnopota-
mion or Hydrocharition - type vegetation,

* 3160 Natural dystrophic lakes and ponds,

e 3190* Lakes of gypsum karst,

e 3260 Water courses of plain to montane levels
with Ranunculion fluitantis and Callitricho-Bat-
rachion vegetation,

e 3270 Rivers with muddy banks with Chenopodion
rubri p.p. and Bidention p.p. vegetation.

The existence of river and lake habitats is determi-

ned by many factors that characterise waters and

their adjacent land. The most important ones are
physical and chemical indicators of water, morp-

hometric indices of a water course, bedrocks in a

water catchment area, land use type and intensity

in the water catchment, as well as the placement of

water bodies (Cimdin3 2001).

Lakes. For those lakes, which from a geologi-
cal point of view are temporary objects that evolve
during their existence turning into a marsh, morp-
hometric parameters are very important - the
lake’s depth, width of the coastal shallow-water
zone, sinuosity of shores and openness to domina-
ting winds, as well as hydrological parameters such
as rate of water exchange, intake from ground
water and surface runoff. The type and intensity
of economic activity in a lake’s catchment in inte-
raction with the morphometric and hydrological

parameters, determine the course and speed of
lake development (Leinerte 1985). Lake develop-
ment is characterised by two opposing proces-
ses — eutrophication, which is enrichment with
easily degradable nutrients, and dystrophication
— which is enrichment with humic substances and
absorption of nutrients. During such enrichment
process, when the environmental conditions and
species composition are changing, oligotrophic
and mesotrophic lakes become eutrophic. While
accumulating humic substances, lakes become
dystrophic. The general relation between protec-
ted lake habitats and lake development is shown
in Fig. 1.1. In the management of lake habitats, it
is important to understand that the presence of
the habitats in the lake is related to a certain de-
velopment stage of that lake. Therefore, the mana-
gement should provide for the lake staying at this
stage of development the longest possible time.

Explanation of Terms and Processes.

Rivers and lakes significantly differ according to

specific features of ecosystem functioning.

* The key function of lakes is the accumula-
tion of substances and energy.

e The key function of rivers is the transport of
substances and energy.

Figures and Facts.

There are 2,256 lakes and about 12,000 water-

courses exceeding the length of 10kilometres in

Latvia. Approximately 35% of the rivers, which are

longer than 10 km, are partially or completely reg-

ulated, and the total length of artificial channels

and drainage ditches exceeds 65,000kilometres.

In Latvia, waters such as rivers, lakes, ponds,

springs and drainage systems take up around

3.7% of the country's territory. Each year, the riv-

ers of Latvia transport 34.7 km® of water to the

sea, and 15.3 cubic kilometres originate in the

Latvian territory.

' The code that has been assigned to habitat types in Annex | of
the Habitats Directive. These codes added to names of habitat
types will be used throughout the book without further specific
explanations.



Chapter 1. A Brief Description of Groups of Water Habitats

1. Clear-water lakes
Eutrophication

Oligotrophic Mesotrophic  Slightly eutrophic
3130: t 3150: t
Lobelia- Natural
Isoetes eutrophic
lakes lakes

Brown water lakes
Dystrophication

strongly eutrophic Dyseutrophic Dystrophic
3140: t 3160: :
Lakes with Dystrophic
charophyte lakes
vegetation

Fig.1.1. Change of eutrophication and dystrophication processes during lake development and their relation to protected

lake habitats.

Lake development and ageing are closely
associated with the accumulation of nutrients
or eutrophication, and it is a natural and irrever-
sible process of lake development. At their final
development stage, lakes turn into mires. When
planning lake management and choosing the
management methods, the following patterns of
processes that happen in lakes should be taken
into account:
¢ in deep lakes (> 9 m), eutrophication is basi-

cally seen as an increasing amount of algae

plankton;

* in shallow lakes, eutrophication is basically
seen as an increased development of aquatic
plants that first develop in zones of submer-
ged and floating-leaved plants and then in
zone of emergent plants. As emergent vege-
tation develops, open shore parts disappear
and open water zone gradually decreases
(Urtane 2014).

As the nutrients accumulate, their circulation in

lakes also becomes faster, and more and more

dead organisms accumulate in the lake’s bottom.

The decomposition of sunken aquatic plants and

animals consumes oxygen. In the bottom water

layer, reserves of dissolved oxygen start to deple-
te. In anoxic conditions, sediment-bound pho-
sphorus starts to release back into the water. It
increases the internal load of the lake with nut-
rients and causes secondary enrichment of the
water body (Fig. 1.2).

Oligotrophic lake

Sun irradiation

Aeration from the air

Photosynthesis ?

Processes taking part in the lake

Oxygen is mostly produced.

There is practically no surplus of organic substances.
Life cycle is closed.

Pis bound to sediment and remaved from circulation.

Lake type specific characteristics

0, in water: Plenty.

0, in bottom layer: Encountered.

Biogenes in water: Few.

Biogenes in sediments: Binded and withdrawed
from turnover.

Production: Small.

Number of planktonic species: Small.

Number of planktonic organisms: Small.
Emergent macrophyte zone: Poorly developed or
lacking. Plants scattered.

Submerged macrophyte zone: Separate growths
of Isoetes spp., Lobelia dortmanna, Littorella uniflora.
Zone of floating - leaved macrophytes: Lacking.



Mesotrophic lake

Sun irradiation

Aeration from the air

! -_\"?Dhotosynthesis ?

Processes taking part in the lake

Oxygen is mostly produced.

The surplus of organic matter is beginning to
develop. Circulation is not closed.

P is slowly being released and returning to
circulation.

The amount of precipitated organic matter is
increasing.

Lake type specific characteristics

0, in water: Plenty.

0, in bottom layer: Decreases. Sometimes defi-
cient.

Biogenes in water: Few.

Biogenes in sediments: Sometimes releases
back to the lake.

Production: Average.

Number of planktonic species: High.

Number of planktonic organisms: Small.
Emerged macrophyte zone: Moderately
developed, not exceeding 10-15 meters. Consists
of  Phragmites  australis,  Schoenoplectus
lacustris, Sparganium spp., Typha angustifolia.
Submerged macrophyte zone: Separate stands
of Isoetes spp. Lobelia dortmanna, Littorella
uniflora. Shallow lakes sometimes rich in
Charophytes stands

Zone of floating - leaved macrophytes: Consists
of single stands of Nuphar lutea, Potamogeton
natans.

Zone of free floating macrophytes: Seldom.
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Eutrophic lake

Sun irradiation

Aeration from the air

0 osy-nthesis [

k.

Processes taking part in the lake

Oxygen is mostly consumed.

A great amount of organic material is formed.
Increasing amounts of unused organic matter.

A thick layer of sludge is formed in the lake.

P is actively liberated from sediment and returns
to circulation.

Lake type specific characteristics

0, in water: Moderately to few.

0, in bottom layer: Absent.

Biogenes in water: Plenty.

Biogenes in sediments: Plenty. Sometimes dis-
solutes and returns to the lake.

Production: High.

Number of planktonic species: Low.

Number of planktonic organisms: High.

Emerged macrophyte zone: Developed and ex-
panding, width exceeds 10-15 meters. Number of
species small. Dominates Phragmites australis,
Typha latifolia.

Submerged macrophyte zone: Moderately rich.
Frequently replaced with floating - leaved plants.
Zone of floating - leaved macrophytes: Well
developed. Frequently with development of eu-
trophication processes wide and vital stands of
Nuphar lutea, Nymphaea sp develops.

Zone of free floating macrophytes: Well devel-
oped.

Fig.1.2. Processes in the lakes in different stages of lake
development: Oligotrophic lake (1), Mesotrophic lake (2),
Eutrophic lake (3). Drawing by D. Seglina (according to
Urtane 2014).
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Lake enrichment with nutrients causes ma-

jor changes to the composition of groups of wa-

ter organisms that inhabit the lake’s bottom, as
well as to the entire food chain. Research shows
that the greatest diversity of aquatic invertebrate
species can just be found in the shore part with a
depth of up to 2 m (Kacalova, Laganovska, 1961).
High biomass of water organisms can also be fou-
nd in deeper layers, however, it consists of only a
few species (Fig. 1.3).

In sandy and washed over lake littoral parts,
species diversity is moderate. The most diverse
set of organisms in terms of species develops in
a moderately overgrown (< 30 %) shore part with
submerged and floating-leaved aquatic plants
(Kacalova, Laganovska 1961) (Fig. 1.4).

As the lake develops, it accumulates the dead
parts of aquatic plants and animals, and thus or-
ganic substances are created. In their decompo-
sition, oxygen is consumed and carbon dioxide
is formed, and this encumbers the respiration
of aquatic organisms. A mud layer develops, and
the number of its species is low, while their re-
presentatives — Chironomidae and Oligochaeta -
can sometimes be found in large numbers. Some
molluscs are present but their number is not high
(Fig. 1.4).

The water masses of rivers and lakes are
inhabited by various planktonic organisms.
Zooplankton (animal plankton) and phytoplank-
ton (an algae plant plankton) play an important
role in the aquatic ecosystem by creating primary
production of organic substances (in algae) from
inorganic substances; aquatic animals form se-

condary production by consuming and transfor-
ming into their species specific biomass (Cimding
2001).

|
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‘ W oo S
1m 299 Hirudines
‘ Chironomidae
2m 30.2 @
Slalis
Trichoptera
3m 36,5 -
Mollusca
am 14,088
L Ephemeroptera
5m 49
»
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Fig.1.3. Changes to groups of water organisms and their
biomass (g/m?) at different depths of a eutrophic lake
Dridzis. Drawing by D.Seglina (according to Kacalova,
Laganovska 1961).

Fig.1.4. Fauna of sandy (1), moderately overgrown (2) and muddy (3) lake littoral part Drawing by D. Seglina (according
to Kacalova, Laganovska (1961).
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Fig.1.5. Main zooplankton taxonomic groups inhabiting littoral and central part of a lake. Littoral zooplankton (1) consists
of Ratifers: 1- Lecane spp., 4- Euchlanis spp., 10~ Keratella spp.; Cladocera (water fleas): 2- Sida spp., 8- Polyphemus
spp., 9- Chydorus spp.; Caopepods: 3- Paracyclops spp., 5- Ectocyclops spp., 6= Acanthocyclops spp., 7- Paracyclops

Spp.

(2) Zooplankton of the central lake part: rotifers: 2- Gastropus spp., 3- Polyarthra spp., 4- Filinia spp., 8- Kellicotia
spp., 12- Keratella spp., 15- Asplanchna spp., 17- Conochilus spp.; Cladocera (water fleas): 5- Bosmina longirostris,
6- Bosmina coregoni, 9- Daphnia cristata, 10- Daphnia cuculata, 11- Bythotrephes spp., 13- Leptodora spp., 14~
Diaphanosoma spp., 16- Chydorus spp.; copepods (oar feet): 1- Diaptomus spp., 7- Mesocyclops spp. Drawing by

D.Seglina (according to Kacalova, Laganovska 1961).

Zooplankton is the main consumer of
plankton algae, as well as the main feedstock
for juvenile fish and fish that feed on plankton.
The composition of the zooplankton species
inhabiting the lake and the lake’s open areas is
different. This is determined both by the avai-
lable feed resources and the environmental
properties of the watertemperature, dissolved
substances in the water and associated transpa-
rency, the effects of waves (Fig. 1.5). Therefore,
in managing habitats, it is important to ensure
diverse habitat conservation and to maintain
the open and partly overgrown parts of the lake
suitable for different groups of organisms.

Rivers are natural water streams, which
collect waters from their drainage basins and
follow self-formed channels. They are open
ecosystems, where substances and energy are
being transported. For practical reasons, run-
ning waters are divided into groups and classi-
fied by several criteria, for example:

» hydrological criteria — velocity, discharge,
river length, the size of the catchment area,
etc.;

» ecological longitudinal profile or zoning ac-
cording to fish or other water organisms;

¢ water chemical composition;

e types of their use and the quality objecti-
ves — recreational waters, fishery waters,
waters for the extraction of drinking water,
etc. (Cimdins 2001).

The rivers are divided into two groups accor-

ding to their processes and habitats, which

develop in rhithral - type and potamal rivers.

The rapid (rhithral - type) rivers are charac-

terised by a bed, which is covered by rocks,

pebbles, and gravel, by high stream velocity,
water temperature in the summer months be-
low 20° C; their gradient is >1 m/km. Accor-
ding to the theory, the rapid (rhithral - type)
rivers are typical for upper reaches of the ri-
vers and highland areas. The potamal rivers
have low stream velocity and the gradient
< 1 m/km, while the water temperature in the
summer months exceeds 25° C. This principle
can only partially be applied to Latvia which is

a geologically new formation, and often the ri-

vers are of mixed type - riffles can be found not
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only in the upper reaches, but also in the lower
reaches of rivers.

As rivers are open ecosystems, their flow
interacts with their catchment areas. Mutual
relationship mechanisms of the rivers and their
banks are explained by a number of concepts:
 the concept of the river continuum describes

the processes that take place in the river’s

longitudinal direction from the upper reach
of the river to its mouth;

¢ The concept of flood pulse explains the pro-
cesses that take place on land areas that are

adjacent to plain rivers, in so-called zones of a

river corridor, as they interact with the rivers.
Both concepts do not exclude but rather comple-

Pelagial

Profundal

ment each other, and each of them explains the
two major processes in rivers. For more informa-
tion on the concepts of river continuum and of
flood pulse concept, see Chapter 17. Rivers and
lakes are inhabited by the same groups of orga-
nisms. The number of species and specimens of
these groups in rivers and lakes greatly differs
and is determined by functions of transporting
or accumulating of substances and energy, stre-
am velocity, morphometric parameters of water
bodies, physical conditions and chemical para-
meters of the water environment. An overview
of the major groups of water organisms is shown
in Figure 1.6. All of these organism groups are
closely related and form a food chain.

o Phytoplankton: also known as microalgae, unicellular
plant species which exist individually, or in chains or
group.

Zooplankton: animal plankton, living in the water
mass and feeding on algae; there are species that
feed on organic substances or other zooplankton
organisms.

Benthos: aquatic organisms that live in the upper
layer of the waterbody bottom, or amidst the macro-
phytes.

Macrophytes: vascular plants, sporophytes, macro-
scopic algae and aquatic moss plants that have
completely or partially adapted to life in water and
are visible to the naked eye.

Periphyton: overgrowing algae and bacteria that
cover the substrate as a glutinous film.

Nekton: fish, water bugs and other bigger insects,
free floating macrophytes.

(2]

Fig.1.8. Groups of plants and animals inhabiting the rivers
and lakes (source: Urtane 2014).



Chapter 2. History of Use and
Protection of Water Habitats in
Latvia

After the glacial retreat, the first people that en-
tered the territory of Latvia settled near waters
where they could obtain food and things for the
household (fish, bivalves, root-stocks of water-lily
and bullrush for food, common club-rush and
reeds for construction, otters, beavers and other
animals for food and clothing). Next to the outlet
of the River Salaca of the Lake Burtnieks, there
was a Stone Age settlement on Rinni hill 5000 ye-
ars ago. There, a layer of shells and fish bones
was found, being up to 0,75 m thick, and compo-
sed of shells of bivalve — Unio tumidus (Rudzite et
al, 2012). The importance of water abundance in
the everyday lives of humans is evidenced by fin-
dings of harpoons and hooks, made of bone and
later also of metal, in ancient settlements and in
ancient grave fields, where they were donated as
grave goods.

Rivers and lakes have been of importance not
only in terms of food acquisition, but also as an
opportunity to travel and as a landmark in the
landscape; besides, they also provided protection
from the forays of strangers. Most of the Latvian
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Rivers and Lakes

castle mounds (54 % or 256 castle mounds out of
a total of 472) are located near watercourses, and
for approximately one third (147 of 472) of the
castle mounds, a short distance to the lake was
important. 5 % or 22 castle mounds have been
near both a river and a lake (Sietinsone 2006).
The location of the castle mounds near waters in
Latvia is shown in Figure 2.1. Currently on Latvian
lakes there are 11 known ancient settlements,
which have been created right in the lakes. The
best-known is the Araisi ezerpils (Lake Araisi
dwelling site).

In ancient Latvia, the use and protection of
waters was ensured by an old customary law that
stated, even in the oldest law of the Livonian (14
century) knights, “two or more people may have
common land, pasture, forest and fish, which me-
ans that everyone who settles there, can use all
of this by putting his or her own efforts therein.
While no one can use all of this by the help of
strangers” (Svabe 1941). Also, in times of Baltic
German dominance (12"-19" century), the is-
sue of use of water resources was so important
that for several lakes in Kurzeme the status of a
free access lake was obtained, with every person
having fishing rights. These rights have changed
over time, and now the historically old idea of free

1Piejora 5 Ri 9 Di

13 Aivi zeme

141

2 Rietumkursa 6 Austr 10 Austr
3 7 § 11 Gaujaszeme
4 Austr 8 Zi Ivi 12 Vi

15 Austrumlatgale

16 Daug

Fig.2.1 Placement of castle mounds near waters in landscape regions of Latvia (source: Sietinsone 2006).
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access lakes as a water territory where everyone
is allowed, is incorporated into laws in the con-
cept of public lakes.

Since the 13" century, the energy of water
has been used for grinding grain and later also
for sawing wood. In the early 20" century, the-
re were about 700 mill ponds in Latvia, and the
energy of their water was used for grain grinding,
woodworking, wool processing, and even for the
production of gunpowder. In the 19" century peo-
ple started to use water energy for the generation
of electricity. In 1876, the Bille felt factory on the
River Amata started to produce electricity, and
in 1878 — a paper factory of Sablovskis in Augst-
priedes started to produce electricity on the River
Maza Jugla. In 1901, the landlord of Smiltene Ma-
nor, Paul von Lieven built the first power plant on
Lake Teperis (Anon. 2015).

Currently, there are three large hydro-electric
power stations operating on the River Daugava,
which ensure about 50 % of the electricity produ-
ced in the country. There are a total of 146 small
hydro-electric power stations on Latvian rivers,
and their total contribution to the national electri-
city balance is around 1 %. Hydro-electric power
stations are often built on river reaches with a
major gradient. By using water power, national
energy independence is being strengthened;
however, at the same time outstanding river rea-
ches with their natural and cultural and historical
values, such as the part of the Daugava between
Koknese and Plavinas, are lost now and forever.

As the number of the population grew in the
early 19" century, there was a greater wish to ob-
tain land at the expense of drained lakes. Thus,
for example, in 1842, when a channel of Lake En-
gure was dug in the length of 1.2 km, the water
level of the lake decreased by about 2 metres and
a grassland zone with a width of about 1 km was
obtained on the western shore of the lake. Arou-
nd the same time, Lake Vidale was drained in Kur-
zeme in the middle of the 19th century in order
to acquire additional land for agriculture (Penéze
et al. 2013).

The largest water transformation project in
Latvia involved Lake Lubans and its surroundings.
Before the transformation work, during flooding,
the lake flooded even up to 80,000 ha of land, cau-
sing extensive losses to surrounding households.
Lake Lubans gained its current look in 1982 af-
ter the construction of the Northern dam. The

former landscape was transformed to a great
extent when six polders with pumping stations,
which protect 40,000 ha of land from the flood,
were built on the lowland of Lubans. 38,000 ha of
drained agricultural land and 10,000 ha of drained
forests were obtained and fish ponds covering
about 3000 ha were created (Bielis 1974).

The waters have always been important
landscape elements, embraced by tales and sto-
ries. Old maps show that even in the 17 century,
the land area for agriculture was small and sc-
attered. So the large areas of the lakes were vi-
sually impressive and definitely caught people’s
attention. This is one of the explanations as to
why there are so many tales and stories about the
waters. The place and role of lakes were also out-
lined by the fact that their depth was not available
to people, they were full of secrets and possibly
included a variety of mythological beings (Urtans
2008). The rivers have also had sacred importance
both as a boundary and provider of fertility and
prosperity. This is evidenced by the hydronyms —
for instance, 15 rivers in Latvia are called Svétu-
pes (Sacred river). A lake’s sacred significance is
also recorded in several hydronyms that indicate
Latvian gods, such as Lake Dievezers (God’s lake),
Lake Mara (Mara is a goddess in Latvian mytho-
logy, Mother Earth), Lake Svéte, Lake Svétezers
(Urtans 2016).

The rivers still serve as a natural boundary
between people and regions, for instance, the
River Daugava has been a border between the
Selonian and Latgalian lands, as well as a natural
border with our neighbouring countries.



Chapter 3. Water Ecosystem
Services

3.1 Classification of Ecosystem
Services

Planning of water habitat management is closely
linked with an increasing approach of ecosystem
services used worldwide. The approach is based
on a conclusion that the existence of humans on
Earth is possible thanks to the ongoing natural
processes and to those processes that ensure
human existence, also called ecosystem servi-
ces. When any of these services is absent, human
existence on the Earth becomes difficult or even
impossible.

The ecosystem services can be grouped and
classified according to various criteria, however,
the most commonly used is the international
classification of ecosystem services, or Millen-
nium Ecosystem Assessment (MEA 2003). This
classification divides all the ecosystem services
into four main categories: supporting services,
provisioning services, regulating services and
cultural services.

The so-called supporting services are essen-
tial ecosystem services — ecosystems create the
environment and conditions required by living
organisms by ensuring the circulation of water
and substances, oxygen provision, a habitat for
species in its broadest sense, a place for living,
breeding, as well as feeding and migration paths.
The value of the basic services is difficult or even
impossible to measure and convert into mone-
tary terms.

Water bodies and watercourses have a great
role in the provision of regulating and mainte-
nance services, in particular in the regulation of
climate and water circulation. For example, river
floodplains intercept and accumulate melting
waters and flooding water, which actively parti-
cipates in flooding regulation and flood preven-
tion. At the same time, water bodies complement
the ground water with their waters. Evaporation
from water bodies creates a microclimate fa-
vourable to plant development, preventing or
reducing the adverse impact of spring frost on
agriculture.

Provisioning services of ecosystems are re-
ceived by society directly from nature, including
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in the form of materials and energy. The impor-
tance of water as a life provider is difficult to ove-
restimate.

Cultural services are nonmaterial benefits
that society obtains from nature. The natural
environment may provide people with spiritual,
religious, aesthetic experiences, may serve as a
source of inspiration; it also ensures recreational
services, eco-tourism, and services in relation to
cultural heritage and education. Rivers and lakes
are an integral part of the landscape, and they
often unconsciously serve as a background, whi-
ch fosters thinking and work in our everyday life.
Historically, settlements have concentrated near
waters, and many historical events are related to
the use of the waters. Life and recreation by wa-
ters is still an important part of human existence
and an element in regaining human energy.

Each individual service of ecosystems can
be expressed in economically measurable cate-
gories. Therefore, this approach is actually being
used even more when planning the development
of certain areas. There are different summaries
about the monetary value of ecosystem services
of the rivers and lakes (Table 3.1). The value of
ecosystem services is high, and they can be very
important for the local economy.

Table 3.1. The monetary value of ecosystem services per
hectare in a year (Russi 2013), in US dollars in2007.

Minimum M?,):Ir::m
Rivers and Lakes value (USD/

halyear) (UsbD/ha/

y year)

Supporting services
Food 27 196
Fresh water supply 141 5580
Regulating services
Natural purification of 305 4978
waters, post-purification
of incoming sewage
waters
Cultural services
Recreational and tourism 305 2733
opportunities
Total 1779 13,487
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3.2 Specific Water Ecosystem Services

Watercourses and water bodies provide many spe-
cific ecosystem services.

Self-purification of surface waters. Rivers,
and to a lesser extent also lakes, have a unique
self-purification ability. Their organisms use orga-
nic substances to maintain life processes. In this
way, pollution of organic origin that reaches a river
is reduced and the river purifies itself. This natu-
rally reduces the water pollution, which is caused
by agricultural and forestry activities, and this also
reduces the organic pollution, which enters the
water bodies with sewage waters.

Restoration of quality of groundwater. Grou-
ndwater provides people with high-quality water
resources. They are in constant interaction with
surface waters. Ground water affects the thermal
and chemical properties of water bodies to a great
extent. At the same time, surface waters supple-
ment ground water supplies that are a source of
drinking water.

Reduction of flood risk and its consequences.
Properly managed water bodies and their terrestrial
parts catch and accumulate flooding waters, balan-
cing and reducing their rapid outflow and reducing
the risks of damage in the territories that are located
downstream. In contrast, unmanaged and overgrown
shore areas promote the formation of groups of fal-
len trees (large woody debris) in rivers and block the
rivers making the negative effect of flooding even
greater and enhancing the erosion of the bank.

Sediment transportation, precipitation and
neutralisation. Water bodies from their catch-
ment areas receive minerals and particles of soil
and dead organisms, called detritus. A part of them
is neutralised by the water self-purification pro-
cess. The remaining part precipitates on the river
and lake bottom. If sediment precipitation exce-
eds the critical limit necessary for water bodies to
function, negative consequences of precipitation
appear. They among others include the blocking
of water bodies, increased overgrowth, covering
the river riffles with sediments, destruction of fish
spawning grounds and decreasing the variety of
habitats for aquatic invertebrates.

3.3 Green Infrastructure

In 2013 the Council of Europe adopted a stra-
tegy of green infrastructure, “Green Infrastructure —

Blue infrastructure

In Sint-Truiden, Belgium, measures were taken
to protect the village from flooding and the
resulting soil erosion and sediment precipitation.
Watercourse overgrowth was limited and
protective zones settling basins were created
in the river's catchment area. The total costs
of these measures were low (126 euros per
hectare for 20 years), compared to the costs
of the prevention of the damage caused by
sedimentation and flood and improvement
costs in the managed territory (54 euros per
hectare in a year). Furthermore, there were
many additional benefits, including water of
a higher quality, lower costs of water post-
purification, lower psychological stress for the
population when flood frequency decreased,
and greater biodiversity in the river reach
downstream. The greater biodiversity and more
beautiful landscape opened new opportunities
for agricultural and ecological tourism.

Enhancement of Europe’s Natural Capital”. The
strategy is based on the preposition that green
infrastructure includes natural and human-ma-
de formations, which, using the laws of nature,
facilitate ecological stability and economic and
social well-being. According to this approach,
the green infrastructure is a strategically plan-
ned network of natural or semi-natural territo-
ries combined with other environmental objects,
which are created and are managed to ensure
the conservation and exchange of genetic di-
versity of species and their populations,even
in intensively managed areas, and to provide a
wide range of ecosystem services. The green
infrastructure zone (or blue, when referring to
aquatic ecosystems) is based on a principle that
protection and improvement of nature and na-
tural processes, as well as many benefits gained
by the society from nature are integrated in the
spatial planning and territorial improvement in
places that are actively managed and used by
people. Small rivers, streams, and even drainage
ditches in managed territories serve not only as
a water draining-channels, but at the same time
they and their shore zones are essential as cor-
ridors for the living and migration of water or-
ganisms and species, which live on shore zones,



and as accumulators and transformers of nut-
rients that naturally reach the waters.

Inclusion of considerations of the green infra-
structure in the management of river basins may
significantly contribute to the provision of water
quality and reduction of the consequences of
hydro-morphologic load, as well as of the impact
of flood and drought.

3.4 Role of Freshwater Habitats in the
Mitigation of Climate Change

There are many ecosystem services that are rela-
ted to water and wetlands. Analysis of long — term
river runoffs shows that, when affected by climate
change, there will be a significant increase in the
cost of ecosystem water — related services (Kla-
vins, Zaloksnis (ed.) 2016).

When implementing the Latvian National re-
search programme “Impact of Climate Change on
the Latvian Water Environment” (KALME), in the
period from 2006 to 2009, the impact of long-, me-
dium-, and short-term environmental variability
on quality and ecosystems of Latvian inland waters
and environment of the Baltic Sea was assessed.
The studies provided significant conclusions on
the impact of climate variability: it is expected that
by 2100 the average annual temperature in Latvia
will increase by 2.6-4.0 °C, while the total annual
rainfall will increase by 8-12 % (KALME 2010).

It is expected that weather, according to the
future climate models, will be characterised by (1)
significantly shorter winters, even for three months
that will come to an end in February, (2) spring
starting half a month earlier, (3) a summer, which
will last for two months longer (May—-September),
(4) nice and relatively dry and warm October, early
November, (5) a rainier and longer autumn (inclu-
ding January).

Seasonal and regional changes of river runoffs
will be more crucial than the annual average chan-
ges: (1) significant reduction of spring flood and its
occurrence at least one month earlier; (2) signifi-
cant increase in the flow rate through the winter;
(3) significant extension of summer low water pe-
riod and reduction of the runoff at the same time.

As winters become warmer and the maximum
rainfall increases, the surface runoff during the
vegetation-free period will also increase. This phe-
nomenon will also encourage increased erosion
during the leafless period, leading to changes in
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the chemical composition of surface waters and
respectively changing the functioning of water
ecosystems. To ensure the quality of Latvian water
objects, the reduction of leaching soil particles and
chemical elements in the winter period will need to
be addressed.

The major part of agricultural runoff occurs in
vegetation-free and winter periods. Only 27 % of
the nitrogen leakage from fields reaches the water
during the vegetation period. The remaining 73 %
leaks in the period from November to March. Winter
months — December, January, and February - have
a special role, since leakage of nitrogen compounds
forms 43 % of the total annual leakage, as suggested
by the average long-term runoff data. Under inten-
se farming conditions, around 75 % of the nitrogen
fertiliser, which is cultivated in soil, is used by crops
to harvest, while 15 % forms leakage in local draina-
ge, and about 10 % reaches the river (Jansons 2013).

It shows that in the case of insignificant chan-
ges or even the reduction of the river flow rate,
agricultural pollution may increase significantly
in the future. Therefore, year-round functioning
grassland buffer zones with buffer lines of trees
and shrubs along watercourses and water bodies
should be planned and established in advance,
as well as sedimentation ponds for the settling
out of soil particles and for binding nutrients,
before they enter water bodies, should be for-
med on intensively-managed areas and on areas
that are subject to erosion processes. When the
climate changes, environment-friendly drainage
systems, such as two-stage drainage ditches, which
will be able to ensure both the accumulation of
water during flooding and conservation of orga-
nism - friendly conditions during low-water sum-
mer periods, will be more important for organism
conservation.

The expected structural and functional chan-
ges to fish fauna will also affect Latvian fish resour-
ces. The studies on the changes to the composition
of inland water fish species (ichthyocoenosis), their
distribution and incidence, migration and growth
of fish species allows one to predict the impact of
climate changes on fish resources as a whole and
on related issues - fishing, angling and aquacultu-
re. During the next 50-70 years, the composition
of ichthyocoenosis will change significantly as a
result of the decreasing amount of cold-water fish
and increasing number of warm-water fish. As the
temperature and discharge rate change, the food
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base of salmonids might be affected (Fig. 3.1). Ri-
ver restoration measures will have a primary role
in the conservation of spawning grounds for sal-
monids, and they should be taken into account in
the national environmental policy (KALME 2010).

It is expected that as a result of climate chan-
ge, the annual average water temperature will
rise, oxygen saturation will decrease, soil leaching
processes under increased run-off conditions
will increase during a vegetation — free season,
as well as water colouration will increase due to
the process of humic substance leaching. These
factors will reinforce the overgrowth of water
bodies. New conditions will form for interspecific
competition.

One of the most significant manifestations of
interspecific competition will be associated with
an increasing availability of leaked nutrients that
will promote the mass growth of algae on the up-
per layers of water. As the algae shading increa-
ses, the water colouration related to the leaching
of humic substances will also increase, while the
distribution depth available to submerged plants
will decrease and their development will be limi-

Warming

ted. Initially, there will be better conditions for
floating-leaved plants and freely floating lemnids,
the photosynthetic parts of which are located in
the upper layers of the water body. The conditions
will be most favourable for emergent vegetation
(Phragmites australis, Typha spp., Scirpus lacustris)
with their main producing mass above the water,
as well due to fact that they are not affected by
the reduction of water transparency. Considering
the distribution of emergent plants by up to 2.5 m
in depth, floating — leaved plants will be partly eli-
minated from the littoral zone. All of this will lead
to major changes to the composition of benthic
organisms and thus also to the food base, which
is available to fish and water birds. These changes
will take place over several decades.

However, when we understand the processes, it
is possible to create the conditions, by the use
of corresponding management measures, that
enable long - term conservation of functions
and biological diversity of waterbodies.
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Fig.3.1. Impacts of climate change on water organisms and processes in water bodies. Adapted and expanded

according to Moss (2012). Drawing by D.Seglina.



Chapter 4. Habitat Conservation,
Restoration and Management for
the Purpose of These Guidelines

Different terms for the activities that focus on
the provision of favourable conservation status
of the habitat are used in the guidelines. Habitat
conservation includes various actions - both the
establishment of protected nature territories and
micro-reserves, prohibitions and restrictions of
various kinds, and planning and implementation
of species’ and habitats’ management measures.
More and more often the term “conservation”
is used as an alternative term for habitat protec-
tion. In these guidelines both have been used as
synonyms.

During the last decades, water bodies as open
systems have received large quantities of nutrients
in the form of phosphorus compounds, which
cause eutrophication and which do not originate
in Latvia. Therefore, protection and conservation
encompass targeted actions, approaches, and te-
chniques that are focused on the conservation
of species and habitats. Passive management or
non-intervention as a method applies only to dys-
trophic lakes that are related to mires, the deve-
lopment of which is still not affected by external
conditions, and which receive their nutrients main-
ly from precipitation.

Rivers and Lakes

In these guidelines, habitat restoration is con-
sidered to be a set of biotechnical measures aimed
at restoring the environmental conditions, compo-
sition of structures and typical species in the place
where the habitat has once existed or still exists,
but is in a poor conservation status. Habitat resto-
ration in waters for the purpose of these guideli-
nes includes, for example, removal of beaver dams
from river riffles, removal of excessive overgrowth
or fallen trees, and restoration of water flow.

Habitat restoration, management, and main-
tenance within the meaning of these guidelines
are often used as synonyms, since water habitats,
when they are not managed as open systems for
a long period of time, also change their functio-
nality. After resuming habitat management, the
habitat-specific functions are also improving and
being restored. For example, when aquatic plants
are mown, the former sandy, gravel or pebble-co-
vered bed structure and its related groups of pre-
viously disappeared organisms are restored under
the impact of flow or wave activity (in lakes). Main-
tenance for the purpose of these guidelines me-
ans regular activities that ensure the diverse and
habitat-specific functions and possibly the com-
prehensive sustainable existence of the species in
a particular habitat.

Activities described further, except D2.1, D2.2,
D2.3, had been tested and adapted for particular
conditions in Latvia.

Table 4.1. Aquatic habitat restoration, management, maintenance and their objectives

Activit . Ay Habitat management activit
y Habitat management activity I 9 y
code objective
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Al: Removal of fallen trees (large woody debris) and control of "catchers”

A2: Demolition of beaver dams

A3l Mowing of aguatic plants

A3.2: Mowing of aguatic plants with loosening and removal of roots.

AL Improvement of the shore vegetation structure - shrub cutting and

. establishment of natural grassland zone.
A4.2: Improverment of the shore vegetation structure - regulation of river shading.

Ab: Stabilisation of the shores
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AB: Formation of riffle areas
A7 Maintenance of natural spawning grounds and establishment of
' artificial spawning grounds.
A8: Establishment of fishways
AS: Demolition of mill dam remains and obstacles
AlC: Removal of sand deposits from mouths of rivers flowing into the sea.
All: Invasive plant species control
BI: Diversification of structures of the regulated river reaches
B2: Construction of sedimentation ponds
B3: Construction of surface flow constructed wetlands
B4: Restaration of straightened rivers
B5: Environmentally friendly management of drainage ditches
. Mowing of aquatic vegetation in different lake depth zones and
. breaking of roots.
C1.2 Mowing of emergent aquatic plants and root breaking.
C1.3 Establishment of migration channels
o Mowing of emergent vegetation of shore areas - reinforcement of wave
’ activity
C3.I: Change of structure of shore vegetation - felling of shrubs
C3.2: Change of structure of shore vegetation - grazing of shore grasslands
C3.3: Change of structure of shore vegetation - creation of wind corridors
C4.1: Reed burning - in winter and spring period
C4.2: Reed burning - in the secand half of summer
C5: Mowing of emergent vegetation residues in autumn and winter
DI Lake deepening and gyttja extraction
Dot Limitation of the circulation of plant nutrients - chemical settling of
o phosphorus
D2.2: Limitation of the circulation of plant nutrients -deep layer aeration of the lake
D2.3: Limitation of the circulation of plant nutrients - use of algaecides
D3.1: Prevention of fish suffocation - ice holes
D3.2: Prevention of fish suffocation - aeration
D33 Prevention of fish suffocation - mowing of emergent vegetation in river
- mouths and fish wintering depressions
D4: Food chain change - biomanipulation
D5: Development of infrastructure to decrease recreation pressure
D6: Establishment of artificial islets for water birds




Chapter 5. Habitat Conservation
and Management Objectives

5.1 Relation of the Guidelines to the
European Union "Nature Directives"
and Natura 2000 Network

(J.Jatnieks, A.V.Urtans, A.Priede)

The major nature conservation legislation in the
EU is Council Directive 92/43/EEC of 21 May 1992
on the conservation of natural habitats and of
wild fauna and flora (hereinafter — the Habitats
Directive) and European Parliament and Council
Directive 2009/147/EC of 30 November 2009 on
the conservation of wild birds (hereinafter — the
Birds Directive). Each country has developed na-
tional regulatory enactments for the implementa-
tion of the “nature directives”.

The most important law in the field of the pro-
tection of waters, which also includes the aspect
of nature conservation, is Directive 2000/60/EC
of the European Parliament and of the Council of
23 October 2000 — Water Framework Directive. It
defines the action of the European community in
the field of water protection policy. Its objective
is to ensure the achievement of at least good
ecological status in all EU waters, as well as to
facilitate their sustainable and well-considered
management and use. It, and the Habitats Directi-
ve, have a common aim.

Directive 2007/60/EC of the European Parlia-
ment and of the Council of 23 October 2007 on
the assessment and management of flood risks
requires the drawing up of flood risk manage-
ment plans for each river basin district. These
plans should include measures for protecting
flood-prone territories, as well as for reducing the
consequences of flooding by the restoration of
floodplain meadows or wetlands. The provision of
water ecological quality, which also includes sus-
tainable management of water habitats, as well as
areduction of flood risk, are mutually related me-
asures, and therefore, a special conceptual plan
to protect European water resources (Water Blu-
eprint 2012) has been elaborated.

The Birds Directive is intended to protect all
species of wild birds and their habitats in the EU.
The Directive provides for the protection of thre-
atened bird species in the EU, protects feeding
and resting sites most important for the migra-
tory birds, particularly emphasising wetlands of
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international importance. The Habitats Directive
is intended to promote biodiversity by protecting
natural habitats, wildlife and plant species within
the territory of the EU Member States. The Habi-
tats Directive defines the necessity of protecting
rare, endangered and endemic species, in total
approximately 450 animal and 500 plant species,
in the EU. Annex [ to the Directive includes 231
habitat types, out of which 71 are recognised as
priority protected at the EU level. Of those, 58 ha-
bitat types are found in Latvia, 19 of which are
priority protected at the EU level®.

Despite the fact that the directives have been
in force for almost a quarter of a century, due to
the intensification of agriculture and forestry,
change of land-use practices, urbanisation and
other human influences, many of the natural and
particularly semi-natural habitats in the EU and
Latvia are in critical condition. The latest asses-
sment regarding the situation of habitats was car-
ried out in 2013, providing an overview of the ye-
ars 2006-2012. Overall only 16 % EU habitats are
assessed as being in a favourable conservation
status, and the conservation status of 23 % spe-
cies has been assessed as favourable. According
to the report (Anon. 2013), only 13 % of the EU
habitat types and 28 % of species found in Latvia
are in a favourable conservation status.

The Habitats Directive provides for the imple-
mentation of nature conservation in a way so as
to maintain or restore the favourable conserva-
tion status of natural and semi-natural habitats,
wildlife and plant species®. In this edition the
proposed guidelines include a set of techniques
and methods to facilitate the achievement of fa-
vourable conservation status of the EU protected
habitats found in Latvia. However, it is only a part
of the activities encompassed in nature conserva-
tion (see Chapter 4).

According to the Habitats Directive, one of
the ways of how to save the habitats of Annex
I and species of Annex I, is the designation of
protected areas. Together with the areas estab-
lished in accordance with the Birds Directive,

2 Currently three more forest habitat types, which can be found
in Latvia, are being discussed to be included in the list of the
EU protected habitat types. They have already been included in
Volume 3 of these guidelines (grasslands) and Volume 6 (forests).
3 A favourable conservation status is defined in Article 1 of the
Habitats Directive, which in Latvia has been incorporated into the
Law on the Conservation of Species and Biotopes (favourable
conservation status is defined in Section7 of the above law).
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they create the EU protected areas network Na-
tura 2000. Protected areas are established based
on scientific criteria provided in Annex IIl. Upon
planning and implementing the nature conser-
vation measures in accordance with the Habitats
Directive, for example, when developing nature
conservation plans, one should take into account
the economic, social and cultural requirements,
as well as regional and local characteristics.

In Latvia in 2016, there were 333 Natura 2000
sites, including seven protected marine areas. In
total, Natura 2000 sites occupy around 11.5 % of
the country’s territory. Latvia is pro rate the third
smallest area of protected natural areas in the cou-
ntry out of 28 EU Member States (compared to ten
EU Member States, Natura 2000 territory occupies
>20 % of the country).

Natura 2000 sites of Latvia are both small (up
to 1 ha) and also may reach more than 50,000 ha,
depending on the species inhabiting them or ha-
bitat features and conservation objectives. The
area of Natura 2000 sites in Latvia on average va-
ries from 100 to 1000 hectares. Many of them are
known as public and well-respected natural herita-
ge sites — national parks, nature parks, and natu-
re reserves, as well as the areas, which create and
maintain our agricultural, forest, mire, water, and
sea shore landscapes - a significant part of natural
and cultural history heritage.

Article 6 of the Habitats Directive sets out the
requirements of Natura 2000 area conservation
and management. Article 6 provides that a pro-
tection regime corresponding with the habitat and
species conservation should be set and appropria-
te measures should be applied. It also includes ac-
tions preventing degradation and an adverse effect
on species, and preventing their deterioration, if a
particular species or habitat conservation cannot
be ensured with the provision of non-interference
and the precautionary principle. These guidelines
are a part of the measures set out in Article 6 and
offer recommendations for habitat restoration,
maintenance and recreation in sites where they
have been destroyed, taking into account the con-
dition of the EU habitats in Latvia and evaluating
the real conservation opportunities.

According to the Habitats Directive, a task of
habitat protection is to provide a set of factors that
favourably affect the habitat and its characteris-
tic species and promote the natural distribution,
structure, and functions of the habitat, as well as

the long-term survival of its characteristic species.
Habitat conservation in the range of its distribu-
tion or — in a narrower sense — at a national level, is
considered as favourable if its natural distribution
range and areas where it can be found, are stable
or increasing, it has characteristic structure and
functions necessary for the long-term existence of
the habitat, and it is expected that they will exist in
the near future, as well as if the conservation of the
characteristic species is provided for.

The EU Biodiversity Strategy to 2020 sets
that by 2020, the Member States in their territo-
ries must restore at least 15 % of the degraded
ecosystems (European Commission, no date). The
criterion of restoration includes both the total area
of the restored habitats, and the conservation sta-
tus — improvement of biotic and abiotic environ-
mental conditions. However, taking into account
the extent of possible impacts on ecosystems in
modern Europe, restoration is considered to be a
condition where a considerable improvement has
been reached in the main functions, processes,
and structures of the habitats, as well as in the res-
toration of species populations and their suitable
conditions. The reference point is believed to be
the year 2006, when the first report on the conser-
vation status and areas of habitat types included
in Annex I of the Habitats Directive was prepared
for the European Commission (Lammerant et al.
2013). Just like in other EU Member States, this ob-
jective should also be implemented in Latvia.

In order to achieve the biodiversity conser-
vation goal, in 2013 Latvia, like other EU Member
States, prepared A Prioritised Action Framework for
Natura 2000 - a document, which provides for the
action on how to preserve species and habitats, ta-
king into account the threats and problems related
to their conservation. This guideline book provides
for the instructions on restoring and managing the
habitats and related species by performing (or in
some cases — on the contrary — using the non-in-
terference regime) certain activities.

5.2 Freshwater Habitat Conservation
and Management Objectives in Latvia

The objectives of water habitat conservation
and management in Latvia correspond to the com-
mon European Union’s objectives for the conser-
vation of waters, as well as of species and habitats
inhabiting them - to achieve good ecological sta-



tus in all waters by ensuring favourable conserva-
tion status to specially protected freshwater habi-
tats and their protected species. The objectives for
the conservation and management of freshwater
habitats in Latvia are significantly expanded accor-
ding to growing knowledge about the importance
and various opportunities for the use of water re-
sources by providing ecosystem services, acting as
green infrastructure, as well as adapting to Climate
change.

In the Latvian National Programme on Biolo-
gical Diversity (Anon. 2002a), the following tasks
were set for the conservation of water habitats and
species:

e to conserve river riffle areas;

* according to a beaver protection plan, elabora-
te and introduce a programme for restoration
of the most significant river riffle areas flooded
by beavers;

* to ensure the function of ecological river cor-
ridors;

* to assess the necessity and opportunities for
restoring the straightened river reaches;

e to implement a concept for planning the ma-
nagement of river basins.

To achieve these objectives, tools of different le-

vels and methods on different scales are used —

from cleaning up small reaches of rivers and lakes,
developing and maintaining protective belts, sedi-
mentation ponds, artificial wetlands, purification
structures, creating new protected territories or
micro-reserves to even planning an individual lake
management plan, as well as to developing and
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implementing management plans for river basin
areas.

The objectives for the conservation and mana-
gement of water habitats in Latvia are in line with
the objective of the Water Framework Directive
— to reach high ecological quality status in all EU
waters by 2015 (and, if it is not possible, in a longer
period).

Therefore, before implementing the proposed
activities, it is necessary to also know more about
the river basin management plan. The common
management goals for lakes and watercourses are
summarised in Table 5.1.

Facts and Figures

For water resource management four river basin
areas (RBA) are distinguished in Latvia - Dau-
gava, Gauja, Lielupe, Venta RBAs. The smallest
management unit is "water object", which em-
braces lakes and rivers with similar qualitative
indices.

176 river, 250 lake, 3 transitional, 6 shore and 23
groundwater objects are distinguished (Urtane
2008).

For water resource management the interaction
of different environmental, economic and social
factors is taken into account and 6 year river ba-
sin management plans are elaborated for each
of them. Each water object within the river basin
area has specific management measures for
reaching high ecological quality.

Table 5.1. Common goals of water habitat management in lakes and watercourses defined in River Basin District

Management Plans (RBDMP) .

Lakes

Rivers

To prolong the development of the lake:

e reduce the leakage of nutrients to the lake;

e reduce the previously accumulated amount of nutri-
ents.

To improve the functionality of the lake:

e create opportunities in the lake to effectively use the
existing nutrient supplies, so that surplus forms at a
slower rate;

e create opportunities to withdraw nutrients that exist
in the water environment from circulation.

To ensure good flow rate and living conditions for water

organisms in rivers:

e improve the ability of the river to effectively use the
existing nutrient stocks, by assimilating them into
the biomass of aquatic organisms;

e promote the removal of the nutrients from the
water environment that have accumulated in water
organisms, mainly in aquatic plants;

e reduce the nutrient leakage from the catchment
area;

e reduce sedimentation processes in watercourses;

e reduce flood risks.

To ensure favourable conservation status to habitats
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5.3 General Principles of Planning
Habitat Restoration and Management

When planning management of a river or lake,
setting an aim is the most important thing to
do - what do we want to achieve with our action?
Management desires and their scale may be very
diverse — from a local swimming place or creat-
ion of ariver riffle to the restoration of the whole
lake or several kilometre-long river stretch. This
requires knowledge not only about the natural
condition of the habitat, its current processes
and ecological requirements of species residing
there, but also information about the structure
(morphology) of the managed water body and
its relation to the higher hierarchical elements of
the catchment area.

Various hierarchical levels of a river as a sys-
tem are shown in Figure 5.1. Similarly, various
hierarchical levels can also be determined for
lakes, when planning and implementing their
management. Management measures will vary
significantly if restoration and improvement of
habitat quality will be associated with the acti-
vities in the whole catchment area of a lake or
if the activities will cover only a separate part of
a lake, such as mowing of the emergent plants
to promote restoration of a shore zone, which is
more suitable to wading birds, fish and aquatic

invertebrates.

It is just as important to realise that a wish to
restore a part of a water ecosystem will always
be relative, since it is not possible to accurately
restore “the lake from my granny’s childhood”
when knowing that agricultural land is cultivated
with mineral fertilisers that have not originated
in Latvia.

Before starting to restore the habitats, it is
important to also assess the aspects of water
resource use and their intensity in a catchment
area because the condition of aquatic habitats is
mainly a consequence of economic activities in
the catchment area. Therefore, in each separate
case, it is necessary to understand the real situa-
tion, taking into account the impacts and obstac-
les. Without preventing the degrading impact of
water habitats in catchment areas, for instance,
without improving the operation of wastewater
treatment systems or functionality of shore pro-
tection zones, management will only give tempo-
rary positive results. For example, mowing of the
aquatic plants will be less effective, and it must
be repeated more often if nutrient rich waters
from nearby intensively used agricultural are-
as or misoperated wastewater treatment plants
continuously discharge or leak into the nearby
upstream. This does not mean that it is not worth
starting to clean up a small territory in a huge

Fig.5.1. Planned management activity scale in relation to the river as a joint ecological system and its microhabitats.

Drawing by D. Seglina.



lake before the inflow of nutrients is prevented
from the whole lake’s catchment, which covers
hundreds of square kilometres. A perfect, still, in
practice rare solution is integrated management,
which includes activities both in the catchment
area, avoiding the possibility of the occurrence
of pollution or eliminating the consequences of
pollution in the particular water body.

In many cases, only maintenance and pre-
vention of worsening the condition in aquatic
ecosystems as open systems are possible — it is
a sort of compromise, which is still better than
doing nothing.

To achieve good results, cooperation and
planning not only among the neighbouring hou-
seholds, but also among interest groups, local
partnerships, and even cooperation at the level
of parishes and regions is also of great impor-
tance. An effective management solution for
medium-size and large public lakes, which are
more often controlled by local municipalities, is
the development and implementation of a lake
management plan and of lake zoning. Such lake
zonings are elaborated, taking into account the
various resources of the lake, their potential use,
historical use of the lake, and preferences of the
population (Urtane, Urtans 2011). During the ela-
boration process, different interests of use of the
lake are harmonised.

Rivers and Lakes
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Chapter 6. Preparation
Before Management or
Restoration

Waters are a place where the interests of different

water users and managers meet. Before planning

the management or restoration measures, all of
these interests must be identified and agreed upon

(see Chapter 8). The following information should

be clarified about each particular water body:

» whether the water body, which is intended for
management, is private or public water — this
determines the further course of measure
harmonisation;

e quality criteria set for a water body — whether
it is priority Salmonid or Cyprinid water;

¢ identification of wastewater discharges and
pollution loads allows an assessment to be
made as to whether the expected action can
provide the long-term improvement of habi-
tat quality;

e proportion of land use in the catchment area
(forests, wetlands, agricultural land, built-up
areas) —this allows one to evaluate the poten-
tial of diffuse pollution loads, as well as further
eutrophication and sedimentation processes,
and the success of the measures taken.

One should find out whether the water body -

a lake or river (a river reach) - is located in a

flood-prone territory and what measures for the

reduction of flood risks and its consequences are
included in the flood risk management plan of the
relevant river basin area. Before planning the ma-
nagement measures, we should become familiar
with the spatial planning of local governments
and the planned development of future activities.

Provisions that refer to habitat management and

the need for harmonisation of the measures are

established by a legal framework, therefore requi-
rements of law should be explored before plan-

ning the management measures (see Chapter §8).
If the objective is clear, the next step is to figu-

re out how to achieve it — with which actions the
idea can be implemented. This requires exploring
the situation in detail, a survey of site conditions,
clarification, comparison, and selection of the po-
tential habitat restoration and management te-
chniques, assessing how suitable they are for the
particular situation with regard to the available
resources.

Already in the idea stage, it is necessary to be
able to assess the extent to which the objective is
achievable, and anticipate the obstacles. This will
help to decide whether the investment is com-
mensurate to the expected result. If not, then,
most likely, it is better to invest efforts where they
are more worthwhile.

Establishment of lake and river management
priorities is shown in Annexes 1 and 2.



Chapter 7. Landscape
Ecological Aspects of River and
Lake Biodiversity Conservation

Historically, people first settled in river valleys
and shore parts of lakes. Water landscapes formed
through the permanent interaction of human and
nature, and they served not only as distribution
corridors of plants and animals, but also as a path
of movement for people. Not only medium-size
and large rivers, but also lakes have always been
important and diverse landscape elements. The
waters, which were clearly visible in nature, served
as borders of property and of national borders.
Waters and their shores in many cases form a cen-
tral part of the landscape. Watercourses and their
shore zones are often the only relatively natural
corridors for plant distribution and animal move-
ment in arrays of agricultural lands, for example,
Zemgale Lowland. A similar situation exists in
many parts of Europe, and by using the knowle-
dge about animal migration patterns, residence
and migration opportunities in intensively farmed
landscapes can also be ensured (Fig. 7.1).

Lakes are also important landscape elements,
and their shore floodplains have historically been

{
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used in agriculture. The lakes by themselves have
provided the human population with fish resources.
This model of use in many places has created a
mosaic-type landscape structure, adapted to the
shore parts of rivers and lakes (Melluma, Leiner-
te 1992). As a result of the lasting interaction of
humans and nature, the landscape mosaic also
ensures the greatest diversity of species and mi-
cro-habitats. In recent decades, in connection
with the extensive decline of agricultural produc-
tion, Latvian rural landscapes have become more
and more closed (Fig. 7.2), and we can observe a
reduction of territories with high-value cultural
landscapes (Lakovskis 2013).

From the point of view of landscape ecology,
more problems in rural areas are currently caused
by overgrowth of river and lake floodplains, and
it leads not only to the disappearance of many
species, which are characteristic for semi-natural
grasslands (Nikodemus et al. 2007), but also to a
rapid decrease in the possibilities of visual percep-
tion of the landscapes (Lakovskis 2013). Manage-
ment decline has resulted in vast emergent plant
zones in shore parts of lakes that significantly re-
duce not only the openness of the water bodies
and their scenic attractiveness, but also their bio-
logical diversity (Fig. 7.3).

; ¢, asfaras50m
ﬁt o
LA

Ant asfaras 200m

asfaras300m
v Stoat

-
T Shrew

asfaras1km

asfaras 150 m

—>

as faras 250 m

g Fox

as faras 50 m
Shrike

asfaras 150 m |

as faras 150 m )
as faras
50 m

som , &K

Ground beetle

Toad .
> Hedgehog

‘rellcwham mer

Weasel

asfaras1km
Ll

Beech marten

Fig.7.1. Waterfronts as migration corridors. Animal migration distances in water shore parts. Drawing by Z.Rubene.

(according to Lange, Lecher 1989).
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(2]

Fig.7.2. A three-dimensional model for the visualisation of landscape management: a close view of a lake (1), a wide

view of the lake (2) (according to Lakovskis 2013).

Conservation and creation of the traditional
landscape structure has been identified as one of
four strategic aims of the Latvian National Prog-
ramme on Biological Diversity (Anon. 2000). It
is very important to reach this objective for the
ecological planning of landscapes. Nowadays
the concept “landscape ecology” refers to scien-
ce that explores the ecosystem complexes in
broader areas (Lakovskis 2013).

Landscape ecological planning in Latvia is a
relatively new approach to spatial planning and
focuses on the conservation of viable populations
of species in a long-term perspective. It inclu-
des the assessment of various factors and their
mutual impacts, which is a much more complex
task than the passive short-term conservation of
species and habitats that is based on restrictions.

It must ensure the conservation of biodiversity,
protection of cultural and historical landscape
and its elements, conservation of the aesthetic
quality of landscapes as an important resource
for territory development, with the simultaneous
facilitating of sustainable territory development
(Nikodemus et al. 2007). The ecological planning
of landscapes includes identifying and creating
landscape corridors, which at the level of the
entire region or at the local level connect diffe-
rent natural elements and structures that serve
as habitats for many living organisms. This plan-
ning approach gives a special role to waters, since
the waters and their shore landscapes form an
ecosystem (an ecotone), where impacts of land
and water environments are expressed at the
same time.

Fig.7.3. Importance of open shore area for the maintenance of lake functionality and biodiversity. 1- plant residues
washed ashore; 2- shallow water zone where fish juvenile feeds on zooplankton; 3- submerged and floating-
leaved plants; 4- hideout zone where predator fish stay; 5- warmed up shallow water zone with massively evolving
zooplanktic communities. Drawing by D.Seglina (supplemented according to the materials of SYKE (SYKE no date)).



Chapter 8. Legal Framework of
Restoration and Management
of Water Habitats

(L.Urtane, E.Klavina)

Water and related resources are widely used in var-
ious sectors of the economy. In order to know what
you can do on the water and on its shores, which
management measures are allowed and where,
whether and how they need to be coordinated, what
the responsibility and duties are when managing
specially protected water habitats and its species,
one should explore the legal provisions or consult
the responsible public authorities.

8.1 Legal Framework for Water
Resource Use and Management

Protection and management of water resources.
Unlike other habitat groups, freshwater habitats
and species cannot be viewed without a component
of water environmental quality. To ensure the con-
servation of EU water quality, habitats and species,
a number of directives have been issued, and their
requirements have been incorporated into the na-
tional legal framework. In Latvia, the main water-re-
lated law or the so-called “umbrella” law is the Water
Management Law’. The purpose of this law is to es-
tablish a system for the protection and management
of surface water and groundwater which: facilitates
sustainable and rational use of water resources, en-
suring the long-term protection thereof and suffi-
cient supply to inhabitants with good quality surface
water and groundwater; prevents the deterioration
of water and the state of the terrestrial ecosystems
and wetlands directly dependant on water, pro-
tects such ecosystems and improves the condition
thereof.

The Water Management Law has been elaborated
in order to transpose the requirements set by the
Water Framework Directive of the European Parlia-
ment and the Council in national legislation. The
law establishes a system to implement Directive and
to achieve the objective of at least good ecological
condition for all surface waters and groundwaters
of the EU Member States by 2015. To achieve these
objectives, four river basin districts have been identi-

4 Adopted 12.09.2002.
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The Water Framework Directive

Water Framework Directive 2000/60/EC of the
European Parliament and of the Council was ap-
proved on 22 December 2000 with an aim to pro-
tect and improve the condition of inland surface
waters and groundwater and facilitate the sus-
tainable use of waters. This directive substantial-
ly changed the approach to water quality assess-
ment. Previously, water quality was evaluated by
chemical parameters, while now, with the imple-
mentation of the Water Framework Directive, the
ecological status is being assessed. This means
that the ecological quality of a water body is eval-
uated by the composition and number of species
that correspond to the particular type of surface
water and parameters characterising the natu-
ral ecosystem. Thus, the objective of the Water
Framework Directive directly echoes the aim of
the conservation of species and habitats.

fied in Latvia. For each of the districts, a River Basin
District Management Plan has been elaborated, to
establish the programme of measures. In order to
target the management measures needed, all natu-
ral waters according to their typology and degree
of physical alterations by human activity have been
divided into water bodies. At the time of publishing
these guidelines, the objective of the Water Fra-
mework Directive is not achieved to the full extent in
any of the EU Member States.

With the implementation of the Water Manage-
ment Law, there is a new concept used in practice,
namely, “water body”. Water body, within the mea-
ning of this law; is the smallest management unit of
river basin districts, which is a discrete and signifi-
cant element of surface water including both water
and the catchment area. Thus in practice the ecolo-
gical quality of the water body is assessed and then
the management measures are addressed to all the
territory of the water body (Urtane etc. 2012).

With regard to protected areas, it is important
to understand that according to the Water Manage-
ment Law, not only protected nature territories but
also drinking water abstraction sites and bathing wa-
ter areas are designated as protected areas.

Flood risk management. When planning the
management or restoration of water habitats, it is
also necessary to take into account the aspects of
flood risk management, which is also regulated by
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the Water Management Law. Flood risk manage-
ment plans are one of the planning documents
for the water management system. These plans list
the measures for the reduction of the likelihood
of floods and their consequences. These actions
should be taken into account when planning water
habitat management. For example, the restoration of
floodplain grasslands or wetlands as a habitat mana-
gement measure also reduces the flood risk at a lar-
ger scale. At alocal scale, flood risk may occur under
the conditions of a hindered river flow due to beaver
dams or large accumulations of large wooden debris
(LWD). Therefore, when planning habitat restoration
or management in a flood-threatened territory, the
requirements and restrictions, which are set in the
flood risk management plan, are considered to be a
priority, since habitat management measures should
not reduce the water flow rate or endanger the sa-
fety of people and infrastructure.

Water use. When planning the management or
restoration of water habitats, the regulations for the
exploitation (management) of water objects must
also be taken into account, since they, in compliance
with the legal framework, are elaborated for public
waters — public lakes and rivers, waters where fis-
hing rights belong to the state’, as well as for water
objects with hydro-technical constructions for the
regulation of the water regime®.

Water quality objectives. With regard to the
management of water habitats, the most important
regulatory enactment for water quality objectives is
“Regulations Regarding the Quality of Surface Wa-
ters and Groundwaters™, which define the quality
requirements of priority fish waters and list the rivers
and lakes where these requirements are attainable. In
Latvia, 123 rivers or their separate reaches and 45 la-
kes have been recognised to beas priority fish waters.

These regulations of the Cabinet of Ministers
state that “priority fish waters are freshwater, in
which water protection or measures for improving
water quality are necessary in order to ensure fa-
vourable living conditions for the fish population”.
According to these provisions, priority fish waters

5 Regulation of the Cabinet of Ministers No.918 of 11.08.2009,
Regulation on the lease of water bodies and commercial fishing
rights and use of fishing rights.

8 Regulation of the Cabinet of Ministers No.1014 of 27.12.2005,
order for the elaboration of regulations for the exploitation
(management) of water objects.

7Regulation of the Cabinet of Ministers No.118 of 12.03.2002,
Regulations Regarding the Quality of Surface Waters and
Groundwaters.

Flood risk management system

Necessity of flood risk management is defined by
Directive 2007/60/EC of the European Parliament
and of the Council of 23 October 2007 on require-
ments for the assessment and management of
flood risks. According to the requirements of the
Directive, a flood risk is assessed over the entire
threatened territory throughout the country. For
each river basin district, a flood risk manage-
ment plan, which sets out measures to reduce
the likelihood of floods and their consequences,
has been elaborated. Flood-prone territories in
Latvia cover 200,000 ha, which represents ap-
proximately 3% of the country's area.

are divided into:

¢ Salmonid fish waters, in which salmon (Salmo
salar), sea trout and brook trout (Salmo trutta),
grayling (Thymallus thymallus) and whitefish (Co-
regonus) live or where it is possible to ensure the
existence thereof;

* Cyprinid fish waters, in which fish of the carp
family (Cyprinidae), as well as pike (Esox lucius),
perch (Perca fluviatilis) and eel (Anguilla anguilla)
live or where it is possible to ensure the existen-
ce thereof.

From the perspective of habitat management, the

priority Salmonid water category includes rivers,

which are particularly sensitive to the reduction of
flow rate and intensification of sedimentation. The-
refore, priority should be given to habitat manage-
ment measures, which can prevent these threats. In

Salmonid lakes, priority is granted to the manage-

ment measures that ensure the improvement of lake

functionality. For example, intensification of wave
movement, which is achieved by emergent aquatic
plant mowing to open the lake shore.

The necessity to ensure a river’s flow rate is also
indirectly set by the regulations of the Cabinet of
Ministers “Regulations on Rivers (Parts of Rivers)
where, for the Purpose of Fish Resource Protec-
tion, Construction and Renovation of Hydropower
Plant Dams and Building of any Artificial Dams is
Prohibited”. The annex to these Regulations in-

& Regulation of the Cabinet of Ministers No.27 0f15.01.2002, Regu-
lations on rivers (parts of rivers) where Building and Restoration
of Hydropower Plant Dams and Building of any Artificial Dams is
Prohibited for Fish Conservation Purposes.



cludes a list of rivers (their reaches) where, for the
purpose of the protection of fish resources, it is pro-
hibited to build and restore any hydro-power plant
dams and create any other mechanical obstacles.
The list includes the most significant fast flowing
river reaches with riffle habitats where unimpeded
water flow rate is necessary for the provision of fish
migration. When managing these river habitats, the
priority measures are those that can improve the
conditions of the river flow and reduce the negative
impact of sedimentation (see Chapter 17.2).

8.2 Legal Framework for the Protection
of Aquatic Habitats

8.2.1 Protected Habitat Types and Species

Law on the Conservation of Species and Bioto-
pes’ defines that the conservation of species and
habitats is a set of measures necessary for the
preservation or restoration of populations and ha-
bitats in a favourable conservation status. The su-
bordinated regulations of the Cabinet of Ministers
provides a list of habitat types'® and species'! that
are specially protected in Latvia, a list of plant and
animal species of EU importance'?, and a list of the
species and habitats in Latvia of EU priority'®. The
list of specially protected habitats of Latvian and
EU importance are not the same. For example, rare
and specially protected lake habitats in Latvia, “La-
kes with Trapa natans” (three lakes) and “Lakes with
Najas spp.” (14 lakes), as well as the river habitat
“Riffles and waterfalls” are not included in the list
of the Habitats Directive'®. The same also applies
to protected species of aquatic organisms in Latvia
and the EU.

¢ Adopted on 16.03.2000, with the amendments of 01.01.2016.

19 Regulation of the Cabinet of Ministers No. 421 of 05.12.2000, on
the list of especially protected biotopes.

' Regulation of the Cabinet of Ministers No. 396 of 14.11.2000,
on the list of especially protected species and species with
restricted use.

12 Regulation of the Cabinet of Ministers No.1055 of 15.09.2009,
List of animals and plants species essential in European Com-
munity which need to be protected and for which hunting and
gathering in the wild can be restricted.

13 Regulation of the Cabinet of Ministers No. 153 of 21.02.2006, on
the list of priority species and biotopes of the European Union
encountered in Latvia.

14 Council Directive 92/43/EEC of 21 May 1992, on the conservation
of natural habitats and of wild fauna and flora.

15 Regulation of the Cabinet of Ministers No. 211 of 27.03.2007, on
the list of those bird species, to which special measures for the
protection of habitats are to be applied in order to ensure the
survival and reproduction of species in the natural range.
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Separate regulations of the Cabinet of Minis-
ters' provides a list of bird species whose habitats
are subject to a specific conservation measures.
These regulations enlist a total of 96 bird species.
Of them, 41 bird species are breeding or staying
during their migration in the water habitats.

8.2.2 Protected Nature Territories and
Micro-reserves

Law on Protected Nature Territories'® defines
the key principles for the establishment of pro-
tected nature territories in Latvia. Categories
of specially protected nature territories — strict
nature reserves, nature reserves, protected
landscape areas, and a biosphere reserve — are es-
tablished and managed to protect and conserve
nature diversity, including habitats of protected
plant and animal species, and landscape elements
which are necessary for the provision of ecolo-
gical functions of protected species and habitats.
All specially protected nature territories in Latvia
are included in the network of protected nature
territories of European significance, Natura 2000.

Micro-reserves (protected nature territories
of small area (0.1-30 ha), in compliance with the
provisions of the Law on the Conservation of
Species and Biotopes”, are established to pro-
tect certain protected species or habitats. The
subordinated regulations of the Cabinet of Minis-
ters'® define that micro-reserves in aquatic areas
can be established for the conservation of four
fish species, one Cyclostomata species, three am-
phibian species, seven aquatic invertebrate spe-
cies, seven aquatic vascular plant species, and
one charophyte species.

Boundaries of the protected nature territories
are set by regulations of the Cabinet of Ministers.
Boundaries of micro-reserves are set in decisions
on the establishment of the microreserves. Digi-
tally they can be viewed in the national informa-
tion system - nature data management system
“Ozols” (http://ozols.daba.gov.lv/).

'6 Adopted 02.03.1993, with the amendments as of
11.01.2014.

7 Adopted 16.03. 2000, with the amendments as of
01.01.2016.

'8 Regulation of the Cabinet of Ministers No. 940 of 18.12.2012,
Procedures for the Establishment of Micro-reserves and their
Management, Conservation, as well as the Interpretation of
Micro-reserves and Buffer Zone.
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8.2.3 Provisions for the Protection and Use of
Protected Nature Territories

Protection and management of protected nature
territories are defined in General regulations on the
protection and use of specially protected territo-
ries or regulations on their individual protection
and use. In order to harmonise the interests of na-
ture conservation, use of natural resources and sus-
tainable development of the region by maintaining
the natural values, a nature conservation plan'® can
be elaborated for a protected nature territory. The
nature conservation plan determines nature conser-
vation and protection objectives, as well as measures
for the management of specially protected species
and habitats.

General Regulations on the Protection and
Use of Specially Protected Nature Territories®
define general permitted and prohibited activities
in protected nature territories of each category, as
well as activities and measures that may be carried
out with permission of the Nature Conservation
Agency. The general regulations must be followed
unless individual regulations on protection and use
are elaborated for the particular territory, defining
specific restrictions for its habitats and species.

8.2.4 Provisions on the Protection and Use of
Micro-reserves

Nature conservation and management measures
in micro-reserves are subject to the regulations of
the Cabinet of Ministers®! determining (1) activi-
ties that are prohibited in the territory including
its waters, (2) activities that are allowed according
to an opinion of an expert, as well as (3) activities
that may be implemented with written permission
of the Nature Conservation Agency.

8.2.5 Environmental Impact Assessment

Law on Environmental Impact Assessment? de-
termines actions requiring an initial environmental

19 Regulation No. 686 of 09 October 2007, Regulations on the
Content of and Procedure Regarding the Elaboration of a Nature
Protection Plan for a Specially Protected Nature Territory.

20 Regulation No. 26264 of 16 March 2010, General Regulations on
the Protection and Use of Specially Protected Nature Territories.

2 Regulation of the Cabinet of Ministers No. 940 of 18.12.2012,
Procedures for the Establishment of Micro-reserves and
their Management, Conservation, as well as Interpretation of
Micro-reserves and Buffer Zone.

impact assessment” or environmental impact* as-

sessment. With regard to the management and res-

toration measures of the water habitats described in
these guidelines, a procedure of initial environmen-
tal impact assessment is applied in cases where de-
epening of a lake is related to the extraction of gyttja
and the planned volume exceeds 1000 cubic metres.

The proposed activities, which require technical
regulations issued by the State Environmental Ser-
vice, are defined in subordinated regulations of the

Cabinet of Ministers®. They include the following

management measures of water habitats:

 restoration and reconstruction of channelised
watercourses of national importance — refer to
management measures dealing with the impro-
vement of functionality of regulated river rea-
ches (Table 8.1);

 construction and reconstruction of hydro-tech-
nical constructions - refer to the construction of
fishways (Table 8.1);

e maintenance and deepening of surface water
bodies if technical regulations are required in
compliance with the regulatory enactments re-
garding maintenance and deepening of surface
water bodies — refer to measures dealing with
flow rate improvement (Table 8.1).

In Natura 2000 territories, in addition to activities
that need a preliminary environmental impact asses-
sment or environmental impact assessment accor-
ding to the law, the State Environmental Service can
decide that the proposed activity? can significantly
affect a protected nature territory of European im-
portance (Natura 2000), and request a preliminary
environmental impact assessment. Based on this as-
sessment, the State Environmental Service either is-
sues the technical regulations or applies the environ-
mental impact assessment procedure in accordance
with the regulations of the Cabinet of Ministers?.

22 Adopted 14.10.1998, with the amendments as of 01.01.2016.

2 Annex 2.

2 Annex 1.

% Regulation of the Cabinet of Ministers No. 30 of 27.01.2015, Pro-
cedures by which the State Environmental Service shall issue
technical regulations for the intended activity.

% A planned activity - implementation of a project,
construction, extraction or use of natural resources, influencing
of areas and landscapes not affected or little transformed by
human activities, as well as other activities, the
performance or result of which may significantly affect the
environment.

2 Regulation of the Cabinet of Ministers No. 300 of 19.04.2011, on
the procedures for the assessment of the impact on European
specially protected nature territories (Natura 2000).



8.2.6 Ownership of Waters

The legal framework provides that water manage-
ment measures must be coordinated with the land
owner or possessor?®, ». Therefore, ownership of
waters and their adjacent land should already be
clarified during the planning of the management
measures. Unlike other habitat types, there are
two more ownership forms in waters — public wa-
ters and waters for which the fishing rights belong
to the State. In Latvia, public waters is a type of
property, set by the Civil Law* in order to provi-
de the population of the country with the right to
waters. The public waters are owned by the sta-
te, thus by all of its residents, and, in compliance
with the rights which are established by Civil Law,
they may be used by every person for everyday
needs. The current legal framework defines seven
types of using property and fish resources, which
in practice complicates the management of water
habitats. They are:
e public lake;
» private lake with fishing rights belonging to
the state;
 private lake;
e publicriver;
e public river with fishing rights belonging to
the state;
e private river with fishing rights belonging to
the state;
* private river.
In Latvia, for 207 lakes and 42 rivers (their rea-
ches)®! there is a status of public waters. The sta-
te owns fishing rights in 208 lakes® and 17 rivers
(their reaches)®. The list of public lakes includes
all the biggest lakes in populated areas or nearby
areas, as well as lakes located in protected nature
territories or lakes that cross the Latvian border
into other countries. The list of public rivers inclu-
des the major and most important Latvian rivers
from the fish and nature conservation point of

Rivers and Lakes

view, as well rivers on borders with Estonia, Rus-
sia, Belarus and Lithuania. About 40 % of all public
lakes are located in protected nature territories.

As the Land Management Law* entered into
force, the public waters are transferred into the
possession of the local municipality in whose ad-
ministrative territory they are located.

The Ministry of Environmental Protection and
Regional Development is in possession of all pub-
lic waters in strict nature reserves, national parks
and nature reserves. The habitat management
measures, which are planned in public waters,
must be coordinated with the responsible posses-
sor. If the public waters or waters with their fishing
rights belonging to the state are leased, a mana-
gement measure must also be agreed on with a
water tenant.

8.2.7 Type of Use of Land and Immovable Property

A type of land use is set for every land property,
which is defined in compliance with the Land
Survey Law and its underlying regulations of the
Cabinet of Ministers®, as well as an aim of use
of immovable property defined in the National
Real Estate Cadastre Law® and its subordinate
regulations®. Concerning the type of use of wa-
ters, the law in Latvia identifies two types of use —
051: The land under the water (includes all natural
waters and water bodies that are not used for fish
breeding) and 052: The land under fish ponds (the
water objects that are artificially installed for fish
farming). Depending on the aim of use, waters are
divided into three groups — 0301: Public waters,
0302: Water territories that are owned or used by
natural and legal persons, and 0303: Pond manage-
ment. The State Land Service maintains the State
Cadastre System of Immovable Property, for whi-
ch local municipalities and the State Forest Ser-
vice provide up-to-date information, according to
the established procedure.

28 Cabinet Regulation No. 475 of 13 June 2006, Order for the Main-
tenance and Deepening of Surface Water Bodies and Water
Areas of Ports, Paragraph27.

29 Protection Zone law, with amendments as of 22.12.2015, Para-
graph two, Section 35.

% Adopted: 28.01.1937; Renewed: 01.09.1992, with the amend-
ments as of 03.12.2015.

S Civil Law, Annex 1.

% Civil Law, Annex 2.

% Civil Law, Annex 3.

34 Adopted 30.10.2014; come into force: 01.01.2015, with the
amendments as of 01.01.2015.

35 Regulation of the Cabinet of Ministers No. 562 of 21.08.2007,
Procedure far the classification of the types of use of land and
their definition criteria.

% With the amendments as of 09.06.2016.

%7 Regulation of the Cabinet of Ministers No.496 of 20.06.2006
Classification of the purposes of use of real estate and the pro-
cedures for specification of the purposes of use of immovable
property and changing thereof.
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With regard to a change in the type of land use,
the Land Management Law determines that for the
implementation of the planned activities, the cate-
gory of land use may be changed according to the
requirements of territorial development plans of the
local municipality and requirements of other laws
and regulations. When implementing the manage-
ment measures of water habitats and their shore zo-
nes referred to in these guidelines, there is no need
to change the type of land use and aim of use of the
immovable property. Re-meandering of regulated
rivers is an exception.

8.2.8 Permission and Approval of Habitat
Management Measures

In the planning stage of water habitat and species

management measures, permission or approval

(further in the text — agreements) of the measure

must be received from the responsible public autho-

rities, local municipality, land owner or manager, and
in some cases also from a water tenant. Sometimes,
an opinion of a certified expert will also be required.

These permits depend not only on the type of
the planned management, but also on whether the
managed habitat is located in a protected nature
territory or micro-reserve, as well as on its aim of
use. This chapter gives an overview of the necessary
agreements depending on the territory protection
status, while further chapters give an overview of
the necessary agreements according to the planned
activity type and form of ownership. All agreements
that refer to the aquatic habitat management mea-
sures are summarised in Table 8.1.

Agreements necessary for the activities in
protected nature territories. According to the legal
framework®, a written permit is required from the
Nature Conservation Agency:

for all the planned management measures, inclu-
ding management of water habitats, when they are
planned in nature reserves or territories of national
parks designated as a functional zone of the regula-
ted regime;

* for measures of re-meandering regulated rivers,
when they are planned in nature reserves, natu-
re parks or territories of national parks and bio-
sphere reserves designated as a functional zone

%8 Regulation of the Cabinet of Ministers No. 264 of 16.03.2010,
General regulations on the protection and use of specially
protected nature territories.

of the nature reserve;

*  for measures to ensure the functionality of regula-
ted rivers, when they are planned in nature reser-
ves, nature parks or territories of national parks
and biosphere reserves designated as a functio-
nal zone of the nature reserve;

e for reed burning, when they are planned in na-
ture reserves, nature parks, areas of protected
landscapes or territories of national parks and
biosphere reserves designated as a functional
zone of the nature reserve, territories of national
parks and biosphere reserves designated as a
functional zone of areas of protected landscapes.

If reed burning is used for lake management, in addi-

tion to an agreement with the Nature Conservation

Agency, fire safety authorities must be informed

in writing. The activities that are to be coordinated

with the State Environmental Service are set out in
the Law on Environmental Impact Assessment and

its subordinated Cabinet regulation (see Chap. 8.2.5).
Agreements for activities in microreserves.

According to the regulatory framework®, for the

management of water habitats, depending on the

type of management, an official written opinion of a

certified bird expert and in certain cases the written

permission of the Nature Conservation Agency is
also necessary.

In micro-reserves which are located in water
habitats and created for the conservation of pro-
tected breeding birds, an official written opinion of
a certified bird expert is required to restore the func-
tionality of the regulated river reaches, while written
permission is required from the Nature Conserva-
tion Agency for aquatic habitat management if it can
cause a change of surface and/or groundwater level.

In micro-reserves that are created for the
protection of species that live in aquatic habitats,
aquatic plants can only be burnt in cases when this is
necessary for the management of the micro-reserve.
Other management measures may be implemented,
if they do not contradict the protection objectives of
micro-reserve target species. If the reduction of sho-
re overgrowth and increase of exposure of the shore
is combined with the establishment of a swimming
place, this should only be done in places specified by
the certified water habitats expert.

39 Regulation of the Cabinet of Ministers No. 940 of 18.12.2012,
Procedures for the Establishment of Micro-reserves and
their Management, Conservation, as well as Interpretation of
Micro-reserves and the Buffer Zones.



Agreements necessary for an activity outside
protected nature territories and micro-reserves.
Several types of freshwater habitat management
described in these guidelines must be coordinated
with the State Environmental Service, as well as with
land owners or managers and tenants. The activities
that must be coordinated with the State Environ-
mental Service are set out in the Law on Environ-
mental Impact Assessment and its subordinated Ca-
binet regulation (see Chapter 8.2.5). Other specific
agreements related to certain management types
are defined in the legal acts of the specific areas of
activities.

8.2.9 Maintenance of Rivers and Lakes

The procedures for the maintenance® of lakes and
rivers are set by the regulation Order for the Main-
tenance and Deepening of Surface Water Bodies and
Water Areas of Ports". The following surface water
habitat management measures of these guidelines
are defined by Cabinet of Ministers Regulations:
* measures to ensure the functionality of reaches
of natural rivers — A1, A2, A3, A6, A7 (Table 8.1);
* measures to ensure the functionality of reaches
of aregulated river — B1, B5 (Table 8.1);
¢ lake management measures — C1, C2, D1 (Tab-
le 8.1).
All of the above management measures must be
coordinated with the land owner or legal governor
with their written consent. To manage public waters,
written consent must also be received from the local
municipality or governor of public waters located
in strict nature reserves, nature reserves, or national
parks*2 The written consent of the local municipality
is also necessary when water fishing rights belong to
the state. If the management measures are planned
for waters located next to objects of national defen-
ce importance, a written permit must also be obtai-
ned from the Ministry of Defence.
For management measures which are to be clas-
sified as surface water maintenance, in addition to
the consent of the land owner (legal governor), tech-

40 Surface water maintenance - removal of floating waste,
removal of herbaceous and woody plants, remaval of fallen
trees, removal of sunken items, and other works including bed
deepening in order to prevent a reduction of water flow rate.

41 Cabinet Regulation No. 475 of 13 June 2006, Order for the Mainte-
nance and Deepening of Surface Water Bodies and Water Areas
of Ports.

42 Land Management Law (wording of 01.01.2015).
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nical regulations from the Regional Environmental

Board of the State Environmental Service must also

be obtained. Technical regulations are not necessary

in the following cases:

» habitat is managed in a protected nature ter-
ritory, which has an elaborated and approved
nature conservation plan and management is
carried out according to this plan;

* mowing of aquatic vegetation in private rivers or
lakes is carried out from 1 July to 31 March.

The requirements for the permission or approval of

management measures also depends on the size of a

river or lake. If the catchment area of the watercour-

seriver exceeds 25 km?, or the open surface area of
the lake is at least 10 ha, the official written opinion
of a certified water habitats and species expert on

the following issues is necessary (1) the potential im-

pact of cleaning on fish resources, (2) the potential

impact of management measures on specially pro-
tected nature territories, specially protected species
and habitats, as well as on surrounding water objects.
Regarding the maintenance measures in rivers
and lakes, not only the procedure of permitting, but
also the its implementation, determining that:mana-
gement technique, is determined as follows:

 the maintenance of a river shall commence and
shall be performed against the flowin an upstre-
am direction;

e aquatic plants shall be cut first in areas, where
the sludge layer forms intensively, as well as in
sandy shallow water areas, which are characteri-
sed by intensive overgrowth;

» the cutting of aquatic plants in lakes shall be
performed by making passageways in order to
ensure water exchange between shallow water
and deep water zones;

¢ the aquatic plants, which are cut, shall be remo-
ved, in order to prevent a repeated pollution of
the water body with organic substances of easy
degradation and the accumulation of sediment.

8.2.10 Management Measures for Regulated
Watercourses

Requirements for the management of drainage
systems are set by the Amelioration Law® and its
subordinated regulations of the Cabinet of Minis-
ters. Regulations regarding the operation and

“ Adopted: 14.01.2010, with the amendments as of 01.01.2015.
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maintenance of land drainage systems* apply not
only to various elements of drainage systems, but
also to channelised rivers® — natural watercourses,
which are regulated (usually straightened) in order
to increase the water flow rate. In channelised river
ecosystems, protected habitats can be found. The
channelised rivers as parts of the drainage system
are included in the Amelioration Cadastre*. There-
fore, during the planning of management measures
it is necessary to clarify the status of the watercour-
se and level of significance (channelised watercour-
se of State, municipal, or a single property’s impor-
tance). A digital form of the Amelioration cadastre is
available on the website of the State LTD “Immovab-
le properties of the Ministry of Agriculture” (VSIA
“Zemkopibas ministrijas nekustamie ipaSumi’)".

The development of the Amelioration Cadastre
is currently under development. It primarily contains
information on drainage systems on agricultural
land (channelised watercourses of State importance,
open and internal drainage ditches), while informa-
tion about forest drainage systems is currently limi-
ted. Amelioration cadastre is supplemented by the
list of municipalities where information is not yet
complete. In cases when the watercourse is loca-
ted in the listed municipalities, during management
planning it is necessary to contact the correspon-
ding department of the State Ltd. department “Im-
movable properties of the Ministry of Agriculture”
and clarify the status of the watercourse.

According to the existing legal framework®,
drainage systems, including reaches of regula-
ted watercourses, must be maintained by cutting
shrubs, trees and their shoots which impede the free
movement of water, as well as from domestic waste,
fallen trees, scraps, sediments, beaver dams. Regula-
tions regarding the operation and maintenance of
land drainage systems must be addressed to mana-
gement measures dealing with the improvement of
the functionality of regulated river reaches (B1 and
B2 - Table 8.1). The establishment of environmental-

“4 Regulation of the Cabinet of Ministers No. 272 of 03.08.2004,
Regulations regarding the operation and maintenance of land
drainage systems.

% Channelised river — a natural or regulated watercourse (river,
spring), including artificially developed river bed, which drains the
water from several drainage systems or surface water objects.

“ Regulation of the Cabinet of Ministers No. 623 of 13.07.2010,
Regulation on the Amelioration Cadastre".

7 https://www.melioracija.lv.

“¢ Regulation of the Cabinet of Ministers No.272 of 03.08.2004,
Regulations regarding the operation and maintenance of land
drainage systems, Paragraph7.1.

ly friendly elements of drainage systems, intended

to reduce the negative impacts on the quality of sur-

face waters from the drainage system (B3 and B4 -

Table 8.1), as well as measures for re-meandering the

rivers (B5 — Table 8.1) are subjected to the Latvian

construction standard LBN 224-15 “Amelioration
systems and hydrotechnical constructions™.

It must be taken into account that even af-
ter re-meandering, the river will keep the status of
a channelised watercourse as an element of the
drainage system. Therefore, the environmental
protection requirements set by Chapter 9 of this
regulation must be followed to harmonise habitat
protection and land drainage needs. The above men-
tioned regulations specify that: when designing the
course, slope and profile of the regulated or recons-
tructed water course, if it is possible to ensure the
necessary hydraulic conditions and, if it is possible
due to the structure of the bottom material, the fol-
lowing requirements have to be taken into account:
e topreserve unaltered channel sections with par-

ticular landscape characteristics;

* to adapt to the natural channel course as much
as possible and refrain from the creation of long
straight sections;

* to create eddies, pools, fish wintering depres-
sions and spawning grounds;

¢ to vary the deepest sections of the channel with
shallower, wider and narrower stretches; to leave
large stones or create riffles;

e toreconnect active oxbows with the main cour-
se, etc.>

When these environmental requirements are com-
plied with, it is also possible to ensure the conserva-
tion of the protected habitats of EU importance in
the regulated rivers having the status of channelised
watercourses. It is very important to pay attention to
compliance with these requirements when certified
experts give an official written opinion on mainte-
nance of the channelised watercourses.

A channelised watercourse is managed (maintai-
ned) by the land owner or governor. In the case of
drainage systems of state importance®', the manager
is State Ltd. “Immovable properties of the Ministry of

“9 Regulation of the Cabinet of Ministers No.329 of 30.06.2015,
Regulations on the Latvian construction standard LBN 224-15
"Amelioration systems and hydrotechnical constructions.

0 Sub-paragraphs of Paragraph264.

 The drainage systems of State importance - a drainage system
that complies with the criteria and parameters set by legisla-
tion, and that is used and maintained by the state.



Agriculture”. The drainage systems that are on the
land of the state forests are respectively managed
by their governor — AS JSC “Latvia’s State Forests”,
State Forest Service, or Nature Conservation Ag-
ency. Management of the systems of common use
are mutually agreed upon by their owners. If a third
party (such as a non-governmental organisation, for
the purpose of improving habitat quality and biodi-
versity) wants to carry out the habitat management
measures, then, according to the property rights es-
tablished by the Civil Law, activities should be coor-
dinated with the land owner or governor.

It is defined by the legislation that the main-
tenance of channelised watercourses means the
removal of trees, shrubs and their shoots from the
channel, so that the water flow is not impeded®2. The
regulations of the Cabinet of Ministers also define
the criteria according to which the water flow is as-
sessed as being in a bad or unacceptable condition®.
For instance, the condition of a channelised water-
course is bad “when its bed is heavily overgrown with
woody or herbaceous plants, there are fallen trees
or domestic waste, beaver dams are frequent”. The
technical condition of a channelised watercourse is
inadmissible in the following cases: “beaver dams or
unauthorised blockages of the channel change the
required water regime, alter channel stability, and
create new deformations”. In order to carry out daily
maintenance work, except for in the cases when the
channelised watercourses are in protected nature
territories, agreements with the responsible public
authorities are not necessary. According to the legal
framework, the State Environmental Service issues
technical regulations if the restoration and recons-
truction of channelised watercourses of State drai-
nage systems and drainage systems of State signifi-
cance are required™.

Criteria for the assessment of the drainage sys-
tem’s condition and activities required for its main-
tenance are also necessary in order to ensure the
functionality of the river habitat, and they are not
in conflict with the habitat management techniques
described in these guidelines — ensuring the func-

°2 Regulation of the Cabinet of Ministers No.714 of 03.08.2010, on
the use and maintenance of amelioration systems, Para-
graph7.1.1.

% Regulation of the Cabinet of Ministers No.272 of 03.08.2004,
Regulations regarding the operation and maintenance of land
amelioration systems, Annex5.

° Regulation of the Cabinet of Ministers No. 30 of 27.05.2015, Proce-
dures by which the state environmental service shall issue techni-
cal regulations for the intended activity, Paragraph1.4 of Annex1.

Rivers and Lakes

tionality of regulated river reaches (except for river
re-meandering) and measures to ensure the flow
rate of the rivers — regulation of aquatic plant over-
growth (A3) and demolition of beaver dams (A2), as
well as sometimes the removal of large woody debris
(Al —Table 8.1). As the legal framework does not de-
fine what activities are to be classified as restoration
of a water drain, the relevant Regional Environmen-
tal Board of the State Environmental Service should
be informed about the expected activities at the ma-
nagement planning stage.

8.2.11 Management Measures in the Protection Belt
of Rivers and Lakes

The Protection Belt Law® defines the minimum wi-
dth of protection belts of lakes and rivers, with wider
protection belts in rural areas and narrower ones in
village and urban territories. The size of the protec-
tion belts, which refers to the particular water object,
is determined in the territorial planning of the rele-
vant municipality according to the administrative
division.

The Protection Belt Law applies to a number of
management measures described in these guideli-
nes. Such activities are: regulating of overgrowth and
shading of river shores; measures for the improve-
ment of lake shore vegetation structure (Table 8.1).
If the type of land use of the territory of the water
protection belt is not forest, according to the legal
framework*tree felling must be coordinated with the
local municipality (see Chapter 8.2.12). If the territory
of the protection belt area is forest land, management
activities must comply with the legal framework of
the forestry. If the clear—felling of grey alder (Alnus
incana) is planned as permitted by regulatory enact-
ments?, the following conditions must be met:

*  Quercus robur, Tilia cordata, Ulmus spp., Acer spp.,
Pinus spp., Alnus glutinosa, Salix spp., and Malus
sylvestris must be kept;

« felling of trees is prohibited on slopes with a gra-
dient exceeding 30 degrees;

o felling of trees is prohibited from 1 April to
30 June;

¢ a clear-felled area in the protection zone of a
surface water body may not exceed one hectare.

55 Adopted 05.02.1997.

% Regulations of the Cabinet of Ministers No. 309 of 02.05.2012,
on felling of trees outside forest.

57 A forest where the prevailing tree species is Alnus incana.
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8.2.12 Felling of Trees Outside Forest

The procedure for the the cuttingfelling of trees
outside forest land is set by the Regulations on the
felling of trees outside forest®. Measures regar-
ding regulating river shore shading and vegetation
structure, and lakeshore vegetation structure im-
provement described in these guidelines, refer to
this regulation (Table 8.1). All of the above must be
coordinated with the land owner or legal governor.
As the shore part of rivers and lakes is located in the
protection belt, a permit must also be received from
the local municipality must also be received for the
felling of trees. A permit of the local is not required
for the felling of trees with a stump diameter less
than 20 centimetres.

8.2.13 Deforestation for the Restoration of Habitats

Regulations regarding the restoration of specially
protected species and protected species habitats
in forest refer specifically to habitat management®.
They establish the procedure for deforestation if it is
necessary for the restoration of a protected habitat
or species habitat which is located in forest. For the
purpose of this normative regulation, the restoration
of a habitat in a forest is a planned activity of the
forest owner (legal governor or a person authorised
by the legal governor), which restores a specially
protected habitat.

With regard to the management of freshwater
habitats, these regulations only apply to the re-me-
andering of rivers. To apply deforestation when it is
necessary for the establishment of new river bed,
there must be a valid forest inventory of the relevant
territory. A permit of the Nature Conservation Ag-
ency is required if the activity is planned in a pro-
tected nature territory or micro-reserve. The permit
is issued based on an official written opinion of a
certified habitats expert, which, in the format defi-
ned by regulation® gives an assessment of the justi-
fication for the restoration of a protected habitat. If
the planned measure includes a change of terrain or

8 Regulations of the Cabinet of Ministers No. 309 of 02.05.2012,
on felling of trees outside forest.

%9 Regulation of the Cabinet of Ministers No. 325 of 08.06.2013,
Regulations regarding the restoration of specially protected
habitats and species habitats in forest.

80 Regulation of the Cabinet of Ministers No.925 of 30.09.2010,
Content and minimum requirements of an opinion by an expert
in species and habitat conservation.

surface water level, the planned activity must be co-
ordinated with the regulatory enactments regulating
construction and drainage, and it must not conflict
with the planning documents of the local municipa-
lity.

8.2.14 Control of Invasive Plant Species

Several invasive plant species can be found on the
banks of rivers and lakes, — Heracleum sosnowskyi,
Impatiens glandulifera, Echinocystis lobata, Helianthus
tuberosus, etc. Heracleum sosnowskyi is the species
that is most dangerous to natural habitats. This is
also the only invasive plant species, the combating
procedures of which are regulated by laws®!.

The Plant Protection Law®? and its subordina-
ted Cabinet regulations®® determine the establish-
ment of a list of invasive plant species, how these
species are monitored and controlled by the state,
etc. From the point of view of habitat management,
the most important of them are Regulations regar-
ding the use of plant protection products®, which
determine requirements for the use and storage of
plant protection products, including the special me-
asures for the protection of the aquatic environment
and drinking water resources.

According to the general legal framework of
protected nature territories®, the use of chemical
plant protection products is prohibited in forests and
in agricultural land of strict nature reserves. Other
requirements may be specified in their individual
protection and use regulations. Use of plant protec-
tion products — pesticides - is prohibited in micro—
reserves®. In these cases, other methods must be
used to combat the invasive species.

Combating of invasive animal species in Latvia is
not regulated by legislation.

& Regulation of the Cabinet of Ministers No. 468 of 30.06.2008,
List of invasive plant species and Regulation of the Cabinet of
Ministers No.559 of 14.06.2008, Regulations regarding restricting
the spread of invasive plant species — Heracleum sosnowskyi.

52 Addopted: 17.12.1998

8 Regulation of the Cabinet of Ministers No. 467 of 30.06.2008,
Regulations regarding restricting the spread of invasive plant
species.

54 Regulation of the Cabinet of Ministers No. 950 of 13.12.2011, on
the use of plant protection products.

5 Regulation of the Cabinet of Ministers No. 264 of 16.03.2010,
on the conservation and use of the specially protected natural
areas, Paragraph4.4.

5 Regulation of the Cabinet of Ministers No. 940 of 18.12.2012,
Procedures for the Establishment of Micro-reserves and their
Management, Conservation, as well as Interpretation of Mi-
cro-reserves and the Buffer Zone, Paragraph456.9.



Is the activity
planned in a
protected nature
territory or a
micro-reserve?
If it is located
in a protected
nature territory,
what type of
functional zone
isit?

Who owns or is
in possession of
the land?

What is the
category of land
use?

What
permissions and
approvals are
required?

Are there other
restrictions
specified in
the regulatory
enactments?

Are there any
funding options
for protection,
restoration and
management of
habitats?

The State
Management
System of Nature
Data ,0zols"
ozols.daba.gov.lv

Clarify this at the
local municipal
authority or on
www.kadastri.lv

Specified in the
land border plan

Depends on the
character of the
planned activities

For instance,
protective zones,
cultural heritage
objects, etc.

Conditions

for receiving
agricultural and
forestry support,
etc.

Rivers and Lakes

If the activity will not take place in a protected nature territory or a
micro-reserve, consult with the respective Regional Board of the State
Environmental Service prior to the activity.

Individual regulation on protection and use of a protected nature territory
defines the permitted, restricted and coordinated activities. Consult with the
Nature Conservation Agency prior to starting the activity.

If no individual regulation is applicable, the permitted, restricted

and coordinated activities are defined by the general regulation on
conservation and use of protected nature territories. Consult with the
Nature Conservation Agency prior to starting the activity.

If the land owner or possessor agrees with the proposed activity, both
parties should harmanise this in writing.

If the restoration of a protected habitat type or species requires
transformation of land into another category (e.g. forest to grassland), it must
be coordinated with the responsible authorities. According to the individual
or general regulation on protection and use of a protected nature territories,
it is necessary to receive a written permit from the Nature Conservation
Agency.

The actions specified in the general and individual regulations on
protection and use of protected nature territory must be coordinated
with the Nature Conservation Agency.

Confirmations for felling in the forest are issued by the State Forest Service.
Felling of trees outside forests must be coordinated with the local
municipal authority.

Technical regulations for the cleaning of rivers or rewetting are issued by
the State Environmental Service.

VSIA Zemkopibas ministrijas nekustamie ipasumi (State Ltd. Real Estate
of the Ministry of Agriculture) issues technical regulations for reclaimed
land and exploitation protective zones around drainage infrastructure (for
construction, afforestation, etc.).

Conditions and permits for building construction are issued by the
Construction Board at the local municipal authority.

You can ascertain the compliance of the intention with the spatial plan of
the local municipality on the website of the particular municipal authority
or by contacting the local municipality.

It can be verified in the local municipality spatial plan (available on the
website of the particular municipal authority) or clarified by contacting the
local municipal authority.

0On the issues of agricultural support (biologically valuable grasslands) one
must consult the Rural Support Service.

Support payments in forestry (refunds for restrictions of forestry activities
on Natura 2000 sites) must be consulted at the Rural Support Service;

in protected nature territaries outside the Natura 2000 network - at

the Nature Conservation Agency. More information is available on the
websites of these institutions.

8.1.att. Activities when planning the habitat management.
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8.2.15 Permits and Approvals Required for the Management of Aquatic Habitats

Permits and approvals for all watercourses and lakes

Technical . .
instructions A written el Bl el
Management measure issued by agreement with the local the State
the State oo ] Goer municipality Forest Service
] o (Govemion) for tree felling for tree felling
y 9 outside forest in forest
Service
Natural rivers (river reaches)
Al
Removal of fallen trees (large woody X X (4)
debris) and control of "catchers"
A2:
Demolition of beaver dams X X
A3:
Regulation of aquatic plant over- X (1) X (4)
growth by cutting
A4
Improvement of the shore vegeta-
tion structure - shrub cutting and X(2) X (4) X X
establishment of natural grassland
zone

A4.2: Improvement of the shore
vegetation structure - regulation of X (4) X X
river shading

Ab:

Stabilisation of the shares X
AB:

Formation of riffle areas XM X
A7:

Maintenance of natural spawning X () X (4)
grounds and establishment of artifi-

cial spawning grounds.

A8:

Establishment of fishways X X
AS:

Demolition of mill dam remains and X X (4)
obstacles

Al0:

Removal of sand deposits from X X (4)
mouths of rivers flowing into the sea.

All: X (4)

Invasive plant species control
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Permits and approvals for all watercourses and lakes

An official An official written opinion Coordination
written opinion of a certified expert* on with the Nature
M t of a certified the possible impact of Informing  Conservation
SHAUCHEIUICaS U expert* onthe maintenance on protected  the fire Agency, if the
possible impact nature territories, safety water object
of maintenance protected habitats and, authority is located in
on fish and on surrounding water a protected
resources (6) objects (6) nature area
Natural rivers (river reaches)
Al:
Removal of fallen trees (large woody X X (7)
debris) and control of "catchers”
A2:
Demolition of beaver dams X X @)
A3:
Regulation of aquatic plant over- X X (7)
growth by cutting
A4.1:
Improvement of the shore vegeta-
tion structure - shrub cutting and (7)
establishment of natural grassland
zone

A4.2: Improvement of the shore
vegetation structure - regulation of (7)
river shading

AB:
Stabilisation of the shores

AB:
Formation of riffle areas

A7:

Maintenance of natural spawning
grounds and establishment of
artificial spawning grounds.

A8:
Establishment of fishways

AS:
Demolition of mill dam remains (7)
and obstacles

Al0:
Removal of sand deposits from X X (7)
mouths of rivers flowing into the sea.

All:
Invasive plant species control

* Certified expert — an expert in the protection of species and habitats who has been certified according to Regulation
of the Cabinet of Ministers No.267 of 16.03.2010, Procedures for the Certification of Experts in the Field of the
Conservation of Species and Biotopes and Supervision of the Activities Thereof.



52

Chapter 8. Legal Framework of Restoration and Management of Water Habitats

Permits and approvals for all watercourses and lakes

Technical . .
M t instructions A written Atf‘zr;:: ::tatl)f AtII:::rs"t“att:f
anagement meastire el i municipalit Forest Service
the State the land owner p . Y .
T e o (governor) for tree felling for tree felling
Servi outside forest in forest
ervice
Regulated rivers (river reaches)
BI:
Diversification of structures of the X (2) X (5)
regulated river reaches
B2:
Construction of sedimentation X (2) X (5)
ponds
B3:
Construction of surface flow con- X(2) X (5)
structed wetlands
B4:
Restoration of straightened rivers X@ X(5)
B5:
Environmentally friendly manage- X X (5)
ment of drainage ditches
Lakes
o X () X (4), (5)
Reduction of aquatic vegetation '
C2:
Mowing of eTergent vegetation of X () X (4), (5)
shore areas - reinforcement of wave
activity
C3.1:
Change of structure of shore vege- X (4), (5)
tation - felling of shrubs
C3.2:
Change of structure of shore vege- X (4), (5)
tation - grazing of shore grasslands
C3.3:
Change of structure of shore vege- X (4), (5) X X
tation - creation of wind corridors
C4.1:
Reed burning - in winter X(4).(5)
C4.2:
Reed burning - in the second half of X (4), (5)
summer
C5: Mowing of emergent vegetation X (4), (5)

in autumn and winter
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Permits and approvals for all watercourses and lakes

An official An official written opinion Coordination
written opinion of a certified expert* on with the Nature
M t of a certified the possible impact of Informing  Conservation
SLEREITES I expert* onthe maintenance on protected the fire Agency, if the
possible impact nature territories, safety water object
of maintenance protected habitats and, authority is located in
on fish and on surrounding water a protected
resources (6) objects (6) nature area
Regulated rivers (river reaches)
BI:
Diversification of structures of the X X (7),(8)
regulated river reaches
B2:
Construction of sedimentation X X (7), (8)
ponds
B3:
Construction of surface flow con- X X (7), (8)
structed wetlands
B4
Restoration of straightened rivers X X (7).(8)
B5:
Environmentally friendly manage- (7), (8)
ment of drainage ditches
Lakes
Cl: )
Reduction of aguatic vegetation
Cc2:
Mowing of emergent vegetation
) (7)
of shore areas - reinforcement of
wave activity
C3.1:
Change of structure of shore vege- (7)
tation - felling of shrubs
C3.2:
Change of structure of shore vege- (7)
tation - grazing of shore grasslands
C3.3:
Change of structure of shore vege- (7)
tation - creation of wind corridors
C4a.1:
Reed burning - in winter X (7). (9)
C4.2:
Reed burning - in the second half X (7),(9)
of summer

C5: Mowing of emergent vegeta-
tion in autumn and winter
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Permits and approvals for all watercourses and lakes

Technical . .
instructions A written e Eerlm i ?f 8 ﬁ eiitiof
Management measure issued by agreement with t! e local the State_
the State A i — mun|c|pa||_ty Forest Serv_lce
T e o (governor) for tr_ee felling for_tree felling
o outside forest in forest

Specific techniques that are mainly used to recover highly eutrophic lakes, but which under certain circum-
stances can also be applied to naturally eutrophic lakes

DI:

Lake deepening and gyttja extraction X X4, (5)
D2.1:

Limitation of the circulation of plant

nutrients - chemical settling of ©® X4, (5)
phosphorus

D2.2:

Limitation of the circulation of plant

nutrients -deep layer aeration of the © X4, (5)
lake

D2.3:

Limitation of the circulation of plant (3) X (4), (5)
nutrients - use of algaecides

D3.1:

Prevention of fish suffocation - ice (3) X (4), (5)
holes

D3.2:

Prevention of fish suffocation - aeration ©® X4, (5)
D3.3:

Prevention of fish suffocation -

mowing of emergent vegetation X X (4), (5)
in river mouths and fish wintering

depressions

D4:

Food chain change - biomanipulation © X(4).(5)
D5:

Development of infrastructure to X X (4), (5)
decrease recreation pressure

D6:

Establishment of artificial islets for X X (4), (5)
water birds

D7:

Raising of water level to limit emer- X X (4), (5)

gent vegetation expansion.




Rivers and Lakes 55

Permits and approvals for all watercourses and lakes

An official An official written opinion Coordination
written opinion of a certified expert* on with the Nature
Management measure of a certified the possible impact of Informing  Conservation
9 expert* onthe maintenance on protected the fire Agency, if the
possible impact nature territories, safety water object
of maintenance protected habitats and, authority is located in
on fish and on surrounding water a protected
resources (6) objects (6) nature area

Specific techniques that are mainly used to recover highly eutrophic lakes, but which under certain circum-
stances can also be applied to naturally eutrophic lakes

DI
Lake deepening and gyttja extraction X X @)
D2.1:
Limitation of the circulation of plant )
nutrients - chemical settling of
phosphorus
D2.2:
Limitation of the circulation of

: - } (7)
plant nutrients -deep layer aera
tion of the lake
D2.3:
Limitation of the circulation of (7)
plant nutrients - use of algaecides
D3.1:
Prevention of fish suffocation - ice (7)
holes
D3.2: (7)
Prevention of fish suffocation - aeration
D3.3:
Prevention of fish suffocation -
mowing of emergent vegetation X X (7)
in river mouths and fish wintering
depressions
D4: )
Food chain change - biomanipulation
D5:
Development of infrastructure to (7)
decrease recreation pressure
D6:
Establishment of artificial islets for (7)
water birds
D7:
Raising of water level to limit emer- X X (7)

gent vegetation expansion.

Notes (1) If it is planned outside the period from 1July to 31March; (2) If it is planned to restore and rebuild a water drain of state impor-
tance. A permit is not necessary for daily maintenance works; (3) Although the coordination of activities is not regulated by law, the
Regional Environmental Board of the State Environmental Service must be consulted before the start of work; (4) For public waters - with
the local municipality or governor of the public waters located in a strict nature reserve, nature reserve, or national park; for waters with
fishing rights belonging to the state- with the local municipality; for objects of national defence importance - with the Ministry of Defence;
(5) for water drains of State importance - with State LTD "Immovable properties of the Ministry of Agriculture”; () If it is planned in a
watercourse with a catchment area exceeding 25 km? or in a water object with an open water area exceeding 10ha; (7) If it is planned in

a strict nature reserve, nature reserve or in a territory of a national park designated as a regulatory regime zone; (8) If it is planned to be
performed in a nature reserve, nature park, or in a territory of a national park or biosphere reserve designated as a nature reserve zone.



Chapter 9. Main Methods of
River and Lake Management
and Habitat Restoration

When choosing the most appropriate habitat
restoration or management method, a general
principle must always be followed: it is cheaper
to identify and duly prevent the causes of habitat
degradation than to restore it later. This means,
as far as possible, to prevent the introduction of
plant nutrients and other contaminants into ri-
vers and lakes and to reduce the adverse effects
of humans (sometimes beavers). From the point
of view of lake development, habitats represent
one of the natural stages of lake development (see
Chapter I). However, the concept of “natural pro-
cesses” should be treated critically, as it creates a
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misleading notion that lake management is for-
ceful interference with ongoing processes in the
lake (Table 9.1).

In Latvia, starting from 1960s, human activi-
ties provided lakes and rivers with nutrients in
the form of fertiliszers, whose origin was out-
side of the country, promoting anthropogenic
eutrophication and ageing of lakes. Therefore,
except for in the case of raised bog areas, lakes
and rivers cannot be considered as unaffected by
human economic activity.

The main protected water habitat restoration
and management methods, which focus on sol-
ving specific issues, are summarised in Table 9.2.
A more detailed description of the factors and
threats that affect habitats, as well as a descrip-
tion of management methods is given by descri-
bing the specific river and lake habitats.

Table 9.1. Advantages and disadvantages of the Non-interference method in natural processes in lakes.

Method Advantages

Disadvantages

Non-interference in natu-
ral processes

Management activities are not needed.
The development of the lake is as follows:

There is a very small number of lakes
that are not influenced by economic

Initially, when nutrient inputs are low,
the diversity of aquatic plant species
and the associated aquatic organ-
isms increases, and the fishery's
productivity in the lake increases.
Initially, submerged and float-
ing-leaved plants dominate. In
further development they become
appropriate for duck and Chlidonias
niger breeding.

When replacing submerged and
floating-leaved vegetation with
emergent vegetation, there are
possibilities to attract new species
of emergent vegetation, such as
Panurus biarmicus.

activity, which changes the speed

of natural development of the lake.

Therefore:

e Under non-intervention conditions
the accumulation of dead plant
material increases, expansion of
emergent vegetation increases, es-
pecially reed Phragmites australis,
which further replace and outcom-
pete floating-leaved and submerged
aguatic plants.

e (Open and shallow shore area that
warms up, with its crustacean
complex, disappears. It becomes a
limiting factor for the development
of benthic aquatic organisms, fish
larvae and juveniles.

e With the increased development of
emergent vegetation, conditions
suitable for the successful breeding
of waders and dabbling ducks
disappear.

e Without taking out leached and
stored nutrients more intense filling
of the volume of the lake occurs.

e |ntensive macrophyte develop-
ment results in residues promoting
possible oxygen deficiency and fish
suffocation below the ice cover.

e |ncrease of potentially toxic cyano-
bacteria.

e Inthe long term, general deteriora-
tion of the habitat quality.




Table 9.2. Main methods of watercourse and lake habitat restoration and management.

Rivers and Lakes

Restoration of habitat function

Problem Solutions Habitats
Beaver dams and fallen Al: Removal of fallen trees and restoration of water flow. Watercourses.
trees (large woody A2: Removal of beaver dams.

debris) impede the water  Ab: Stabilisation of the shores.

flow. Sedimentation

processes increase, the

river riffle area becomes

silted and disappears,

and this results in a

reduction of the natural

self-purification ability of

watercourses

Restoration and improvement of habitat structure

Problem Solutions Habitats
Enrichment in nutrients A3.1: Mowing of aquatic plants. Watercourses.

and excessive develop-
ment of aquatic plants
- eutrophication

Excessively large wood-
en debris contributes

to bank erosion and

the accumulation of sed-
iments

Beaver dams and floods
contribute to sedimenta-
tion and the loss of the
biologically most valuable
river riffles. Migration

of water organisms is
interrupted

Productive shallow

water area of the lake
overgrows with emergent
vegetation. Paludification,
extinction of previously
dominant habitats, sedi-
ment accumulation in the
shore part

A3.2: Mowing of aquatic plants with

loosening and removal of roots.

AB: Formation of riffle areas.

BI: Diversification of structures of the regulated river
reaches.

C1.1: Mowing of aquatic vegetation in different depth zones
and breaking of roots.

C1.2: Mowing of emergent aquatic plants and root
breaking.

C2: Mowing of emergent vegetation of shore areas -
reinforcement of wave activity.

C3.3: Change of structure of shore vegetation - creation of
wind corridors.

C4.1: Reed burning - in winter.

C4.2: Reed burning - in second part of summer.

C5: Mowing of emergent vegetation in autumn and winter.

Al: Removal of part of fallen trees (large woody debris) and
control of "catchers".

A2: Demolition of beaver dams.

C2: Mowing of shore emergent vegetation zones. Rein-
forcement of wave effect.

C4.1: Reed burning in the autumn and winter.

C4.2: Reed burning - in second part of summer.

C5: Mowing of emergent vegetation in autumn and winter.

All lake habitats, except
at bog (secondary) lakes
that are included in the
habitat type 3160 Natural
dystrophic lakes and
ponds.

Watercourses.

Watercourses.

All lake habitats, except
for bog (secondary) lakes
that are included in the
habitat type 3160 Natural
dystrophic lakes and
ponds.
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Restoration and improvement of habitat structure

Problem

Extinction and replace-
ment of submerged and
floating-leaved plants
with emergent vegetation

Fish suffocation

Solutions

C1.1: Mowing of aquatic vegetation in different depth
zones and breaking of roots.

C2: Mowing of shore emergent vegetation zones.
Reinforcement of wave effect.

C3.1: Change of structure of shore vegetation - felling of
shrubs.

C5: Mowing of emergent vegetation in autumn and winter.

D3.1: Prevention of fish suffocation -drilling ice holes.
D3.2: Prevention of fish suffocation - aeration.

D3.3: Prevention of fish suffocation - mowing of emergent
vegetation in river mouths and fish wintering depressions.

Habitats

All lake habitats, except
for bog lakes that are in-
cluded in the habitat 3160
Natural dystrophic lakes
and ponds.

All lake habitats, except
for bog lakes that are in-
cluded in the habitat type
3160 Natural dystrophic
lakes and ponds.

Restoration of populations of habitat-characteristic species

Problem

Overgrowth of salmonid
and lamprey spawning

site with aquatic plants,
covered with sediments

Migration of fish, lam-
preys and invertebrates
due to man-made insur-
mountable obstacles or
rivermouth clogging

Overgrowth and clogging
up of Margaritifera
margaritifera and Unio
crassus habitats

Extinction of habitat
typical plant communities
due to overgrowth or
sediment accumulation
on the lake bottom

Solutions

Al10: Removal of sand deposits from mouths of rivers
flowing into the sea.

A8: Establishment of fishway.

A9: Demolition of mill dam remains and obstacles.

B4: Restoration of straightened rivers.

B5: Environmentally friendly management of drainage
ditches.

A8: Establishment of fishway.

A9: Demolition of mill dam remains and obstacles.
A10: Removal of sand deposits from mouths of rivers
flowing into the sea.

B4: Restoration of straightened rivers.

B5: Environmentally friendly management of drainage ditches.

A3.1: Regulation of aquatic plant overgrowth by cutting.
A2: Demoalition of beaver dams.
A4.1: Improvement of the shore vegetation structure -

shrub cutting and establishment of natural grassland zone.

A4.2: Improvement of the shore vegetation structure -
regulation of river shading.

AB: Formation of riffle areas.

B2: Construction of sedimentation ponds on ditches
entering the rivers.

B3: Construction of surface flow constructed wetlands.
B5: Environmentally friendly management of drainage
ditches.

B2: Construction of sedimentation ponds on ditches
entering the lakes.

B3: Construction of surface flow constructed wetlands in
ditches entering the lakes.

C1.1: Mowing of aquatic vegetation in different depth
zones and breaking of roots.

C2: Mowing of emergent vegetation of littoral areas -
reinforcement of wave activity.

C5: Mowing of emergent vegetation in autumn and
winter.

Habitats

Watercourses.

Watercourses.

Watercourses.

3150 Natural eutrophic
lakes with Magnopota-
mion or Hydrocharition
- type vegetation.
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Restoration of populations of habitat-characteristic species

Problem

Extinction of the plant
communities typical for
the habitat due to the
expansion and shading of
emergent vegetation

Extinction of water bird
species typical to the
habitat due to overgrow-
ing of lakes

Solutions

C2: Mowing of emergent vegetation of littoral areas - rein-
forcement of wave activity.

C2: Mowing of littoral emergent vegetation zones - rein-
forcement of wave effect.

C3.1: Change of structure of shore vegetation - felling of
shrubs.

C5: Mowing of emergent vegetation in autumn and winter.

Partition of emergent vegetation massives and increasing
of the indentation of external edges, mowing of emergent
vegetation, restoration of water exchange and an open
shore zone, creation of artificial nesting islets for birds.
C1.1: Mowing of aquatic vegetation in different depth zones
and breaking of roots.

C1.2: Mowing of emergent aquatic plants and root break-
ing.

C1.3: Establishment of migration channels.

C3.1: Change of structure of shore vegetation - felling of
shrubs.

C3.2: Change of structure of shore vegetation - grazing of
coastal grasslands.

C4.1: Reed burning in the autumn and winter.

C4.2: Reed burning - in second part of summer.

C5: Mowing of emergent vegetation in autumn and winter.
DB: Establishment of artificial islets for waterbirds.

Habitats

3130 Lobelia-Isoetes
lakes; 3140 Hard oli-
go-mesotrophic waters
with benthic vegetation of
Chara spp.

3150 Natural eutrophic
lakes with Magnopota-
mion or Hydrocharition

- type vegetation; 3140
Hard oligo-mesotrophic
waters with benthic vege-
tation of Chara spp.

Prevention and Reduction of Visitor Load

Problem

Adverse, degrading effect
on the ecosystem and the
inhabiting species related
to visitor load (such as
trampling of underwater
isoetids, waste, undesir-
able disturbance — noise,
physical presence, aes-
thetic damage, etc.)

Solutions

D5: Development of infrastructure to decrease recreation
pressure. Creation of plank-ways, floating platforms,
delimiting and distracting barriers, and toilets. Creation of
redirecting infrastructure (shifting the load to less sensitive
areas or other areas). Placement of educational informa-
tion (information boards, demonstrative objects, educa-
tional playgrounds, etc.).

Habitats

All lake habitats, especial-
ly lakes with oligotrophic
to mesotrophic vegeta-
tion.
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Chapter 10. Cost Estimation

(1.]atnieks)

Cost estimation is one of the most important
steps in the preparatory process. Cost varies over
time and can rarely be generalised for specific
types of work or a set of actions required to im-
prove habitat condition. The difference in costs
can be great for similar works - depending on
the geographic location, complexity of works,
executors and availability of special equipment,
and other factors. These guidelines are to be used
over a longer period of time, thus we do not offer
exact costs for all types of works, and only the in-
dicative costs are given (Table 17.3). Costs should
always be assessed separately for every individual
action or for the set of activities for a particular
place and time.

The following principles should be used by
the developers of nature conservation plans, LIFE
and other large projects in order to estimate the
costs of habitat management and restoration ac-
tivities for a period of 2 - 5 years, in one large
or several Natura 2000 sites. In small areas (up
to 1 ha), as well as in cases where management
is regular or certain parameters are known (for
example, annual mowing of aquatic plants), costs
can generally be equated to the works performed
elsewhere or interviewing the potential executors
and agreeing on the total cost of all works. Here,
the key principles to determine the reasonable
cost of the planned actions are given.
¢ After monitoring of the managed site the most

appropriate actions, methods and technical

means are chosen. It is advised to divide the
works by stages, timing and type of work. For
example, manual work, use of one or another
type of equipment, in order to determine the
pricing of each job separately and summing
up to obtain a more objective assessment.
The cost and efficiency of the work to be done
often depends on the season; for instance, it
is best to mow aquatic plants when the wa-
ter level is low, as it is easier to access deeper
places and those places that are inaccessible
when the water table is high. If these condi-
tions are not taken into account, the costs can
grow unpredictably, while the objective may
remain unrealised or the quality may be poor.
To be sure that the actions of habitat mana-

gement and restoration are chosen correctly,
a species and habitat expert should be invited.
Direct costs should be calculated in approp-
riate units - in man-hours, person-days, the
cost of equipment per hour, cost of materials
depending on the area or volume of nature
of works (m3, km, kg, t). The number of units
required for all the works, should be assessed
and summed up. Experience shows that these
calculation errors happen the most, thus it is
always advisable to use both the experience
of similar, already implemented works, such
as reports on the projects, specific works,
and the experience of the institutions (Natu-
re Conservation Agency, JSC “Latvijas Valsts
meZi”, municipal and non-governmental or-
ganisations). If the set of activities to be car-
ried out consists of various different works
not performed before or their pricing is not
available, at least three potential executors
can be surveyed. In this case, the result can
be obtained faster, however the risk increases
that unforeseen costs may arise during the
works that can complicate the achievement
of the aim.

The indirect preparatory costs of habitat
management and restoration works should
be assessed - site survey, expert opinions,
technical projects, permits and agreements
set in regulatory enactments (see Chapter 8).
It involves working time, transport and admi-
nistrative costs, which are often inadequately
assessed. The time and means to inform the
public and explain the necessary steps must
be scheduled in complex work projects.

The regional cost differences in Latvia should
be taken into account as well as the availabi-
lity of the executors in the given region up to
30 km from the planned place of activity. The
costs may rise significantly if the executors
and/or equipment must come from a greater
distance. For this reason, the specific activi-
ties that require special equipment or skills
(for instance, mowing of aquatic plants and
destruction of their root system) will always
be more expensive than simple activities (ma-
nual mowing, removal of trees from a water-
course).

It is desirable to entrust cost assessment to
professionals — managers, managing specia-
lists, practitioners, entrepreneurs — and sche-



dule this job and adequate funding.

The planning should also include potential

income related to wood removed from water
and mown biomass of aquatic plants obtained
during habitat restoration and management.
Ideally, at least in part, they may be transpor-
ted from the area and used elsewhere (for
example, they can be used for wood chips or
firewood, mown reeds can be used for roofs,
cogeneration). However, it is usually difficult
to find a practical use for these materials, if
the volumes are small and management sites
are dispersed over a wide and hard-to-reach
area. Therefore, it should be considered that
the use of habitat restoration “byproducts”
may not always be economically beneficial
and possible.
Table 17.3 shows the indicative costs for va-
rious types of works referred to in the guide-
lines. The costs have been studied in the form
of surveys (project implementers, managers,
practitioners, public price lists) and are ap-
proximate — refer to an approximate period
from 2010 to 2016. The costs vary in each
case, determined by the factors mentioned
above.

Rivers and Lakes
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Chapter 11. Evaluation of the
Success of Management and
Restoration

When restoring and managing habitats, it is im-
portant to assess the result, including success
and failure not only during the process but also
over a longer period of time after the completion
of works. Evaluation of success means systematic
documentation of changes or at least comparing
the situation before and after the restoration me-
asures. Reliable results will only be possible if the
changes are documented according to a certain
method and on a regular basis. This approach is
called monitoring. The monitoring results should
answer the questions as to whether restoration
and management have reached the initial target,
to what extent, as well as why the target has not
been reached in some cases. Such assessment
of success of the implemented activities is also
needed in order to be able to improve the resto-
ration and management. If the objective has not
been reached, one should understand the rea-
sons and take the necessary steps to improve the
result and eliminate the mistakes at least partially.
Evaluation should be carried out according to the
methods used in scientific practice allowing one
to compare the results with the monitoring or re-
search carried out somewhere else. When asses-
sing the success of water habitat restoration and
management, the following indicators are used
most often: changes in vegetation, changes in the
composition of aquatic invertebrates, changes in
fish species and changes in the materials (subs-
trate) that form the bottom of the water body.
Vegetation monitoring is a relatively simple
and cheap way of assessing the nature of the
changes, thus it is considered to be the minimum
programme of monitoring. Macrophytes in lakes
are assessed according to the Latvian macrophy-
te assessment method that is taken from Estonia
and adapted to be used in Latvian conditions. A
method conforming to the requirements of the
Water Framework Directive for rivers concerning
the composition and abundance of Macrophytes
has not been elaborated in Latvia yet. Currently,
the most suitable method for Latvian conditions
is that which is used in Poland, namely, the MIR
index (Polish Macrophyte Index for Rivers) (Szosz-
kiewicz et al. 2010). Improvement of the situation
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of waters and development of conditions that are
favourable to species are also indicated by chan-
ges in water invertebrate species composition.

Valuable additional information on changes
to the habitat is provided by photos that have
been systematically taken before the manage-
ment activities, during the management mea-
sures, and after the management activities. Un-
derstanding of development of the territory over
a longer period of time is also given by historical
pictures and photos, for example, from the portal
“Zudusi Latvija” or “Lost Latvia” (www.zudusilatvi-
ja.lv), which is maintained by the Latvian National
Library.
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Chapter 12. 3130 0Oligotrophic
to mesotrophic standing
waters with vegetation of
Littorelletea uniflorae and/or
Isoeto-Nanojuncetea
(A.V.Urtans, U.Susko, L.Urtane)

12.1 Characteristics
12.1.1 Brief Description

Distribution of habitat type. Habitat type
3130 Oligotrophic to mesotrophic standing waters
with vegetation of Littorelletea uniflorae and/or
Isoeto-Nanojuncetea (further referred to as Lobe-
lia-Isoetes lakes) are very rare in Latvia. This lake
type is particularly sensitive to eutrophication
and pollution. The habitat is represented by cle-
ar-water (oligohumic) and brown-water (polyhu-
mic) lakes. Species of the Lobelia-Isoetes com-
plex are usually important for the ecosystem. In
Latvia, this habitat type includes mesotrophic,
oligodystrophic, slightly eutrophic and eutrop-
hic lakes with typical vegetation of the Lobe-
lia-Isoetes species complex. Periodically drying
out water bodies with possible Lobelia-Isoetes
(Isoeto-Nanojuncetea) plant communities are not
considered as this habitat type. Lakes with me-

. a1
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Fig.12.1. Distribution of habitat type 3130 Oligotrophic
to mesotrophic standing waters with vegetation of
Littorelletea uniflorae and/or Isoeto-Nanojuncetea in
Latvia (Anon. 2013).

sotrophic plant communities in Latvia are rare
and mainly found in the Vidzeme region —the
lakes Ummis, Mazuika, Ungurs - a few lakes in
the Kurzeme region, such as Lake Pinkas, and
the lakes Laukezers, Ardavs, Dridzis and Svatava
in the Latgale region (Engele, Sniedze-Kretalo-
va 2013, Susko 2013).

The vulnerability of Lobelia-Isoetes lakes is
illustrated by fact that 64 lakes with the Isoe-
tes complex were known in Latvia in the ear-
ly 19 century. Lake surveys at the end of the
20" century (Susko 1999) revealed that, in less
than one hundred years, the complex of Lobe-
lia-Isoetes and its accompanying species have
almost or completely disappeared in 39 lakes
(61 % of the total number of mesotrophic lakes)
and their populations in 15 lakes are severely
endangered or small in numbers. There are now
only 14 lakes in Latvia that are still rich in com-
munities of Lobelia-Isoetes, and five of them are
located in the vicinity of Riga (Susko 1999).

Characteristics. Lobelia-Isoetes lakes are di-
vided into two groups according to their origin.

The first group includes lakes that are poor
to moderately rich in nutrients (mesotrophic to
slightly eutrophic). Typical oligotrophic lakes
in the Baltic Sea region, including Latvia, have
disappeared. In clear-water lakes of Latvia, the
vegetation of the Lobelia-Isoetes complex is pre-
sent in mesotrophic lakes where nutrient enri-
chment has already begun, as well as in slightly
eutrophic and eutrophic lakes, where enrich-
ment with nutrients is characteristic, but whi-
ch still have retained high-quality waters with
appropriate vegetation due to various specific
circumstances — a small catchment area, slow
water exchange, remarkable depth.

The second group of Lobelia-Isoetes lakes re-
presents brown-water (polyhumic) lakes rich in
nutrients which are compounded in complex,
water-insoluble humic substances and are the-
refore unavailable to water organisms (Urta-
ne 2014). These are oligo-dystrophic lakes, which
developed when receiving raised bog waters, as
well as separate eutrophic lakes with small cat-
chment areas, insignificant anthropogenic acti-
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vity and slow water exchange, which are someti-
mes also very deep. The Lobelia-Isoetes complex
in Latvian lakes is composed of aquatic plant
species, almost all of which are endangered not
only in our country but also in other countries
of the Baltic Sea region. Usually the species of
the Lobelia-Isoetes complex in Latvian lakes can
be found in a set of 2-3 species, while in out-
standing lakes of this type, there can even be a
complex of 9 species. The Lobelia-Isoetes com-
plex includes ten vascular plant species — Eleo-
charis multicaulis, Isoetes echinospora, I. lacustris,
Juncus bulbosus, Littorella uniflora, Lobelia dort-
manna, Myriophyllum alterniflorum, Sparganium
angustifolium, S. gramineum, and Subularia aqua-
tica — and two moss species — Fontinalis dalecar-
lica and Sphagnum auriculatum (Abolina 1968;
Sudko 1990, 2015). Due to their specific ecologi-
cal requirements, the locality of just one of these
species in any of our lakes should be regarded as
an important ecological quality indicator of the
lake (Susko 1990, 1996).

In clear-water lakes with Lobelia-Isoetes, the-
re is usually a relatively high number of aquatic
organisms, while each species is represented by
a small number of individuals (Urtane 2014). In
brown-water lakes, the number of species and
their individuals is also low.

In deep Lobelia-Isoetes lakes with a large vo-
lume of water and slow water exchange, there
can also be relict species of Najas — Najas flexilis
and N. tenuissima, as well as a number of inver-
tebrates that live in deep-water zones, such as
Eurytemora lacustris and Pallaseopsis quadrispi-
nosa (Stepanova et al. 2012). Populations of cold
water species vendace Coregonus albula can also
be found in such lakes. Nowadays vendace are
recorded in about 15 lakes, including six lakes
located in Natura 2000 territories (Aleksejevs
et al. 2012; Birzaks 2013b). To a great extent, a
freshwater form of smelt, Osmerus eperlanus spi-
rinchus, can also be included in this group. This
fish was recorded in about 30 Latvian (mainly in
the Latgale region) deep lakes in the 1930s, whi-
le in the 1950s it was found in seven lakes; but
in 1989 - only in four lakes including Dridzis and
Sivers (Mansfelds 1936; Spuris 1954; Plik3s, Alek-
sejevs 1998; Aleksejevs, Birzaks 2012).

In Lobelia-Isoetes lakes several rare and pro-
tected vascular plant species can also be found
that belong to habitat type 3150 Natural eutrop-

hic lakes with Magnopotamion or Hydrocharition
- type vegetation. Such species are Callitriche
hermaphroditica, Elatine hydropiper, Limosella
aquatica, Nuphar pumila, Potamogeton filiformis,
P, pusillus, P. rutilus, Scolochloa festucacea, Chara
spp. — Chara filiformis, Ch. aspera, Nitella flexilis,
as well as mosses — Calliergon megalophyllum,
Fontinalis hypnoides, and Warnstorfia trichophylla
(Abolina 1968; Susko, Abolina 2010; Susko 2015).
The presence of these plants indicates the la-
ke’s succession and transition to the habitat
type 3150 Natural eutrophic lakes with Magnopo-
tamion or Hydrocharition - type vegetation.

The vegetation of these lakes is sparse, and
often vegetation-free shore sections of mineral
ground are also can be observed. Communities
of the Lobelia-Isoetes complex and its accom-
panying species develop in the littoral zone. is
no zone of emergent vegetation, or it consists of
sparse stands of Phragmites australis, Eleocharis
spp., Carex spp., and other species. Typical plants
of floating-leaved vegetation are Sparganium an-
gustifolium, S. gramineum, Potamogeton natans,
or sometimes this zone is absent. The develop-
ment stage of the submerged plant zone may
be different depending of on the water transpa-
rency, and species of the Lobelia-Isoetes complex
can also be found here. In brown-water lakes
with Lobelia-Isoetes complex, quaking mires can
develop in some shore sections. Transitional mi-
res or raised bogs are located in lake drainage
basin or adjacent to such lakes (Lake Ilzenieki,
Ungurs, Augstroze).

12.1.2 Indications of Favourable Conservation
Status

Favourable conservation status of this habitat is
characterised by a set of several interdependent
factors, which is primarily a low concentration
of nutrients and low conductivity. It limits the
growth of periphytic algae and other competing
aquatic plants, as well as it slows down “ageing”
of a water body.

High water transparency also ensures the
conservation of isoetids at depths that are
no longer available to other submerged and
floating-leaved plants. In certain lakes (Ardavs,
Dridzis, Sivers) the water transparency during
the summer reaches 4-7 m (Susko 1990, 1996,
2013, 2015).



Favourable conservation status is also cha-
racterised by a thin layer of dead aquatic plant
parts and fallen-off leaves on the bottom, or
by this layer being absent. Most of the species
characteristic to the habitat are small, with ro-
sette leaves (Isoete spp., Lobelia), and sensitive
to being buried by parts of dead plants and fine
sediments. Under the impact of slow water ex-
change, there are negligible water level fluctua-
tions ensuring relatively stable environmental
conditions that do not contribute to nutrients
entering the lake. The slow water exchange also
reduces leaching of nutrients into the lakes.

Due to the low nutrient concentration,
the vegetation is sparse, and there are vegeta-
tion-free littoral sections with a mineral bottom.
There are very few floating-leaved plants or
they absent. Although the upper irradiated wa-
ter layer, in which photosynthesis takes place,
is larger than the lower un-irradiated layer, the
total productivity of the lake is low. In mesotrop-
hic Lobelia-Isoetes lakes, the number of species,
but the total number of organisms is low (Cim-
din$ 2001). Usually, there is no dominant species
(Urtane 2014). The concentration of organic
substances and nutrients is low, but the con-
centration of dissolved oxygen is high. Oxygen
saturation in the bottom water layer is 40-80%.
The indicatorsions of a favourable condition are
summarised in Figure 12.2.

Isoetids - submerged aquatic plants with ro-
sette leaves, often long and thin. This group of
aguatic plants was named after the most well-
known representative - Isoetes spp.

12.1.3 Important Processes and Structures
12.1.3.1 Nutrients

Low concentration of dissolved nutrients in wa-
ter is the most significant factor for the existen-
ce of Lobelia-Isoetes habitat. The circulation of
nutrients is nearly closed, i.e., excess nutrients
are not produced (Klavins, Cimdins 2004). In
brown-water lakes of Lobelia-Isoetes type, pho-
sphorus released from the dead organisms is
bound in insoluble complexes of humic substan-
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ces (Klavins, Zicmanis 1998). These phosphorus
binding processes determine the slow develop-
ment of nutrient enrichment in nutrients and
ensure the preservation of the minerogenic
bottom in a shore part of a lake (littoral zone),
necessary for the existence of characteristic
species of this type of lakes. Sediments of me-
sotrophic Lobelia-Isoetes lakes mainly consist of
insoluble silica shells of diatom algae.

The amount of phosphorus compounds in
the bottom water layer is low. In addition, when
reach sediments, they turn into an insoluble
form, since because there is enough oxygen in
the layer. Slow leaching of nutrients into the lake
is also promoted by nutrient poor soils in the la-
ke’s catchment area, small catchment area, and
slow water exchange in the lake.

The life processes in lakes are determined
not only by the amount of nutrients, but also by
their accessibility. Depending on the chemical
properties of the lake water, nitrogen and pho-
sphorus compounds may be present in water in
insoluble forms, which cannot be used by living
organisms. The chemical characteristics of the
lake’s water also depend on the types of soil and
bedrock in the lake’s catchment area.

Phosphorus is the limiting factor for the sta-
bility of a Lobelia-Isoetes lake ecosystem (Cim-
dins 2001), therefore any discharge of wastewa-
ter containing phosphorus in the lakes causes a
rapid increase of algae population and produc-
tivity, and the lake can soon pass on to the next
development stage — a eutrophic lake.

12.1.3.2 Shape and Depth of Lakes

The speed of a lake’s ageing is also affected
by the width of its shore part and its depth. In
lakes with a narrow shore zone, parts of dead
plants and water organisms and fallen-off le-
aves are transported by the wind and waves to
the deepest part of the lake where they settle.
High transparency promotes photosynthetic
and microbial activity at depth and ensures that
the phosphorus in the sediments reacts with
oxygen of the bottom water layer, and settles in
an insoluble form, and thus is removed from the
nutrient circulation. Due to a low concentration
of nutrients, the mesotrophic lakes have wide
sandy shorelines with sparse stands of emer-
gent aquatic plants. There is a low concentra-
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tion of organic substances and nutrients and a
high concentration of dissolved oxygen. Oxygen
saturation in the bottom water layer is 40-80 %
(Cimdins 2001).

12.1.3.3 Water Exchange Rate

The water exchange rate in the lake is deter-
mined by how much water flows into the lake
and how much flows out of it. This parameter is
directly related to the impact of incoming nutri-
ents on the quality of the lake. For example, the
water exchange period of the mesotrophic Lake
Laukezers (Krustpils region, Kikas Municipality)
is very long — 9 % per year. This means that all
the water in the lake exchanges in 4058 days or
in about 11 years (Urtane 2014). Consequent-
ly, nutrients that are brought into the lake, stay
there and are consumed. The smaller the catch-
ment area, the smaller the potential amount of
nutrients brought to the lake. At the same time,
any form of pollution can significantly affect the
quality of the lake.

12.1.3.4 Water Level

The water level of a lake depends on rainfall, tem-
perature, evaporation from the open part of the
lake, as well as on the volume of water inflow and
outflow. Slow water exchange also ensures small
annual natural and seasonal fluctuations of the
water level, which further promotes the existen-

Table 12.1. Macrophyte species in Lobelia-Isoetes lakes

ce of a characteristic of the habitat-specific and
stable littoral zone. The existence of such a shore
zone with sparse vegetation is also promoted by
prevailing poor soils in the catchment area and
pine forests which are growing on them, as they
produce a small quantity of litter and thus redu-
ce the accumulation of organic substances and
their leaching into the lake. If any of the exter-
nal factors changes, for example, new drainage
ditches enter the lake or beaver dams are estab-
lished on outlets of the lake, then water level fluc-
tuations and the leaching of nutrients and plant
residues (leaves, twigs), which have accumulated
in the terrestrial part of the shoreline, becomes
more intense. Leaching of nutrients and plant
dead plant parts into a lake puts an additional
load on the lake’s ecosystem and promotes more
rapid transition to a eutrophic state with its cha-
racteristic floating and emergent vegetation.

12.1.4 Habitat-specific Species of Macrophytes

Based on botanical studies of Latvian lakes (Abo-
lina 1968, 1994; Gavrilova 1985; Tabaka, Gavri-
lova, Fatare 1988; Gavrilova, Sulcs 1999; Susko
1990, 1999, 2014, 2015a, 2015b; Susko, Bambe
2002; Susko, Abolina 2010), a list of macrophyte
species of this habitat type was compiled (Tab-
le 12.1). The list consists of 75 vascular plant
species, 10 species of charophytes, and 14 moss
species. Of them, 22 are habitat-characteristic
species.

Vascular plants

Acorus calamus Lemna minor

Alisma plantago-aquatica Lemna trisulca

Potamogeton obtusifolius

Potamogeton pectinatus

Batrachium circinatum
Butomus umbellatus
Callitriche cophocarpa
Callitriche hermaphroditica
Callitriche palustris

Carex elata

Limosella aquatica
Littorella uniflora

Lobelia dortmannaa
Menyanthes trifoliata
Myriophyllum alterniflorum

Myriophyllum spicatum

Potamogeton perfoliatus
Potamogeton praelongus
Potamogeton pusillus
Potamogeton rutilus
Potamogeton sturrockii

Ranunculus lingua
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Vascular plants

Carex lasiocarpa

Carex rostrata
Ceratophyllum demersum
Crassula aquatica
Elatine hydropiper
Eleocharis acicularis
Eleocharis multicaulis
Eleocharis palustris
Eleocharis uniglumis
Elodea canadensis
Equisetum fluviatile
Hottonia palustris
Hydrilla verticillata
Hydrocharis morsus-ranae
Isoetes echinospora
Isoetes lacustris

Juncus bulbosus

Myriophyllum verticillatum
Najas flexilis

Najas tenuissima
Naumburgia thyrsiflora
Nuphar lutea

Nuphar pumila
Nymphaea alba
Nymphaea candida
Phragmites australis
Polygonum amphibium
Potamogeton compressus
Potamogeton crispus
Potamogeton filiformis
Potamogeton friesii
Potamogeton gramineus
Potamogeton lucens

Potamogeton natans

Ranunculus reptans
Rorippa amphibia
Sagittaria sagittifolia
Scirpus lacustris
Scolochloa festucacea
Sparganium angustifolium
Sparganium emersum
Sparganium erectum
Sparganium gramineum
Sparganium microcarpum
Sparganium minimum
Spirodela polyrhiza
Stratiotes aloides
Subularia aquatica

Typha angustifolia

Typha latifolia

Utricularia vulgaris

Charophytes

Chara aspera
Chara contraria
Chara filiformis

Chara globularis

Chara rudis
Chara strigosa

Chara tomentosa

Chara virgata
Nitella flexilis

Nitellopsis obtusa

Calliergon megalophyllum
Calliergonella cuspidata
Chiloscyphus pallescens
Drepanocladus aduncus

Drepanocladus sendtneri

Drepanocladus sordidus
Fontinalis antipyretica
Fontinalis dalecarlica

Fontinalis hypnoides

Platyhypnidium riparioides

Scorpidium scorpioides
Sphagnum auriculatum
Warnstorfia exannulata

Warnstorfia trichophylla

Note: Rare and protected species are highlighted in color, habitat characteristic species, whose presence and
sufficient distribution in a particular lake distinguishes this habitat from other lake habitats, have background

imprinting.
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12.1.5 Natural Development of a Habitat

When there is a stable water level and of nut-
rients, the lake’s ecosystem can remain in a stab-
le state for a long period of time. When the leac-
hing of nutrients in lakes of this type is changing
and increasing, conditions become favourable
for the growth of algae and vascular plants. The
increase of reduces the water transparency in
an open lake. Floating-leaved plants and emer-
gent plants increase the shade and their dead
parts “bury” the Lobelia-Isoetes species, which
are small in size. Such waters enriched with nut-
rients and detritus rapidly transform into the
next stage — a eutrophic lake (See Chapter 14),
and species of the Lobelia-Isoetes complex, whi-
ch are characteristic for mesotrophic lakes, dis-
appear. Transformation into the eutrophic stage
is a natural lake development process, which is
sped up by human activities in the lake catch-
ment. Therefore the habitat management goal is
to lessen the impact of human activity and pre-
serve the lake in the given development stage
for as long as possible.

In brown-water lakes, dystrophication pro-
cesses dominate, characterised by slow nutrient
turnover. Natural development of a brown-water
lake differs from clear-water lakes, bypassing
the eutrophication phase in most cases. There-
fore, if enrichment of a lake by nutrients is avo-
ided, such lakes can stay intact for a long time
and turn into dystrophic lakes long period (See
Chapter 16).

12.1.6 Pressures and Threats
12.1.6.1 Increased Input of Nutrients

Lobelia-Isoetes lakes are threatened by a high
concentration of nutrients from small rivers
and ditches that flow into the lakes. The origin
of nutrients is an economic activity in the lake’s
catchment area, such as the ploughing of gras-
sland and creation of new agricultural areas,
increasing the areas sown with rape and corn,
logging, which can also be distant from the lake.
Due to nutrient input, periphytic algae cover de-
velops in the shoreline and water transparency
decreases (Fig. 12.2).

12.1.6.2 Recreation

About a third of Latvian Lobelia-Isoetes lakes can be
reached within an hour when driving from Riga or
regional centres, and they are popular swimming
places. The water of Lobelia-Isoetes lakes is clear
and transparent, however, most plant species are
sensitive to sediment resuspension and mechani-
cal trampling, caused by the increasing number of
swimmers and lack of adequate infrastructure. If
the bathing area of the lake is not equipped with
toilets, visitor load can also significantly increase
the concentrations of biogenes, especially pho-
sphorus, in the water. It manifests as fast-growing
green algae that covers the lake bottom and Lobe-
lia-Isoetes complex, suppressing and destroying it.

Personal watercraft (‘jet skis”) has become
popular in recent years. They can significantly da-
mage Lobelia-Isoetes lakes, since they use a water
pump rather than propellers to move through the
water. To speed up, the water flow through the wa-
tercraft turbines in the water environment must be
much greater than the speed of the watercraft at
a given moment. Maximum engine power is used
to generate the initial acceleration. The water envi-
ronment is much denser than the air environment,
and such movement of water in the water envi-
ronment, especially in shallow waters, has a much
greater impact. The turbulence produced by jet
propulsion disturbs plants and sediments, plants
are uprooted and washed away from bottom. Or-
ganogenic sediments are resuspended and mobi-
lised, and there are more opportunities for these
elements to be involved in nutrient circulation

Fig.12.2.In the littoral zone, lobelias are suppressed by
fast-growing green algae. Lake Mazuika, 2013. Photo:
A.V.Urtans.



(eutrophication). Due to sediment resuspension,
water transparency decreases, rosettes of Lobe-
lia-Isoetes are buried and their vitality decreases.
Water jet engines of watercraft, depending on their
power, can mobilise sediments at a depth of 5 m
and deeper, (Asplund 2000), i.e. up to the lower
depth limit of isoetids.

12.1.6.3 Impact of Dead Plant Material

A significant negative impact is created by the
growth and death of emergent vegetation. In most
cases, this vegetation is composed of Phragmites
australis. In autumn, when the emergent vege-
tation dies, organic residues of large dimensions
are formed - detritus with a slow decomposition
rate. A loose layer of dead Phragmites australis and
Scirpus lacustris develops. Beneath this layer, the
plants of Lobelia-Isoetes are shaded and die. Such
a loose layer does not affect the development of
reed shoots. In subsequent seasons, conditions fa-
vourable for the distribution of Phragmites austra-
lis and Scirpus lacustris develop.

Lobelia-Isoetes lakes are also negatively affec-
ted by the overgrowth of previously open shores
with shrubs and trees. Shrubs and trees becomes a
pollution source — autumn leaves fall into the wa-
ter, where over time, a layer of organogenic sedi-
ments several centimetres thick forms. To decom-
pose this layer, oxygen, which is needed for other
living processes, is consumed, and the total amou-
nt of oxygen in the lake decreases. In addition, the
mass of fallen leaves covers Isoetes, Lobelia, and
other low plants, and creates a substrate for the
development of emergent vegetation. In this way,
the development of emergent plants is promoted
and conditions unfavourable for the further exis-
tence of Lobelia-Isoetes complex are created.

12.1.6.4 Rise in Water Level

With a rise in water level, shore zone floods and
shore mineral nutrients are leached, leading to
rapid growth of algae. They cover the vegetation
of the Lobelia-Isoetes complex, suppressing and
destroying it. When building dams on ditches or
on small rivers that flow out of the lake, beavers
can raise the water level. In sandy areas of Coastal
Lowland, water flow can change, even influencing
water levels far from Lobelia-Isoetes lakes. Such
effects have been observed, for example, in Lake
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Bullezers which is an endorheic (no outflow) lake
(Fig. 12.3). After deepening the nearby River Krie-
vupe, the water level decreased by about 50 cm
(Susko 1996) but later raised again, leaching nut-
rients into lake and causing mass algal growth in
summers; water transparency suddenly worsened,
and the Lobelia-Isoetes complex disappeared.

Fig.12.3. Signs of degradation of Bullezers - the former
Lobelia-Isoetes lake - rise in water level of lake enriched
with nutrients, lake has started to overgrow with
floating pondweed. Intensive reproduction of algae has
significantly decreased water transparency, 2014.
Photo: A.V.Urtans.

12.1.6.5 Input of Humic Substances

Humic substances are high molecular complex
compounds of organic origin, which form either
through the activity of living organisms, or their
biodegradation. The complex of these substan-
ces causes the yellow colour of the water. Their
concentration in rivers and lakes ranges from 1
to 30 mg/l, while in bog waters it can reach
300 mg/1.

Humic substances have a high content of
functional groups that can create complexes with
metal and phosphorus ions. Humic substances in
natural waters are one of the main factors affec-
ting the impact and forms of pollutants (Klavins,
Zicmanis 1998). Humic substances with phospho-
rus compounds form complex, only slightly soluble
compounds, and thus limiting the development of
algae and macrophytes. Humic substances reach
water bodies by leaching through the soil or via
drainage ditches. Such natural washing ininput
of humic substances may be long term and come
from a large territory, without a significant de-
crease in vitality of Lobelia-Isoetes vegetation. For
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example, in Lake Augstrozes Lielezers, the Lo-
belia-Isoetes complex is represented by Lobelia
dortmanna, Littorella uniflora, Sparganium angus-
tifolium, and 1. lacustris. The total length of the
shoreline of the lake is 9,5 km. Of them, 3.5 km or
37 % directly border a raised bog or bog woodland.
Lakes with Lobelia-Isoetes vegetation can be signifi-
cantly affected if large-sized aggregates of humic
substances — peat particles are discharged from
peat extraction fields in lake catchment. Peat
particles mixed with water decrease the water
transparency, cover the bare minerogenic bottom
and physically bury the rosettes of Lobelia-Isoetes
vegetation.

12.2 Management Objectives for the
Conservation of Lobelia-Isoetes Lakes

Since there are only 20-30 lakes of this type in Lat-
via and they are sensitive to even a small increase
in biogenes, the conservation of these lakes is one
of the most topical priorities in the conservation of
Latvian waters.

The conservation and management objective
of Lobelia-Isoetes lakes is to maintain a water re-
source of high chemical and physical quality, while
providing a suitable living environment for those
organisms with a weak ability to adapt.

12.3 Restoration and Management of
Lobelia-Isoetes Habitats

12.3.1 Planning the Conservation of Lobelia-
Isoetes Lakes

If the input of biogenes to a lake does not increase,
lakes that are poor in nutrients can remain stable
for along period of time. Enrichment with nutrients
causes a rapid replacement or disappearance of
previously dominating species. Restoration of such
modified and degraded lake habitats is almost im-
possible or can only be implemented over a longer
period of time, and it requires a large investment.
Some of these lakes have slow water exchange or a
large volume of water. Therefore, the most impor-
tant task of lake management is to ensure that the
nutrient input does not increase. This can be achie-
ved by careful planning of economic activities and
by introducing a drainage area management plan
and control, which is accepted by all the economic
operators that live in the catchment area.

In Latvia, there are only 20-30 lakes of this type,
and they constitute the “golden fund” of our waters.
Only a portion of them have the status of a protec-
ted nature area. In the future, we should develop
and implement a conservation and management
programme for all of these lakes, regardless of their
current conservation status. The issue of granting
conservation status for Lake Sivers (Fig. 12.4) must
be solved urgently, as this is the richest and largest
lake of Lobelia—Isoetes complex in the Baltic states;
this also refers to Lake Ardavs (Susko 2013, 2015).

Fig.12.4. Lake Sivers has the largest area occupied with the
Lobelia-Isoetes complex in the Baltic states. Photo: U. Susko.

It is most important to ensure that such lakes
are not exposed to an adverse impact. To achieve
the above, cooperation and mutually-coordinated
planning among various institutions is needed. It
includes conservation of the natural hydrological
regime and ensuring that drained areas in the lake’s
catchment area do not increase; extensive mana-
gement of the catchment area; observance of regu-
lations in protection belts; restriction of recreation;
prevention of of any untreated waste waters and
other waters containing elements of biogenes, as
well as a reduction of beaver impact.

To reduce the inflow of biogenes, actions
should also be taken in the lake and on its sho-
res — limiting of habitat-degrading and expansive
species (such as reeds), improvement of shoreline
vegetation structure (for example, tree and shrub
felling). The potential impact of these activities on
the lake’s ecosystem must be carefully assessed in
advance. A review of the management methods is
given in Table 12.1.



12.3.2 Reduction of Recreation Load (D5)

Conservation of Lobelia-Isoetes lakes should be
planned in the context of the wider surroundings,
by also planning the recreational load. It is impor-
tant to ensure that the pollution load and the load
of direct human presence do not increase, as they
cause degradation, which is difficult to prevent or
which is even irreversible for this rare type of lake.

At most of the Lobelia-Isoetes lakes, visitor in-
frastructure is minimal or lacking. There are no
toilets with a closed container for faeces, waste is
not removed on a regular basis. Current experience
shows that prohibitions may only solve recreatio-
nal issues in closed territories, such as Adazi mili-
tary training area where recreation on the Lieluika
and Mazuika is not allowed. For other mesotrophic
lakes, the only solution is the improvement of cur-
rent recreational infrastructure, without its further
expansion. The redirection of vacationers to adja-
cent lakes with appropriate infrastructure is also a
solution which would decrease the pressure on Lo-
belia-Isoetes lakes. It is also important to inform the
visitors about the natural values of the lakes and
their sensitivity in different and simple ways.

Recreational load is also increased by the wider
use of easily transported personal watercraft. The
impact of the use of watercraft is described in detail
in Chapter 14.1.6.9. Taking into account the small
number of preserved Lobelia-Isoetes lakes and their
increased sensitivity to phosphorus, the sediment
resuspension caused by watercraft results in the re-
turn of phosphorus into the water layer and poses
a serious threat to the entire lake ecosystem. From
this perspective, the use of personal watercraft in
small mesotrophic lakes, only a few tens of hectares
in size, must not be allowed.

12.3.3 Shore Zone Management (C3.1)

Agricultural activity on the shores of some lakes
has significantly decreased in recent years; the-
refore, the lake shores and floodplains overgrow
with shrubs, reeds or trees. Consequently, leaves
and parts of dead plants reach the lakes in autumn,
enriching the water with phosphorus compounds.
To reduce the amount of phosphorus that enters
the water body, various management methods
and their possible implications must be evaluated
based on the location of Lobelia-Isoetes localities
in relation to the terrain forms of the lake’s shore
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and directions of prevailing winds. With regard to
the small number of mesotrophic lakes with Lobe-
lia-Isoetes vegetation, their management should be
based on the precautionary principle.

Over time, a stand of shrubs often develops
on the shores of the lake, forming a dense screen
that blocks wind and at the same time promotes
the input of phosphorus into the lake by leaf litter.
In these cases, shrub removal is recommended to
remove shrubs, at least to extent that the leaves
may not directly reach the water. Shrubs should be
removed gradually, in parts, as the cutting of trees
and shrubs on the shoreline will improve light con-
ditions and promote the growth of shoots.

If in addition to the shrub layer there are lar-
ge trees on the shores of such lakes, their shade
affects the shore zone to a greater extent; mass
development of reedbeds in the shore zone of
shallow water is restricted, not allowing them to
outgrow the Lobelia-Isoetes stands. Although the
amount of leaf litter from large trees is equal to
or even exceeds the amount of organic substan-
ces accumulated in reedbeds, these trees must be
preserved, taking into account their importan-
ce in strengthening the shore and creating the
landscape. Active management of natural forests
with woodland key habitats, old growth forests
on lake shores are not necessary because their
interaction with the lake ecosystem have become
stable over time.

Shore management in endorheic (no outflow)
lakes must be assessed with particular care, as the
felling of trees there can lower the evapotranspira-
tion rate and thus promote the rise in water level.
If the water level in mesotrophic lakes rises, floo-
ding the shore zone of shrubs and trees, the trees
that have been in the water for a long time must
be removed to prevent them from falling into the
lake, because if trees are uprooted then nutrient-ri-
ch soil also enters the lake from the place where
they grow. To avoid the enrichment of mesotrophic
lakes with nutrients, the management measures
should be carried out regularly, at least every five
years.

12.3.4 Reduction of Mass Development of
Emergent Macrophytes (C2)

Emergent vegetation - reeds — must be mown if
previously sparse reed stands with underneath
vegetation of Lobelia-Isoetes complex becomes
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too dense and accumulates the particles of dead
reeds, thus promoting the physical burying of
vegetation of Lobelia-Isoetes complex. As Lobelia,
Isoetes, Littorella uniflora, and Subularia are very
small, the emergent vegetation should be mown
with a portable internal combustion mower mou-
nted on a boat, and mown around 15 cm above the
bottom of the lake. Mown reeds must be taken to
the shore at a distance where the waves cannot
carry them to the lake again.

The emergent vegetation should be mown
in separate 10-15 m wide belts, perpendicular
to the shore. Mowing should be continued for at
least two years. If an increase of washed ashore
Lobelia-Isoetes complex plants, including uproo-
ted plants, is observed in the second year, reed
cutting must be stopped.

In Latvia, in compliance with the effective
legal framework?, plant mowing can be started
from 1 July. Mowing in early July is more effi-
cient than mowing in August because the aqua-
tic plants start their preparation for winter and
accumulate nutrients in the roots, therefore
along with the aquatic plant mass, only a small
part of the nutrients will be removed from the
lake.

12.3.5 Constructed Wetlands and Sedimentation
Ponds on Inflows to the Lake (B2, B3)

The eutrophication-causing nutrients can be
intercepted if sedimentation ponds or artificial
wetlands are established on rivers and drainage
ditches that flow into the lake. They can signifi-
cantly reduce nutrient inflow, and can be used as
additional solutions in cases if there are inflowing
waters from agricultural land or from individual
objects such as saunas, guest houses and other
objects that consume a lot of water.

The two main types of constructed wetlands
are subsurface flow and surface flow constructed
wetlands. Surface flow constructed wetlands are
used for the reduction of pollution caused by ag-
ricultural runoff, while subsurface flow construc-
ted wetlands are used for the treatment of muni-
cipal wastewater in separate objects or in small
settlements. Surface flow constructed wetland

57 Cabinet Regulation No.475 of 13 June 2006, the Order for the
Maintenance and Deepening of Surface Water Bodies and
Water Areas of Ports.

and sedimentation pond construction is similar,
but their functions are different: sedimentation
ponds precipitate soil particles, thus reducing
the intensity of sedimentation process, while
constructed wetlands intercepts nutrients from
water. For more information about constructed
wetlands: see Chapter 17.3.4.3.

In some lakes, specific solutions are neces-
sary. Lake Ungurs has rich Isoetes vegetation but
it borders with peat extraction areas. Peat parti-
cles from these areas enter the lake, physically
burying and destroying Isoetes individuals. To in-
tercept the peat particles, a deepening is created
in a ditch before its inflow to a lake. As the water
flow speeds down, peat particles settle down in
the deepening of such ditch. The efficiency of
such mechanical construction depends on the
frequency of cleaning.

12.3.6 Chemical Methods of Nutrient Binding
(D2.1)

Chemical methods can theoretically be used in

Lobelia-Isoetes lakes for binding the phosphorus

compounds, which are dissolved in the water envi-

ronment and which are otherwise difficult to sepa-
rate. To reduce the concentration of phosphorus
in water, aluminium or iron compounds are intro-
duced into the lake. They react with phosphorus
ions dissolved in water, forming insoluble compou-

nds that settle down as sediments (see Chapter 14).
Compared to macrophyte mowing, the advan-

tage if this method is the opportunity to manage

large areas of water without the use of expensive
equipment and the related infrastructure. Howe-
ver, when working with these compounds, it must
be remembered that in the case of a drop in pH
value, phosphorus in an acidic environment is
released in the water mass. Potential benefits and
risks should be carefully evaluated in relation to
other groups of organisms and to human health:
 this method is easy to implement, the positive
result is immediate and obvious. However, the
result is quite temporary, and this procedure
must be repeated in 1-3 years;

* anegative impact is posed by the fact that the
content of aluminium and iron in the lake is
increasing, however, in natural conditions it
should not be so; the aluminium compounds
in the water body’s acid environment can be-
come toxic (Klaving 1998).
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12.3.7 A Comparison of the Management Methods to be Used in Lobelia-Isoetes Lakes

Table 12.2. Review of the management methods.

General management measures

Method

C3.1: Shore zone management. Fell-
ing of shrubs on lake shaores

C2: Mowing of emergent vegetation
of shore areas - reinforcement of
wave activity

Advantages

Reduced input of leaf litter as a
source of phosphorus.

Reduced accumulation of coarse
detritus produced by emergent
macrophytes.

Disadvantages

Every 3-byears.

The mown areas become available
to visitors, and localities of /soetes
are subjected to a risk of mechanical
trampling.

Specific management measures

Method

B2: Construction of sedimentation
ponds or peat particle interception
filters on ditches inflowing from
peat extraction areas

B3: Construction of surface flow
wetlands

D2.1: Limitation of the circulation of
plant nutrients - chemical settling of
phosphorus

D5: Construction of the infrastructure
to reduce the recreation load

Advantages

Reduced input of peaty sediments.

Direct input of nutrients into the lake
is reduced.

Reduction of bioavailable phospho-

rus available in water.

Possibility to control and limit the
flow of vacationers.

Disadvantages

Regular servicing, cleaning, or
replacement of filters and cleaning of
ditches is necessary.

Regular cleaning of wetland and
withdrawal of excessive vegetation.

Can be used in small lakes only.
Has negative side effects on aquatic
organisms and human health.

Regular maintenance of infrastruc-
ture is necessary.

12.4 Management and Use
Unfavourable for Lobelia-Isoetes Lakes

Unorganised or unauthorised recreation and
nutrient leakage is the main factor that has a
negative impact on small Lobelia-Isoetes lakes.
Here, periphytic algae cover can rapidly increa-
se, making such places visually unattractive. As
explained in previous chapters, phosphorus is the
main limiting factor in lakes of this type. Large
lakes with a large volume of water (Lake Sivers)
can be destructively and irreversibly affected by
changes in land use and by the introduction of
intense agricultural practices in the lake’s catch-
ment areas. Devastating consequences can also
be caused by the development of pond farming
on the shores of the lakes. In autumn such ponds
are drained and large volumes of phosphorus
compounds and organic substances inflow into
lakes causing rapid growth of emergent vegeta-
tion and suppressing the Lobelia-Isoetes complex.

Lobelia and Isoetes are also suppressed by the
filamentous algae cover, which rapidly develops
in the presence of phosphorus in the shallow
shore zone. Input of slowly decomposing orga-
nic compounds into lakes also contributes to the
accumulation of the mud layer and destroys the
minerogenic bottoms suitable for Lobelia-Isoetes
vegetation.

Additional load is caused by the use of perso-
nal watercraft and motorboats. There are even ir-
responsible people who use motorised watercraft
for a short period of time in lakes which are inclu-
ded in protected nature areas, causing significant
sediment resuspension and destruction of Lobe-
lia-Isoetes vegetation. The impact of watercraft is
much greater than the impact of swimmers, who
trample Lobelia and Isoetes that grow in shallow
zones.

Brown-water lakes with Lobelia-Isoetes vege-
tation can border directly with raised bogs (Lake
Augstroze). In some of these bogs, peat is also
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being extracted (Lake Ungurs). Then, it must be
assessed whether the lake only receives natural
surface runoff that does not significantly affect
Lobelia-Isoetes vegetation. The situation is consi-
dered as unfavourable if peat particles from peat
extraction sites cover the minerogenic bottom
and destroy habitats that are suitable for Lobe-
lia-Isoetes vegetation (Lake Ungurs).

12.5 Contradictions of Conservation
and Management

The main conflict in conservation and manage-
ment is highly valued water resources of lakes
and their active use for recreation, without an
understanding that the removal or neutralisation
of all phosphorus compounds reaching the water
due to activities of visitors and the returning of
lakes to their initial, nutrient-poor condition, is
only possible theoretically. Additional recreat-
ion load and risks of degradation are caused by
the fact that five of the 30 identified lakes of this
type are located in the vicinity of Riga. The small
number of these lakes and their location close to
major urban areas make the reduction of visitor
load very problematic. Due to the vicinity of the
city, the development of impact mitigating infra-
structure can attract even more visitors, causing
even higher pressure on the lake. A similar con-
tradiction arises when dealing with the removal
of shore shrub overgrowth to promote the estab-
lishment of a grassed lane, preventing nutrient
inflow, which at the same time becomes attractive
for visitors. An additional contradiction arises
from mowing shading reeds in areas with Lobelia
and [soetes stands. The very activity of mowing
itself can destroy Lobelia and Isoetes. The prefer-
red form of mowing in winter conditions on the
stable ice becomes inapplicable due to the shift
in climate.



Chapter 13. 3140 Hard Oligo-
Mesotrophic Waters with
Benthic Vegetation of Chara

spp.

(A.Vv.Urtans, L.Urtane, U.Suskao)

13.1 Characterisation of Hard Oligo-
mesotrophic Waters with Benthic
Vegetation of Chara spp.

13.1.1 Brief Description

Distribution of habitat type. Habitat is mostly
recorded in waters rich in compounds of cal-
cium and magnesium, with the dominance of
Charophyta (Chara spp.) communities in their
ecosystem. Most lakes of this habitat are shallow,
and their depth does not exceed 2-5 metres. Dis-
tribution of the habitat is determined by the che-
mical composition of waters and sediments. lons
of bicarbonates (HCO*) and of calcium dominate
in waters of such lakes, and their concentration
is mainly determined by the weathering of car-
bonate bedrock (limestone, dolomite) (Klaving,
Kokorite 2013).

The habitat occurs very rarely in Latvia
(Fig. 13.1), and it covers a total of 8810 ha or
0.1 % of the country’s territory (Anon. 2013).
More than half of their total area is occupied by
shallow coastal lagoon-type lakes — Engure and
Kanieris. Baltins, Zvirgzdu, Kurjanova, Silabebri,
and Dreimani lakes situated in Latvia also belong
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Fig.13.1. Distribution of habitat type 3140 Hard oligo-
mesotrophic waters with benthic vegetation of Chara
spp. in Latvia (Anon. 2013).
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to this habitat type (Fig. 13.1). It is still possible
to discover new small lakes that belong to this
habitat type.

Characteristics. Chara spp. is quite often
found in flooded quarries at a depth of up to
5-8 m. Water bodies of an artificial origin (floo-
ded quarries of carbonate rocks) where Chara
spp. vegetation can also be found, are not con-
sidered to be protected as EU habitat type 3140
Hard oligo-mesotrophic waters with benthic vege-
tation of Chara spp. (further referred to as cha-
rophyte lakes).

In charophyte lakes, great Fen-sedge Cladium
mariscus can be found. According to the metho-
dology for defining protected habitats of EU im-
portance (Aunins$ (ed.) 2013), such stands can be
classified as a protected habitat type if the pro-
jected coverage of stands of Cladium mariscus in
a lake’s quaking bog (habitat 7140 Transitional
mires and quaking bogs) is at least 50 % of the
total coverage of the herbaceous layer, as well
as the habitat occupies at least 4 m? it should
be classified as habitat 7210 Stands of Cladium
mariscus in lakes and bogs.

Of other rare and protected species found in
charophyte lakes, the most common is Najas ma-
rina, and these lakes are the richest habitat for
this species in Latvia. Other rare and protected
aquatic plant species are found rarely in cha-
rophyte lakes — Ceratophyllum submersum, Pota-
mogeton pusillus, P, rutilus, and Zannichellia palus-
tris, Chara polyacantha, and Ricciocarpos natans
(Gavrilova et al. 2005; Zviedre, Grinberga 2012).

Fig.13.2. In late summer, in the shallowest areas of the
lake dense charophyte stands rise above the surface.
Lake Silabebri. Photo: L. Urtane.
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13.1.2 Indications of Favourable Conservation
Status

The first indication of favourable conservation
of this habitat type is the vitality of charophyte
communities. This means that vast continuous
charophyte stands are present throughout the
lake. Floating-leaved or emergent plants forms
only separate clusters among these stands. In-
dividual charophytes have good vitality, their
lateral branches overlap and create a complex
spacious network (Fig. 13.3) attracting water or-
ganisms and providing shelter. Charophytes are
not covered by dead parts of macrophytes.

Charophyte stands in shallow 1-3 m deep la-
kes cover more than 30 % of the lake bottom. In
the central part of the lake, wide closed stands
of emergent plants and quaking vegetation do
not develop. Emergent vegetation that faces the
open part of the lake is heavily indented and
looks like a mosaic. High diversity of charophyte
species is characteristic. For instance, in Lake
Engure, nine Charophyta species have been found
(Zviedre, Grinberga 2012). Some lake shore parts
of the lake are open, not closed by emergent
vegetation.

Charophyte stands are a good substrate for
the development of various water organisms.
Charophytes are productive and important with
regard to fish resources. The shallow depth of
the shore zone and free access to the shore pro-
vide favourable conditions for waders Charadrii-
formes and dabbling ducks Anatinae, as well as
favourable spawning conditions for pike Esox lu-

Fig.13.3. Spatial structure of Charophyte stand in Lake
Silabebri. Photo: L. Urtane.

cius. One of the key factors that determines the
number of water birds in lakes of this type, is the
optimal structure of emergent vegetation — a
mosaic of relatively low cottontails (Typha spp.)
and reeds, as well as open water (Viksne 2013).
Water of the lake is not turbid and is transparent
down to the bottom.

13.1.3 Important Processes and Structures

13.1.3.1 Charophytes and Water Chemical
Composition

The formation and existence of this habitat is
facilitated by lake sediments that contain dis-
solved calcium and magnesium carbonates — so
called “hard water”. Charophytes can also indi-
rectly affect the nutrient circulation in lakes. Un-
der the conditions of intensive photosynthesis,
bicarbonates are attracted and calcite is preci-
pitated. This promotes immobilisation of pho-
sphorus, by it binding in crystalline structures or
settling on particles of the lake bottom (Klavins
et al. 2013). Intensive photosynthesis and high
carbonate and hydrogen carbonate ion concen-
tration allow a highly alkaline environment to
establish in summer seasons, and it remains for
the entire year (Klavins, Kokorite 2013).

Charophytes can transport oxygen to the la-
ke’s sediments, reinforcing the nitrification and
denitrification and preventing the return of pho-
sphorus, which is bound to iron compounds in
the lake’s sediments, to the water environment
(Blindow 1991).

Dense charophyte stands prevent sediment
resuspension by blocking phosphorus as a nut-
rient source for plankton algae. In shallow lakes,
charophyte stands are effective in nutrient bin-
ding (“nutrient trap” ). Massive charophyte de-
velopment and intense assimilation of biogenes
suppress the growth of other algal species. La-
kes of this type often have clear water and are
transparent to the bottom.

13.1.3.2 Fish

Charophyte lakes ensure a diverse food base to
animals and belong to a group of the lakes that
are productive in terms of fisheries. Fluctuations
of water level in spring are highly important for
spawning fish. Pikes spawn in relatively shallow



flooded bottoms, as well as in flooded gras-
slands, where they lay their eggs. Eggs initially
stick to grass or other substrate (Plikss, Alekse-
jevs 1998). If the water level decreases rapidly
or flooded shore grasslands are separated from
the lake by a zone of emergent vegetation or a
rampart of dead aquatic plants and grasses, the
pike larvae cannot return to the lake and all of
their mass dies due to the decrease in water level
(Birzaks 2014).

Their spawning efficiency largely depends
on spring floods. The most effective spawning
takes place in the lake’s littoral zone, which is
free of dense emergent vegetation, and in adja-
cent grasslands. After hatching, larvae feed on
reserves of the yolk-sac. But they are insuffi-
cient for a long period of time, and the pike die
if food (plankton organisms) is not available.
Until reaching the length of 6 cm, pike feed on
zooplankton, while the food for pike from 6 to
10 cm mainly consists of insects at various de-
velopmental stages and later on the share of fish
in their diet grows. When reaching the length of
30 cm, the pike mainly feed on fish.

13.1.3.3 Water Level

The water table depends on rainfall, temperatu-
re, evaporation from the open parts of the lake
and from those parts that are covered by plants,
as well as on the volume of water that enters the
lake. Annual and seasonal fluctuations in water
level affect the development of aquatic plants
and conditions for fish spawning. Life processes
of all water birds of the particular lake depend
on water level fluctuations, as it changes their
breeding opportunities. As the water level rises,
foraging opportunities become more critical for
dabbling ducks that do not dive when feeding,
but just immerse the front part of their body in
water, at a depth of up to 45 cm (Viksne, Med-
nis 1978).

Rapid changes in water level in spring flooding
and in summer after long rain also significant-
ly affect the bird population. If the water level
is high, the area suitable for foraging of water
birds is smaller, and this can reduce the breeding
population of dabbling ducks. Such changes also
decrease the number of males (especially Anas
platyrhynchos) who gather for moulting and the
number of Anatinae after breeding and during

Rivers and Lakes

the autumn migration. Changes in water level
also significantly affect the number of Charadrii-
formes both during and after breeding. To obtain
food, they need moist soil, shallow water and
muddy banks.

For other water birds, the water level is not a
critical factor from the point of view of foraging,
however, it becomes critical from the point of
view of breeding. A high water level during the
breeding season does not cause a problem to
Podiceps spp. and Fulica atra that build floating
or partially floating nests.

For all other water birds that nest on a solid
substrate — in grasslands of lake islets, on the
shore — or in relatively dry quagmires or fens,
the level of spring flooding is crucial. A slow
drop in the water level delays the beginning
of breeding or forces the birds to move from
flooded nesting grounds to higher non-flooded
grounds (if any), or even makes nesting impos-
sible (Viksne 2013).

In several charophyte lakes (such as the
Engure and Kanieris lakes), the water level is
lowered in order to obtain agricultural land. A
decrease of inflowing water volume promotes a
shift of the water turnover balance to more ac-
tive evaporation processes. A change in water
level also promotes more rapid overgrowth of
charophyte lakes. Due to drainage, watercourses
that once flowed into some lakes are now direc-
ted to other water bodies. With decreased wa-
ter circulation, sedimentation and evaporation
increase and the water level drops. Thus, condi-
tions for the more rapid development of emer-
gent vegetation and quagmires are established
in Lake Silabebri.

13.1.4 Habitat-specific Species of Macrophytes

Based on botanical studies of Latvian lakes
(Abolina 1994; Gavrilova 1985; Tabaka, Gavrilo-
va, Fatare 1988; Gavrilova, Sulcs 1999; Gavrilova
u.c. 2005; Susko 1994, 2002; Susko, Abolina 2010;
Zviedre, Grinberga 2012), a list of macrophyte
species of charophyte lakes has been compi-
led by researcher U. Susko. The list consists of
60 vascular plant species, 12 species of Cha-
ra spp., and 6 moss species, including 15 habi-
tat-characteristic species (Table 13.1).
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Table 13.1. Species of macrophytes in charophyte lakes.

Vascular Plants

Acorus calamus

Alisma plantago-aquatica
Batrachium circinatum
Batrachium trichophyllum
Butomus umbellatus
Callitriche cophocarpa
Callitriche palustris

Carex elata

Carex rostrata
Ceratophyllum demersum
Ceratophyllum submersum
Cladium mariscus
Eleocharis acicularis
Eleocharis palustris
Eleocharis uniglumis
Elodea canadensis
Glyceria maxima

Hippuris vulgaris
Hottonia palustris

Hydrocharis morsus-ranae

Lemna minor

Lemna trisulca
Myriophyllum spicatum
Myriophyllum verticillatum
Najas marina

Nuphar lutea

Nymphaea alba
Nymphaea candida
Phragmites australis
Polygonum amphibium
Potamogeton berchtoldii
Potamogeton compressus
Potamogeton crispus
Potamogeton friesii
Potamogeton gramineus
Potamogeton lucens
Potamogeton natans
Potamogeton pectinatus
Potamogeton perfoliatus

Potamogeton praelongus

Potamogeton pusillus
Potamogeton rutilus
Ranunculus lingua
Ranunculus reptans
Rorippa amphibia
Sagittaria sagittifolia
Scirpus lacustris

Scirpus tabernaemontani
Sium latifoliumre
Sparganium emersum
Sparganium microcarpum
Sparganium minimum
Spirodela polyrhiza
Stratiotes aloides

Typha angustifolia

Typha latifolia

Utricularia australis
Utricularia intermedia
Utricularia vulgaris

Zannichellia palustris

Charophyres

Chara aspera

Chara intermedia

Chara tomentosa

Chara contraria Chara polyacantha Chara virgata
Chara globularis Chara rudis Chara vulgaris
Charophyres

Chara hispida Chara strigosa Nitellopsis obtusa
Mosses

Calliergonella cuspidata

Drepanocladus aduncus

Fontinalis antipyretica

Ricciocarpos natans

Scorpidium scorpioides

Warnstorfia exannulata

Note: Rare and protected species are highlighted in color, the habitat characteristic species, whose presence
and sufficient distribution in a particular lake distinguishes this habitat from other lake habitats, have background

imprinting.



13.1.5 Natural Development of a Habitat

With a stable water level and nutrient-poor water
inflow, lakes can remain stable for a long period
of time, which is characterised by phosphorus
immobilisation and oxygen transportation me-
chanisms described in Chapter 13.1.3.1. Ecosys-
tem stability is also ensured by the density
and complex vertical structures of Charophyte
stands. They limit the opportunities for other
plant seeds or rhizomes to establish.

With nutrient enrichment and the accumula-
tion of dead organic particles, vegetation deve-
lopment can be divided into a number of stages
that are characterised by different structures.
Cover of submerged and floating plants decrea-
ses, and they are replaced by emergent vegeta-
tion. The area of Charophyte carpets, decreases.
As the vegetation structure changes, so does the
composition of waterbird species. The changes
of the composition of aquatic vegetation and re-
lated water birds that are described below have
been observed on Lake Engure for several deca-
des (Viksne 2013).

Stage 1. Mosaic of small aquatic plants
(monodominant or composed of several spe-
cies) — and open water where the open water
area is larger than the area covered by the
vegetation. Wide areas are occupied by cha-
rophytes, which cover most of the lake bottom.
Emergent vegetation is formed by Phragmites
australis, Typha angustifolia, also Sparganium
spp., Equisetum spp., and Scirpus lacustris. Birds
that build floating or semi-floating nests are
characteristic for such places — Podiceps crista-
tus, P. grisagena, P. auritus, Fulica atra, Chlidoni-
as nigra, Larus minutus, and L. ridibundus. Some
shore sections of the lake are open, with a belt of
sparse emergent vegetation or without it.

Stage 2. Chara spp. carpet area of algae
slightly decreases, the mosaic of emergent
vegetation and open water remains the same,
while the open water area decreases. Small
stands of emergent vegetation slowly interlock,
and emergent marshes of Typha angustifolia
with small inclusions of reed, Typha latifolia,
Carex spp., and Solanum dulcamara often form.
These emergent marshes create a dry enough
substrate, which is suitable for the nesting of La-
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rus ridibundus and various ducks (Aythya fuligula,
Aythya ferina, Anas platyrhynchos, Anas clypeata,
Anas strepera, Anas querquedula, and Anas acuta).
Ducks, Fulica atra, Larus, and Sterna prefer to
nest near open water — along the edge of a qua-
king bog or in an internal lagoon. The number of
breeding water birds reaches its maximum, when
the border between the open water and the re-
latively dry is the longest (Viksne 2013). Grebes
Podiceps sp. and Fulica atra continue to nest in
sites where plants are sparse. Still there are some
shore sections with sparse emergent vegetation.

Stage 3. Emergent marshes expand and in-
terlock, thus creating huge massifs (even seve-
ral hundred of metres in diameter) dominated
by reeds, while Typha angustifolia remains
only occasionally, usually in a narrow lane
along the outer edge of the stand. The length
of the border between the relatively dry subs-
trate and open water significantly decreases.
The emergent marsh becomes drier, residues of
aquatic plants mineralise, and the substrate be-
comes suitable for the growth of Salix spp., Be-
tula spp., and Alnus spp. It also becomes suitable
for Mustela vison and Nyctereutes procyonoides.
In this succession stage, waterbird species that
are characteristic of emergent vegetation, na-
mely, Podiceps sp., Fulica atra, ducks, Larus sp.
and Sterna sp. only nest in a small number in the
outer edge of the huge massifs. Larus ridibundus
and other Larus move to sparse Typha angusti-
folia stands, where they make nests from risen
rhizomes of Typha spp. For ducks, there is a li-
mited possibility to find dry ground for nesting.

13.1.6 Pressures and Threats
13.1.6.1 Input of Biogenes

The small or scattered input of biogenes in la-
kes of this type is intercepted in the charophyte
vegetation and does not have a significant im-
pact on the lake’s ecosystem. Due to the increa-
se of nutrients, charophyte vegetation die-off
is characteristic, creating muddy areas without
vegetation (Kokorite et al. 2013). As time passes,
the introduction of separate floating-leaved
plants and later also the growth of emergent
vegetation can be observed in such areas.
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13.1.6.2 Accumulation of Detritus and
Development of Competing Plant Species

Formation of coarse detritus produced by emer-
gent macrophytes is a significant factor in the
development of the shore zone. Dead emergent
plants cover charophytes and shade them. A
substrate is created for the establishment of
roots of other aquatic plants and for seed ger-
mination. In subsequent seasons, the floating
leaves of established aquatic plants shade the
growth of charophytes and arrest their develop-
ment.

Due to mechanical damage, open areas
without charophyte vegetation can develop.
Charophyte vegetation can be shaded or des-
troyed by emergent vegetation. In the further
development, nutrient demanding plant species
such as Potamogeton pectinatus, Ceratophyllum
demersum, Stratiotes aloides can establish here.
These plants also contribute to increased sha-
de, weakening and even eliminating charophyte
vegetation.

Concentration of melting ice blocks and
wind interaction in a part of the lake can also
mechanically damage charophyte stands. In
such areas, the establishment of macrophytes
and further fragmentation of charophyte vege-
tation is possible.

13.1.6.3 Vegetation Succession and Predator
Impact on Water Birds

A large proportion of charophyte lakes are lo-
cated within bird migration routes, which have
traditionally been a place for birds to rest, breed
and moult their feathers. The bird population is
significantly affected by predators. For example,
in Lake Engure, within the period of 1958-2012,
predation of 17 species of the lake’s breeding
birds, killing old birds, juveniles or eating their
eggs, has been observed. Of these 17 species,
11 have been recognised as insignificant (six
species of birds and five species of mammals).
Six species — Vulpes vulpes, Nyctereutes procyo-
noide, Circus aeruginosus, Corvus corone cornix,
and Corvus corax corax — have been recognised
as significant species whose activities can nega-
tively affect breeding success and the popula-
tion size of breeding water birds. (Viksne 2013).
Predation structure is also affected by changes

of emergent vegetation development. When
vegetation stands merge in large arrays and be-
come drier, Nyctereutes procyonoide and Vulpes
vulpes can enter the nesting grounds of water
birds. Drier places become their permanent re-
sidence. One Mustela vison or Nyctereutes pro-
cyonoides can destroy several tens of waterbird
nests within a few days (Viksne 2013). For ducks
and gulls to be able to nest further in drier
places, the grounds should be delimited by at
least a 100 m wide zone of open water (Blums,
Mednis 1991).

13.1.6.4 Impact of Bird Colonies on Water
Quality

Several lagoon-type charophyte lakes are inter-
nationally important bird stopover sites during
their migration, as well as important breeding si-
tes of water birds. In multi-annual observations
of Lake Engure it is observed that bird excre-
ment inevitably ends up in the water and over
a longer period of time also affects the water
quality and the quality of the charophyte stands
near breeding sites. The largest concentration
of excrement can be found near gull and duck
colonies, where charophyte extinction has been
observed in a zone of several tens or even hun-

dreds of metres around long-term large (thou-
sands of pairs) bird colonies (Viksne 2013). Such
an impact is considered characteristic of the
biotope and regulation of bird numbers is not
necessary.

Fig.13.4. A layer of macrophyte residues has started to

mineralise, and Alnus glutinosa starts to establish in the
central part of Lake Pape. Photo: A. Urtans.



13.1.6.5 Oxygen Deficiency and Fish Suffocation

Most lakes with charophyte vegetation are shal-
low. At the end of the vegetation season, a major
part of emergent and floating-leaved vegetation
dies off and sinks to the lake bottom. Additio-
nally, organic materials that flow into the lake
from its catchment area also accumulate in the
lake. To break them down, oxygen is needed.
The origin of organic pollution may be organic
substances that have accumulated in the lake
over time and input of organic substances to the
water body from its catchment area. As oxygen
stocks in the lake come to an end, fish start to
suffocate.

In the lakes of this type, fish mainly suffo-
cate in late summer and late winter. During the
winter, when the lakes freeze over, natural wind
aeration stops. The only source of oxygen is
often from rivers that inflow lake. When there
is no snow, slight photosynthesis activity also
takes place using the light that penetrates the
water through the ice. Still, this is not enough to
maintain all of the living processes in the lake. In
the second half of the summer, fish suffocation
is related to the maximum development stage of
vegetation where, during the day, aquatic plants
produce oxygen through photosynthesis, while
during the night it is consumed for respiration
and for the breakdown of residues of plants which
start to die-off at the end of the vegetation season.
For example, regular fish suffocation has been
observed in Lake Engure since 1925 (Aleksejevs,
Birzaks 2013).

13.1.6.6 Decrease in Water Level

With a decreasing water level, better conditions
are created for the development of emergent
vegetation. When emergent marshes form, they
cover and destroy charophyte vegetation. Deve-
lopment of emergent vegetation has a domino
effect because the enlargement of macrophy-
te stands in a vegetation season facilitates
evapotranspiration and further lowering of the
water level. Calculations reveals that during the
vegetation period each square metre of a reed
stand can evapotranspirate up to 0.5 m?® water
(Bernatowiez et al. 1976), causing significant wa-
ter losses, which is still an underestimated prob-
lem in Latvia.
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13.2. Management Objectives in the
Conservation of Charophyte Lakes

The lakes of this habitat are a specific living pla-
ce for charophyte algae. At the same time, the
existence of fish and water birds in the lakes is
also ensured by charophytes and by other aqua-
tic plants, as well as by organisms living in the
bottom of the lake. Therefore, conservation
and management objectives must be well balan-
ced and respect the needs of all groups of or-
ganisms. In lakes of this type, the main conser-
vation and management objectives that ensure
the needs of all of these organism groups are as
follows:

¢ to prevent reduction of charophyte areas by
overgrowth with emergent vegetation;

e to ensure favourable breeding and moulting
conditions for water birds;

e to promote water circulation during the
ice-covered period and prevent the forma-
tion of an anoxic environment, ensuring the
preservation of fish resources;

* to restrict the development of the emergent
vegetation by fragmenting it and maintai-
ning an open shore strip.

13.3. Restoration and Management of
Charophyte Habitats

13.3.1. Reduction of Overgrowth with Aquatic
Macrophytes (C1.1, C1.2, C2, C5)

Charophyte lakes are not usually very deep, and
conditions favourable for emergent vegeta-
tion growth prevail in all of the lake’s territory,
threatening charophyte stands. Therefore, the most
important management measures for this habitat
are the conservation or expansion of the areas
covered by the habitat-characteristic charophyte
stands by mowing the aquatic plants that hinder
or threaten charophyte growth and existence of
Chara spp. (Fig. 13.5). At the same time, shallow
charophyte lakes are important sites for waterbird
breeding resting and moulting. Charophyte stands
provide a great diversity of aquatic invertebrates,
thus also preserving the fishery productivity of la-
kes of this type. By mowing the aquatic plants and
restoring and managing the habitat, environmen-
tal requirements of charophyte, waterbird and fish
species must be in balance.
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There may be various objectives for the mowing

of macrophytes in charophyte lakes. In many ca-

ses, mowing allows one to achieve several objec-
tives simultaneously:

» preservation of growth ability of charophyte
stands and their areas is achieved with repe-
ated mowing of emergent vegetation in the
summer vegetation season, combined with
mowing in winter;

* removal of biogenes accumulated in plants is
achieved by mowing of emergent vegetation
in the summer vegetation season;

e creation of shallow zone that warms up, to
increase the production of zooplankton,
benthic invertebrates and fish larvae and ju-
veniles;

Fig.13.5. Fragmentation of reed stands with a specialised
cutter in Lake Engure. Photo: J. Reihmanis.

Fig.13.6. Floatable machinery Big Float for reopening of
water circulation and fish migration channels in dense
mineralised reed masses. L. Engure. Photo:

J. Reihmanis.

* maintenance of shore zones and shallow
water parts suitable for ducks and waders is
achieved by repeated mowing of emergent
vegetation;

» fragmentation of emergent plant stands and
emergent marshes;

* increase of the proportion and indentation
of emergent plant stand outer margin to pro-
mote their suitability for various breeding
waterbird species;

¢ facilitation of water circulation and aeration,
which also provides fish migration through
repeated mowing channels in the summer
vegetation season;

* maintenance of boat transportation rou-
tes in very overgrown lakes with repeated
mowing of vegetation in the summer vege-
tation season.

The mowing of aquatic plants shading cha-

rophyte vegetation is necessary in lakes whe-

re emergent vegetation has established at a

depth which is suitable for charophytes (up

to 2 m), and where emergent or floating-lea-
ved vegetation is dominating but charophyte
vegetation still remains in small localities. As
charophyte lakes are often very shallow, it is
best to mow the aquatic plants with specialised
equipment, such as mowers, that are attached
to boats. To mow the areas which have been left
unmanaged for a long period of time, a more
powerful machine is necessary. Equipment of
TRUXOR and Seiga type is used in Lake Engure
(Fig. 13.6 -13.9).

Fig.13.7. Floatable machinery can be equipped with reed
cutter, an excavator, sediment sucking equipment as
well other tools facilitating diverse activities. Photo:
E.Klavina.



During management, the plant parts above the
lake’s bottom are mown, while the roots remain
in water. This contributes to a faster regrowth of
aquatic plants. Aquatic plants can be removed
with the entire root system with a floating exca-
vator. However, such measures are expensive, and
they can be implemented in small areas.

For a measure to be effective, the plants
should be mown 3-4 times per year 2-3 years in
arow (Urtane 2014). Aquatic plants’ regrowth abi-
lity is lower when the first mowing is performed at
the earliest possible stage of development. From
the point of view of the physiology of aquatic
plants, mowing must be started in June, since al-
ready at the end of July and in August, the aquatic
plants start their preparation for the winter sea-
son, and accumulate the nutrients in their roots.
Therefore, only a small amount of nutrients will
be taken out of the lake with the mown mass of
aquatic plants. To balance management effective-
ness and demands of different species, mowing of
aquatic plants is now allowed from 1 July.

The first step of mowing is the removal of emer-
gent (for example, Phragmites australis and Typha
latifolia) and floating (such as Nuphar lutea) aqua-
tic plants, while trying not to damage charophyte
stands. Mown aquatic plants float to the water
surface. Depending on the distance of the mown
site to the shore, they are removed by the use of a
rake-type assembly that is attached to the mowing
equipment. Aquatic plants can also be removed by
using old nets — the mown aquatic plants are col-
lected with a net and towed to a previously deter-

Fig.13.8. Floatable TRUXOR equipped for mowing of
macrophytes suitable for management of larger areas.
Photo: L. Urtane.

Rivers and Lakes

mined mown site. Aquatic plants are saturated with
water at the time of mowing, therefore their trans-
portation to the shore is physically demanding. The
mass of aquatic plants that are towed to the shore
are unloaded by pitchfork. Plant mass can also be
unloaded by a wheeled tractor with a loader. The
removal of aquatic plants often consumes more
time and is more expensive than mowing. There-
fore, the aquatic plants are often left at the mowing
site, thus reducing the effectiveness of the work
done, as the biogenes that were accumulated in the
plant biomass, are not removed.

In the removal of continuous emergent vege-
tation from the lake’s shores, shallow shore zo-
nes that warm up are created, which are suitable
for the development of zooplankton and benthic
invertebrate organisms. Such shore zones, which
are rich in food, attract not only waders and
dabbling ducks, but also fish juveniles and preda-
tory fish that are hunting them.

Mowing of all aquatic plants is not recom-
mended, and it must be done so that separate
and at least a few to 5 hectare large areas of
reeds also remain in the perimeter of the lake’s
shore that attract passerine birds which inhabit
reedbeds, namely, Acrocephalus arundinaceus, va-
rious species of Locustella spp., Emberiza schoeni-
clus, and Botaurus stellaris. When leaving some
emergent vegetation stands, it should be asses-
sed whether they will serve as cover for birds of
prey, Mustela vison, Nyctereutes procyonoide and
Vulpes vulpes to secretly reach and attack the
nests.

o, SISO LS L R Vi
Fig.13.9. Reed rake for maving cutted macrophytes
ashore. Photo L. Urtane.
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Fig.13.10. Removal of cut reeds with TRUXOR equipped
with a specialised rake.
Photo: L. Urtane.

Even in large overgrown stands of emergent
plants, small overgrown channels frequently re-
main, which secure the migration of organisms
between mutually demarcated massifs and serves
for lake manager and fishermen communication
(Fig. 13.11). If they are not managed, such chan-
nels are filled with sediments, water exchange
and migration stops, and separate emergent plant
stands consolidate. Renewal of water circulation
is only possible after reopening and deepening
such natural channels, preferably outside of the
nesting period.

13.3.2 Provision of Waterbird Breeding Persistence
in the Lake (C1.3, C2, C5)

Shallow charophyte lakes are important sites
for waterbird breeding, resting and moulting. In
different development stages of aquatic plant
vegetation, each particular part of a lake can only
be suitable for the breeding and development of
some bird species or even groups of bird species.
Therefore, it is necessary to evaluate the area
which is covered by charophytes as well as the
arrangement of emergent marshes and their de-
velopment stage and to decide which particular
waterbird species or their groups should be tar-
geted in the management.

Birds that build floating or partially floating
nests in aquatic plant stands far from a shore,
such as Podiceps cristatus, P. grisagena, P. auritus,
Fulica atra, Chlidonias nigra, Larus minutus, need a
mosaic of small stands with one or several aquatic

Fig.13.11. Deepening of a channel to renew water
circulation and organism migration. L. Engure.
Photo: J. Reihmanis.

plant species, where the area of open water ex-
ceeds the vegetation-covered area. By using the
above techniques for mowing the aquatic plants,
it is possible to create such emergent marshes far
from the shore that cannot be accessed by pre-
dators, mainly for Mustela vison. To create such
areas, a part of the mown plants can be left in the
water, where they form a substrate for floating or
partially floating nests.

For the nesting of Larus, mainly Larus ridibun-
dus and various ducks — Aythya ferina, A. fuligula,
Anas platyrhynchos, A. clypeata, A. strepera, A. qu-
erquedula, and A. acuta, emergent marshes with
relatively dry substrate are necessary. They con-
sist of Typha angustifolia with small inclusions of
reed, Typha latifolia, Carex spp., and Solanum dul-
camara. Aquatic plants in such emergent marshes
are mown, possibly creating an indented edge of
aquatic plant vegetation, where internal bays and
lagoons are also formed if allowed by the area
and mineralisation level of the emergent marsh.
In such marshes, ducks - Fulica atra, Larus, and
Sterna — prefer to nest near open water — along
the edge of the emergent marsh or in an inter-
nal lagoon. The number of breeding water birds
reaches its maximum when the proportion of
border between the open water and the relatively
dry emergent marsh is the longest (Viksne 2013).
When creating relatively dry emergent marshes
which are suitable for Larus ridibundus and a va-
riety of ducks, it should be understood that after a
while, the aquatic plants that were mown and left
in the emergent marsh will form a layer of litter,



which is suitable for predators, mainly Mustela
vison. To prevent the formation of such dry litter
layers, in the second half of summer - in August
and September - this dry substrate can possibly
be reduced by burning it down after the young
birds have left the site. To prevent huge and un-
controllable wildfires, such method can only be
used in small arrays at least 50-100 m from dry
reedbeds and only if the emergent marsh is iso-
lated, and when the wind blows lakewards from
the dry emergent marsh (see Chapter. 13.3.5).

13.3.3 Prevention of Fish Suffocation (D3.1, D3.2,
D3.3)

When water bodies freeze over, oxygen uptake
from the atmosphere stops. The only oxygen
reserves of the lake are those that have accu-
mulated before the ice formed. Fish start to
suffocate when the concentration of dissolved
oxygen falls below 2 mg/l. Methods to prevent
fish suffocation are explained in more detail in
Chapter 14.3.7.

13.3.4 Management of Islet and Shore Gras-
slands to Support the Waterbird Population
(C3.1,C.3.2, D6)

Natural or artificially-created islets and open
parts of shore are one of the most important
nesting sites for water birds (Fig. 13.12, 13.13) if
these areas are managed and their overgrowth
with trees and shrubs is prevented. However, the

Fig.13.12. A high number of nests of ground-nesting
birds is present in islets which are far from shore and
inaccessible to Mustela vison. Photo: A.Soms.
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number of bird nests per area of various species,
especially of ducks, Charadriiformes, and Larifor-
mes, on islets is much greater than in shore gras-
slands of similar habitats, because water birds on
islets are less threatened by predators.

For an islet to be attractive to water birds, it
must meet several criteria. Firstly, the islet may
not be included in a continuous reedbed. It is im-
portant for the islet shores to be gently sloping,
and open water areas should be at least partially
adjacent to them (Mednis 2002). In Lake Engu-
re, the largest increase in the number of nests
of Anatinae (Anas platyrhynchos) was observed in
managed islets located in archipelago parts far
from continuous open water areas, while both
species of Aythyinae (Aythya ferina, Aythya fuli-
gula) prefer nesting in the periphery of an archi-
pelago near open water areas (Mednis 2002).

Secondly, the islet should not be overgrown
with trees, shrubs and reeds. Dabbling ducks
need a dead grass layer and a belt of tall vascular
plants in order to hide their nests. The depth of
the shore water part is significant, since they get
food at a depth of 15-45 cm.

Water birds prefer vegetation of Carex spp.,
Poacea, and Urtica dioica (Blims, Mednis 1991;
Mednis 2002). Artificial islets should be built as
far away as possible from the shore, and if the
size of the lake allows it, even up to 200 m from
the shore. Islets should be 0.01-0.5 ha 0.5-1 m
above the water level (Janaus 2002), and their
construction should prevent them from being
flooded in spring (Viksne, Mednis 1984).

= S 7 '
Fig.13.13. Nests, located on open ground frequently are
minimally improved. Photo: A. Soms.
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Grassland birds are also related to the water
environment, and they are mainly represented by
waders — Limosa limosa, Philomachus pugnax, Trin-
ga totanus, Numenius arquata, Gallinago gallinago.
These birds have fairly similar requirements: a ha-
bitat area that exceeds 10 ha, moisture can be vary
(with both dry and wet ground), low vegetation (5
to 20 cm) until the middle of June. Access to open
water is also preferable.
Open shore areas can be created by grazing
by cattle, when the number of livestock does not
exceed 1,5 animals per hectare. Large herbivores
willingly eat shoots of reeds in the spring, restric-
ting their development in the shallow shore zone
(Fig. 13.14).
For the management of islets and shore gras-
slands of Lake Engure, which is an important bird
area, it is recommended (Mednis 2002; Siliné, Med-
nis 2013):
¢ before mowing, to mow down the old reeds du-
ring the ice-cover period;
¢ in the first year of management, to mow reed-
beds adjacent to islets and shore grasslands
three times per vegetation season, starting
with 15 July (after duck and gull chicks have
left their nests);

¢ in the second year of management, to mow
reedbeds adjacent to islets and shore meadows
twice per vegetation season, starting with

15 July;

* insubsequent years, to mow these reedbeds, if
necessary, once per vegetation season, around

15 August;

Fig.13.14. Grazed shore grassland at Lake Engure.
Photo: E. Zviedre

e to remove all trees and shrubs from islets
and shore meadows, and burn them down
before the breeding season; if possible, islets
should be grazed or mown after the end of the
breeding season (Siling, Mednis 2013).

13.3.5 Prescribed Burning (C4.1, C4.2)

In dense reedbeds unmanaged for a long period
of time, mowing is difficult or even impossible due
to a thick layer of dead reeds. Ornithological re-
search (Siliné, Mednis 2013) shows that waterbird
species diversity in such continuous reedbeds is
low. In such conditions, habitats can be managed
effectively with fire. Experiments in Lake Engure
(Mednis 2002) show that prescribed burning in
reedbeds can be carried out in years with a low
water level in the second half of the summer -
in early August (Fig. 13.15). After burning, small
open water areas are created, which persist for
several years, and this positively affects the num-
ber of waterbird (Siling, Mednis 2013). In the first
year after experimental burning (Reinvalds 2002),
burnt reeds were significantly lower than unburnt
reeds. The effect of reed burning disappears in
about five years (Fig. 13.15).

Reed burning on ice has a relatively short-
term positive effect because it only creates an
open water area in the following spring (Silins,
Mednis 2013). Meanwhile it is an effective method
of getting rid of large dead plant matter volume.
If the reedbed is not burnt, died-off reed stalks
sink into the water, decompose slowly, and are




a feeding place for a low number of water orga-
nisms (mainly Oligochaeta spp.). Such areas are
also not suitable for fish. In the case of burning,
the volume of dead stalks of reeds is significantly
reduced, but additional inorganic substances are
released which contribute to the regrowth of
reeds. As observed in Lake Hornborga, Sweden,
the dead reed layer can even reach the thickness
of 75 cm (Bjork 1994).

Burning can also be performed to increase
the diversity of populations and species of birds
that inhabit coastal grasslands. To meet the diffe-
ring needs of waders and dabbling ducks, burning
should be performed in 30-50 m wide belts that
alternate with unburnt belts. In such a case, ducks
can create their nesting sites in intact vegetation,
and waders in the burnt shore section (Operma-
nis 2002). Prescribed burning in breeding sites
of water birds is permitted before the return of
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migratory birds in March, often at the beginning
of April, when burning can improve the quality of
the habitat of ducks and waders for at least one
season (Opermanis 2002).

If the objective is to prevent reedbed expan-
sion, burning can be done at the end of summer,
when most of the animals have ended breeding.
Burning in autumn is best for the restriction of
reedbed development (Opermanis 2002). It is only
recommended in the shore parts which are sui-
table for wading bird breeding and fish spawning,
and when the wind blows lakewards. It is also re-
commended to initially burn a fire line around
the target area. If burning is not possible within
the above terms due to weather conditions (rain,
wind blowing shorewards), burning should be
postponed until the next year (Opermanis 2002).
Before burning, the State Fire and Rescue Service
and the State Forest Service must be informed.

13.3.6 Comparison of Methods Used in Charophyte Lakes

Table 13.2. Management methods of charophyte lakes.

Method Advantages

Disadvantages

C1.1: Reduction of agquatic
vegetation - mowing of
emergent vegetation in differ-
ent parts of the lake

maintained.

C1.2: Reduction of aguatic
vegetation - shredding the

Long-term effect.

Growing ability of charophyte stands is

Conditions for bird breeding and foraging,
and fish foraging, are improved.

The effect is short term and man-
agement must be repeated.

If the mown plants are left in the
lake, plant dead parts accumulate
and cover charophyte stands,
destroying them.

Only passible if the water level is

Emergent vegetation is replaced by float- low.

emergent plants and their
roots

C1.3: Reduction of aguatic
vegetation - opening of
passageways

C2: Mowing of emergent
vegetation of shore areas
- reinforcement of wave
activity

C3.1: Change of structure of
shore vegetation - felling of
shrubs

ing-leaved or charophyte vegetation.

Long-term effect.

Ensures water circulation, wintering holes
for fish, suitable conditions for the rare and
protected bird species Botaurus

stellaris.

Improved fish spawning conditions.
Territory becomes more suitable for waders
and dabbling ducks.

Mown vegetation mass is more easily col-
lected and taken away.

In open shore parts dead plants and organic
particles are washed ashore and taken out
of lake.

Reduced influence of birds of prey on wading
birds and Anatidae.

At low depth cleaning works can
threaten charophyte stands.

High cost of transporting equipment
and digging channels.

The effect disappears quickly - reg-
ular repetition is needed.

Regular maintenance (management)

IS necessary.

89



20 Chapter 13. 3140 Hard Oligo-Mesotrophic Waters with Benthic Vegetation of Chara spp.

Method

Advantages

Disadvantages

C3.2: Change of structure of
shore vegetation - grazing of
shore grasslands

C4.1: Reed burning - in winter

C4.2: Reed burning - in the
second half of summer

C5: Mowing of emergent
macrophytes in autumn and
winter season

D3.1: Prevention of fish suffo-
cation - ice holes

D3.2: Prevention of fish suffo-
cation - aeration

D3.3: Prevention of fish suffo-
cation - mowing of emergent
vegetation in river mouths
and deepening of fish winter-
ing depressions

Attraction of Charadriiformes and ducks.
Fish spawning becomes more successful.

Increase in open water areas available to
birds and fish.

Charophyte stands recover.

Decreased volume of dead plant parts, which
cover and destroy charophyte stands.

Compared to burning in winter a larger
number of dead plant parts, as well as some
of the new sprouts are destroyed if burnt in
the low-water period in summer.

Less threatening to water birds and insects
attracted to emergent macrophytes.

Active involvement of motivated fishermen.
Labour intensive activity.

Evident increase of oxygen saturation.

Increase in aerated water volume and space
for fish.

Requires the provision of a constant
number of livestock in grasslands.

Released nutrients are actively
involved in the formation of new
biomass.

Only the plant mass above the ice is
destroyed.

Must be repeated every 5-6years.

Killing of terrestrial invertebrates.
Must be repeated every 5 - 6years.

Only some of the nutrients are taken
out due to the fact that most of the
nutrients are already stored in the
roots.

Only possible on stable ice cover.

Hardly possible in lakes that are
remote from settlements and elec-
tricity supply.

Due to fragile and unstable ice in
areas with water circulation, activity
must already be undertaken in sum-
mer or autumn.

D6: Creation of artificial islets
for water birds

Gulls and ducks are attracted; high number
of nests and successful hatching expected.

High cost of equipment transporta-
tion and exploitation.

Regular maintenance (management)
of islets is necessary.

13.3.7 Unfavourable Use and Management of
Charophyte Lakes

Charophyte lakes are not usually deep and a ra-
pid accumulation of organic substances occurs
here. Under these circumstances, the most ne-
gative management is non-intervention both in
the part of the lake which is covered by emer-
gent vegetation, and in the terrestrial part of the
lake shore.

The management of Lake Engure has been
well-documented for at least the last 50 years
(Viksne 2013). Termination of haymaking and
grazing, with an aim to ensure better breeding
success of water birds, caused overgrowth of
grasslands and a reduction of habitats suitable
for Anatidae and waders, and thus a decrease in

their populations. In some cases, certain groups
of birds, such as wading birds, even disappea-
red (Viksne 2013). Expansion of reedbeds and
scrublands facilitates the introduction of Nycte-
reutes procyonoides and Mustela vison. They des-
troy the nests and drastically reduce the number
of breeding water birds or even cause their ex-
tinction (Mednis 2002).

13.4 Contradictions of Conservation
and Management

The main conflict regarding conservation and
management is based on the lack of a joint syste-
matic approach, which is based on an understan-
ding of how the ecosystem functions, and there-
fore conservation measures are only orientated



towards groups of separate organisms.

The conflict of management and conserva-
tion in shallow charophyte lakes which are im-
portant for birds, is reed mowing after 1 July in
accordance with the regulatory framework, whi-
ch is substantiated by the requirements of bre-
eding birds. However, in the middle of summer,
reeds have accumulated their maximum bio-
mass and a part of the nutrients is transported
to their roots to ensure the next vegetation pe-
riod. When mowing the reeds in the middle and
second half of the summer, only the nutrients
that have accumulated in stems and leaves are
removed, not those accumulated in roots. Such
action is inefficient and needs to be regularly re-
peated.

An old conflict which is now solved, but the
consequences of which will be felt for a long
time, is the termination of the law of 1987 re-
garding cattle grazing and hay yield in shore
grasslands of Lake Engure and on the island of
Lielrova, in order to ensure the better success
of waterbird breeding, completely excluding the
factor of human disturbance. The prohibition
provided a temporary increase in the number of
Charadriiformes and gulls (Viksne, Mednis 1978),
however, in 2012, breeding of these birds in these
sites was not observed anymore, since the pro-
hibition of economic activity resulted in over-
growth of the territory with reeds and shrubs,
and the area became inappropriate for its former
inhabitants — species of gulls (Viksne 2013). The
well-intended reduction of disturbance to the
bird population over a longer period of time has
given the opposite result. Now, in order to res-
tore the abandoned grasslands and to purchase
cattle, large resources are necessary. Local re-
sidents still remember the negative experience,
therefore an invitation to resume management
of the lakeshore grasslands was received with
scepticism. Consequently, only a small part of
the potentially significant shore part of the lake
is being managed.

The management and research project car-
ried out in Lake Engure in the 1980s also illus-
trates the conflict of conservation and manage-
ment in those days. The objective of the project
was to ensure the breeding of Larus ridibundus,
a long-term research objective of the Ornitholo-
gical Station of Lake Engure, by decreasing the
numbers of its natural enemy Circus aeruginosus,
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by shooting or catching them in traps and relo-
cating them to other suitable habitats far from
Lake Engure. Elsewhere in Europe, Circus aeru-
ginosus is a rare bird of prey, therefore, in 2002,
it was included in Annex I of the Birds Directive
as a rare and protected species of EU importan-
ce (Opermanis 2005). Thus there was a conflict
between the implementation of Europe’s longest
study project of Larus ridibundus and the requi-
rements of conserving a bird of prey that is rare
and protected in Europe.
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Chapter 14. 3150 Natural
Eutrophic Lakes with
Magnopotamion or
Hydrocharition - Type Vegetation

(A.V.Urtans, L. Urtane, U.Susko)

14.1 Characterisation
14.1.1 Brief description

Distribution. In Latvia, 3150 Natural eutrophic la-
kes with Magnopotamion or Hydrocharition - type
vegetation (further referred to as natural eutrophic
lakes) can be found relatively often, except for in
Zemgale Plain (Fig. 14.1). The total area covered by
this habitat type is 66,330 ha, which corresponds to
approximately 1 % of the country’s territory. This
is the most common of all protected water habitat
types of EU importance in Latvia, in terms of both
the number and the total area (Anon. 2013). Most

B 2150
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Fig.14.1. Distribution of habitat type 3150 Natural eutrophic
lakes with Magnopotamion or Hydrocharition - type
vegetation in Latvia (source: Anon. 2013).

Fig.14.2. Naiad Najas tenuissima. Lake Ardavas. Photo:
U. Susko.
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lakes of this habitat type are rather shallow, and
their depth does not exceed 2-9 metres.

Characteristics. Lakes of this habitat type may
have different origins and morphometrical differen-
ces (lake area, depth, shore indentation, exposure
to the prevailing winds), as well as different land use
in the lake’s catchment area. In natural conditions,
lakes with a small catchment area and slow water
exchange experience a slower eutrophication pro-
cess, while lakes with fast water exchange depend
on the concentration of the biogenes, humic subs-
tances, and other compounds of inflowing waters
(Leinerte 1988).

There are three variants of the habitat:

e Variant 1: clear-water (oligo-humic) lakes with
submerged vegetation;

* Variant 2: brown-water (poly-humic) lakes with
diverse vegetation;

* Variant 3: oxbow lakes with diverse vegetation
typical to eutrophic lakes.

The inclusion of oxbow lakes in this habitat type is

associated with the character of biogene circula-

tion. In oxbow lakes, unlike in watercourses, bioge-

nes are not transported, but rather they accumula-

te corresponding to processes taking place taking

place in lakes.

Water bodies of artificial origin (flooded, exca-
vated) in Latvia are not considered to be a protec-
ted EU habitat type 3150 Natural eutrophic lakes with
Magnopotamion or Hydrocharition - type vegetation.

Natural eutrophic lakes, depending on their
depth are usually characterised by a narrower or
wider species-rich belt of submerged plants, sparse
or continuous zone of floating-leaved plants; often,
also a fragmentary sparse or continuous zone of
emergent plants. Sometimes the shoreline is open
and not overgrown with aquatic plants. Very wide
zones of emergent plants are characteristic for
shallow (2-9 m) and very shallow lakes (< 2 m), as
well as for highly eutrophic lakes.

Due to a lake’s morphometrical features and
available nutrients, nowadays a habitat supports
diverse fish and water invertebrate fauna. At the
same time, lakes of this habitat are significant sites
for bird breeding and foraging. Floating-leaved and
submerged vegetation zones are home to several
rare and protected dragonfly species and other
species of water invertebrates (Kalnins 2013).

The habitat is often an important site for rare
and protected species of vascular plants, charophy-
tes and mosses (an overview of these species is



presented in Table 14.2). Special attention should

be paid to three relict species — Najas flexilis, which

is highly endangered in Europe and which, in the
continental part of the EU together with Norway
and Switzerland, has been preserved in just about

25 lakes, N. tenuissima with only about 54 localities

in the modern world, as well as Hamatocaulis lappo-

nicus, which is rare throughout the EU®.

For these species, slightly eutrophic clear-water
lakes or small and overgrowing lakes are particular-
ly important. Often very small lakes, with their area
covering less than 1 hectare, are also rich in rare
aquatic plant species. From the point of view of eco-
nomics, such lakes are left almost unattended, while
in terms of nature diversity they are very important
to a number of rare and protected species, and
thus must be correspondingly managed. Emergent
marshes of different size are also often found on
shores of many lakes, and they usually correspond
to a protected mire habitat type of EU importance,
namely, the habitat type 7140 Transitional mires
and quaking bogs. Such shore marshes (a contact
zone of water and emergent marsh) of lakes in Lat-
via are an important habitat for Liparis loeselii, which
is included in Annex II of the Habitats Directive.

In natural eutrophic lakes, a number of ma-
crophyte species, which have remained from pre-
vious lake development stages or are characteristic
for other protected fresh-water habitats, can be
found. For example:

e Berula erecta is characteristic to clean rivers
corresponding to habitat type 3260 River riffles
and natural reaches of rivers and are also found
in clean forest lakes adjacent to the mouths of
spring fed river inflows, like in Lake Silovka. Po-
tamogeton alpinus can be found in clean lakes
or by the spring-fed stream inflow (L. Daneklis);

¢ (Cladium mariscus and Najas marina can be found
in habitat type 3140 Hard oligo-mesotrophic

waters with benthic vegetation of Chara spp (L.

Belaukas and L. Je3a) as well as many Charophy-

tes, like in Lakes Meduma, Ri¢u, Sventes;

» Several species characteristic for habitat type
3130 Oligotrophic to mesotrophic standing waters
with vegetation of Littorelletea uniflorae and/or
Isoeto-Nanojuncetea can also be found, such as
Fontinalis dalecarlica, Isoetes lacustris, Littorella
uniflora, Lobelia dortmanna, Sparganium angus-

%8 Council Directive on the conservation of natural habitats and
of wild fauna and flora 92/43/EEC
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tifolium, S. gramineum, and Subularia aquatic

(Lakes Carmins, Jazinks, Lejs, Ots and Kadagas).
Relict fish species like vendace Coregonus albula
and introduced populations of European whi-
tefish C. lavaretus, as well as a number of relict,
cold-loving deep-water species, such as Eurytemo-
ra lacustris, Limnocalamus macrurus, Mysis relicta,
Pallaseopsis quadrispinosa, and Pontoporeia affinis,
which inhabit the deep poorly eutrophic and eut-
rophic lakes in Latvia, have special value. Another
important relict species is a freshwater form of
smelt, Osmerus eperlanus spirinchus, which was re-
corded in about 30 Latvian (mainly in the Latgale
region) deep lakes in the 1930s, while in the 1950s,
it was recorded in 7 lakes, and in 1989 — in 4 lakes,
currently including Lake Svente (Mansfelds 1936;
Spuris 1954; Plikss, Aleksejevs 1998).

14.1.2 Indications of favourable conservation status

Favourable conservation status of the habitat is in-

dicated by the following features:

o overgrowth of the lake with emergent,
floating-leaved and submerged vegetation does
not exceed 30 % of the lake’s area during the
vegetation season, a clearwater phase is typical
to the lake;

 lake water contains negligible nutrient amount,
which all is consumed, during vegetation sea-
son clear water phase is characteristic, oxygen
is detectable up to the lake bottom;

* alarge number of habitat characteristic species
of aquatic plants (> 15) is present;

e occurrence of Najas species, as well as
small numbers of species belonging to the
Lobelia - Isoetes complex;

e presence of European crayfish Astacus astacus;

 there is no mass development of algae in the
peak of the vegetation season;

e a continuous shore-delimiting zone of emer-
gent vegetation has not developed along the
shoreline;

 there are openings in the emergent vegetation
zone, there are also open beaches and open
access to water;

* mineral bottom is found in more than a third of
the lake’s littoral area;

e there are open and shallow shore zones that
warm up with a mineral bottom or sparse vege-
tation of submerged aquatic plants, juvenile
fish are consistently found there;
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» if there are lake floodplains, there are transi-
tions between the lake and its floodplain, un-
hindered by continuous emergent vegetation;

* in the edge zone between the lake and open
floodplain, there are no drift lines with plant
residues that hinder the passage for spawning
fish, fish larvae and juveniles;

 fish suffocation is not observed during winter.
These indications may be more difficult to observe
in some seasons. When evaluating the conserva-
tion status of a lake’s habitat, one should not rely
on one indicator only, but should rather assess
various parameters and their possible seasonal
fluctuations and mutual interference. Chemical
parameters even undergo cyclical and significant
changes even during a day. In summer, the oxygen
concentration in water is different in the early
morning and at noon. Concentration of dissolved
phosphorus is close to zero during the vegetation
season. If the total cover with aquatic plants ex-
ceeds 30 % of the lake’s surface and there is a low
concentration of phosphorus, this rather indica-
tes that phosphorus is incorporated in the green
mass of plants. In autumn, when aquatic plants die
off, a part of the phosphorus returns to the water,
and its concentration can significantly increase.

14.1.3 Important Processes and Structures
14.1.3.1 Provision of Oxygen to the Lake

Oxygen in water plays a crucial role in the main-
tenance of living processes and in the provision
of the stability of chemical compounds. Algae and
aquatic vascular plants both produce and con-
sume oxygen, while other water organisms only
consume oxygen. Therefore, to a large extent the
amount of oxygen in the lake is determined by the
distribution of algae and aquatic vascular plants.
Usually, aquatic plants in the lake can only be found
at a depth of up to 6 m, while in transparent lakes,
algae can also be found at a depth of 20 m.
Oxygen enters the water environment
through diffusion from the atmosphere and through
photosynthesis in aquatic plants. The larger the
surface of the lake, the greater its contact zone
with the air. Thus, the amount of oxygen in the
lake also depends on the lake’s size. During one
day, an average of about 5 g of oxygen dissolves
on 1 m2 of the lake surface (Cimdins 2001), but its
diffusion in deeper layers is very slow. Therefore,

natural aeration of lake water by wind is very im-
portant. In Latvia, particularly in small lakes and
lakes surrounded by forests, water aeration du-
ring storms in autumn and spring is the only sig-
nificant mechanism of oxygen supply and of com-
plete mixing of water layers (Table 14.1). Such an
approach to water ventilation is traditionally used
in pond management, when planning pond place-
ment parallel to prevailing winds (Sprazs 2013).

Table 14.1. Impact of wind speed on the depth of water
mixing (Cimdins 2001).

Wind speed
Mixed layer depth (m)
m/s km/h
2 7.2 1-2
5 18.0 4-7
10 36.0 6-12

Oxygen distributes in a water mass through
changes in temperature. When the water tempe-
rature falls below 4 °C its density increases and
it settles in deeper layers of the lake. In this way,
oxygen rich waters from the surface reach the
lake bottom. In spring, this trend is reversed (Cim-
din§ 2001). Most lakes in Latvia are dimictic, ie.,
their water layers mix twice a year — both in spring
and autumn (Glazaceva 2004).

Oxygen levels in the lake determine not only
the presence and distribution of organisms, but
also nutrient circulation. If there is a sufficient level
of oxygen in the bottom water layer, i.e,, it exceeds
50 % of the theoretically possible saturation in the
given temperature, phosphorus that has reached
the bottom water layer is bound in an insoluble
compound — iron hydrophosphate. Thus, the stock
of dissolved nutrients is reduced. When the con-
centration of oxygen decreases to 1 mg/l, anoxic
conditions develop in the bottom water layer; se-
diment-bound phosphate dissolves and returns to
the water environment, thus facilitating the eut-
rophication and ageing of the lake (Cimdin3 2001).

14.1.3.2 Lake Morphometry

Life processes in lakes are determined not only by
the volumes of nutrients, but also their availability.
Depending on water characteristics, eutrophica-
tion-causing nitrogen and phosphorus compounds



may be in insoluble forms and cannot be used
by living organisms. Properties of lake water also
depend on the soil types and bedrock in the lake’s
catchment area.

To a very large extent, the nutrient accumula-
tion rate and lake development rate are dependent
on the lake’s depth. Lakes are divided into deep
(> 9 m), shallow (2-9 m), and very shallow (< 2 m)
lakes according to their depth®.

Eutrophication and ageing occurs faster in
shallow and very shallow lakes because the deve-
lopment of aquatic plants, die-off, accumulation
of detritus and filling up of lake volume occurs
in a higher proportion of the lake. Deeper lakes
have a larger volume and often a narrower shore
part where aquatic plants can develop. Enrich-
ment with nutrients is slower, and the volume fills
up with organic material more slowly. Therefore
shallower lakes overgrow and disappear first. The
depth and oxygen volumes of a lake directly de-
termine the nutrient utilisation rate. If there are
sufficient oxygen levels in the bottom layer of the
lake, phosphorus is bound into insoluble compou-
nds and thus is removed from circulation. As soon
as oxygen levels in the deepest layers of the lake
reduce and anaerobic conditions develop in the
bottom water layer, sediment-bound phosphorus
becomes soluble and enters the water column.
This process is followed by an increase in algae
and zooplankton populations, decrease in water
transparency, reduction of oxygen-producing layer,
and other processes.

The shape of alake can be round or stretched,
while the shoreline can form bays and peninsulas.
Lake shore characteristics determine the extent to
which the economic activity, which is performed
in the lake’s directly adjacent area, affects the lake
quality. The longer the shoreline of the lake, the
greater its connection to the terrestrial part and
also the greater the potential leakage of nutrients
into the lake.

14.1.3.3 Water Level Fluctuations

The water level of a lake depends on precipitation,
temperature, evaporation from open parts of the

59 Cabinet Regulation No.858 of 19 October 2004, regarding the
characterisation of the types, classification, quality criteria of
surface water bodies and the procedures for the determination
of anthropogenic loads.
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lake and parts covered by vegetation, and on the
volume of water that enters the lake. In small lakes,
the water level is also affected by beavers, when
they build dams on river outlets from lakes.

Annual and seasonal fluctuations of water le-
vel affect the development of aquatic plants and
changes in zones occupied by various groups of
aquatic plants (submerged, floating-leaved, emer-
gent plants). Water level changes also affect the
zooplankton species composition and biomass, as
well as fish spawning conditions. Water level fluc-
tuations significantly affect breeding and foraging
opportunities of water birds. Impacts of human
and beaver induced water level fluctuation proces-
ses are more explained in Chapter 14.1.6.6 of these
guidelines.

14.1.3.4 Overgrowth with Aquatic Plants

As the amount of dissolved nutrients in water
increases, the development of aquatic plants in
eutrophic lakes becomes more intense. To some
extent, the development of aquatic plants has a
positive impact on living sites, hiding sites and fo-
raging of water organisms. In nutrient-poor lakes,
overgrowth with aquatic plants is usually low, with
a dominance of submerged and floating-leaved
aquatic plants.

Increase in nutrient levels causes increased
growth of emergent plants which are more effi-
cient at light absorption and photosynthesis. Sub-
merged and floating-leaved aquatic plants are sup-
pressed both by shade and by being buried under a
layer of dead plant parts (Fig. 14.3).

Fig.14.3. Reed residues prevent the development of other
plants. The number of groups of other water organisms
in these bottom-covering sediments is very low. Photo:
A.V.Urtans.
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When emergent vegetation occupies the
shallow shore zone, which is better at war-
ming-up and therefore the most productive,
the available water volume for the growth
of zooplankton and fish larvae and juveniles
which consume the zooplankton, decreases. The
part of the lake bottom shaded by emergent
vegetation, mainly by reeds, becomes covered
by a thick layer of coarse dead parts of plants,
inhabited by only a few benthic species of water
organisms, compared to the zone of submerged
and floating-leaved plants. The replacement of
submerged and floating-leaved aquatic plants
with dominant emergent vegetation can also
significantly modify the composition of other
species of dominant organism groups and the
entire food chain of the lake.

Floating-leaved plants have better develop-
ment opportunities behind the zone of emergent

vegetation (Fig.14.4). However, when floating-le-
aved plants cover large continuous areas, wave
activity here decreases, light conditions worsen,
submerged plants die off, the accumulation of
dead organic particles (detritus) increases, and
also the composition of bottom inhabiting spe-
cies simplifies (Fig.14.5).

If the vegetation structure in natural eutrop-
hic lakes is optimal, all zones of aquatic plants
are represented, and submerged and floating-le-
aved plants dominate.

Also, thick blanket-like mats of Spirodela
polyrhiza and Lemna minor can create shade in
shallow, wind-protected bays of lakes. A lake is
considered significantly affected, if overgrowth
with emergent vegetation occupies more than
30 % of the littoral zone at a depth of up to 2 m
(arelative line of distribution of emergent vege-
tation) or where a continuous zone of emergent

Fig.14.4. Behind the emergent vegetation zone dense
stand of water lilies facilitates cessation of water
circulation and promote sediment accumulation. Lake
Burtnieks, 2014. Photo: A.V.Urtans.

thickness of the sediment layer. Photo: A.V.Urtans.

Fig.14.5. When developing en masse free floating plants
shade out submerged macrophytes. Photo: A.V.Urtans.

Fig.14.7. The continuous development of the float-leaved
vegetation zone has contributed to the formation of a thick
organic sediment layer. L. Burtnieks. Photo: A.V.Urtans.



vegetation forms around the whole lake. Such
continuous zone hinder washout of organic de-
bris, thus promoting increase of sediment amount
(Fig. 14.7) and paludification of littoral zone.

The composition and structure of aquatic
plant species determine not only the occurrence
of certain groups of water birds — ducks, waders
and gulls, but also their breeding opportunities
and success in a given site (Viksne, Mednis 1978).
These processes are explained in further detail
in Chapter 13 of these guidelines.

Table 14.2. Macrophyte species in naturally eutrophic lakes.

Rivers and Lakes

14.1.4 Habitat-specific Species of Macrophytes

Based on botanical studies of Latvian lakes (Abo-
lina 1994; Tabaka, Gavrilova, Fatare 1988; Gavrilo-
va 1985; Gavrilova, Sulcs 1999; Susko 2002; Susko,
Bambe 2002; Susko, Abolina 2010), a list of ma-
crophyte species of this habitat type was compi-
led (Table 14.2). The list consists of 104 vascular
plant species, 20 charophyte species, and 22 moss
species. Of them, 53 are habitat characteristic
species.

Vascular plants

Acorus calamus

Leersia oryzoides - parastais pariss Potamogeton perfoliatus

Alisma gramineum
Alisma plantago-aquatica
Batrachium circinatum
Batrachium eradicatum
Batrachium trichophyllum
Berula erecta

Butomus umbellatus
Callitriche cophocarpa
Callitriche hermaphroditica
Callitriche palustris

Carex acuta

Carex acutiformis

Carex elata

Carex lasiocarpa

Carex riparia

Carex rostrata

Carex vesicaria
Ceratophyllum demersum
Ceratophyllum submersum
Cladium mariscus
Elatine hydropiper

Eleocharis acicularis

Lemna minor

Lemna trisulca

Littorella uniflora
Lobelia dortmanna
Menyanthes trifoliata
Myriophyllum alterniflorum
Myriophyllum spicatum
Myriophyllum verticillatum
Najas flexilis

Najas major

Najas marina

Najas minor

Najas tenuissima
Naumburgia thyrsiflora
Nuphar lutea

Nuphar pumila
Nymphaea alba
Nymphaea candida
Oenanthe aquatica
Phalaroides arundinacea
Phragmites australis

Polygonum amphibium

Potamogeton praelongus
Potamogeton pusillus
Potamogeton rutilus
Potamogeton sturrockii
Potamogeton trichoides
Ranunculus lingua
Ranunculus reptans
Rorippa amphibia
Sagittaria sagittifolia
Scirpus lacustris

Scirpus radicans
Scirpus tabernaemontani
Scolochloa festucacea
Sium latifolium
Sparganium angustifolium
Sparganium emersum
Sparganium erectum
Sparganium gramineum
Sparganium microcarpum
Sparganium minimum
Sparganium neglectum

Sparganium oocarpum
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Vascular plants

Eleocharis mamillata

Potamogeton acutifolius

Spirodela polyrhiza

Eleocharis palustris
Eleocharis uniglumis
Elodea canadensis
Equisetum fluviatile
Glyceria fluitans

Glyceria maxima

Hippuris vulgaris

Hottonia palustris

Hydrilla verticillata
Hydrocharis morsus-ranae

Isoetes lacustris

Potamogeton alpinus
Potamogeton berchtoldii
Potamogeton compressus
Potamogeton crispus
Potamogeton filiformis
Potamogeton friesii
Potamogeton gramineus
Potamogeton lucens
Potamogeton natans
Potamogeton obtusifolius

Potamogeton pectinatus

Stratiotes aloides
Subularia aquatica
Trapa natans

Typha angustifolia
Typha latifolia
Utricularia australis
Utricularia intermedia
Utricularia minor
Utricularia vulgaris

Zannichellia palustris

Charophytes

Chara aspera
Chara contraria
Chara filiformis
Chara globularis

Chara hispida

Chara strigosa
Chara tomentosa
Chara virgata
Chara vulgaris

Nitella confervacea

Nitella mucronata
Nitella opaca
Nitella syncarpa
Nitella tenuissima

Nitellopsis obtusa

Chara intermedia Nitella flexilis Tolypella prolifera
Chara rudis Nitella gracilis
Mosses

Calliergon giganteumn
Calliergon megalophyllum
Calliergon richardsonii
Calliergonella cuspidata
Chiloscyphus pallescens
Drepanocladus aduncus
Drepanocladus longifolius

Drepanocladus polygamus

Drepanocladus sendtneri
Fissidens fontanus
Fontinalis antipyretica
Fontinalis dalecarlica
Fontinalis hypnoides
Hamatocaulis lapponicus
Leptodictyum riparium

Platyhypnidium riparioides

Pseudocalliergon trifarium
Riccardia chamaedryfolia
Riccia fluitans
Ricciocarpos natans
Scorpidium scorpioides

Warnstorfia exannulata

Note: Rare and protected species are highlighted in colar, while the habitat characteristic species, whose presence
and sufficient distribution in a particular lake distinguishes this habitat from other lake habitats, have background
imprinting.



14.1.5 Natural Development of a Habitat

Natural development of a habitat is related to
nutrient circulation and accumulation in the lake.
A eutrophic lake can develop when a lake with
oligotrophic to mesotrophic vegetation (EU pro-
tected habitat type 3130 Oligotrophic to mesotrop-
hic standing waters with vegetation of Littorelletea
uniflorae and/or Isoeto-Nanojuncetea) overgrows.
A mesotrophic lake also develops into a eutrop-
hic lake through the accumulation of nutrients
and sediments from the catchment basin. In areas
where the lake’s catchment basins are rich with
wetlands or peaty substrates, nutrients accumu-
lated during the natural course of development
can form complex compounds — humic substan-
ces. In such cases, the lake naturally develops
towards a dyseutrophic lake — the concentration
of phosphorus compounds here is high but they
are bound in insoluble compounds. With conti-
nuing enrichment with phosphorus and nitrogen
compounds, the lake can completely overgrow
with marsh and disappear. In this way, about
70 km? of open water areas disappeared in Latvia
in the second half of the 20 century.

Initially, diverse stands of submerged and
floating-leaved plants develop in the course of
natural succession. In these cases, the increase
in the proportion of emergent vegetation and in
the width of emergent vegetation zones can be
considered as an indication of eutrophication and
gradual deterioration of habitat quality.

Nutrient enrichment and circulation also
changes other parts of the food chain. Salmonids
are replaced by cyprinids. Several lake vegetation
development stages that form different structu-
res can be distinguished in a lake’s development,
with increasing nutrient enrichment and the
accumulation of dead plant particles. They also
differ in the composition of breeding water bird
species (see Chapter 13). In eutrophic lakes, de-
terioration in quality can be seen as a reduction
of the area suitable for habitat characteristic or-
ganisms: plankton abundance increases in deep
lakes, overgrowth starting from shores occurs in
shallow lakes, followed by the expansion of an
emergent vegetation zone and the disappearance
of an open shore zone.

Oxbow lakes, which are included in this ha-
bitat type even though they have a different
origin, should be viewed individually. For oxbow
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Fig.14.8. Oxbow lake next to the River lecava.
Photo: A. V. Urtans

lakes, there can be irregular water exchange with
a river that is only active during spring flooding.
Some oxbow lakes receive spring waters or soil
filtration waters from adjacent rivers. Such diver-
sity of origin and function also continues during
the further development of oxbow lakes. If oxbow
lake waters are not supplemented, the lake dries
out and turns into a wet depression. If filtration
waters still circulate or if it receives spring wa-
ters, an oxbow lake can persist for a long period
of time.

If oxbow lakes still retain their connection with
the river, during spring flooding they exchange
not only waters, but also their organisms. Oxbow
lakes can have rich vegetation. For example, in
oxbow lakes of Gauja National Park, 150 species
of vascular plants, mosses, and charophytes have
been found (Salmina 2000). Over a longer period
of time, oxbow lakes, just like other lakes, clog
up with silt and plant detritus and turn into wet
grasslands or small fens.

14.1.6 Pressures and Threats
14.1.6.1 Nutrient Enrichment

Increasing economic activity in the lake catch-
ment area contributes to enrichment with nut-
rients both in the form of dispersed runoff when
waters are filtered from surrounding territories
and from point sources, such as waste waters that
directly enter the lake. Increased nutrient con-
centration creates favourable conditions for the
mass development of microscopic algae, filamen-
tous green algae, and aquatic vascular plants, as
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well as for the rapid replacement of former or-
ganisms characteristic to the lake and their food
chains. Enrichment with plant nutrients (eutrop-
hication) can irreversibly change the lake in just
a few decades. All of this promotes much faster
ageing of the lake’s ecosystem.

Due to the nutrient inflow, dense emergent
vegetation develops. It creates continuous sha-
ding and outcompetes rosette-leaved aquatic
plants, which grow at a small depth (Juncus spp.,
Isoétes spp.), and species of Potamogeton with
low stems (Potamogeton friesii, P. gramineus,
P, berchtoldii, P. obtusifolius).

The open parts of the shore zone, as well
as the shore zone of floating-leaved and sub-
merged plants have the most diversity of zo-
oplanktic and benthic invertebrates. These orga-
nisms are an important fish food base, and their
inhibited zone is an important site for juvenile
fish. It is also the main zone for ducks, which
obtain food at a depth of 15-50 cm. When they
are replaced with emergent vegetation, both the
previously established diversity of species and
areas that are available to birds, fish and their ju-
veniles, are significantly reduced. When waters,
the phosphorus concentration of which exceeds
0.02 mg/I inflow in a lake, mass development of
cyanobacteria can begin.

14.1.6.2 Mass Reproduction of Algae

The presence of algae is important for the provisi-
on of a water body and its organisms with oxygen,
particularly in large, deep lakes (Leinerte 1988).
However, the mass growth of algae can also have
a negative impact on the lake’s development. A
mass of algae of 1.0 to 9.9 mg/l is considered as
favourable for the water habitat. With excessive
increase, the mass can even reach 100 mg per
litre and more (Cukurs 1980). Rapid increase in
algal growth is promoted by warm water (> 16°C),
calm weather, and a sufficient concentration of
nutrients (Balode 2007). It can also significantly
affect light penetration in the water mass. Thus
water transparency and light penetration signifi-
cantly decrease, submerged plants can disappear
and the oxygen level in the bottom layer can re-
duce in a short period of time. Living conditions
for fish that identify the prey by sight, such as
pike, deteriorate. When the food base and inso-
lation conditions change, the composition of bot-

tom-inhabiting organisms becomes homogeneous
and poor. It mostly consists of Oligochaeta and
Tubificidae, which can live in conditions of oxygen
shortage (Kacalova et al. 1962).

Most algae species are not toxic and serve as
food for other water organisms. Only around 6 %
of the world’s algae species can cause so-called “al-
gal bloom” (Fig. 14.9.) and only around 2 % of algae
species may be toxic (Balode 2007). In Latvia, the
mass growth of algae in summer is caused by toxic
cyanobacteria Microcystis aeruginosa, Anabaena
spp., Aphanizomenon spp., Nodularia spp., Lyngbia
spp., Planktothrix spp. (Balode 2007).

14.1.6.3 Pollution

There are various definitions for and explanations
of pollution. The term “pollution” is understood to
refer to chemical compounds that cannot natu-
rally occur in water, or where their concentration
is much greater than what would occur naturally
(Leinerte 1985). Pollution of various types affects
the processes and food chains in eutrophic lakes
differently. Enrichment of the lake with nutrients
can also be considered as pollution. Pollution influ-
encing the structure and processes of habitats in
eutrophic lakes can be divided into several groups.
e Oxygen-consuming substances — organic subs-
tances of natural origin used by aerobic mi-
croorganisms which consume oxygen. If there
is an insufficient concentration of oxygen in
water, other groups of oxygen-consuming or-
ganisms can perish.

Fig.14.9. Mass growth of cyanobacteria in Lake Burtnieks,
2014. Photo: A.V.Urtans.



e Inorganic nutrients — nitrates and phospha-
tes soluble in water. Enrichment with nut-
rients causes eutrophication — increased
overgrowth of water bodies and the fol-
lowing reduction of species diversity.

e Modified organic compounds - oil products,
gasoline, high-molecular compounds, plas-
tics, pesticides, solvents, detergents, etc.
Many of them decompose in the water en-
vironment slowly and can cause congenital
defects and reproduction abnormalities for
organisms. Oil products on the water sur-
face can form a layer several microns thick,
which can stop the diffusion of oxygen in
the water mass and cause the death of water
organisms.

e Suspended substances - insoluble in water
particles of soil, or other organic and inorga-
nic substances that cause turbidity of the wa-
ter and thus:

* decrease the opportunities for the photosyn-
thesis of aquatic plants;

e fill the lakes with sediments,

* destroy fish feeding and spawning areas;

* make it difficult for water organisms to find
food and affect food chains;

* absorb on the surface and transport the pesti-
cides, bacteria and toxic substances.

14.1.6.4 Cease of Shore Management

Eutrophic lakes are threatened by the cessa-
tion of management of the open parts of the
shore zone and overgrowth of the protection
belt with trees, shrubs and reeds. During the
development of trees and shrubs, a vertical
shield, which reduces the air circulation deve-
lops around the lake. When there is no wind, the
dead parts of plants in the shore zone are not
washed into the deepest part of the lake — the
profundal zone. Together with the dead leaves
of trees and shrubs, they accumulate in the
shore zone and promote the development of
emergent vegetation. This is seen in small lakes
in particular.

Overgrowth of the partially exposed shore
zone and its replacement with trees and shrubs
close to the lake reduces the diversity species
living at the shore, such as dragonflies that need
low bank and shore vegetation in order to move
to the land and undergo the transition from lar-
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va to adult. The sparse shore vegetation zone
is also a living environment for a number of
rare plant species such as Lycopodiella inundata,
and several species of orchids.

14.1.6.5 Expansion of Emergent Macrophyte
Zone

The visual manifestation of deterioration at-
tributable to all protected lake habitats is the
mass development of reeds and the formation
of a large monodominant reed massives (Fig.
14.10). Spreading, they occupy the shallow lit-
toral zone, which is of particular importance
for the development of aquatic organisms. If
the lake has a dense reed and other emergent
macrophyte belt, it brakes the wave action and
holds out the part of the dead macrophyte and
organic debris to become washed ashore. With
the accumulation of dead macrophyte parts on
the outer edge of the reed massifs, an approp-
riate substrate for expansion of reed stands ari-
ses. Reed stand investigations in the Hornborg
Lake (Bjork 1994) revealed that, the undisturbed
reed layer can reach even a thickness of 75 cm
(Fig. 14.11). It promotes not only the expansion
of the upper roots of reeds, but also the rapid
filling of the lake, the disappearance of the open
part of the lake and the ageing of the lake itself.
The dead parts of the reeds have a low nutri-
tional value, only a small number of Oligochae-
ta spp. and water beetles Coleoptera spp. occur
there.

. = k. ~. U
Fig.14.10. Accumulation of reed residues promotes the

quick disappearance of shaore shallow water zones.
L. Durbe. Photo: L. Urtane.
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Fig.14.11. Distribution of living and dead material in the reed
stand. The thickness of B and C layers amounts to 75 cm.
A - roots and rhizomes; B - very coarse reed detritus;

C - horizontally deposited stems of several generations
of shoots together with basal parts of broken stems;

D - vertical living stems and several generations of dead
stems. Drawing by D. Seglina (according to Bjork 1994).

14.1.6.6 Lowering the Water Level

In prolonged periods of low water level, rapid and
irreversible overgrowth of the littoral part which is
shallow or becomes dry, occurs. It overgrows with
emergent mire vegetation, which shades or out-
competes the former vegetation of submerged or
floating-leaved plants. Monodominant emergent
plant stands (mainly reeds and bulrush Typha
spp.) develop, and they cover places that were pre-
viously too deep for them. Emergent vegetation
promotes increased water evaporation (see Chap-
ter 13), worsening the situation even more.

Like in mesotrophic lakes (see Chapter 12.1.6)
a raise in water level promotes wetting of soil
horizons, nutrient leakage with the following al-
gal mass development and a decrease in water
transparency. Lowering of the water level promo-
tes a decrease in lake volume and the develop-
ment of emergent vegetation at a depth that was
previously unaccessible. The processes are simi-
lar to those described in Chapter 13.1.5.6.

14.1.6.7 Intensive Recreation

A distinction should be made between intensive
and extensive recreation. Due to intensive recre-

ation, nutrients and in some cases synthetic de-
tergents reach the littoral zone of lake. Mechani-
cal pollution, such as food packaging is also left
near the shore. Excessive load — human presence,
noise, floating devices — create inappropriate con-
ditions for dabbling ducks and waders that poten-
tially live there.

Two metres of shore per one visitor can be
considered as the acceptable threshold of visitor
load in a swimming place (Rungule 1982).

14.1.6.8 The Use of Watercraft

The use of watercraft, especially jet skis in shallow
(2-9 m) and very shallow (< 2 m) eutrophic lakes
should be carefully considered according to their
quality criteria’. A summary of the depth of wa-
ter mixing caused by jet-skis is given in Table 14.3.
Watercraft up to 75 horsepower are popular in
Latvia.

Table 14.3. Depth of mixing water layers when using jet-
skis (source: Lakeline 1991).

Engine power in horse- Mixing depth
power (m)
10 1.8
28 3.0
50 45
100 54

The majority of Latvian lakes are 6-10 m
deep (Glazaceva 2004). At a smaller depth, water
flows caused by watercraft turbines loosen and
resuspend the deepest layers of the lake bottom
and bring deposited compounds of phospho-
rus into circulation again. At the same time, the
root system of floating-leaved and submerged
plants is washed out and destroyed, and emer-
gent stands only remain in sites where they are
dense enough to reduce the power of wave ac-
tivity. The ability of watercraft to reach the cen-

70 Cabinet Regulation No.858 of 19 October 2004, regarding the
characterisation of the types, classification, quality criteria of
surface water bodies and the procedures for the determination
of anthropogenic loads.



tral part of the lake, without causing turbidity in
the shallow shore area, should also be taken into
account. In theory, the use of watercraft should
only be permitted in the central part of shallow
(2-9 m deep) eutrophic lakes and in deep eut-
rophic lakes.

14.2 Management Objectives in the
Conservation of Eutrophic Lakes

From the point of view of lake development and
biodiversity, the main conservation and ma-
nagement objective is to reduce or prevent an
increasing quantity of nutrients getting into the
habitat from the lake’s catchment area and re-
turning of the nutrients into the water environ-
ment from the lake’s deposits, in order to slow
down ageing of the lake and its transition to a
hyper-eutrophic condition. Ageing is expressed
as an accumulation of nutrients, reduction of
lake volume, lake overgrowth and disappearan-
ce. If this ecosystem disappears, species diver-
sity also decreases in this territory. In the course
of such succession, transition bogs develop, as
well as raised bog in the coming thousands of
years.

14.3 Restoration and Management of
Eutrophic Habitats

14.3.1 Reduction of Overgrowth with Aquatic
Plants (C1.1, C1.2, C2, C.5)

It is necessary to reduce aquatic plant over-
growth in lakes where continuous stands of
emergent or floating-leaved plants have deve-
loped and if these plants occupy more than 30%
of the lake surface. It does not apply to the rare
and protected aquatic stands described in Chap-
ter 12.

The threshold - 30% overgrowth - is conside-
red a criterion of high and good ecological quality
of lakes from the perspective of improvement of
lake functionality.

There can be different objectives for the re-
duction of aquatic vegetation growth:

Overgrowth with macrophytes is reduced to
improve lake functions and processes and to les-
sen the negative effects of economic activities:
e to prevent the replacement of submerged

and floating-leaved vegetation with emergent
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vegetation as far as possible;

e to promote the preservation or restoration of
open shore parts;

* to create shallow water areas that warm up for
increasing zooplankton and fish larvae pro-
duction and for the maintenance of dabbling
duck and wader populations;

¢ to slow down eutrophication processes, ensu-
ring that the dead plant parts in the shallow
water area are carried ashore by the wind and
waves;

* to decrease nutrient amount through mowing
and withdrawing macrophytes;

¢ to promote an indented zone of aquatic vege-
tation in the overgrown lake parts and the for-
mation of islets separated from the shore;

» topromote the diversity of shore aquatic plants
and the existence of mosaic-type stands;

e to improve recreation possibilities;

* to maintain boat transportation routes in hea-
vily overgrown lakes, to cut and remove aqua-
tic plants, thus removing biogenes accumula-
ted in these plants.

In many cases, several objectives can be achieved

simultaneously by mowing. Lakes with floating-

leaved and submerged vegetation are a significant
bird and fish habitat.

To ensure the protection of both bird and fish
species, an open and shallow shore water area is
necessary. By creating openings in the emergent
vegetation in the littoral part of the lake, condi-
tions for dabbling ducks to access open water are
improved. Open shoreline allows the attraction
of the 18 species of wading birds found in Latvia,
which have been included in the Birds Directive'.
Mown openings with free access to water in reed-
beds reduce dabbling duck mortality due to attacks
by American mink.

Mown open and shallow shore parts warm
up better, and they are important areas for fish
spawning as well as productive fish larvae and
juvenile feeding (Fig. 14.12, 14.13). When mowing
aquatic plants, the precaution principle must be
followed. If emergent plants (the main accumula-
tors of phosphorus) are mown entirely, favourable
conditions for the increased growth of algae are

7! Bird Directive 2009/147/EC
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created. In a lake dominated by algae, water turbidity
of the upper water layers increases. The turbid
water impedes light accessing the bottom layers,
and during the summer stagnation and winter
ice-cover period it can cause the transformation
of phosphorus, which is deposited in the bottom
of a lake, into a soluble form, and further increa-
se algal growth and turbidity. Therefore mowing
must be performed as carefully as possible. The
first step of mowing is the removal of emergent
(for example, Phragmites australis and Typha spp.)
and floating-leaved (such as Nuphar lutea) aquatic
plants, while trying to preserve submerged aqua-
tic plants. At least a third of the original aquatic
vegetation of a lake must be left.

Fig.14.12. In large lakes with high wave energy, apart from
the shore, a line of emergent plants should be left to
lessen effects of erosion and maintain warmed areas for
zooplankton and fish juveniles. Photo: U. Susko

There is a variety of technical possibilities for
the mowing of aquatic plants. They are described
in Chapter 13.3.1. The most effective method to re-
duce aquatic plant overgrowth is weakening of the
aquatic plant roots by regular mowing or, ideally,
shredding and destroying the root system with ro-
tor cutters. In lakes unmanaged for a long period
large emergent vegetation massifs sometimes de-
velop, hindering or even halting water circulation
between different parts of the lake (Fig. 14.14).

In such cases water circulation channels in
emergent vegetation stands are created to restore
or create new junctions between separate parts of
the lake (Fig. 14.15).

Mowing of aquatic plants should be started in
early July, because at the end of July and at the
beginning of August aquatic plants already start
preparing for the winter season and nutrients
are accumulated in roots, therefore along with
the aquatic plant mass only a small portion of
nutrients will get removed from the lake. Legis-
lation allows the mowing of aquatic plants star-
ting from 1 July (CM Regulation No. 475). In the
first season, mowing is recommended 2-3 times
(see Chapter 13.3.5). The objective of mowing is to
reduce the amount of nutrients accumulated by
aquatic plants, therefore it is important to bring
the cut plant material ashore. This often takes
more time and work than the mowing itself. To fa-
cilitate transportation of the cut plants, mowing
should be carried out while the wind is blowing
shoreward (Fig.14.16).

Fig.14.13. Shallow shore areas that warm up, protected
from wave activity, with favourable conditions for

the development of zooplankton and other aguatic
invertebrates. Lake Svente. Photo: A. V. Urtans.

Fig.14.14. Overgrown hardly surpassable channelin a
dense reed stand. Lake Pape. Photo: A. V. Urtans



First, a vegetation free zone must be mown.
During harvesting, reeds should be directed by
rake to the cut zone, so the wind can move them
shoreward. It is best to use special equipment for
cutting. For example, for small mowing works (wa-
ter bodies up to 2000 m?) reed cutters “Elis”, “Do-
rocutter”, and others are useful. For bigger areas
and for work at greater depths we recommend
using TRUXOR, “Wattenmaster”, RS200 and other
commercially available aquatic mowers. In Latvia
these services are provided by companies specia-
lising in this field. Aquatic plants can also be mown
by a scythe or special hand tools (See Amendment
3), by wading along the shore or using a boat.

Plants must be cut below the water surface and
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as close as possible to the lake bottom. If plants
are mown above the water surface, they grow
back rapidly, reducing the efficiency of mowing.
Along with plants, the nutrients stored in them are
also removed from the lake, so cut aquatic plants
must be removed, placed in temporary storage si-
tes and later transferred to a composting site.

14.3.2 Changing Depths of a Lake (D7)

A lake is a place where organic matter of plant
or animal origin is produced, which deposits in
the bottom of a lake after die off. Over time, the
sediment layer can reach a large volume, fill and
lift the lake volume to the extent that light rea-

Fig.14.15. Renewal of overgrown channel (1) and renewed channel (2). Lake Pape.

Photo: I. Mednis

Fig.14.18. Transportation of mown emergent plants with the help of a suitable wind direction (1). Withdrawal of mown
macrophytes from the lake using floating equipment (2). Photo: E. Klavina.
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ches the bottom of the whole area of the lake,
promoting rapid overgrowth with aquatic plants.
The development of aquatic plants that take over
the entire lake bed can be very rapid. Through the
development and die off of aquatic plants, the vo-
lume of a lake gets filled rapidly, and during the
summer and winter, an anoxic environment de-
velops in the bottom water layer, promoting the
transition of phosphorus into a soluble form and it
re-entering the food chain. In such cases, the dis-
tribution of aquatic plants in shallow lakes can be
limited in two ways:

* by raising the water level to the extent that
light may no longer reach the lake bottom; this
prevents the development of plants growing
on the lake bottom;

e by removing sediments from the lake bottom
and by deepening the bottom so that the pho-
tosynthetic activity and development of aqua-
tic plants is limited at the new depth.

Both methods have advantages and disadvanta-

ges.

Water level in a lake is raised either by cons-
tructing an adjustable dam or by installing a free
overflow threshold. Depending on shore morp-
hology, significant raising of the water level can
reduce the shallow water shore zone, and the
development of aquatic plants is limited, or the
relationship between groups of aquatic plants
is changed. The previously dominant emergent
plants are replaced by submerged plants and
floating-leaved plants that are able to establish at
a greater depth. This effect of aquatic plant group
replacement is long term (Bjork 1994). Increase
of the water level in lakes has a number of nega-
tive side effects. During flooding, nutrients from
terrestrial areas are leached into the water body.
Due to flooding, trees wither not only at the shore
but also further from it. As the terrestrial part of
the shore is flooded, the land area of the property
owners in the shore area is reduced.

Another method of lake deepening that de-
creases mud and sediment volume is described in
Chapter 14.3.3.

14.3.3 Lake Deepening and Gyttja Extraction (D1)

Accumulation of organic sediments facilitates
a decrease in depth and the active development
of aquatic plants, while reducing the number of
groups of aquatic organisms inhabiting a lake. Ac-

cumulation of organic sediments also reduces the
productivity of lake fisheries. The volumes of ac-
cumulated sediments can be very large. For exam-
ple, in the Czech Republic, while restoring the
eutrophic fish pond Vajgar, roughly 330 000 m3 of
sediments were pumped out of a 40 ha large area
(Pokorny, Hauser 1994). In some cases, improve-
ment of the general condition of a lake is possible
by extracting gyttja. Gyttja extraction also incre-
ases the depth of water bodies. This, in turn, can
contribute to better water exchange and forma-
tion of fish wintering holes with sufficient levels
of oxygen. Aquatic plant development is limited in
such deep sites.

Gyttja is a type of organogenic lake sediment,
originating from aquatic animal and plant res-
idue, mixed with mineral particles (sand, clay,
calcium carbonate and other compounds). It is a
brown, black, grey, greenish or yellowish, gelled
mass with a colloidal structure, found in the ma-
jority of Latvian lakes and in more than a third
of Latvian bogs. Gyttja sediments vary in thick-
ness in various lakes from a few centimetres to
around 20 metres. In the 1990s geologists sys-
tematically surveyed gyttja sediments in Latvian
lakes, which were larger than 3 hectares.

There are 1327 lakes in Latvia that contain
gyttjia. Gyttja sediments are dispersed unevenly
in the territory of Latvia. The major part of gyttja
sediment locations can be found in upland areas
(particularly in the Latgale Upland). Mostly, the-
se lakes are small. However, the largest lakes with
gyttja sediments are mainly located in lowland are-
as (Lacis without date).

Experience of the Nordic countries (Bjork
1994) has demonstrated that two basic require-
ments must be followed during gyttja extraction.
First, sediment resuspension should be as little as
possible. Second, water content in the sludge layer,
which is to be pumped out, must be as low as pos-
sible — only sufficient to ensure the operation of
the pump. The upper sludge layer, which is richest
with nutrients, should be pumped out without
mixing it with additional water.

In order to reduce sediment resuspension,
several methods have been developed that allow



the extraction of gyttja without mixing the top se-
diment layer. Gyttja can be put in portable bags —
containers, and transported directly to the shore
on floating pontoons.

Often, shallow lakes scheduled for deepe-
ning are densely overgrown by emergent and
floating-leaved vegetation. The dense root system
obstructs mud pump inlet nozzles and makes sedi-
ment extraction difficult or even impossible. In or-
der to ensure the effectiveness of the work, prepa-
ration is necessary. As shown by the experience of
Lake Hornborga, it must be performed a year befo-
re gyttja extraction (Bjork 1994). First, floating-lea-
ved and emergent vegetation must be cut as low as
possible. Then, using a rotator, aquatic plant roots
must be shredded. A large part of the roots then
float up. The mass of shredded and floating roots
must be surrounded by large mesh nets and pul-
led by a motorboat to the open (or mown) shore
part of the lake, which is exposed to the wind. Root
parts remaining at the bottom start decomposing
until the next year and don’t create any problems
for operation of the sediment pump. The best time
for mowing reeds and other aquatic plants is from
June to September (Bjork 1994).

Some experts believe that lake deepening is
an efficient but aggressive method, because of its
substantial intervention in the ongoing processes
of a lake. It is therefore only recommended when
other actions cannot give the desired effect. This
applies to lakes with a depth of up to 3 m, and which
have accumulated a more than 3 m thick sludge
layer (Balecicius, Citinys 2013). For such lakes, de-
epening is the only lake restoration method that
can be used. At the same time it must be taken into

account that shallow lakes, if they have transparent
water, can be an important habitat for rare and pro-

Rivers and Lakes

tected mosses, charophytes and vascular plants.

Therefore, before making a decision on gyttja ext-

raction as a lake restoration method, a comprehen-

sive study of the lake must be carried out.
When planning for deepening the lake bottom,
several conditions must be taken into account:

* it is possible to achieve good results, if the
depth in the deepened part of a lake is at le-
ast 4.5-5m, or if the mineral bottom has been
reached;

it is only possible to achieve good results if a
sufficiently large lake area is cleared - around
60-70% of the total lake area (Urtane 2014).

14.3.4 Development of Extensive Bathing Sites (C2)

Extensive recreation, by creating or managing
small, around 50 m wide, open beaches, is bene-
ficial for the habitat from the point of view of the
lake functioning (Fig. 14.17). Such openings in the
lake shore parts that are overgrown with emergent
vegetation facilitate the formation of shallow wa-
ter areas that warm up. Such sites also facilitate
the faster development of zooplankton organisms,
which serve as the basic feed for several juvenile
fish species. Zooplankton is the major food for ju-
venile pike, until they reach 6 cm in length (Birzaks
2013). In deeper places behind the emergent vege-
tation area, the water temperature is lower and the
amount of zooplankton organisms is smaller and
their development — slower. Open shore recreatio-
nal areas also often provide access to water for wa-
ter birds during nights and early mornings. Active
swimming also contributes to turbidity of the slu-
dge sediment layer accumulated in the shore part,
which is brought to the shore by waves, where it
oxidises and mineralises.

Fig.14.17. The open bathing site in the share part of Lake Zagezers provides access to the water for ducks and facilitates
the better survival of broods (1). The open shore bathing site that warms up provides good conditions for juvenile fish

(2). Photo: A. V.Urtans.
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14.3.5 Chemical Methods of Nutrient Binding
(D2.1,D2.2, D2.3)

Chemical methods are used for the binding of
phosphorus compounds which are dissolved in
water and are otherwise difficult to separate. The
benefit of using chemical methods in compari-
son with mechanical techniques (aquatic plant
mowing, sediment removal) is the opportunity to
effectively manage large areas of water without
the use of expensive equipment and related in-
frastructure. Phosphate ions can be precipitated
with trivalent iron Fe** or aluminium AP+ saline
solutions, as together with phosphate ions they
create insoluble compounds. However, when wor-
king with these compounds, it must be remem-
bered that due to a drop of pH value or due to
oxygen deficiency in the bottom layer, in an aci-
dic environment phosphorus is released in the
water mass. Aluminium compounds in the water
body can become toxic in an acidic environment
(Klavins 1998). In this case the benefits and risks
must be assessed. This method is easy to imple-
ment, the positive result is immediate and ob-
vious. However, the effect is quite temporary, and
this procedure must be repeated in 1-3 years. It
is undesirable that the aluminium and iron con-
tent in a lake increases above the level of natural
conditions.

The use of algaecides. To prevent massive
growth of algae, the application of algaecides is
recommended as an effective method. However,
the possible negative effects are rarely explained.
Algaecides destroy the algal cells, and their con-
tents, including toxins, are released into the envi-
ronment. After the use of algaecides it is forbid-
den to swim in the water for several weeks, and
fishing is also advised against. After the repeated
use of algaecides, cyanobacteria can develop a
resistance to the given algaecide. Many algaeci-
des degrade slowly, they accumulate in the sedi-
ments of water bodies, polluting the environment
(Balode 2007).

Aeration of the lake’s bottom water layer.
Aeration of the lake’s bottom layer and enrich-
ment of the water environment with oxygen, in
order to prevent the release of linked phosphorus
compounds, may be considered as a sort of che-
mical method.

14.3.6 Prevention of Fish Suffocation (D3.1, D3.2,
D3.3)

A major part of the shallow lakes, where the wa-
ter depth does not exceed 4-5 m and where the
cover of aquatic plants exceeds 30 % of the lake’s
surface, is potentially subjected to oxygen defi-
ciency and the resulting fish suffocation. There
can be several causes of oxygen deficiency in
water. Most often it is caused by organic pol-
lution, the origin of which can be both organic
substances accumulated in the lake over time
and the input of organic substances from the
catchment area.

Fish suffocation during winter, during the
ice-cover period, is a process that accompanies
increasing eutrophication. The layer of ice and
snow prevents the water from getting a suffi-
cient amount of oxygen from the atmosphe-
re, and photosynthesis also cannot take place.
Plants start to decompose and rot, consuming a
large part of the oxygen dissolved in water. The
only oxygen reserves of a lake or a pond are tho-
se that have accumulated before the formation
of ice.

Ice holes. It is recommended to cut out or
drill holes in the ice cover, and to watch if fish
gather around them. If fish start to concentrate
around the ice holes, it may be an indication that
the water body already has a problem with the
necessary oxygen. A critical oxygen concentra-
tion in water is considered to be below 3 mg/l
(Spruzs 2013). Fish start to suffocate when the
concentration of dissolved oxygen falls below 2
mg/l.

It is recommended to cut out 4-6 ice holes in
a timely manner. To prevent holes from freezing
over, they must be covered with reeds or straw.
It is the most efficient method. Good results can
also be achieved by pouring water from one hole
into another. It is also recommended to clear
snow from the ice in several locations. Sunrays
destroy the ice, and under the ice oxygen is pro-
duced through photosynthesis. In the ditches
and watercourses that flow into water bodies, it
is recommended to break out and open places
for water flow. They can be identified by the dar-
ker colour of ice and ice washouts. When wor-
king on ice, safety measures must be followed.

Some natural aid is provided by air pockets
between the ice layer and water surface that



form in autumn - they are mostly used by cru-
cian carp Carassius carrasius and tench Tinca
tinca. Sometimes wooden piles with wooden
crosses on their ends, are frozen inside small la-
kes and ponds to create air pockets between the
ice and water surface. Such pockets also form
in reedbeds, when ice freezes over reed stands.
Unfortunately, the incoming oxygen in reedbeds
is only consumed to break up the mass of dead
plants.

Mechanical aeration devices. Nowadays
methods using wind or solar energy are used to
get oxygen into a water body (Fig. 14.18). With
the help of wind rotors, air is entered into a
water body through diffuser nozzles and, by ri-
sing up, it facilitates both water circulation and
oxygen dissolution in the water. There is also a
method which, with the help of a wind rotor, al-
lows water to be mechanically poured from one
ice hole into another or to continuously aerate
one ice hole.

Management of inflowing, outflowing dit-
ches and watercourses, and mowing of aqua-
tic plants. Complete mowing of aquatic plants
is recommended in places where watercourses
flow out of a lake. In such overgrown places,
sediments are accumulated and outflow areas
are often paludified, and sometimes completely
overgrown with marsh. Mouths of ditches that
flow into a lake should be mown in a way that wa-
ter movement becomes visible. Such water flow
during winter months will provide oxygen-rich

e
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Fig.14.18. Water aeration using wind power. In Latvia's
conditions, when pouring water from one ice hole to
another, the aerator must be placed on floats. Drawing
by D. Seglina.
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water. Wherever possible, the mouth part needs
to be cleaned from debris and deepened once in
a couple of years. This is important in shallow
and overgrown lakes.

14.3.7 Creation of wind corridors (C3.3)

As mentioned in Chapter 14.1.3.1, natural aera-
tion of lake water with the help of wind, parti-
cularly in small lakes and lakes surrounded by
forests, during storms in autumn and spring,
is the only notable way of achieving complete
mixing of water layers and water enrichment
with oxygen in Latvia (Cimdin$ 2001). Wind cor-
ridors are openings that are free of trees in the
lake shore zone, creating a flow of air masses
and inducing wave activity. The purpose of this
method is:

e to promote lake aeration and water enrich-
ment with oxygen;

e to promote mechanical washing of the lake’s
shore zone and drifting of dead plant and
animal material ashore;

e toincrease oxygen saturation in the bottom
layer to ensure that the phosphorus accu-
mulated in sediments is not brought back to
the water column;

e to create an observation space and to impro-
ve the scenic value of the territory.

Wind corridors are necessary for lakes previou-
sly located in landscapes, which have only over-
grown with trees and shrubs in recent decades
due to changes in the type and intensity of eco-
nomic activity. For lakes surrounded by forest,
the establishment of wind corridors is not neces-
sary because there is usually a natural surface
runoff, and the development of such lakes in
most cases reflects their natural eutrophication
process. The creation of wind corridors is effi-
cient for small, tree-surrounded lakes. In larger
lakes, a belt of trees and shrubs does not signifi-
cantly slow down the wind. The efficiency of this
method is low for lakes located in valleys.

As aresult of wind-induced wave activity, the
open water surface area increases and oxygen
from the air dissolves more efficiently in the
water mass. Thus oxygen is supplied not only
to the upper layers, but also to deeper layers.
In big lakes, the depth of which exceeds 15-20
m, wind-induced waves do not affect the deeper
layers of the lake. Small lakes are protected from
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waves and mixing of the water layer by wood-
land growing on the shores. This is demonstra-
ted by measurements of lake temperature. Du-
ring summer, temperature stratification occurs
in small, tree-surrounded lakes — the formation
of water layers with different temperatures that
do not mix with each other. No waves occur at
the shore part of a lake, the water is stagnant
and warms up quickly. In productive, nutrient-
rich lakes, a large mass of dead organisms deve-
lops. If oxygen that is necessary for breaking
down this mass decreases in the bottom layer,
sediment-bound phosphorus is released into the
water environment. Lake aeration and enrich-
ment of water with oxygen not only facilitates
life processes of aquatic organisms, but, by enri-
ching the deepest layers of lake water, keeps the
phosphorus bound in the lake sediments in an
insoluble and inert form.
Wind corridors are established by creating
up to 10 m wide openings in the direction of the
prevailing wind. The following must be observed:
e openings are created by decreasing the
number of trees, but leaving scenically im-
pressive, large and old trees;
¢ the width of the openings, according to the
shape of the lake and other morphological
characteristics, as well its placement in the
landscape, can vary;

 initially, the width of openings should not
exceed 10 m; width and placement of any
further openings shall be determined on the
basis of the assessment of the effectiveness
of the measures taken;

e black alder Alnus glutinosa and their groups
should be preserved in the landscape.

14.3.8 Food Chain Manipulation or
Biomanipulation

Biomanipulation is an efficient method to balan-
ce the nutrient cycles in water bodies, however,
in-depth knowledge of the functioning of the
lake’s ecosystem is necessary in order to use it.
Biomanipulation is implemented to change the
food chain, thus changing processes in the lake,
and to improve water quality.

Basically, biomanipulation is selective fis-
hing. To change the food chain, certain fish spe-
cies are caught, or even just some of their age
groups. Basically these are the cyprinids or the

so-called “white fish” that feed on zooplankton
or benthic aquatic organisms by loosening the
surface of the bottom and causing the release
of bound phosphorus. Prior to biomanipulation,
comprehensive research of the water body and its
catchment area must be carried out. As observed
by Finnish experts, biomanipulation often causes
problems that could not be foreseen prior to the
works (Sammalkorpi 2013).

Biomanipulation can only be used, if pho-
sphorus concentrations are from about 50 to
150 pg/l. If the phosphorus concentration is ini-
tially low, zooplankton organisms consume algae
and are able to maintain a relatively low amount
and biomass of algae. Also, predatory fish are able
to regulate and maintain low numbers of plank-
ton-eating fish. It simultaneously provides for the
relatively low elimination of zooplankton. If the
phosphorus concentration is high (120-150 pg/1),
zooplankton can no longer control the massi-
ve development of algae (phytoplankton). Algal
bloom causes increasing water turbidity, reduces its
transparency, and reduces foraging opportunities
for predatory fish, for example, perch and pike,
which use vision when hunting. This promotes
an increase in the numbers of zooplankton-eat-
ing fish. In this situation, improvement of lake
quality is reduced by decreasing the number of
fish that consume zooplankton. As the number
of zooplankton organisms grows, the volume of
algae is reduced and water transparency increa-
ses. In biomanipulation measures carried out in
Finland, the proportion of cyprinids in catches
ranged from 63% to 97%. The largest part of the
caught fish was Rutilus rutilus and Abramis brama.
In less eutrophic lakes, small perch Perca fluviati-
lis and Alburnus alburnus dominated among the
fish caught (Sammalkorpi 2013).
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Biomanipulation experience in the lakes of Finland

As a method of lake quality improvement biomanipulation has been used in Finland for several decades.
According to the Finnish Environment Institute (SYKE) Fresh Water Centre, more than 150 lakes in Finland
have been recovered (Sammalkorpi 2013).

Experience shows: in order for biomanipulation to give the desired result, fishing in the entire lake is
necessary. The effect is not always achieved after the first time of fishing. Also, after replacing the dominant
fish species and decreasing the algal bloom, monitoring of the lake is still necessary. After 3-4 years, a
massive increase in populations of cyprinids is possible and fishing must be repeated. The method is only
effective if accompanied with nutrient inflow reduction in the catchment area. Biomanipulation is often very
important in lake management, especially if the nutrient concentration is low, but cyanobacterial blooms

m

can still be observed (Samallkorpi 2013).

With biomanipulation it is possible to reduce the amount of nutrients (phosphorus) in the lake water
by 20% to 30% and the amount of phytoplankton (measured as chlorophyll-a) by 30% to 50%. Calculations
presume that 1 kg of cyprinids contain 0.8 g of phosphorus.

14.3.9 Comparison of eutrophic lake management methods

Table 14.4. Management methods.

General lake management measures

Method

CLI:

Reduction of aguatic
vegetation - mowing of
emergent vegetation in
different parts of the lake

Cl.2:

Reduction of aquatic
vegetation - shredding
of emergent plants and
their roots

C2: Mowing of emergent
vegetation of shore areas
- reinforcement of wave
activity

Advantages

Growing ability for submerged mac-
rophytes is not impacted.

Waterbird nesting and feeding

as well fish feeding conditions
improves.

Long-lasting effect.

Submerged and floating-leaved
vegetation replaces monodominant
emergent vegetation.

Shallow shore zones that warm up
are created, which are suitable for
zooplankton development, ensuring
important spawning and feeding
areas for fish.

Access for waders and ducks is
created.

Areas suitable for recreation are
created.

Disadvantages

Effect is not long lasting. Necessary to
repeat the activity.

If mown macrophytes are left in the lake,
they can cover submerged macrophyte
stands and shade them out.

Only possible at low water level and small
depth.

Activity can threaten submerged macro-
phyte habitats.

Removal of mown material is time and
resource consuming.

Must be repeated regularly, if the territory is
not located in a zone of direct wind impact.

C3.3: Change of structure
of shore vegetation - cre-
ation of wind corridors

Littoral part of the lake is cleared
mechanically from sludge and
debris by waves. It becomes bio-
logically more diverse and attracts
water birds and juvenile fish.

The lake's nutrient load reduces.
The amount of dissolved oxygen
necessary for the degradation of
organic substances decreases.
Openings allow viewing of the lake,
landscape is diversified.

Due to the mechanical impact of wind, lake
turbidity can increase for several years and
a part of the submerged vegetation can

die off.

In big lakes the removal of large shore emer-
gent macrophyte stands can initiate bank
erosion due to wave activity.
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General lake management measures

Method

D2.2,D3.1, D3.2: Water
aeration

D3.3: Prevention of fish
suffocation - mowing
of emergent vegetation
in river mouths and fish
wintering depressions

Advantages

Increase of oxygen concentration
in the lake.

Fish suffocation and phosphorus
release are prevented.

Ensures the conservation of fish
resources in places where oxygen
deficiency occurs regularly.

Disadvantages

e Difficult to use in large water bodies.

® High costs. Under the impact of wind and
waves, treated areas can quickly fill up with
sediments from adjacent areas.

Specific lake management measure

Method

DI: Lake deepening and
gyttja extraction

D2.1: Limitation of the
circulation of plant nutri-
ents - chemical settling
of phosphorus

D2.3: Limitation of the cir-
culation of plant nutrients
- use of algaecides

D4: Food chain change -
biomanipulation

Advantages

Lake ageing is interrupted for sever-
al hundreds of years depending on
the extracted sediment.
Management activity can be com-
bined with gyttja extraction.
Creation of added value for fisher-
ies and recreation.

Decrease in the amount of phos-
phorus available for macrophyte
and algae growth.

Immediate effect.

Efficient stabilisation of a lake's
ecosystem.

Reduction of massive growth of
algae and the impact of low-value
zooplankton-eating species.
Strengthens predatory fish popula-
tions. Increase of lake fishery value.

Disadvantages

® Requires special technology. Needs sub-
stantial financial resources. Not all methods
are environmentally sound. Qualitative
labour and competence needed.

o Difficult to perform in deep lakes.

® Hard to allocate an area for initial sediment
storage.

e Only possible in small lakes.
® Has anegative and cumulative effect on
aquatic organisms and human health.

s Temporarily effective. Effect is achieved
when algaecides destroy algal cells,
and their contents, including toxins, are
released into the environment.

s Algaecides break down slowly. After the
use of algaecides, there are prolonged
restrictions on fish harvesting and recre-
ation.

s After the repeated use of algaecides, cya-
nobacteria can develop a tolerance to the
particular algaecide.

» Before the activity, data sampling and moni-
toring over many years is necessary.

® Results are temporary if there is no reduc-
tion of pollution loads.

» |ndependent external factors limit the
achieving of planned fish harvest and the
desired results (meteorological conditions
change fish behaviour, location and fishing
success).

* Management activity is only successful if all
of the lake is treated.




14.3.10 Unfavourable Use and Management of
eutrophic lakes

Unfavourable use for all types of lake habitat is
mostly associated with nutrient discharge in the
lake both from point sources and from non-point
sources from agricultural lands and forests.

Non-intervention in the case of increasing
eutrophication can also be considered as unfa-
vourable, as well ignorance of eutrophication
causes and their prevention. Eutrophic lakes are
adversely affected by extensive aquatic plant
mowing in the entire water area (such cases have
not been registered in Latvia). If the majority of
the stands of aquatic plants are removed, the po-
tential diversity of aquatic invertebrate, fish and
bird species reduces. Conditions suitable for lake
turbidity can increase for several years and a part
of the submerged vegetation can die off. In big
lakes, the removal of large shore emergent ma-
crophyte stands can initiate bank erosion due to
wave activity. The habitat is also adversely impac-
ted by extensive development of emergent vege-
tation in the shallow shore water area. Routes
to spawning grounds for pike and feeding areas
for fish larvae and juvenile fish are destroyed. In
general, due to inappropriate feeding sites and a
lack of food, up to 50% of the fish larvae die du-
ring the primary fish developmental stage (Bir-
zaks 2013a).

An adverse impact on lake habitats, including
eutrophic lakes, is caused by uncoordinated ma-
nagement of hydro-technical structures on lake
outflows, causing adverse conditions for the re-

Fig.14.19. Livestock shed at Lake Aulejas (1) and abandoned chicken complex at Lake Vilgales (2). Photo: A. V. Urtans.
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covery of fish stocks and increased overgrowth of
the shallow shore water areas. Just like for other
lake types, eutrophic lakes are also negatively
affected by unbalanced economic activity in their
shore area.

Many residential areas have historically for-
med at lake shores and, with regular manage-
ment over the centuries they have prevented
shore overgrowth and lake ageing. It can be seen
in many images from years ago, showing shore
construction and the condition of the shore area.
During the Soviet times (1945-1991), due to the
temporary cost benefits (distance to water supply
for animal drinking, water supply for dung remo-
val from cattle sheds with water), stock farms and
manure storage facilities were built close to lake
shores in many places (Figure 14.19). While many
of these farms no longer exist, nutrient-rich wa-
ters from the former manure storage facilities are
still entering lakes from nutrient-rich soils.

Population equivalent is the ratio of the sum of
pollution load, which is equivalent to the house-
hold sewage produced by a single person in 24
hours.

One unit is equal to organic pollution in waste-
waters produced by one person in 24 hours,
which corresponds to the biochemical oxygen
demand (BOD). It is assumed that the amount of
organic wastewater pollutants produced daily by
one person equals 60-65 g BOD, (it equals, for
example, 0.5 | of milk or 1-5kg of laundry water).
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Unfavourable lake use refers to wastewater
discharge without phosphorus treatment. This is
promoted by the existing legal framework, which
only requires the construction of treatment
facilities in residential areas with the population
equivalent of 2000. Nowadays, potential hazards
are caused by discharging wastewater containing
phosphorus compounds from single farms, lake-
side residential buildings and recreation facilities.
Most of the former manors, Soviet farms and col-
lective farms do not meet this criterion, and they
often operate treatment facilities that are non-
compliant with the current population and speci-
fics of the settlement (Figure 14.19). The amount
of phosphorus in water is often a limiting factor.
It is known that nutrients for the mass production
of green algae are used when the ratio of pho-
sphorus to nitrogen in the water is similar to that
in algae cells. (Lee, Jones 1986; Polprasert 1996). If
phosphorus-containing effluents are discharged
into the lake, there is an increased macrophyte
green mass build-up, which promotes filling up of
the lake with sediments and ageing.

14.4 Contradictions of Conservation
and Management

Similarly to in charophyte lakes (habitat type
3140 Hard oligo-mesotrophic waters with benthic
vegetation of Chara spp.), the main contradictions
of conservation and management are caused by
the lack of an ecosystem-based, unified systema-
tic approach to lake conservation and manage-
ment (see Chapter 13).

Environmental legislation in Latvia in the late
1980s was based on the general prohibition of
economic activities in a lake and its shore area.
In many cases it was determined by the presence
of rare or otherwise protected species in a lake,
and not an understanding of the general requi-
rements of the species and ecosystem processes
in the long term. The inefficiency of such ap-
proaches and the devastating impact on the wa-
ter bird population was even recognised by the
promoters of this legislation themselves (Viksne,
2013). The management prohibition, for example,
caused the massive development of emergent
vegetation and the disappearance of breeding
sites suitable for Latvia’s largest colony of La-
rus ridibundus birds in Lake Dunezers in LimbaZi
(Anon. 1988).

Eutrophic lakes simultaneously provide the
living environment for aquatic invertebrates, fish
and aquatic plants and also serve as a feeding
and breeding site for water birds. Contradictions
of habitat conservation and management arise if
the functioning of the whole water ecosystem, as
well as the relationship between different groups
of organisms is not taken into account. By only
focusing on the needs of some individual groups
of organisms or even species, over a longer pe-
riod of time the condition in the whole lake’s
ecosystem and the adjacent shore area can sig-
nificantly worsen. In 1977, a nature reserve was
established in Lake Dunezers in LimbaZi for the
protection of a Larus ridibundus colony. Mana-
gement regulations set non-intervention. Thus
the marshes available for gull breeding overgrew
and became unsuitable for further use. Also, the
previously open lake shore overgrew, reducing
the number of habitats suitable for ducks and
waders.

In some cases a conflict of conservation and
management may be caused by the prohibition
of aquatic plant mowing in private watercourses
or water bodies in any time other than during the
period from 1 July to 31 March, which is men-
tioned in Cabinet Regulation No. 475 of 13 June,
2006 “Order for the Maintenance and Deepening of
Surface Water Bodies and Water Areas of Ports”.
Such a requirement is based on the water bird
breeding period and is applicable to the whole
water body. In July aquatic plants start to prepare
for the next growing season, and a part of the
nutrients accumulated in plants is transported
to the roots. In such circumstances, mowing of
aquatic plants is of low efficiency. Experience
and studies show that the mowing of aquatic
plants is most efficient if repeated several times
- the first time must be in the beginning of the
growing season, before the development of large
plant biomass, as mowing will weaken the rege-
neration abilities of plants, thus improving the
efficiency of the second mowing, by facilitating
the further thinning or even extinction of plants
(Bjork 1994).

The solution should be long-term planning of
mowing aquatic vegetation in a mosaic pattern,
considering requirements of all organism groups
of the given habitat.



Chapter 15. 3160 Natural
Dystrophic Lakes and Pools
(A.V.Urtans, L.Urtane, U.Susko)

15.1 Characteristics
15.1.1 Brief Description

Distribution. Habitat type 3160 Natural dystrophic
lakes and ponds (further referred to as dystrophic
lakes) is a rare lake type in Latvia (Engele, Snie-
dze-Kretalova, 2013). The total known area occu-
pied by the habitat is 3140 ha or 0,05% of the terri-
tory of the country (Anon. 2013). Dystrophic lakes
are the final stage of lake development. This is why
they can only be found in raised bog massifs. This
type of lake includes lakes in Tei¢i bog — Lake Mur-
mastienes, Lake Pieslaista, Lake Tolkovas, Lake Vé-
jgranta, and lakes in Olla bog — Ramatas Lielezers,
Ramatas Mazezers, as well as Lake Sokas in Soka
bog (Fig. 15.1). According to the habitat size cri-
terion, bog pools that are larger than 0.1 ha also
belong to the dystrophic lake habitat (Fig. 15.1).
Abandoned and flooded peat extraction sites are
not currently considered to be this habitat type.
Characteristics. The water in dystrophic lakes
isacidic — pH ranges from 3 to 6 (Klavins et al. 2003).
The brown to red-brown water colour typical for
these lakes is caused by the large concentration of
humic substances (humin, humic acids, fulvic acid
and their salts). The ability of humic substances
to form stable complexes with non-organic and
organic components defines the low species di-
versity and productivity (Klavins, 1998). Compared
to other lake types, the number of bacteria, algae,
zooplankton and benthic organisms is much lower
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(Urtane, Klavins 1995; Urtane 2014). Aquatic plant
vegetation is species-poor or absent. Macrophytes
are only found in lakes, which have contact with
the minerogenic bottom or that have groundwater
inflow. Also fish species diversity and productivity
is low. Water acidity in these lakes very often exce-
eds the threshold limit for fish survival (pH < 5,5).

The low productivity of dystrophic lakes is de-
termined by a set of characteristic factors — low
mineralisation rate, high acidity in the environ-
ment, plant nutrients bound in the macromole-
cular humic substance complexes (Cimdins, 2001;
Hagman et al. 2015).

Dystrophic lakes belong to the brown-water
(poly-humic) lake type. However, water colour is
not the key feature of the habitat, since dark brown
humic water can also be a feature of lakes of other
types. A lake’s belonging to a particular habitat
type is determined by the stage of lake develop-
ment characterised by the lake type and processes.
Characteristics of brown-water lakes that belong
to different habitat types are summarised in table
15.1.

Fig.15.2. A bog pool in Qlla (Saklaura) bog that
corresponds to a dystrophic lake habitat. Photo: L. Urtane.

Fig.15.1. The dystrophic Lake Ramatas Lielezers. Photo: I. Druvietis.
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Table 15.1. Characteristic parameters of brown-water lakes belonging to different lake habitats.

Habitat, its characteristic
parameters

3160 Natural dystrophic lakes
and ponds

3150 Natural eutrophic lakes with
Magnopotamion or Hydrochari-
tion type vegetation, 2nd variant
(brown-water lakes with diverse
vegetation, dyseutrophic lakes)

Chemical and physical parameters

Plant nutrients (biogenes)

Lake processes related to plant
nutrients

Origin of the humic substances in lake
water

Environmental acidity (pH value)

Abundant, but hardly bioavailable,
as they are bound in humic
substances.

Mostly Dystrophication (nutrient
linking) processes dominate.

Mostly of autochthonous origin

- are created in the water body
itself as the organic substances of
living organisms decompose. Are
leached from peat layers of lake
shores.

High, pH value - acid (< 6,0).

High concentration nutrients (total
phosphorus) both in water and sedi-
ments, but are also bound in insoluble
humic substances.

Eutrophication (nutrient accumulation)
and dystrophication (nutrient linking)
processes take place.

Mostly of allochthonous origin -

occurs by leaching of mineral soils of
lake shores.

Low, pH value - alkaline (> 6,0).

Biological parameters

Macrophytes

Few or absent. Only few species of
floating-leaved vegetation are rep-
resented - Nuphar lutea, Nuphar
pumila. In lakes with groundwa-
ter discharges, rare stands of
Schoenoplectus lacustris can be
present. Bog vegetation at lake
shores.

Abundant. Rather biodiverse. Belt rich
in floated-leaved and emergent plants.
Submerged plants can also be found.

Zooplankton

Phytoplankton

Species-poor. Their number and
taxonomic group depends on the
origin of the lake. Zooplankton

in bog lakes (secondary lakes)
consists of Cladocera (Water
fleas) and Copepoda (Copepods)
species. Species number rarely
exceeds five. The number of zoo-
plankton species in primary lakes
is bigger, it also contains Rotatoria
(Rotifers) species.

Species-poor, dominated by Gon-
yostomum semen characteristic of
brown-waters, next - Chlorophyta,
also dominated by Desmidiales
(Staurodesmus spp., Staurastrum
spp., Desmidium spp., Cosmarium
spp., Micrasterias spp.),
Chrysophyta (Dynobryon spp.).

Species-rich. It consists of species
that are characteristic to nutrient-rich
waters and belong to all three taxo-
nomic groups - Rotatoria (Rotifers),
Cladocera (Water flees) and Copepoda
(Copepads).

Species composition is relatively rich,
dominated by Gonyostomum semen,
followed by Chlorophyta, Bacillario-
phyta, Dynophyta and Cryptophyta
(Cryptomonas spp. and Rhodomonas
spp.), small number of Cyanophyta, as
well as Flagellata.




15.1.2 Indications of Favourable Conservation
Status

Although dystrophic lakes are located in raised

bog massifs and mostly far away from sites of

ongoing economic activity, they can also be ne-

gatively impacted. Good quality of a habitat and

favourable conservation status are indicated by

several features:

e bog vegetation on lake shores;

* no ditches that drain drain lakes or adjacent
bog areas;

¢ no rapid water level fluctuations in the lake.

15.1.3 Important Processes and Structures
15.1.3.1 Lake Origin

By their origin, dystrophic lakes can be divided
into two groups - primary lakes and secondary
lakes. Primary lakes are primary succession la-
kes. They are the remains of relict lakes that have
maintained contact with the mineral ground.
The bog surrounding the lake has formed by
overgrowing of the lake. This is a very special
type of lake. The set of organisms inhabiting
these lakes (biocenotic structure) differs from
secondary lakes.

Bog lakes are secondary succession lakes.
They form when a peat layer sinks under the im-
pact of gravity and the formed depression fills
up with water. Lakes of this group do not have

Rivers and Lakes

contact with the mineral ground, and they only
receive water from precipitation. Lakes of both
groups cannot be distinguished by their visual
characteristics — depth, size, shore vegetation
structure, water colour, etc. A lake’s belonging
to either the remnant lake or bog lake group is
indicated by the composition of aquatic orga-
nism species (Table 15.2). The origin of a lake can
most accurately be determined through geolo-
gical research.

15.1.3.2 Nutrient Cycling

Processes occurring in the brown-water lakes of
the dystrophic lake type are significantly diffe-
rent from clear-water (oligo-humic) lakes. This is
due to lakes being in various stages of develop-
ment. In clear-water lakes, which, depending on
the amount of nutrients and their cycling rate,
are in one of the early lake development stages,
the nutrient accumulation or eutrophication
processes prevail. In dystrophic lakes, which are
at the end stage of lake development, the nut-
rient-binding or dystrophication processes pre-
vail (Urtane 1998).

Although the concentration of plant nutrients
or biogene elements in dystrophic lakes is rela-
tively high, compared to clear-water lakes, they
have a very low amount of plankton, since bioge-
ne elements in water are bound in humic substan-
ces, and in this way they are hardly accessible to
living organisms. For this reason, nutrient cycling

Table 15.2. Characteristics of primary and secondary dystrophic lakes.

Dystrophic lake origins

Primary lakes (relict lakes) - final stage of oligo-
eutrophic succession

Secondary lakes (bog lakes) - secondary
succession lakes, that have formed by the sinking
of a peat layer

4

Characteristics

e |ocated in raised bogs.

e Contact with mineral ground has been
maintained.

* Macrophytes can be found.

e Zooplankton is relatively species rich, rare
species are present.

Located in raised bogs.

No contact with mineral ground.

No macrophytes.

Zooplankton is very species poaor, only five
Cladocera species.
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in dystrophic lakes is slow.

Humic substances are macromolecular com-
pounds. The phosphorus ions in the water depo-
sits or joins on the surface of humic substances.
Thus the phosphorus ions are not usable for buil-
ding the primary production (Klavins et al. 2003).

Dystrophic lakes have a high concentration
of humic substances - 300 mg/I (Cimdins, 2001).
They are found in a lake as insoluble humin frac-
tions and in the form of dissolved humic acids
and fulvic acids. Humic substance particles that
are deposited on the lake bottom, together with
the dead planktonic organisms form peaty mud.
Each year about 20%-30% of newly formed or-
ganic substances turn into humus, around 0,4%—
1,4% deposit in sediments (Cimdins, 2001). This
is how nutrient binding or dystrophication is
expressed. Humic substances are resistant to
microbial degradation. Oxygen deficiency often
develops in the layers of lake bottom. It is caused
not by the decomposition of humic substances,
but by their oxidation, because bacterial activity
in dystrophic lakes is low (Cimdins, 2001). Bac-
teria plays a very important role in brown-water
lakes, because they, in order to ensure their life
processes, are able to use humic substances as a
source of carbon.

The low nutrient cycling that is characteris-
tic of dystrophic lakes is determined not only by
the non-availability of nutrients, but also by the
colour of the water. The dissolved humic acids
and fulvic acids are brown to dark yellow in co-
lour. The presence of humic substances in the
water not only slows down the cycling of nut-
rients, but also makes the water less transparent,
thus affecting the depth of light penetration and
the algal photosynthetic activity.

15.1.3.3 The Formation of the Structure of Bioco-
enosis

The structure of aquatic animals and aquatic
plants living in dystrophic lakes is specific. In
addition, the species composition of aquatic
organisms inhabiting primary (relict) lakes and
secondary (bog) lakes is also different.
Zooplankton. Although dystrophic lakes
have a small amount of phytoplankton due to
the low transparency and the high concentra-
tion of humic substances, they can develop rich
zooplankton - tiny animals, passively floating in

By the degree of solubility in water there are
three fractions of humic substances:
e  humin - the fraction of humic substances
that is insoluble in water at any pH;
® humic acid - the fraction of humic sub-
stances insoluble in water under acidic
conditions (pH < 2), but soluble at a great-
er pH;
® fulvic acids - the fraction of humic sub-
stances that are soluble in water at all pH
values (Klavins, Sire 2010).

the water mass. Unlike in the food chains cha-
racteristic for clear-water lakes, the zooplankton
in dystrophic lakes feed on the humic substan-
ces in the water and not on algae. Algae, which
cannot assimilate the nutrients bound with the
humic substances, use nutrients that have been
processed by the zooplankton. So the high ratio
of zooplankton and phytoplankton is considered
a typical characteristic of bog (secondary) lakes
(Druvietis et al. 2010).

There are two types of zooplankton associa-
tions in dystrophic lakes. Their structure is de-
termined by the origin of the lake. Zooplankton
in primary lakes, which have contact with the
mineral ground, is richer with species. It consists
of species that belong to all three taxonomic
groups of zooplankton — Rotatoria, Cladocera
and Copepoda. The largest and richest with spe-
cies is the group Cladocera, consisting of both
the zooplankton species characteristic of the
lake’s free-water zone — Diaphanosoma brachyu-
rum, Ceriodaphnia quadrangula, Bosmina corego-
ni obtusirostris, and the bottom water layer and
phytophilous species — Acroperus harpae, Alona
gutatta, Alanopsis elongata, Polynemus pediculus
etc.

Secondary (bog) lakes that have originated
by the sinking of the peat layer have very simpli-
fied zooplankton associations. The zooplankton
consists of only five species of Cladocera, but
Copepoda are only represented by the Calanoida
species (Urtane, Klavins 1995).

The number of zooplankton species is also
affected by the environmental acidity. However,
it depends more on the lake origin. Primary la-
kes, with a few exceptions, also have a relatively
high number of zooplankton species at low pH



conditions (Fig. 15.3).

Phytoplankton. Dystrophic lakes usually
have a low number of algal species. It usual-
ly consists of Dinobryon divergens, Mallomo-
nas spp., Bacillariophyta (Asterionella formosa),
Botrococcus braunii, Euastrum spp., Staurastrum
spp. and Micrasterias spp. Only in recent years
has it been found that Gonyostom semen of the
Raphiophyta group is often abundant in the
plankton, but until now this species was often
not detected because it is dissolved by using the
usual sample preparation methods. Benthic and
periphytic algae in dystrophic algae are repre-
sented by Mougeotia spp., Ulotrix spp., and Bat-
rachospermum spp., which are characteristic of
this type of lake.

Various phytoplankton species dominate
in dystrophic lakes on a seasonal basis. During
spring, the plankton is dominated by Dinobryon
spp., which in early summer is replaced by Fla-
gellates spp. (Druvietis et al. 2010).

The composition of phytoplankton species
is also affected by the origin of the lake. Secon-
dary lakes, which have originated by the sinking
of the peat layer, and have no contact with the
mineral ground, have a small number of algal
species. The number has a clear correlation with
the environmental response (Fig. 15.4).
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Fig.15.3. The number of zooplankton species in
dystrophic lakes of various origins and their relation to
the acidity of the environment (source: Druvietis et al.
(2010)).
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Zoobenthos. Due to the monotomous lake
bottom substrate and lack of higher aquatic
plants, zoobenthos consisting of aquatic inver-
tebrates inhabiting the surface layer and the
substrate of the lake bottom, is also poor. It is
represented by 20-80 species of 9-15 taxonomic
groups. At the shore parts of dystrophic lakes,
the most common organisms are Chironomidae
larvae, Trichoptera, Ephemeroptera, Odonata, Cu-
licoides, Sialis, Assellus, Hirudinea, Oligochaeta,
Coleoptera and Mollusca. The lake bottom below
the open water surface is inhabited by organisms
belonging to only 1-3 taxonomic groups domina-
ted by Diptera, mainly Chironomidae and Chaobo-
rus flavicans.

In dystrophic lakes, rather abundant wa-
ter-bug fauna are present. For example, in Lake
Sokas and in the lakes within Olla bog — Ramatas
Lielezers and Ramatas Mazezers, eight species
of water-bug have been found. Several specially
protected insect species can be found in dys-
trophic lakes and bogs, as well as in nearby areas.
These lakes are home to Dytiscus lapponicus and
several dragonfly species - Leucorrhinia albifrons,
Sympetrum danae and Somatochlora arctica. Most
often, dragonflies have been observed as flying
insects, because they are easier to observe at this
stage of development.
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Figure 15.5. Eastern White-faced Darter Leucorrhinia albifrons turning into a flying insect (1) and an adult insect (2).
Photo: M. Kalnins.

Macrophytes. Typical aquatic plants are only
found in primary (relict) lakes (Fig. 15.6), for exam-
ple, in the floating vegetation zone — Nuphar lutea,
as well as the rare N. pumila that is protected throu-
ghout the Baltic region (Fig. 15.6); sometimes also
Nymphaea spp. If there is groundwater discharge in
the lake, there can be sparse stands of Schoenoplec-
tus lacustris (for example, in Ramata Lielezers).

A total of seven species of vascular plants and
seven species of moss can be found in dystrophic
lakes in Latvia (table 15.3) (Susko, Abolina 2010;
Susko 2010). Charophytes are absent in dystrophic
lakes. Secondary lakes are poor in macrophytes,
but this is not considered a sign of lake degradation.

Fig.15.6. Lake's contact with the mineral ground or groundwater discharge is indicated by floating-leaved vegetation

Fish. Due to the specific living conditions,
fish productivity and species diversity in dys-
trophic lakes are low. Water acidity in these lakes
very often exceeds the threshold limit for fish
survival (pH < 4.5). In primary lakes, which have
contact with the mineral ground and contain
sparse floating-leaved vegetation, the diversity
of fish species is higher. For example, in Ramatas
Lielezers, which is located in the northern bog
protected area, Esox lucius, Perca fluviatilis, Ru-
tilus rutilus, Scardinius erythrophthalmus, Tinca
tinca and Cyprinus carpio have been found. In
Lake Islienas, which is located in the Tei¢i bog
nature reserve - Perca fluviatilis, Esox lucius,

(1). Lake Sokas. Photo: L.Urtane. Nuphar pumila can be found in brown-water lakes which correspond to a habitat type
protected in Latvia - Lakes with stands of Nuphar pumila (2). Photo: L. Urtane.



Table 15.3. Macrophyte species in dystrophic lakes.

Rivers and Lakes

Vascular plants

Carex lasiocarpa Nuphar lutea

Scheuchzeria palustris

Carex Limosa Nuphar pumila Utricularia minor

Carex rostrata

Moss

Sphagnum cuspidatum Sphagnum pulchrum Warnstorfia exannulata

Sphagnum fallax

Sphagnum magellanicum

Sphagnum riparium

Warnstorfia fluitans

Note: Rare and protected species are highlighted in color, while the habitat characteristic species, whose presence
and sufficient distribution in a particular lake distinguishes this habitat from other lake habitats, have background

imprinting.

Tinca tinca, Rutilus rutilus, Cyprinus carpio and
Gymnocephalus cernua have been found. Small,
dark coloured perch are most commonly found
in secondary lakes. Pike and crucian carp have
also been found in some secondary lakes.
Water birds. Due to the specificity of dys-
trophic lakes, there is a relatively low number
of bird species. Typical birds here are the gulls
Larus argentatus, Larus canus (Fig. 15.7), ducks
Bucephala clangula, Aythya fuligula, Anas crecca,
Anas platyrhynchos, as well as the specially pro-

v RS N >~

surrounding of Lake Sokas. Photo: M. Kalnins.

tected species - Cygnus cygnus etc. The specially
protected Gavia arctica nests in lakes in large
raised bogs.

During bird migration, these lakes can have
a large number (15 thousand and more) of the
protected Anser fabalis, Anser albifrons and
Branta leucopsis. Large open bog areas with lar-
ge lakes are important bird migration sites. The-
refore these dystrophic lakes, that cover dozens
or even hundreds of hectares, are very impor-
tant for birds.

\7 Lo

Fig.15.7. The common gull Larus canus chick (1) and a nest (2) in the area of the nature reserve "Ziemeu purvi" in the
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15.1.4 Natural Development of a Habitat

According to several lake classification systems, la-
kes that are located in raised bogs are considered
to be the final stage of lake development (Wetzel
2001). The habitat develops with the accumula-
tion of nutrients in the lake. Since the productivity
of organisms is low, filling the lake also occurs in
small quantities, and lakes can retain their exter-
nally unaffected status for longer. In primary lakes,
productivity is higher, but the amount of biomass
produced is too small to fill up the lake rapidly.

15.1.5 Pressures and Threats

Dystrophic lakes, irrespective of their origin, are
hydrologically very closely linked to the surroun-
ding raised bogs. Therefore, the main threatening
factor is the hydrological regime change caused
by the drainage of bogs in the catchment area.
Some lakes have been completely destroyed
by draining bogs for peat extraction. In drai-
ned bogs, peat mineralisation starts — nitrogen
compounds in peat are oxidised, nitrogen oxide
is released into the atmosphere, creating gasses
that contribute to the greenhouse effect. Water
ecosystems are significantly affected both if the
water level in the drained bog areas is raised and
if they are permanently flooded. Flooding creates

The example of Ramatas Lielezers

The hydrological regime of Ramatas Lielezers
has been changed several times. The first time
it occurred was about 120 years ago - in the
time period between 1877 and 1885 - when
the outflowing stream Ezergravis was maodified.
This was done in order to use water power to
operate the watermill on the River Ramata. For
this purpose a dam with wooden floodgates
was built on the river outlet. Later, when the
wooden floodgates became out of order and
stopped functioning (1970s), the lake's hydro-
logical regime was affected again, because the
runoff was no longer regulated, and the amount
of water flowing away through the river, which
had been deepened in the preceding years, in-
creased. This has affected the condition of lake
shores, where a layer of mineralised peat about
70 cm thick was exposed.

anew water area, which initially, is not considered
as a dystrophic lake.

Rivers outflowing from primary lakes with
groundwater discharges, were historically used to
support local, small watermills. Economic use and
the adjustment of these rivers have historically
affected the hydrological regime of these lakes.
The water level in lakes has dropped, exposing
shores where the peat has mineralised over time.
By raising the water level, moistening of the mi-
neralised peat layer may have a significant effect
on the hydrochemical regime of a dystrophic lake
to the degree that the lake type may change. Re-
search and monitoring results obtained in Latvia
and elsewhere in the world show that the increase
in the concentration of the dissolved organic car-
bon in the water multiplies the primary production
(Reynolds, Fenner 2001; Freeman et al. 2004; Kla-
vin$ et al. 2012). Unusually high primary produc-
tion occurs in a dystrophic lake in the final deve-
lopment stage, causing changes in the bioceonosis
structure.

At the end of the 20" century, Gonyostomum
semen was first found in dystrophic lakes in Lat-
via. Perhaps, it had been there before but was not
detected. Earlier finding of this algal species was
delayed by the fact that it can only be detected in
a fresh sample without added phytoplankton fixa-
tion. The rapid spread of this species is also obser-
ved in neighbouring countries and across Europe.
It can proliferate massively and can cause allergic
skin reactions for humans. It is believed that this
algae is mixotrophic and even consumes humic
substances. A biomass of 12 mg/] has been found
in the bog lake Islienas, which, in comparison with
the background condition (0,01-0,15 mg/1) indica-
tes an almost hundredfold increase in the algae
mass (Druvietis et al. 2010). Factors that contribute
to the spread of this species are not yet clearly un-
derstood (Hagman et al. 2015).

15.2 Management Objectives for the
Protection of Dystrophic Lakes

Since the habitat of a lake is formed in an open
ecosystem related with wide surrounding areas, its
protection is not just important for habitat conser-
vation and the protection of species. Dystrophic
lakes that are located in bog massifs play an impor-
tant role as water reservoirs. The water accumula-
ted in raised bogs and dystrophic lakes influences



the microclimate of the surrounding areas. In river
basin area management plans, lakes with an area
above 50 ha are distinguished as separate water
objects and have specific management measures,
if it is found that they are not at least of good eco-
logical quality.

Specific, habitat management-related objecti-
ves are set on the basis of the conservation value
of the habitat, their typical and protected aquatic
species, as well as on the basis of terrestrial species
that use the lake as their habitat.

The origin of a dystrophic lake — primary (re-
lict) or secondary (bog) lake - also determines its
conservation value. Secondary lakes are geolo-
gically new, and must be conserved as a natural
raised bog structure. Primary lakes, which are the
remains of ancient lakes are very important for the
maintenance of biodiversity and the preservation
of the relict species found in these lakes.

Bog areas with dystrophic lakes are an impor-
tant place for water birds to stay during migration,
and one of the management objectives is the pro-
tection of the integrity of such territories.

15.3. Restoration and Management of
Dystrophic Lake Habitats

15.3.1 Non-intervention in Natural Development
Processes

The aim of non-intervention is to ensure the pre-
servation of an intact dystrophic lake and its un-
disturbed natural development. In clear-water
(oligohumic) lakes, in which active nutrient accu-
mulation processes take place, the objective of ha-
bitat restoration and management is to reduce the
input of nutrients into lakes and to improve lake
functionality, in order to slow down lake develop-
ment. In dystrophic lakes where nutrient binding
processes or dystrophication processes occur na-
turally, this type of management is not necessary.
For dystrophic lakes, as for lakes that have reached
the final stage of development in raised bogs, the
optimum management type is non-intervention.

15.3.2 Stabilisation of the Hydrological Regime

The aim of hydrological regime stabilisation is to
maintain a high moisture level characteristic for
bogs in natural conditions, preventing the mine-
ralisation of bog peat.

Rivers and Lakes

In raised bogs with rich groundwater dischar-
ges, natural watercourses have developed. Due to
economic reasons, many of them were modified,
thus increasing the water runoff rate, causing
lowering of the water level in the lake. Water level
can also be lowered due to bog drainage.

In dystrophic lakes, if the water level has been
artificially lowered for a prolonged period of time,
any attempt to restore the previous water level of
the lake by building dams in ditches or by backfilling
ditches should be evaluated very carefully. After
the water level has dropped, the lake’s shore peat
layer gets exposed. Over time, oxygen-saturated
(aerobic) precipitation water infiltrates into the
peat layer causing the oxidation of organic subs-
tances and peat compaction. Therefore, it is not
possible to restore the previous condition. When
moistening a compacted and oxidised peat layer
anew, the oxidised organic carbon compounds
transform into the form of dissolved organic car-
bon (DOC). In water they contribute to bacterial
activity, the break-up of macromolecules of hu-
mic substances and release of bound phosphorus
and nitrogen compounds, which is considered as
polluting (Klavins et al. 2012). Increase of the con-
centration of the dissolved organic carbon in the
water causes a multifold increase in primary pro-
duction (Reynolds, Fenner, 2001; Freeman et al.
2004; Klavins et al. 2012). In this way, the release
of phosphorus and nitrogen compounds promo-
tes eutrophication, which is opposite to dystrop-
hication. During this process, a dystrophic lake
transforms into a dyseutrophic state, and this
contradicts natural lake development. Increasing
of the water level in such circumstances degrades
the habitat.

Artificial increasing of water level may only be
permitted in secondary succession lakes in which
shore areas there are still marshes. This facilitates
the development of Sphagnum and prevents peat
compaction.

15.3.3 Waste Removal

The goal of waste removal is to prevent contami-
nation of the dystrophic lake habitat and the adja-
cent area. Although dystrophic lakes are located
in raised bog massifs and are hardly accessible,
some of them are popular fishing spots. This can
be seen by the boats locked up at lake shores far
away from the nearest settlements. Visitors leave
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waste in the territory. Waste collection in bogs is
difficult due to the difficult accessibility. The most
effective method of waste management is to pre-
vent waste production by placing waste bins with
invitations to use them in easily visible locations
next to trails that lead to the bog lakes.

15.4 Contradictions of Conservation
and Management

One of the contradictions between lake habitat
conservation and management is caused by the
public status of lakes determined under the Ci-
vil code, guaranteeing the right to reside in lakes
and use their resources for fishing. Due to the
large number of visitors, the upper Sphagnum
layer gets trampled and muddy trails are deve-
loped with a tendency to expand. To prevent this,
load-reducing infrastructure (footbridges) has
been constructed, however, it increases the inte-
rest in the territory from tourists, berry pickers
and hunters, which, in turn, increases disturbance
for nesting birds.

Contradictions arise if the mineralisation of
secondary (bog) lake shores is considered to be
an indication of degradation, and hydrological
regime restoration by the filling of outflowing
ditches is planned. However, the formation of
lake shores with a firm and dense peat layer is de-
termined by physical processes, which are more
pronounced in bigger lakes. Water evaporation
from an open water surface is higher than from
a bog area, which is covered with Sphagnum. In-
creased water evaporation from the lake surface
facilitates lowering of the water level and the for-
mation of high shores, where growing conditions
are drier. Such naturally drained shores of lakes
and watercourses are natural bog structures, and
their rewetting is not necessary.

It is different, if there are excavated draina-
ge ditches. In this case, ditches can be filled and
dams constructed taking into account the fact
that the dams should not be higher than the le-
vel of the previous, long-term existing water level
in the lake. If a dystrophic lake has high shores
with exposed and mineralised peat, its water level
should not be raised, in order to prevent leaching
of the dissolved organic carbon (DOC).



Chapter 16. 3190 Lakes of
gypsum karst

16.1 Characteristics of Lakes of Gypsum
Karst

16.1.1 Brief Description

The habitat includes small permanent lakes,
which, as a result of rock weathering and dissolution
(karst) processes, have developed in carbonate and
sulphate bedrock. Rock weathering is determined
by the fact that minerals, which have formed under
the conditions of high temperature and pressure,
may be unstable in contact with water, especially if
saturated with carbon dioxide and oxygen (Eiduks,
Kalnin$ 1961). Depending on the rock, two types
of karst are distinguished — processes in carbona-
tes (dolomite, limestone) and sulphates (gypsum)
(Zeles 1995).

Over the course of karst processes - chemical
dissolution of soluble rocks or suffusion processes
- sinkholes of various forms appear on the surface
- chains of funnel-shaped sinkholes and small hol-
lows. They usually accumulate water. The oldest
and shallowest sinkholes can fill up and develop
into a mire. Sometimes the bottom part of sink-
holes is linked with permeable underlying rocks,
therefore the accumulation of water in them is not
possible. The depth of dry sinkholes in Latvia can
reach 18 m, but karstic lakes, such as Lake Liliju in
the vicinity of Baldone, is up to 12 m deep (Vitins,
Cukermanis 1940). Water level fluctuations (Fig.

Fig.16.1. Korkulu stream - as a result of karst processes
the river regularly vanishes, leaving a dry riverbed.
Photo: E. Klavina.

Rivers and Lakes

16.2), high calcium and sulphate ion content in the
water is characteristic for the majority of water bo-
dies that have formed in sinkholes. In the territory
between Plavinas and Koknese, due to complex
geological processes, karstic manifestation can be
observed in Sinking Korkuli karst stream.

Lakes of karst greatly differ in shape, size, age
and origin. Therefore, their vegetation can also be
quite diverse. Older sinkholes can develop in mi-
res or waterbodies of various types, whereas the
newest sinkholes can have no vegetation at all.
Karst lakes are usually small, and have very poor
vegetation. It consists primarily of plant species
well adapted to fluctuating water levels. Free-
floating and submerged aquatic plant communi-
ties can also be present. Also, terrestrial plant com-
munities can be found in older sinkholes. There are
no characteristic plant or animal species in karst

Fig.16.2. Lake Allazu Linezers in August, 1982 - water level
dropped (1). Photo: G. Enins. Allazu Linezers in August, 2015
- the lake has filled up with water (2). Photo: A. V.Urtans.
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lakes in Latvia, and no species that would be rela-
ted to karstic processes have been found (Engele
2013). The habitat in Latvia is found very rarely,
mostly in the surroundings of Allazi, Skaistkalne
and Saldus, where surface karst processes is ob-
served (Fig. 16.3).

The habitat has formed anew in a gypsum ext-
raction site in Sauriesi, where the former gypsum
extraction quarries fill up with water, continuing
to dissolve the gypsum layers. The total identified
area of the habitat in Latvia is 47 ha, which equ-
als 0.0007% of the territory of the country (Anon.
2013). There are older sinkholes that are paludified
or filled with organic materials or soil. Karst lakes
usually have a very variable water level. The exis-
tence of such diverse forms and their identifica-
tion in nature makes the determination of the total
habitat area difficult.

16.1.2 Indications of Favourable Conservation
Status

The progress of karst processes is unpredictable
- sinkholes and associated karst lakes can form
suddenly, in a matter of a few hours or days (Fig.
164), or the process can occur very slowly, as a
gradual “sinking” and flooding of a larger territory.
An essential prerequisite for sinkhole formation is
intense underground water streams into soluble
gypsum, dolomite and limestone bedrocks with a
corresponding structure (cracks, etc.). Consequ-
ently, a favourable conservation status is charac-
terised by unchanged groundwater circulation and
the existence of sinkholes that are visible in nature.

Karsta izplatiba Latvija

Gipgaine ieku un karbondbiedu izplafba zemkvartdra virsma
B Gipsu karsta izplatibas iecirkyi

Inlensiva giodu karsta izpausme
M Dolomilu karsia izplatibas iecitkni

Intenstva kalkakmenu un dolomitu karsta izpausme
B Kalkakmenu karsta

Fig.16.3. The distribution of karst areas in Latvia (source:
V.Venska, amended G. Stinkulis 2017).

16.1.3 Natural Development of a Habitat

The natural development of the habitat is influ-
enced by many factors. The intensity of the karst
process is affected not only by the original accu-
mulation features of gypsum, but also by the gyp-
sum structures, admixtures and water-proofing
properties of clays (Kurss, Stinkule 1997). When
comparing the intensity of karst processes in di-
fferent areas with gypsum sediments, it is much
less observed in places with more clay layers and
in places where those layers are thicker. Such re-
gions include Malpils-Allazi, Saurie$i-Salaspils,
Navessala and Baldone. In contrast, in the sou-
thern areas of the country and in the border
areas (Skaistkalne, Birzi in Lithuania), where the
thickness of the clay layer is smaller and gypsum
is more mixed with carbonates, karst processes
are more pronounced (Kurss, Stinkule 1997). The
development of the habitat is determined by the
continuous active water circulation even after the
establishment of the sinkhole.

16.1.4 Pressures and Threats

One of the affecting factors and threats is grou-
ndwater circulation changes that alter the inten-
sity of karst processes. Economic activity can also
have an impact. The manifestation of karst pro-
cesses often interferes with intensive land mana-
gement, therefore on agricultural lands, sinkholes
are sometimes filled with the surrounding ground
or with the organic residues - shrubs etc. brought
from fields. Gypsum and dolomite is extracted

Fig.16.4. Newly formed karst sinkhole in the surroundings
of Allazi, 16 June, 1992. Photo: G. Enins.



for the production of building material. The es-
tablishment of quarries contributes to changes in
groundwater flow. They can intensify and reinfor-
ce the manifestation of karst processes or, on the
contrary, redirect the water flow and dry out the
existing karst water bodies, arresting their further
development.

16.2 Management Objectives in the
Protection of Karst Lakes

Karst is the manifestation of geological proces-
ses. There are no plant and animal species which
are characteristic only to this habitat type. There-
fore the protection and conservation of natural
groundwater circulation is the objective of both
conservation and management of the habitat.

16.3 Restoration and Management of
Karst Habitats

Restoration of this habitat type is not necessary
or is even impossible. For example, it is known
that in Lake Linezers in the vicinity of Allazi, the
water level lowered significantly and almost dis-
appeared in around 1939, 1976, 1982, 1996, 2003,
and 2014, thus naturally limiting or stopping the
existence of aquatic organisms previously inha-
biting the lake. As the water level of the lake re-
newed, some aquatic organisms became estab-
lished in the lake again.

Karst lakes have become a favourite tourism
destination. They are advertised on regional por-
tals and tourism websites. In various karst areas
their improvement and maintenance has been
undertaken by JSC “Latvian State Forests”, local
authorities and landowners. Areas are maintai-
ned, there are information boards informing peo-
ple of the areas and the ongoing processes, and
picnic and campfire sites have been established.

16.3.2 Unfavourable Use Management of Karst
Habitats

The main unfavourable management for this ha-
bitat is the filling up of sinkholes, in order to en-
sure intensive farming. So far, this practice is not
widespread, because it is expensive. In the past
waste was arbitrarily stored in some sinkholes.
In the current economic situation, the removal

Rivers and Lakes

of waste from such areas and transportation to a
landfill is not considered a priority.

To use the habitat for economic purposes
- gypsum or dolomite extraction — large invest-
ment is necessary. Prior to starting the work,
preliminary research and an environmental im-
pact assessment must be carried out. Site inves-
tigation, application of the initial environmental
impact assessment for the proposed activity and
setting of specific conditions for the extraction
of rocks by responsible authorities basically does
not allow unfavourable management of the habi-
tat.

16.4 Contradictions of Conservation
and Management

The main conflict between the conservation and
the management of the habitat is the develop-
ment of intensive agriculture and filling up of the
existing sinkholes.
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Chapter 17. 3260 Water Courses
of Plain to Montane Levels with
Ranunculion Fluitantis and
Callitricho-Batrachion Vegetation
(A.V.Urtans, L.Urtane)

17.1 Characteristics
17.1.1 Brief Description

Distribution. The total area of the habitat in Lat-
via is 17 620 ha, which equals 0.3% of the territory
of the country (Anon. 2013). The habitat can be
found over almost all of the country (Fig. 17.1).

Facts and Figures.

The total number of rivers is around 12 400, their
total length - approximately 37 950 kilometres.
11 500 of them are small rivers, shorter than 10
km; 880 rivers are longer than 10 km, and only 17
rivers are longer than 100 kilometres. The den-
sity of rivers is higher in Zemgale Plain and on
slopes of uplands. The average density of riv-
ers in the country is 590 m/km? (Eipurs, Ziverts
1998). Approximately a third of the total river
length is regulated - 13690,4 km.

Characteristics. Habitat type 3260 Water courses
of plain to montane levels with Ranunculion fluitan-
tis and Callitricho-Batrachion vegetation (further
referred to as River riffles and natural river rea-
ches) includes two variants of the habitat:

1%t variant: rivers or river reaches with the ri-
verbed covered with boulders or pebbles, with the
stream velocity > 0.2 m/s;

27 variant: all natural rivers and river rea-
ches, in which the stream velocity is < 0.2 m/s; the
naturalness is indicated by an unmodified river-
bed.

Dammed, straightened, deepened river re-
aches, where the average stream velocity is less
than 0.2 m/s, are not considered as this habitat
type (Engele, Sniedze-Kretalova 2013)7%

2 Order of the Ministry of Agriculture No. 168, 16.12.2016 "State
amelioration system 2016. Data"
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In comparison with lake habitats, there are
much less rare and specially protected vascular
plant and moss species in rivers in Latvia.

River stretches, where the sequence of rift-
les and pools ensures the coexistence of diverse
microhabitats in a small area, are biologically the
most diverse river habitats. The river riffle rea-
ches, due to the gravitational potential energy
of the water, have a high capacity of hydroener-
getic resources. However, by installing water
reservoirs and watermill ponds, the riffle habitat
in many places has been significantly affected or
even destroyed.

The 2™ variant also includes watercourses
flowing out of raised bog lakes, where the bed
consists of peat. This is a special type of water-
course, since the riverbed structure and the bank
vegetation differs from the riverbed structure
and bank composition in a river stretch flowing
outside the bog massifs. Therefore their conser-
vation priorities and management methods are
also different. In the future it would be advisable
to divide it as a separate variant of habitat.

0 25 50

100 km

Fig.17.1. Distribution of habitat type 3260 River riffles and
natural river reaches in Latvia (source: Anon. 2013).

17.1.2 Indications of Favourable Conservation
Status

Watercourses are open systems, which, by col-
lecting the waters of their catchment area, are
related with wide surrounding areas. Thus, the
condition of the river habitat is affected by the
processes in both the river itself, and in its cat-
chment area. The processes in the river most
often cause hydromorphological (stream or ri-
verbed parameter, and shore vegetation structu-



re related) changes. Water pollution by organic
substances and plant nutrients is related to the
processes in the catchment area and depends
on economic activity. Depending on the main
river characteristics, two types of river are dis-
tinguished - fast flowing rivers and slow flowing
rivers’. The fast (rhithral-type) rivers are mostly
dominated by reaches of river, in which the stre-
am velocity exceeds 0,2 m/s, the river gradient
is >1 m/km and the riverbed structure consists
mainly of coarse gravel, cobbles and boulders;
sand covered areas can be found in eddy sec-
tions and the shore part of the river. The flow
of a river of this type is turbulent, and different
water layers can have a very different stream ve-
locity. The occurrence of small fine-grained and
silt fractions in the riverbed indicates the acti-
vation of sedimentation processes and hydro-
morphological changes.

The average stream velocity in slow rivers
characteristic for lowlands and belonging to
the potamal river type, is usually less than 0,2
m/s. The stream flow is laminar, more aligned
and even in different water layers. The structu-
re of the riverbed is composed of fine sand or
clay that is covered with mud and detritus - dead
plant material in various stages of decay.

According to the average river gradient per
kilometre, stream velocity and the dominant
riverbed composition, the fast and slow rivers
are divided into Salmonid and Cyprinid waters.
In the conditions of Latvia, typical salmonid
streams are the lower reaches of rivers flowing
into the sea, uplands, as well as the lower rea-
ches of the tributaries of large rivers. Rivers that
are considered as Cyprinid waters, are typical
in Zemgale Plain and the East-Latvian Lowland.
According to the dominant characteristics (stre-
am velocity, channel composition) a river, in
different reaches, can match the criteria of both
a fast river (Salmonid waters) and a slow river
(Cyprinid waters).

The fast rivers, inhabited by salmonid fish,
correspond to the 1% variant of the habitat - ri-
ver riffles — rivers or river reaches with the river-

73 This division of rivers is set in Cabinet Regulation No. 858 of
19 October 2004, regarding the Characterisation of the Types,
Classification, Quality Criteria of Surface Water Bodies and the
Procedures for the Determination of Anthropogenic Loads.
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bed covered with boulders, cobbles or pebbles,
with a stream velocity > 0,2 m/s. The slow rivers,
inhabited by cyprinids, correspond to the 2" va-
riant of the habitat — all natural rivers and river
reaches, in which the stream velocity is less than
0,2 metres per second.

1%t variant. Under favourable conservation
status, the characteristics of this habitat variant
include the sequence of riffles and pools, a di-
verse riverbed-forming substrate mosaic - coar-
se gravel and stones in the fast flowing sections,
and sand in eddy sections and shore parts. In
many cases such watercourses have characte-
ristic groundwater discharges and feeding from
springs. The water temperature in July and Au-
gust is < 18 °C (Birzaks 2013). The overgrowth
of the river with macrophytes does not exceed
30%. There are no large volumes of fallen trees
in the river, and bank erosion does not exceed
5% (EVS-EN 15843:2010; Urtane 2015). River
banks are moderately shaded. The sunlit and the
shaded shore sections form a mosaic with a ratio
of 30:70 (Urtans 1989; Anon. 2002b).

2 variant. Under favourable conservation
status, this variant of the habitat is characte-
rised by a larger proportion of naturally sunlit
river reaches. The sunlit and the shaded shore
sections form a mosaic with a ratio of 50:50 (Ur-
tans 1989; Cowx, Welcomme (eds.) 1998). In river
habitats under favourable conservation status,
the water temperature in the summer months
varies around 18 °C and only temporarily exce-
eds 20-22 °C. Although the dominant riverbed
substrate in these habitats is fine sand, covered
with mud and detritus of various coarseness,
they also have reaches where the riverbed is co-
vered in stones and gravel. Such river parts are
biologically more diverse.

For both variants, favourable conservation
status of the habitats is characterised by:
¢ conditions, when optimal river bank sun-ligh-

ting allows the formation of a narrow herba-

ceous plant belt;
¢ the number of trees fallen into rivers (diame-

ter > 10 cm) does not exceed 12 trees per 100

m in agricultural land, or 20-27 trees per 100

m in forest land (Degerman 2008);

* sediment accumulation in the river does not
exceed 5% of the riverbed area (EVS-EN

15843:2010; Urtane 2015);
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¢ in the sunlit river reaches, filamentous green
algal stands are not observed in more than 5%
of the river surface; cyanobacteria are found
only in the form of separate micro-scale film
on surfaces (near the internal drainage and
wastewater inlet places); rivers flowing in rai-
sed bogs have no shading on the banks; the
overgrowth of the riverbed consists of aquatic
Sphagnum species and the rare Batrachosper-
mum spp. — a protected species and indicator
species of the water habitats in Latvia.

17.1.3 Important Processes and Structures

17.1.3.1 Mechanisms of Water and Substance
Transport

The mechanisms of substance and water trans-
port in rivers are affected by the surrounding
ongoing economic activity (logging, agricultural
activity), which contributes to soil erosion and en-
try of sediments into the water, as well as to the re-
duction of water throughflow capacity due to se-
dimentation of the material carried by the stream.

Under the force of gravity, water flow forms
in rivers and it transports substances and che-
mical compounds that have leaked or dissolved
in the water. Water is a universal solvent, and the
water flow also transports the substances dissol-
ved in the water (Fig. 17.2). The amount of these
substances can be very large. According to the
stream velocity, the water stream also transports
particles of a particular size. Therefore, riverbeds
in the fast flowing rivers are covered with coarse
gravel and stones of different sizes, but the accu-
mulation of sand indicates the activation of sedi-
mentation processes and changes in the natural
riverbed structure. If the composition of the river-
bed changes, the habitat becomes unsuitable for
various organism groups that are characteristic
for fast flowing river habitats. For example, if the
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sand fraction in the riffle is > 15%, it becomes un-

suitable for the spawning of salmonids (Madsen

1995). If the sand fraction is > 25%, bivalves die

out — Unio crassus and Margaritifera margaritifera

(Madsen 1995).

The interdependent mechanisms of rivers
and their shore area are described and explained
by the River Continuum Concept and the Flood
Pulse Concept. Both of these concepts, comple-
menting each other, describe the two major pro-
cesses in rivers: processes, which take place in the
longitudinal direction of a river - starting from the
outlet to the mouth, and processes that occur in
the terrestrial areas adjacent to lowland rivers -
river corridor areas, as they interact with rivers.

River Continuum Concept. According to this
concept, ariver as an open ecosystem, interacting
with its shore area, accumulates, transforms and
transports energy in the form of organic matter
from the upper reaches to the mouth of the river
(Vannote 1980). Through natural processes the
energy reaches the river ecosystem and is created
in the form of various organic substances:

» shore vegetation, like tree leaves, needles,
branches, dead aquatic plants, etc.;

e production from the river itself (phytoplank-
ton, zooplankton, zoobenthos, algal, bacterial
and protozoan periphyton, macrophytes, etc.;

» with transport of organic substances from the
upper reaches to the lower reaches.

As a result of human economic activities, energy

also reaches rivers in the form of pollution - with

wastewaters and the diffuse runoff from agricul-
tural areas.

The type of energy source changes in the
downstream direction (from the outlet to the
mouth). In the upper reaches of a river, organic
substances mostly reach the water from the ter-
restrial ecosystem in the form of litter from trees
and terrestrial vegetation. In a river they can be
found in the form of detritus of various coarse-

Fig.17.2. Sediment movement and settling as the stream velocity in the bottom water layer decreases.

Drawing by D. Seglina.



ness or periphyton (periphytic algae that grows
on stones on the riverbed). At the middle reaches
of ariver, rich aquatic vegetation usually develops
by using the substrate with organic substances
carried down from the upper reaches and those
washed in from the banks. It consists of submer-
ged, floating-leaved and emergent plant stands,
which, in turn, create habitats and feeding areas
for many aquatic organism groups. At the lower
reaches of a river, the impact of organic substan-
ce input from terrestrial ecosystems is lowest,
because the river width versus shoreline length
ratio changes. The role of periphytic organisms
(periphyton) decreases, but the importance of the
organisms inhabiting the water mass increases.
The lower reaches of a river have a higher number
of algal and zooplankton communities.

The River Continuum Concept is best illustra-
ted by the changes in the proportion of the func-
tional groups of invertebrates. Aquatic organisms,
depending on the type of food base, are divided
into four functional feeding groups: shredders,
collectors (including collector-filterers), scrapers,
and predators. The numerical ratio of these groups
differs at the upper and lower reaches of a river
(Fig. 17.3). Therefore, the upper and lower reaches
of each river differ significantly. In the direction
from the outlet to the mouth, not only does the
composition and number of various hydrobiont
groups in the river change, but also varies other
parameters characteristic for the quality of river.
Biological and chemical oxygen demand, water
temperature, thickness of the mud layer, the to-
tal number of organisms and the biomass, as well
as other parameters increase, while flow velocity,
atmospheric aeration intensity, water clarity, and
other parameters decrease (Cimdins 2001).

Latvian rivers are new geological formations,
so the classic longitudinal profiles - high gradient
at the upper reaches and low gradient at the lower
reaches - have not yet formed for them. Many ri-
vers in Latvia have high gradients not only in the
upper reaches, but also in the middle and lower
reaches. Organism groups that are traditionally
characteristic for the upper reaches of a river, are
also present at the middle and lower reaches in
Latvia.

Flood Pulse Concept. The concept was de-
veloped at the end of the 20th century (Anon.
2001). It explains the unity of rivers and floodplain
ecosystems in time and in space (Fig. 17.4). Accor-

Rivers and Lakes

ding to the Flood Pulse Concept, a river and its
floodplain form a joint system with a unified ba-
lance of water and sediments, as well as exchan-
ge organisms and energy. The main factor that
determines the existence, structure, productivity
and metabolic processes of such systems, is “flood
pulse”, which incorporates periodic flooding and
the subsequent low water periods. According to
the concept, a floodplain, in which the terrest-
rial and underwater conditions vary periodically,
is called the aquatic/terrestrial transition zone
(ATTZ). The time period during which a portion
of this zone is in terrestrial or underwater condi-
tions, is called the terrestrial phase or the aquatic
phase (Anon. 2001). The Flood Pulse Concept pro-
vides the theoretical justification for various river
floodplain rewetting projects (Gruberts 2006).

During the first half of the flooding period, the
lowest part of the floodplain forms under condi-
tions that are at first characteristic for wet gras-
sland and a wetland, then - a shallow water body,
and later — a deep, stratified lake or a riverbed. As
the water level falls, conditions in the floodplain
change in the opposite order.

The majority of primary and secondary pro-
duction is generated in the floodplain, while the
riverbed provides for the transport of water and
substances. The riverbed serves as a migration
route for aquatic organisms and a retreat during
low-water periods (Anon. 2001).

After receding of the flood, terrestrial and
freshwater bioceonosis develop in a floodplain,
regardless of the river which was flowing into the
floodplain earlier. During flooding the seasonal
development is interrupted and resumes again
later. In the lower floodplain sectors it occurs
every year. In the highest sectors it can only oc-
cur if there is a very high floodwater level (Anon.
2001). The regularity of flooding determines the
development of distinctive microhabitats and
plant and animal communities inhabiting them
along the watercourses. Unlike flooding, which is
natural, floods are a critical form of flooding, whi-
ch in most cases occur as a result of human acti-
vity. Floods are occasional. In Latvian conditions,
the Flood Pulse Concept fits medium and large
plain rivers better. Processes in the shore area of
these rivers complement the changes in produc-
tivity described in the River Continuum Concept,
by comparing the productivity of the upper and
lower reaches of a river.
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Fig.17.3. River Continuum Concept. Drawing by L. Urtane (explanation of the concept, drawings of invertebrates),
D. Seglina (drawing).



Flood Pulse Concept
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Fig.17.4. Flood Pulse Concept. Drawing by D. Seglina (according to Anon. 2001).
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17.1.3.2 Self-purification

Rivers have the unique ability to reduce the
amount of organic substances entering them.
Organic substances (dead plant and animal par-
ticles) and plant nutrients (biogenic elements)
that are discharged into or formed in rivers, or
drained along with wastewaters during the bio-
chemical and physical processes occurring in
the river, are transformed into compounds, whi-
ch can be used by plants or animals, or settle
down as sediments. In this way the river reduces
its pollution levels.

The size and efficiency of a river’s self-pu-
rification capacity is determined by the stream
velocity, the flow rate of the river, the characte-
ristics of the riverbed and the structure of the
shore vegetation (Wetzel 2001; Cimdin$ 2001;
Degerman 2008). Fast flowing rivers (stream
velocity > 0.2 m/s) have the highest self-purifi-
cation ability. Degradation of organic matter in
rivers is at least four times faster than in stan-
ding waters, since the periphytic bacteria and
algae here have perfect contact with the thin
layer of waters flowing over them. In small ri-
vers, around 10 000 m? of water per hour comes
into contact with a 1000 kg periphyton layer or
biofilm, consisting of various groups of micro-
organisms (Cimdins 2001). During the contact,
microorganisms break down the organic subs-
tances in the water and absorb them in their
biomass, and through this process the self-pu-
rification of the water takes place. In riffles, due
to the stony riverbed and the turbulent water

flow, the amount of dissolved oxygen increases.
It allows diverse habitats — the biofilm, to form
on the stones of a riffle riverbed (Sand-Jensen
(ed.) 2005; O’Grady 2006). The biofilm consists
of bacteria, algae, protozoa, which, in order to
maintain their own life processes, utilise orga-
nic matter, thus reducing its total amount in wa-
ter. Such “covered” stone surface provides many
other aquatic organisms with an adequate food
base too (Fig. 17.5).

The previously described principle of the
functioning of the biofilm and its ability to bre-
ak down and consume organic compounds is
also used in wastewater treatment plants. It is
estimated that a 5-10 m? wide riffle area can re-
duce the organic pollution made by one person,
known as Population Equivalent (PE).

17.1.3.3 Protection belts

Protection belts are established to reduce the
negative impacts of pollution on aquatic ecosys-
tems — watercourses, lakes and artificial water
bodies, to prevent the development of erosion
processes, to limit economic activity in poten-
tially flooded areas and to preserve the charac-
teristic landscape of the region. It is determined
by the Protection Zone Law (see Chapter §). A
well-functioning protection zone not only redu-
ces the amount of pollution discharged in water,
by intercepting and accumulating the dissolved
plant nutrients, but it is also crucial for the re-
duction of the sediment flow (Eberstaller-Fleis-
chanderl et al. 2010) (Fig. 17.6).

Fig.17.5 Microorganisms forming periphyton on the hard surfaces in the water - the biofilm, and microorganisms and
invertebrates consuming them. Drawing by Z. Rubene (according to Beuschold 1984). Photo: J. Urtans.
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Fig.17.6 Basic principles for functioning of the protection zone. Drawing by D. Seglina (according to Anon. 2001).

Phosphorus compounds are leached out of
any type of soil in small amounts. They are lea-
ched out in large quantities from intensively far-
med agricultural lands. Discharge of the dissol-
ved phosphorus compounds into waters is mostly
related to the surface runoff, less — with drainage
runoff. Higher amount of phosphorus compoun-
ds is bound in heavy clay soils with a low filtration
coefficient; lower phosphorus content is obser-
ved in light soils with a high content of sand frac-
tions (Jansons 2013).

The observation of long-term agricultural
runoff shows that around 65% of the soil losses
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caused by erosion have been recorded from Ja-
nuary to March, and only 6% - from April to
August, when fields are covered in stable vege-
tation (Jansons 2013) (Fig. 17.7). This confirms the
significance of herbaceous plant vegetation and
stable groundcover in the delay of erosion pro-
cesses and the related limitation of sedimentation
processes. It is especially important during the
winter months and spring flooding. The measure-
ments show that an up to 2 m wide vegetation belt
along the drainage ditch or a river bank, serves as
a good protection zone and may hold 50-60% of
soil particles and erosion products (Jansons 2013).

Fig.17.7. Non-compliance with the requirements of the protection zone and field cultivation up to the upper bluff of
watercourses, leads to washing out of soil material, thus contributing to the increase of sedimentation processes. In
the photo - River Jadeksa. The soil loss graph was prepared using the monitoring station data of the River Mellupite

(2001-2012). Photo: A. V.Urtans (source: Jansons 2013).
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17.1.3.4 River Shoreline as an Overlay Area of the
Biological System

The river shoreline is the location of the tran-
sition and overlay (ecotone) of two biological
systems — water and terrestrial area. It involves
processes that are relevant to both systems, and
it has high biological diversity. The width of the
overlay zone of both systems varies from a few
to up to dozens of metres, and depends on the
size of the river. The shore area is a hiding place
and migration corridor for terrestrial organisms.
Its use for this purpose depends on the composi-
tion and quality of the shore area vegetation. The
shore zone provides the maintenance of the wa-
ter temperature regime (cooling or heating), re-
gulates the intensity of photosynthetic processes
taking place in the water (facilitates or hinders)
and provides the river with organic matter. The
overlay zone is a place of stay and a feeding pla-
ce for water-related organisms — here the larvae
of aquatic insects change into flying specimens,

o —The shade keeps water cool and oxygenated

9 - Insects and other small animals from among the plants are caught by
fish when they fall into the water

e —The larvae of aquatic insects crawl up and metamorphose into adults
o - Aquatic insects lay their eggs here, and the small larvae fall into water
e —The adult insects of the stream seek shelter here during the day

o - Birds find food

o - A good habitat for butterflies and beetles

G - Riverbank is reinforced

adult aquatic insects — beetles and dragonflies —
reside and feed. The shore zone plays an impor-
tant role in the strengthening of the banks and
the limiting of erosion processes (Fig. 17.8).

In large areas intensively used for agriculture, ri-
verbank zones are important hiding and residing
places, as well as movement corridors for animals,
ensuring species dispersal, breeding and popula-
tion stability (Madsen 1995).

17.1.4 Habitat-specific Species of Macrophytes

Based on botanical studies of Latvian lakes (Abo-
lina 1968, 1994; Tabaka, Gavrilova,

Fatare 1988; Gavrilova 1985; Gavrilova, Sulcs
1999; Grinberga 2011; Prieditis 2014; Urtans 1995;
Uzule 2015; Vizule-Kahovska; Uzule 2016), a list of
macrophyte species of charophyte lakes has been
compiled (Table 17.1). It consists of 94 vascular
plant species, 18 moss species and four charophy-
te species, of which 36 are habitat-characteristic
species.

e - Birds from the fields nest here
@ - Living place for insects

m —The roots of the black alder tree are a
good hiding place for trout and crayfish

Fig.17.8. Processes taking place in the river shore area: Drawing by D. Seglina (according to Madsen 1995).



Table 17.1. Macrophyte species found in riffles and natural river reaches.

Rivers and Lakes

Vascular plants

Acorus calamus

Alisma gramineum
Alisma lanceolatum
Alisma plantago-aquatica
Batrachium aquatile
Batrachium baudotii
Batrachium circinatum
Batrachium eradicatum
Batrachium hederaceum
Batrachium peltatum
Batrachium trichophyllum
Berula erecta

Butomus umbellatus
Callitriche cophocarpa
Callitriche hermaphroditica
Callitriche palustris
Callitriche stagnalis

Carex acuta

Carex acutiformis

Carex lasiocarpa

Carex riparia

Carex rostrata

Carex vesicaria
Catabrosa aquatica
Ceratophyllum demersum
Crassula aquatica
Elatine hydropiper
Eleocharis acicularis

Eleocharis palustris

Glyceria maxima

Hippuris vulgaris

Hottonia palustris
Hydrocharis morsus-ranae
Iris pseudacorus

Leersia oryzoides

Lemna gibba

Lemna minor

Lemna trisulca

Limosella aquatica
Mentha aquatica
Menyanthes trifoliata
Myriophyllum spicatum
Myriophyllum verticillatum
Naumburgia thyrsiflora
Nuphar lutea

Nymphaea alba
Nymphaea candida

Oenan the aquatica
Phalaroides arundinaceae
Phragmites australis
Polygonum amphibium
Potamogeton alpinus
Potamogeton x angustifolius
Potamogeton berchtoldii
Potamogeton compressus
Potamogeton crispus
Potamogeton x fennicus

Potamogeton x fluitans

Potamogeton lucens
Potamogeton natans
Potamogeton x nitens
Potamogeton obtusifolius
Potamogeton pectinatus
Potamogeton perfoliatus
Potamogeton praelongus
Potamogeton pusillus
Potamogeton x salicifolius
Potamogeton x sparganifolius
Potamogeton x suecicus
Ranunculus lingua
Ranunculus reptans
Rorippa amphibiaa
Rumex hydrolapathum
Sagittaria sagittifolia
Scirpus lacustris

Scirpus tabernaemontani
Scolochloa festucacea
Sium latifolium
Sparganium emersum
Sparganium erectum
Sparganium microcarpum
Sparganium minimum
Spirodela polyrhiza
Stratiotes aloides

Typha angustifolia

Typha latifolia

Veronica anagallis-aquatica
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Vascular plants

Elodea canadensis
Equisetum fluviatile

Glyceria fluitans

Potamogeton friesii
Potamogeton gramineus

Potamogeton lacunatus

Veronica beccabunga
Utricularia vulgaris

Zannichellia palustris

Charophytes

Chara globularis

Chara vulgaris

Tolypella prolifera

Mosses

Chiloscyphus polyanthos
Cinclidotus danubicus
Dichelyma falcatum
Dichodontium pellucidum

Drepanocladus aduncus

Fissidens fontanus
Fontinalis antipyretica

Fontinalis hypnoides

Hygroamblystegium fluviatile

Hygroamblystegium tenax

Platyhypnidium riparioides
Riccia fluitans
Ricciocarpos natans
Sphagnum magellanicum

Sphagnum riparium

Fissidens arnoldii

Fissidens crassipes

Hygrohypnum luridum

Leptodictyum riparium

Note: Rare and protected species are highlighted in colar, the habitat characteristic species, whose presence
and sufficient distribution in a particular lake distinguishes this habitat from other lake habitats, have background

imprinting.
17.1.5 Natural Development of a Habitat

The natural development of the habitat is closely

related to the processes in the river catchment

area and the river itself. Natural river habitat de-
velopment is described by the River Continiuum
and Flood Pulse concepts (see Chapter 17.1.3.1)

In Latvia, there are no territories in which no
economic activity takes place or has not taken
place in the recent past. In those circumstances
natural development could be considered a si-
tuation, in which the nutrient inflow from the cat-
chment area of the river reach and the upstream
river reach corresponds to the natural one and
does not significantly exceed the background le-
vel.

Natural development is indicated by a situa-
tion where:

e the river type corresponds to the natural
gradient and, due to physical clogging (large
wooden debris, beaver dams, stone dams), it
has not changed from a rhithral (fast flowing)
river to a potamal (slow) river;

e the river has a bottom substrate structure
corresponding to its type;

¢ aquatic plant overgrowth does not exceed 30%
of the river.

If the state of the river does not comply with

above, the habitat is affected by human activi-

ties and its development cannot be considered

natural.

17.1.6 Pressures and Threats
17.1.6.1 Eutrophication

Process characterisation. Eutrophication is the
process of water enrichment with plant nutrients,
mostly with soluble phosphorus and nitrogen
compounds. The most visible manifestation of
eutrophication is an increased development of
algae and aquatic plants. Aquatic plants have
always been an important group of aquatic orga-
nisms. They are essential as food for other aquatic
organisms, as a habitat or hiding place for aquatic
organisms, and as sediment flow interceptors and



depositors. The presence of aquatic plants in a
river depends on the geomorphological features
of the river - the size of particles forming on the
riverbed, and on the hydrological regime of the
river — the minimum and maximum stream velo-
city, the frequency and rate of flooding. It is also
affected by the river surface shading caused by
the bank vegetation. All of the listed parameters
can vary considerably, for example, in the rivers of
the Plains of Zemgale and the hillside rivers of the
Vidzeme Upland. Through experiments (Madsen
1995) it has been proven that, if the aquatic plant
overgrowth exceeds 20-30% of the river surface,
negative side effects start to appear - bank ero-
sion, enhanced leakage of plant nutrients and re-
lated increase of deposit sedimentation (Fig. 17.9).

Characterisation of the impact. In surface
water management practice, aquatic plant over-
growth of 20-30% is considered as the threshold
of good ecological quality (Urtans 1989; Cowsx,
Welcomme (eds.) 1998; O’Grady 2006; Buisson et
al. 2008; Degerman 2008).

At the end of the vegetation season, the green
aquatic vegetation mass dies off, and the nut-
rients that were used for its formation are stored
in the root system, so they can create a new green
mass the next year. From the dead aquatic plants,
particularly of the emergent plants, a coarse det-
ritus is formed in rivers, which decomposes slowly
and is increased at the end of each vegetation
season. The most intense detrital accumulation oc-
curs in the slow rivers (stream velocity < 0.1 m/s)
and sometimes in the deepest places — pools — of
fast flowing watercourses. A riverbed covered
with coarse detritus is a specific microhabitat,
which can only be inhabited by certain species
of aquatic organisms, therefore the diversity of
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microhabitats and the related biodiversity in the
river decreases (Urtans, Urtane 2012). The amount
of macrophytes and degree of overgrowth affects
the water throughflow and plays a role in building
riverbed substrate.

The degree of overgrowth of the river also has
an impact on the structure of fish communities.
The total number of fish is significantly smaller in
river reaches without aquatic plant overgrowth.
As the overgrowth increases to 30%, the number
of fish belonging to the group of ecologically tole-
rant fish species - Esox lucius, Rutilus rutilus, Leu-
ciscus cephalus, Alburnus alburnus, Perca fluviatilis
increases significantly. As the overgrowth of the
river increases, the total number of fish species
increases, but the ratio between ecological groups
of fish changes. The number of fish that are cha-
racteristic of fast flowing and oxygen-rich rivers
— trouts and minnows, decreases, but the number
of Gobio gobio, Alburnoides bipunctatus increases
(Birzaks 2013).

17.1.6.2 Large Woody Debris

Process characterisation. Due to changes in the
form of economic activity, in many places along
rivers the existing former agricultural land is
overgrown with tree and shrub pioneer species -
Alnus incana, Salix spp., Padus avium, more rarely
with Betula spp. and Populus tremula. As a result
of bank overgrowth and its caused shading, the
herbaceous plants, which had previously grown
on the shore part, disappear, and former semi-na-
tural grasslands are occupied by woodlands with
their characteristic groundcover. This is particu-
larly critical for Alnus incana stands, where stable
groundcover does not develop due to dense shading.

Fig.17.9. Water level changes due to the increase of the overgrowth. As the water level rises, the shore soil gets
rewetted, and nutrients migrate from soil into water, causing additional eutrophication. Drawing by D. Seglina (with

amendments according to Madsen 1995).
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Due to bank overgrowth, wide-crowned oaks that
prefer open space and well-insolated conditions,
start to grow among hazels and grey alders. It pro-
motes the faster death of trees and increases the
potential of a tree falling into the river. Also, in fo-
rest stands that have been growing under natural
conditions for a long time period, falling into the
river is observed over time. However, it happens
over a much longer period of time, and this ap-
plies to natural ageing of the forest stand and gap
formation at the shore area of the river. Therefore,
trees (their parts) that have fallen into the river,
mostly have greater dimensions and form perma-
nent structures in the water, which serve as habi-
tats for different aquatic organisms. The fallen tree
structures, defined as large woody debris (LWD) in
the rivers, at the banks of which forest stands have
been growing for a prolonged period of time, sig-
nificantly differ from the litter of fallen twigs and
small trees, which form in river reaches, and which
flow through overgrown former agricultural land.
Anew problem in Latvia and Estonia - relevant
only in recent decades —is the decay of Alnus incana
stands (Mander 1995; Arhipova et al. 2011), which
worsens the condition of both types of rivers (is
relevant for both types of habitat). This occurs be-
cause the stands have reached the age of maturity
(around 30 years). The Alnus incana infection with
root rot also contributes to the decay of younger
trees. Alnus incana is one of the most common tree
species, which establishes in the former agricultu-
ral lands, including the previously open bank parts
of rivers. Over the course of the last 70 years, areas
in Latvia occupied by Alnus incana have increased
by 18 times (Daugaviete, Usite 2006). As the root
rot of Alnus incana has developed, the falling of trees
into rivers has intensified (Fig. 17.10).
Characterisation of the impact. In many small
and medium-sized rivers, the amount of fallen
wood significantly exceeds the optimum amount
of wood (supporting the river with the necessary
organic matter resources, but not affecting the
through flow). The optimum number of trees in a
river is 6-12 trees (> 10 cm in diameter) per around
a 100 m long river reach, which flows through agri-
cultural land, and up to 20 - 27 trees per 100m long
river reach, which flows through forest (Degerman,
2008). By mass, the natural amount of wood in a
small river is 3-14 kg/m?2 The amount of wood that
is atypical for a river is 16-62 kg/m? (SEPA 1994).
Large woody debris significantly changes the

-Z‘ﬁ_ 1‘» 2 ;
Fig.17.10 Rot infected grey Alder Alnus incana on the
riverbank of R. Vezduka. Photo: L.Urtane.

functioning of the river and its natural processes.
Some of the fallen trees are used by fish (Salmo
trutta fario, Leuciscus cephalus, Salmo trutta) as hi-
ding places. They also serve as substrate and food
for aquatic invertebrates. As the number of fallen
trees increases, the stream velocity significantly
decreases, and often the riverbed changes too. As
the stream velocity decreases, the water energy
decreases and the particles of soil and organic se-
diments carried by the stream settle down. Thus,
unstable and varying sand bars form behind the
fallen-tree structures. Former gravel, pebble or
stone microhabitats characteristic of fast flowing
rivers are covered with sediments and becomes
less biodiverse. Excess large woody debris redi-
rects water flow, the water erodes riverbanks, and
rivers become wider and shallower.

The newly formed shore parts of the shallow
and wide rivers consist of weakly cohesive soil -
sand bar and shoals, which, due to their instability,
are not productive; they can only be inhabited by
a small number of aquatic organisms. Furthermo-
re, the water in wide and shallow rivers heats up
faster and evaporates more intensely. Therefore,
during the low-water period in the summer, rivers
often partly dry out (Fig. 17.11).

17.1.6.3 Beaver Activity

Characterisation of the situation. The beaver
(Castor fiber) population assessment carried out in
the 1980s, showed that the optimum (formation of
a healthy population and non-deterioration of the
river quality) size of the beaver population in Lat-
via is 50 000 specimens (Balodis, 1990). Currently



Fig.17.11. Due to shading and wooden debris accumulation,
a former trout streambed has become wide and partly dried
out during the low water period. Vezdtka. Photo: L. Urtane.

the number of beavers in Latvia is more than 71 000
(VMD 2015). The number of beavers has also
significantly increased in other Baltic countries,
reaching quantities, which cause deterioration of
the quality of rivers and their aquatic habitats (Jar-
vet 2014; Urtane 2015).

In 2006, the beaver population in Lithuania
was around 36 000 specimens. Now the number
has grown to 85 000, and unofficially the number
is estimated at up to 121 000 specimens. The ave-
rage density of beaver dams in Lithuania is 0,81
pcs./km in rivers with a rate of flow > 0,5 m3/s, and
up to 1,1 pcs./km in drainage ditches (Pliuraite,
Kesminas 2012).

In Estonia, according to data from 2013, there
are 18 000 beavers that live in 4500 beaver fami-
lies, and have built 11 000-12 000 dams on rivers
(Lanetuu, Lode 2013).

Characterisation of the impact. The impact
of beaver dam (Fig. 17.12) construction on the
change of river quality depends on several factors
— the type of the river, number of dams per river
length unit, the location of the dam (upper, lower,
or middle reaches), as well as on the condition of
the river banks. In slow flowing rivers, with less
water force and more intensive formation of slu-
dge, the beaver-caused impoundment initially fa-
cilitates sedimentation of the material carried by
the river, heating up the water and creating living
conditions suitable for cyprinids. Initially these
impounded areas also attract bats (Vintulis, priv.
comm.), which gather food above the warmed up
waters. However, the impoundment also contribu-
tes to nutrient leaching from the bank part of the
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flooded river stretch. Thus, along with soil parti-
cles, additional nutrients enter the stream, which
in this case is regarded as pollution. Beaver dams
interrupt the continuity of the river, because the
upstream and downstream migration of aquatic
organisms, as well as the transport of energy and
substances, as described in the River Continuum
Concept, is interrupted. By flooding river riffles,
beavers not only interrupt the continuity of the
river and significantly reduce the river’s self-pu-
rification abilities, but also destroy the riffle ha-
bitats, which, due to their biological diversity and
the function of maintaining oxygen-loving spe-
cies, are important protected habitats.

In Estonia, beaver activity at the current level
is considered a factor influencing the deteriora-
tion of water quality. A watercourse is considered
hydromorphologically heavily affected, if there is
on average one beaver dam per a 2 km long reach
in fast flowing rivers, and very heavily affected, if
the density of beaver dams is one dam per kilo-
metre. Slow rivers are considered heavily affec-
ted, if there are one or more beaver dams per 1
km long river reach (Jarvet 2014). To reduce the
impact of beavers on the deterioration of the qu-
ality of aquatic habitats, a reduction of the num-
ber and activity of beavers as a national manage-
ment measure has been implemented in Estonia
since 2006 (Anon. 2010).

Research in Estonia shows that fish are not
able to overcome dams above 30 cm in height, and
the diversity of microhabitats in rivers is smaller
due to the sedimentation processes dominant in
the beaver impoundments (Jarvekiilg et al. 2003).

Lithuanian research in three different rivers
shows that the taxonomic diversity of macrozoo-
benthos in beaver impoundments is lower than
in the river reaches above and below them (Pliu-
raite, Kesminas, 2012), confirming that beaver
dams affect the structure of aquatic invertebrate
communities by replacing the organism groups
of flowing waters with the organism groups cha-
racteristic for stagnant waters. In the sections
flooded by beavers, the number of organisms of
the collector/gatherer functional group — Chiro-
nomus and Oligochaeta - increased. The number
of organisms of shredder (detritophagous) and
scraper functional groups decreased, although
the organic matter that can be used as their food
was abundant in the water. Such a decrease in the
quantity of shredder organisms was explained by
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changes in stream velocity and the disappearance
of substrates suitable for them (Pliuraite, Kesmi-
nas 2012).

The study found that by maintaining 4500-
5000 beaver lodges, the total amount of sediments
washed into Estonian rivers is 30 000-50 000 m?
per year. If the characteristic values of beaver
activity obtained in Estonia are transferred
to Latvia, it can be concluded that the yearly
volume of sediments washed into rivers due to
beaver activity is from 118 000 to 197 000 m?.
In comparison, the River Venta in the second
largest Latvia’s harbour — Ventspils port district,
brings in on average around 115 000 m? of sand
per year, which is taken out to maintain port
activity (Anon. 2001).

A comprehensive study on the impact of beavers,
surveying 3189 beaver families, was carried out
in Estonia (Lanetuu, Lode, 2013). The criteria de-
veloped can be used to evaluate the impact of
beaver activities on the quality of rivers. They
showed that:

® in 19% of cases (n = 609) the beaver popu-
lated areas were not impounded, but lodges
were built on river banks, in burrows, etc.;

® in order to ensure the needs of one beaver
family, in most cases 1-4 dams were built,
five dams were built in 8% of the cases, six
and more dams - in 10% of the cases;

® one beaver family uses a yearly average of
1 m® of wood for food (assuming that such
volume of the trees is damaged by flooding
the area);

e the total yearly wood loss caused by 18 000
beavers is 35 000-40 000 m?® of flooded and
dead wood, and 4500 m? of branches (about
1 m?® per year per one beaver family);

e one beaver family during a year restores and
builds approximately 30-35 m of lodges and
channels, and for the construction of 1 m of
a lodge or a channel, 0.2 (maximum 0,5-0,7)
m? of soil is brought into the watercourse;

® approximately a 6-7 m® large volume of sed-
iments are discharged in the watercourse
from one beaver family per year, if beavers
inhabit lodges in mineral soils, and respec-
tively a 10-15 mé large volume of sediments if
beavers live in organic (peaty) soils.

Fig.17.12. Single beaver dams frequently transform into a
dam cascade. R. Vasleja. Photo: A.V.Urtans.

17.1.6.4 Shading

Process characterisation. Optimal shading ensu-
res the necessary temperature regime and regu-
lates the intensity of the photosynthetic processes
taking place in the water. In fast flowing rivers (1*
variant of the habitat), there is a low water tempera-
ture under natural conditions (during the summer
vegetation season < 18 °C) and low volumes of pri-
mary production (algae, aquatic plants). Therefore
their banks must be moderately shaded, the insola-
ted and shaded shore sections form a mosaic with
a ratio of 30:70 (Anon. 2002b; Urtane 2015). Slow
rivers (2" variant of the habitat) under natural con-
ditions have a higher water temperature (during
the summer vegetation season > 18 °C) and large
amounts of primary production (algae, aquatic
plants). Therefore their banks have a greater pro-
portion of insolated sections - the illuminated and
shaded shore sections form a mosaic with a ratio of
50:50 (Cowx, Welcomme (eds.) 1998; Urtane 2015).
Since large areas of former agricultural lands
are overgrown with shrubs and tree pioneer spe-
cies, most of the small and medium-sized Latvian
rivers currently have higher shading than optimal.
This mainly applies to areas, in which intensive ag-
ricultural activity does not take place. In areas with
intensive agricultural activity, mainly in the Zemga-
le region, rivers are excessively illuminated.
Characterisation of the impact. Shading by
woody species is essential for the maintenance of
the temperature regime (Fig. 17.13). It also affects
the oxygen regime. Temperature difference in the
same, up to 1 km long unshaded and shaded river
reaches can be up to 3.5 °C (Eipurs 1984; Armstrong
et al. 2010). In shaded river reaches, more oxygen
dissolves due to the lower water temperature. The



Fig.17.13. The influence of shading depending on the
shore overgrowth and the width of the watercourse.
Drawing by D. Seglina (according to Buisson et al. 2008).

primary production and the water’s self-purifica-
tion ability in such river reaches is lower, because,
due to insufficient insolation, algae, bacteria and
consequently protozoa which by overgrowing sto-
ne surfaces are actively involved in breakdown of
organic substances do not develop in them. The
lack of biofilm as food for aquatic invertebrates re-
duces the diversity of fish species, and the total fish
biomass in these waters is low (O’Grady 2006).

Fish species respond to the intensity of shading
in the habitat in different ways. Less shaded river
reaches have a significantly higher number of fish
species and their specimens (Birzaks 2013). Fish
species Rutilus rutilus, Leuciscus cephalus, Alburnus
bipunctatus, Alburnus alburnus, Gobio gobio, Cobitis
taenia and Perca fluviatilis are found in places with
less shading. As the shading increases, the number
of these species decreases. No Alburnus bipuncta-
tus and Cobitis taenia can be found in completely
shaded places (Birzaks 2013a). The only species,
the number of specimens of which increases as the
shading increases, are Phoxinus phoxinus and Salmo
trutta fario. The highest number of specimens of
these species are in rivers with moderate shading.
There are 2.5 times less juvenile salmonids in up to
100 m long, evenly shaded river reaches than in ad-
jacent river reaches with a mosaic of insolated and
shaded sections (O’Grady 2006).

17.1.6.5 Decline of Riverbank Stability

Process characterisation. Shore area vegetation
directly affects the water ecosystem, not only by
shading, but also by creating an additional food
supply with leaf litter (Forestry Commission 2011).
Root systems of woody and herbaceous species
play an important role in stabilising the riverbanks.

Rivers and Lakes

Fig.17.14. Excessive shading causes riverbank instability
and facilitates erosional processes. Drawing by D. Seglina.

Good riverbank stability and resistance to erosion
is provided by Alnus glutinosa. Their root strands
also create good hiding places for fish, crayfish and
aquatic invertebrates. Some tree species on the ri-
verbanks can also affect the river adversely. Such
tree species include Picea abies and Alnus incana.
Picea abies creates dense shading on the river-
banks and prevents the formation of a stabilising
herbaceous plant turf under them. Needle litter
from Picea abies causes soil and water acidification.
Shading and acidification contribute to the disappe-
arance of many aquatic organisms. Alnus incana is
classified as a softwood broadleaf tree with a short
life span. Its impact on river quality and the changes
of the natural shoreline structure significantly differ
in primary and secondary Alnus incana forests. The
primary Alnus incana forests in Latvia develop natu-
rally. They grow naturally in river valley floodplains,
on slopes and in brook ravines. These forests are
classified under the European Broadleaf Forest
Class, and correspond to habitat type 91E0* Alluvial
forests with Alnus glutinosa and Fraxinus excelsior
(Alno-Padion, Alnion incanae, Salicion).
Characterisation of the impact. Alnus incana
forests are only undesirable for the river ecosys-
tem when secondary Alnus incana stands form on
the riverbanks as a result of overgrowth of former
agricultural areas. Such stands have developed in
Latvia during the last few decades. Primary and se-
condary Alnus incana stands can be distinguished
by groundcover vegetation. Primary Alnus incana
stands have natural, well-developed herbaceous
plant vegetation that has formed over a long period
of time. If groundcover vegetation is open, compo-
sed of unconsolidated clusters of individual herba-
ceous plant species, then the woodland is conside-
red a secondary Alnus incana stand. Under trees in
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secondary Alnus incana stands, only shade-tolerant
herbaceous plants and mosses are able to establish
(Daugaviete, Usite 2006). Shade-tolerant herbaceo-
us plants and mosses do not form a continuous
turf. Therefore in snowless conditions during the
dormancy period in autumn and spring, after thaw
and rain periods the open turf cannot prevent the
flow of soil particles into the river, especially if the
watercourse is located in a valley. Furthermore, Al-
nus incana has a shallow root system. Without the
stabilisation provided by turf of herbaceous plants,
the root system of Alnus incana that grows on open
and often sedimentary soil, quickly gets washed
away and loosened. This is why an Alnus incana
that doesn’t reach the age of maturity falls down.
Having fallen into the river, they form large wood
debris, thus contributing to a local water level rise
and the activation of erosion processes (Fig. 17.15).
This phenomenon has a domino effect, since the
rise in water level contributes to the moistening and
following erosion of the fragile riverbanks, which
further facilitates even more intense tree falling.

The necessity for management of the secon-
dary Alnus incana stands located on riverbanks is
also determined by the fact that Alnus incana - a
species that quickly reaches the age of maturity -
can only actively intercept phosphorus until the
age of 10-15 years old. This means that they only
perform the river’s protection zone function for
10-15 years, and in the following years their pho-
sphorus accumulation abilities significantly reduce
(Mander 2008).

17.1.6.6 Intensification of sedimentation processes

Process characterisation. Sedimentation is a na-
tural process in watercourses. Soil particles that
have entered the river through the surface runoff
are deposited. A part of the soil particles that have
entered the watercourse, are transported by the
water stream down the river to a receiving water
body (lake or sea). The higher the stream velocity
and the easier it is to erode the bedrock forming
the riverbed, the greater the amount of sediment
transported. Therefore the natural riverbed in fast
flowing rivers is basically formed by coarse gravel
and stones.

As the intensity of agricultural activity and log-
ging increases, the volume of soil particles brought
into watercourses increases. Discharge of sedi-
ments from agricultural lands increases, if buffer

zones are not respected and the arable land is culti-
vated up to the upper edge of the watercourse. The
introduction of forestry-related sediments increa-
ses from logged areas, especially from clear-felled
areas. During the first years felling areas are open
areas with sparse herbaceous vegetation, so the
precipitation previously intercepted by tree crowns
now freely reaches the sparsely covered surfaces,
from which, due to increased surface runoff, they
end up in rivers and lakes. Along with the surface
water flow, the soil material, which is not covered
with the groundcover, is also transported.

The total volume of washed-out sediments de-
pends on the type of land use, landscape structure,
shape of river valley, soil type and other factors.
More intense sedimentation occurs in rivers with
a larger proportion of drained lands in the catch-
ment area. The total length of the drainage systems
built in Latvia is 63 500 km, and it is approximately
1,6 times the total length of rivers in Latvia (Urtans
1989). From one square kilometre of the catchment
area, up to 23 tonnes of sediments and deposits can
be transported into a river (Sand-Jensen (ed.) 2006).

Characterisation of the impact. Due to the in-
tensification of sedimentation processes the struc-
ture of the riverbed changes — the deposited sedi-
ments fill the spaces between gravel and pebbles
on the riverbed. As the riverbed clogs up, the river
throughflow capacity decreases.

Following the modification of life conditions,
the composition of species inhabiting the riverbed
changes, and species characteristic for natural ri-
vers disappear. 14% sediment addition to the river-
bed substrate already makes it unsuitable for Sal-
monid spawning (Madsen 1995; Cowx, Welcomme

Fig.17.15. Shading prevents the development of
herbaceous plant turf. The lack of turf contributes to the
washout of soil particles located between tree roots and
the intensification of shore erosion. Photo: A.V.Urtans.



(eds.) 1998) (Fig. 17.16). A 20-25% sediment addi-
tion is the threshold when Margarita margaritifera
and Unio crassus disappear from rivers (Rudzite
2010).

As sedimentation intensifies, the amount of
suspended solids also increases, thus reducing the
survival abilities of filtering organisms, because
their filtering organs needed for consuming nut-
rition are blocked. For feeding, aquatic organisms
better use those sections of the biofilm, which don’t
have sediment additions (Degerman 2008), thus the
number of sites suitable for invertebrate foraging is
reduced. As the sediment depositing rate increases,
the total area of biofilm formed on hard surfaces
decreases, which reduces the efficiency of the ri-
ver’s self-purification.

The filling of mouths of rivers that flow into
the sea with sand is a separate case. As a result, the
mouths become shallow, narrow and hard to pass
for migrating fish. Such barriers also facilitate the
flooding of the lower reaches and promote favou-
rable conditions for illegal fishing. In the past, the
mouth areas of the rivers that flow into the sea
were often a landing place for fishing boats. Fisher-
men, by deepening river mouths and maintaining
the depths necessary for the movement of boats,
at the same time ensured that migrating fish and
lampreys reached their spawning grounds. From
the point of view of river functionality, such mecha-
nical human intervention should not be considered
as deteriorating the quality of the habitat.

Rivers and Lakes

17.1.6.7 Watercourse Regulation

Process characterisation. Climatic conditions in
Latvia determine that the amount of precipitation
in the country exceeds the amount of evaporation
and runoff, therefore excessive moisture accumula-
tes in the soil. In these circumstances, the aeration
of plant root systems is encumbered, and soil pa-
ludification starts, which complicates its economic
use. Excessive soil moisture can be decreased by in-
creasing runoff. For this purpose, drainage systems
are established. Natural rivers are regulated by re-
ducing their sinuosity, thus achieving faster water
runoff. More than 60% of the agricultural land and
about 40% of the forest land in Latvia has been drai-
ned, the total length of regulated river reaches is
13690,4 km (Ministry of Agriculture Decree No. 168
of 16 December, 2016), which is 35,7% of the total
river length.

The aim of river regulation is to achieve faster
runoff. Therefore rivers’ longitudinal and cross sec-
tional parameters are modified. Although the exis-
ting legal framework, when defining environmental
requirements (Chapter 9 of Cabinet Regulation No.
329 of 30 June 2015, Regulations Regarding the Latvi-
an Construction Standard LBN 224-15 ‘Amelioration
Systems and Hydro-technical Structures”), describe
the preconditions for the conservation of the biodi-
versity of rivers; regulated riverbeds do not always
ensure good biological functioning of the river (Fig.
17.17).

Many rivers are regulated solely from the point
of view of ensuring the lowest costs for excavation
works, without taking into account the biological
functions of watercourses. Bad agricultural practi-
ces — ignorance of protection belts (for rivers) and
buffer zones (for drainage ditches) and field culti-
vation up to the upper bluff of watercourses — con-
tributes to the increase of sedimentation processes
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Fig.17.16. Sediments covering salmonid spawning grounds (1). Dependence of the survival of salmonids on the amount
of sand accumulation in the riverbed (2). Drawing by D. Seglina (according to Cowx, Welcomme (eds.) 1998).
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Fig.17.17. A regulated reach of a fast flowing river with

a uniform riverbed. The microhabitat diversity on the
riverbed is low. The stone left on the riverbed is used by
organisms as a hideout. Photo: A. V.Urtans.

and rapid clogging up of channels, and results in
the need for more regular stream cleaning and se-
diment excavation.

Characterisation of the impact. When regula-
ting watercourses, in most cases a uniform channel
bed is established. As the diversity of living condi-
tions and the number of microhabitats decrease,
the biological diversity of the river also decreases.
Small morphological alteration of the river (up
to 25%) does not affect the structure of the fish
community. As the proportion of morphological-
ly altered river reaches increases, the biomass of
ecologically tolerant and predatory fish increases,
but the biomass of ecologically sensitive fish de-
creases more than threefold (Birzaks 2013). In he-
avily altered rivers the number of fish that spawn
on hard substrates (lithophils) decreases, as well as
the number of specimens of insectivorous and long
distance migrating species, but the number of plant
spawners (phytophils) and predatory fish increases,
the most common representative of which in Latvia
is pike (Birzaks 2013a). As the riverbed diversity de-
creases, large fish lose their hideouts, and species
with small specimens start dominating fish commu-
nities (Madsen 1995; Cowx, Welcomme (eds.) 1998).

Due to the altered cross section profile of the
riverbed, simplified aquatic plant vegetation de-
velops in the straightened rivers. They have no
floating-leaved plants, have a small number of sub-
merged plants, emergent plants (most often reeds)
form wide and uniform stands. The lack of diverse
aquatic vegetation also determines the develop-
ment of simplified and species-poor invertebrate
fauna (Urtane 1992; Urtane et al. 2012). In regulated
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rivers there are few or no larvae and beetle species
characteristic for slow rivers (2" variant of the ha-
bitat). Even greater differences in the composition
of species can be observed in natural and regulated
reaches of fast flowing rivers (1% variant of the ha-
bitat).

17.1.6.8 Dams on Rivers

Characterisation of the situation. The force of ri-
ver water has been used as an energy resource for
many centuries. There is historical evidence that
already at the beginning of the 13" century, a mill
was installed between Lake KiSezers and Lake Jugla,
the use of which had become the subject of dispu-
te between the Livonian Order and the city of Riga.
In the early 20 century approximately 700 water-
mills were operating on Latvian rivers. They were
constructed in places, where rivers have the highest
gradient. Also nowadays, small hydroelectric power
stations are often built in areas, where there have
been mill dams in the past. Currently there are 146
small hydroelectric power stations on Latvian ri-
vers. Their contribution does not exceed 1 percent
of the total electricity generation in Latvia.
Characterisation of the impact Since rivers
with the highest gradient are also important fish
spawning grounds and a living environment for
aquatic invertebrates sensitive to oxygen defi-
ciency, the interests of the use of the river and of
riffle habitat conservation are opposed when small
hydroelectric power station (HPS) dams are estab-
lished. Furthermore, riffles have high self-purifica-
tion efficiency, which significantly decreases when
a water reservoir is established on the river. Dams
interrupt the movement of migratory fish. The im-
pact of dams on the composition of fish species in
the river is particularly high, if the dam is set up in
the lower reaches of the river. This creates conflicts
between energy producers and other groups of
users — anglers, water tourists, environmental pro-
tection and water management sectors. In order
to protect important riffles or fast flowing reaches
of rivers and to protect fish resources, Cabinet re-
gulations have been issued, which include a list of
rivers, on the reaches of which it is prohibited to
build and restore HPS dams and create any me-
chanical obstacles (Cabinet Regulation No. 27 of 15
January 2002, Regulations regarding the rivers (sec-
tions of rivers) in which, with a view to the protection
of fish stocks, the construction and reconstruction of



hydroelectric power station dams and creation of any
mechanical obstacle shall be prohibited). The more
than 200 rivers (their reaches) included in this list,
are high-quality riffles that correspond to the 1° va-
riant of the habitat.

Without denying the potential of the small
hydro-power sector, it must be stressed that, with
a few exceptions, turbine models that are current-
ly in use in Latvia are out-dated from the point of
view of hydro-power technology development, and
require the establishment of impoundments on the
river, thus changing the natural river flow. In addi-
tion, fishways are established in only a few small
hydroelectric power stations, and the existing fish
facilities almost never ensure fish protection (ZM
LZP], 2003; Environmental projects 2004). There is
still no solution for how to balance the use of wa-
ter energy and the conservation of riffle habitats.
In addition, in many places, water power is no lon-
ger used but the remains of the old dams are not
removed and continue to have a negative impact
on the quality of rivers. There have only been a few
cases of dismantling of dam remains (Fig. 17.18). For
example, the removal of the concrete bridge and
the concrete weir in the River Vikmeste (Sigulda;
2002; volume of the reinforced concrete construc-
tions is approximately 20 m?) and the removal of
the former mill dam on the River Norina (rural area
of Ainazi; 2015; volume of wooden constructions is
approximately 5 m’).

17.1.6.9 Invasive Species

Characterisation of the situation and the impact.
Nowadays, the spread of invasive species is consi-

Fig.17.18. The dismantled former mill dam on the River
Norina. Phaoto: A. V. Urtans.

Rivers and Lakes

dered as one of the major factors affecting the
quality of river habitats, and it has been facilitated by
the introduction of species non-characteristic for
the local conditions, and the development of trade
and transport routes. Not all species imported or
introduced in Latvia from abroad are considered
as invasive. An invasive (from Latin invasus - inva-
de, conquer) species is one that can be found out-
side its natural range and which causes harm to
the local ecosystems. Species that are considered
invasive can reproduce quickly, spread successful-
ly and outcompete the local species.

The most often noticeable invasive plant spe-
cies on riverbanks are Heracleum sosnowskyi and
Impatiens glandulifera. Less frequently observed
species are Echinocystis lobata and Helianthus
tuberosus. In some places Petasites hybridus and
Impatiens parviflora have been planted and have
spread.

Heracleum sosnowskyi is the most invasive
species and the most dangerous to ecosystems.
It forms a sunlight-intercepting canopy, thus sup-
pressing other plants and significantly depleting
the herbaceous plant habitats. One plant can de-
velop 3-20 thousand seeds and more, the ability
to germinate of which remains for 4-6 years. Thus,
after sowing a single seed, 1500-2000 seedlings
per 1 m? develop (Lejing, 2007). In shore areas that
are occupied by Heracleum sosnowskyi, bare soil is
excessively washed away, promoting bank erosion.

Due to the transport function of rivers, invasi-
ve species growing on riverbanks spread more ra-
pidly and occupy new territories much faster (Fig.
17.19). The seeds of both Heracleum sosnowskyi
and Impatiens glandulifera mature in August and

Fig.17.19. Due to the transport function of rivers invasive
Heracleurn sosnowskyi growing on riverbanks spread
more rapidly and take up new territories much faster.
Photo: A. V.Urtans.

147



148

Chapter 17. 3260 Water Courses of Plain to Montane Levels with Ranunculion Fluitantis and Callitricho-Batrachion

Vegetation

early September, i.e, in the period before the au-
tumn rainfall and the rise of the water level, which
helps the seeds to spread. The seeds of Heracleum
sosnowskyi maintain germinating ability in water
for about three days. After that about 90% of the
seeds sink. The banks of small rivers, where floo-
ding waters remain for a short time, are threate-
ned most. There Heracleum sosnowskyi and Impa-
tiens glandulifera can be found above the line of
the annual flooding level (Lejins 2007).

Fig.17.20. Pacifastacus leniusculus. A very characteristic
feature is that there is a large whitish to purple base on
the joint of the claws, which is not present in any other
crayfish in Latvia, and is clearly visible to young and
adult specimens. Photo: A. Soms

In recent decades three crayfish species un-
characteristic of the local fauna have spread into
Latvian rivers and lakes, including riffle habitats —
Astacus leptodactylus, Pacifastacus leniusculus and
Orconectes limosus. They create competition and a
threat to the only local crayfish species — Astacus
astacus.

Astacus leptodactylus is an invasive species that
is found in some watercourses near Daugavpils,
Madona, Dobele and Riga. It inhabits various ha-
bitats — shallow and deep lakes, rivers and brooks,
and it can be found on different substrates. This
crayfish species can also live in brackish and acidic
waters. In addition, its temperature tolerance is wi-
der than that of Astacus astacus.

Pacifastacus leniusculus is an invasive species,
introduced in Latvia from Lithuania, originating
in the western part of North America. Its distribu-
tion has been facilitated by the competition ability
of the specimen, its resistance to crayfish plague
Aphanomyces astaci and other diseases that threat-
en the local species. It inhabits brooks, rivers and
lakes with high water quality. This species is sensi-

tive to environmental pollution and physical degra-
dation of the environment.

Orconectes limosus is also an invasive species,
possibly introduced to Latvia from Lithuania, ori-
ginating in the eastern part of North America. It
inhabits waters of various quality and has also
adapted to polluted water. Similar to Pacifastacus
leniusculus, it is resistant to crayfish plague, which
threatens the local Astacus astacus population.

Eriocheir sinensis has been found in the Latvian
shore waters and in the lower reaches of the rivers
flowing into the sea. This invasive species is om-
nivorous, feeding on plants, algae, invertebrates,
small fish, as well as bivalves. The crab itself is food
for predatory fish, wading birds, otters and raccoon
dogs. Eriocheir sinensis spend the greatest part of
their lives in rivers where they can migrate upstre-
am for several hundreds of kilometres.

17.2 Management Objectives for the
Conservation of River Riffles and
Natural River Reaches

Good functionality of a river not only ensures high
quality of the habitat, but also the maintenance of
good ecological quality in the sense of the Water
Framework Directive. It means maintenance of an
unchanged habitat for all habitat type characteris-
tic species. In the case of riffle areas, it also has high
economic potential. Therefore the management
objective is to renew or reinforce river functions,
which provide:
* Throughflow in natural conditions;
 Self-purification potential;
* Living conditions for species characteristic for
the given river type;
* Unaffected organism migration upstream and
downstream.

Especially protected species in riffle areas:
River Nerite Theodoxus fluviatilis, River Limpet
Ancylus fluviatilis, Thick shelld river mussel Unio
crassus, River Clubtail Gomphus flavipes, Sna-
ketail Ophiogomphus cecilia, Freshwater Pearl
Mussel Margaritifera margaritifera, Grayling
Thymallus thymallus, Brook lamprey Lampetra
planeri, River lamprey Lampetra fluviatilis, Salm-
on Salmo salar, Brown trout Salmo trutta, Spined
loach Cobitis taenia, Bullhead Cotus gobio.



Conservation goal and management objective
is defined by the river type, size and geographical
location of the river.

Maintenance of the 1t variant of the habitat (ri-
vers or river reaches with the riverbed covered with
boulders or pebbles, with the stream velocity > 0.2
m/s) provides for the survival of riffle specific orga-
nisms as well a state in which salmonid spawning
places are not disappearing.

Therefore the habitat-specific management
and conservation goal is to stop water drainage
detention (excessive large wooden debris accu-
mulation, beaver dams, overgrowth with aquatic
plants) and decrease the negative manifestation of
sedimentation through improved riverbank struc-
ture and the creation of an optimal illumination and
shading mosaic, thus ensuring the natural flow of
the river and preserving the riverbed structure cor-
responding to the type of river.

Rivers that flow into the Baltic Sea and the Gulf
of Riga belong to the 1st variant of the habitat and
are economically important due to the spawning of
the migratory fish — salmonids, Vimba vimba and
Lampetra fluviatilis. Concerning the quality of the
habitat, these species are indicators of good water
quality and a significant component of the river’s
biodiversity.

During flooding, the sediment material carried
by the river settles in floodplains, thus decreasing
the amount of nutrients in the water and enric-
hing the floodplains, where characteristic and rich
terrestrial vegetation develops. This phase of the
hydrological regime of the river is economically
essential for the prevention of flood risk and the
accumulation of flood waters. Therefore, it is im-
portant to maintain a floodplain which is not over-
grown with trees and shrubs, which can be flooded
during the spring flooding. An exception is the his-
torically developed alluvial forests that are a pro-
tected habitat type of EU interest - they must be
conserved as forests.

Small rivers are more threatened due to their
dimensions, if their banks are overgrown with trees
and shrubs, or if excessive fallen trees jam the
channel. Therefore it is important to maintain op-
timal bank overgrowth structure to create approp-
riate illumination for the river type, stable bank
coverage with a grassland and shrub/tree mixture,
with longer biological age expectancy, which is
more stable and resistant to disease.

Regardless of the specific characteristics of

Rivers and Lakes

each watercourse, the goal of conservation and
management of each river must be to ensure that
the self-purification capacity is used fully. A river’s
self-purification capacity is maintained by the com-
position of species corresponding to the type of ri-
ver, ensured by the optimal stream velocity, tempe-
rature regime, shading conditions, and the riverbed
structure (see Chapter 17.1.2).

17.3 Restoration and Management of
River Habitats

17.3.1 Preparation for River Habitat Management

Considering various water balance components
(precipitation, runoff, evaporation, river network
density), 17 hydrological districts have been iden-
tified in Latvia (Pastors 1995). The differences
between various characteristic parameters of
hydrological districts are remarkable - differences
in precipitation can be up to 200 mm/year, evapo-
ration differences — up to 140 mm/year, runoff di-
fferences — up to 126 mm/year. Water supply signi-
ficantly affects the quality of watercourse habitats,
especially in the summer’s low-water period. So it is
important that management ensures that the who-
le potential of waters of the watercourse is used
effectively.

Due to unsustainable land use and due to
changes in climate, flood risk has also significantly
increased. Since floods often influence territories
of several countries, their mitigation and preven-
tion measures require coordinated action. On 23
October 2007, to reduce and manage the floods,
the European Parliament and Council approved
Directive 2007/60/EC on the assessment and ma-
nagement of flood risks. In Latvia, areas at risk of
flooding comprise 200 000 ha, which make up 3%
of the national territory. In order to reduce flood
risks, the National Programme of Flood Risk Asses-
sment and Management has been developed, and
within each river basin district, areas of flood risk
have been identified, as well as river basin flood risk
management plans have been developed, which in-
clude measures to reduce the likelihood of floods
and their effects.

Factors affecting the quality of habitats listed
in Chapter 17.1.6 depend on the size of the river. It
is important to assess whether these factors affect
a large, a small or a medium-sized river; which are
the predominant land use types in the adjacent
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areas and throughout the river’s catchment area;
whether there is a point source pollution load, etc.
(Table 17.2). Therefore, it is necessary to obtain the
following information before planning manage-
ment for a particular river:

the size of the river (large river: length > 100
km, catchment area > 1000 km?, medium-sized
river: length 10-100 km, catchment area 100-
1000 km? small river: length < 10 km, catch-
ment area < 100 km?), which can be assessed
using the national classifier of the Latvian En-
vironment, Geology and Meteorology Centre
(classifier of water management districts);

the gradient of the river - fast flowing river (1st
version of the habitat): > 1 m/km; slow river
(2nd version of the habitat): < 1 m/km;
seasonal average water supply of the river;
whether the river (or river reach) is located in
an area at risk of flood and what measures for
the reduction of flood likelihood and its con-
sequences are included in the flood risk mana-
gement plan of the relevant river basin area for
2016-2021.

land use in the river’s adjacent areas (forest or

agricultural land; overgrown abandoned farm
land);

proportion of types of land use in the catch-
ment area (forests, mires, agricultural land,
urban areas), which allows the potential of di-
ffuse pollution loads, as well as the risk of in-
tensification of sedimentation processes to be
evaluated;

Conditions related to habitat management and
the need for the coordination of actions are defi-
ned in legislation (see Chapter 8). Therefore, before
the planning of river management activities, the
following requirements of legislation must be re-
ferred to:

Requirements under the Protection Zone Law,
applicable to protection belts of surface water
objects;

Cabinet Regulation No. 475 of 13 June 2006, Or-
der for the Maintenance and Deepening of Surfa-
ce Water Bodies and Water Areas of Ports.
Regulation of the Cabinet of Ministers No. 329
of 30 June 2015, Regulations regarding Latvian
Construction Standard LBN 224-15 ‘“Ameliora-
tion Systems and Hydro-technical Structures”.

Table 17.2 Factors affecting habitat quality and the relation of their potential indications to the size of the river.

Factors affecting the Group of rivers

quality of the habitat Small rivers

Medium-sized rivers

Large rivers

Manifestation of eutrophi-
cation - massive aquatic X
plant overgrowth

Manifestation of eutro-
phication - excessive
growth of algae

Mainly filamentous green

Large woody debris X
Beaver activity X
Shading X

Decline of riverbank sta-
bility (bank erosion)

Intensification of sedi-
mentation

Regulation (straighten-
ing) of watercourses
Dams on rivers Fast flowing streams.

Invasive species X

algae found on the riverbed.

Mainly filamentous
green algae found on the

The impact is small.

Mainly planktonic algae of
the water mass.

riverbed.

X The impact is small.

X The impact is small.

X The impact is small.

M The impact is small

(except the River Gauja).

X The impact is small.

X Not applicable.

Fast flowing streams.

Large hydroelectric
power stations.

X




17.3.2 Maintenance and Increasing of the
Biological Diversity of Rivers

The maintenance and increasing of biodiversity
can be attributed both to natural rivers and their
particular reaches, and regulated rivers. The bio-
diversity of aquatic organisms can be maintained
and increased by different combinations of the
functionality improvement methods described be-
low, which can be implemented both in the river
and on its banks. For example, strengthening of
the riverbanks not only restricts the sedimentation
processes, but also creates living places for va-
rious aquatic organisms. By mowing and limiting
the spread of Phragmites australis, preconditions
for the development of more diverse emergent
and submerged plant vegetation are created. The
formation of more diverse emergent plant stands -
bur-reed Sparganium spp., flowering rush Butomus
umbellatus, iris Iris pseudacorus, calamus Acorus
calamus creates a diversity of microhabitats, whi-
ch ensures larger diversity of aquatic organisms
(Buisson et al. 2008).

In regulated rivers with long, straight reaches and
a uniform riverbed, wooden logs (diameter > 10
cm), fastened by poles that are driven into the ri-
verbed, can be installed on the riverbanks parallel
to the stream, strengthening the riverbanks. Cavi-
ties washed-out around them create microhabitats
for aquatic organisms and serve as hiding places
for fish.

17.3.3 Ensuring the Functionality of Natural River
Reaches

17.3.3.1 Removal of Excess Fallen Trees and
Control of "Catchers" (A1)

The aim of the removal of excess fallen trees
(Large wooden debris - LWD) is to restore the
natural river flow, in order to (1) limit the develop-
ment of sedimentation processes; (2) increase
the river's self-purification capacity (3) reduce
the risk of floods, due to the accumulation of an
even greater amount of LWD.

In unmanaged river banks, especially in steep
slopes, tree litter forms regularly, and trees are
washed out, or, as it happens in the secondary
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Alnus incana stands, trees decay due to age or rot.
As the decayed trees fall into the river and block
it, structures of large woody debris start to form.
Larger clusters of fallen trees most often form in
spring or in periods of intense rainfall, when tree
litter material of different origin and in varying
sizes is washed down with the stream from the
upper reaches of the river. Leaves and small bran-
ches from trees tilted over the river also fall in the
river. Small twigs, which fill the space between the
fallen trees, form a compact blockage, which holds
off the water runoff, facilitates the rise of the wa-
ter level and bank erosion.

In addition, if the fallen trees are not timely
removed from the river, they reduce the river’s
self-purification capacity under the conditions of
high rainfall, increase the risk of flood, make the
use of the river for water tourism purposes more
difficult.

| x‘" dorree. ——— -

Fig.17.21. A reach of the River Vaive before (1) and after (2)
the removal of fallen Alnus incana. After the removal of the
fallen Alnus incana formation, a more diverse water flow
established in the river, and the former microhabitats are
restored. This is indicated by the visible flow and water
ripples, the disappearance of sand sediments and the
exposure of a pebbly, gravelly riverbed. Photo: L.Urtane.
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Therefore, taking into account the interests of
habitat conservation, the provision of water flow,
flood risk reduction and water tourism, the volu-
me of fallen trees in the river must be control-
led. The most appropriate tree removal solution
should be chosen according to the type of large
woody debris and its total volume (Fig. 17.21). Ge-
neral principles that apply in all cases are:

* the total volume of large woody debris left in the
river does not exceed the volume characteristic

for good habitat quality (see Chapter 17.1.2);

* in the central part of the river there is at least

a 1 m wide, obstruction-free water area that

provides free migration of aquatic organisms,

i

Wooden dam type, structure and volume:

free flow of sediments and deposits and is sui-

table for safe boating (Urtans, Urtane 2011).
Depending on the total amount of woody debris in
the river, the fallen trees are either removed manu-
ally or by special machinery. It is important to pla-
ce the removed trees on the riverbank in a way that
does not allow them to be washed back into the
river by flooding waters. Depending on the amou-
nt of dead wood in the woodland, small amounts
of removed woody debris are distributed sparsely.

Large amounts of removed trees are taken
away, but, if that is not possible, they are left in
big piles on the riverbanks or burnt on top of dry
bars on the riverbed.

Large volume of large fallen trees has accumulated in the river. River throughflow is hindered. Due to the limited
flow, sediment transport has been delayed. As a result, the structure of the river-type characteristic structure has
changed to sandy sediments unsuitable for Unio crassus and salmonids spawning here. R. Rauza.

Management method:

To renew river flow and improve the structure of the riverbed, excessive wooden debris is taken out of the river.

Fallen trees are located across the river and block the
stream, acting as "catchers", attracting new wooden
debris brought by the stream. R. Kaulina.
Management method:

Taking into account the excessive volume of wooden
debris in river stretches upstream and downstream,
all accumulated trunks must be taken out of the river,
leaving a few logs located along the bank parallel to
the stream. All mechanical waste - plastic bottles
must be collected from the river.

Fallen tree type, structure and volume:

Fallen trees in the river are orientated along the direc-
tion of flow. R. Kaulina.

Management method:

Fallen trees must be taken out of the central part of
the river. Logs, that are located parallel and close to
the banks, are left as hides for fishes and inverte-
brates. Logs are fastened to the bottom with poles.



Fallen tree type, structure and volume:

Fallen trees are located across the river and used as
bridges for small rodents. In an elevated water level
they can act as "catchers" and promote the develop-
ment of wooden dams and bank erosion. R. Kaulina.
Management method:

One of three wooden "bridges" across the river seen
in the background of the photo should be left. Fallen
trees must be taken out of the central part of the river.
Logs, that are located parallel and close to the banks,
are left as hides for fishes and invertebrates. Logs are
fastened to the bottom with poles.

Fig.17.22. Choice of appropriate management method for
fallen tree type, structure and volume.

17.3.3.2 Demolition of Beaver Dams (A2)

The aim of the demolition of beaver dams is: (1)
to restore the natural river flow, restore flooded
riffle reaches: (2) increase the river's self-pu-
rification capacity: (3) limit the development
of sedimentation processes and reduce flood
risk.

Depending on the size, quantity, location and
accessibility, beaver dams are either demolished
manually or mechanically. In practice, various de-
molition techniques are used. Information on the
best available practice can be found on various
websites. General principles for beaver dam de-
molition are:
¢ Since a beaver dam is built in a certain order,

the following parts are distinguished: (1) a

base, fixed to supporting wooden poles, po-

sitioned perpendicular to the stream, and (2)

a pile-up on top of the base, made of inter-

connected wooden poles, twigs and branches,

with a filling of leaves, grass and soil that may
contain stones;
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* the order of dam demolition works is the re-
verse order of its construction - it is recom-
mended to start demolishing downstream
from the dam, by first removing the largest
supporting trees that are perpendicular to
the dam; the trees forming the dam must be
removed by gradually reducing the width of
the dam so that the dam is as narrow (“thin”)
as possible, but the water level is not lowered;

¢ When the dam has become sufficiently “thin”,

a small opening (Fig. 17.21) must be created,
in order for the water flow to wash away the
leaf and mud sediments, which will facilitate
further removal of the largest trees. If the
principle of gradual dam removal is not fol-
lowed and a large part of a dam is destroyed
at once, materials from the demolished dam
might form a new blockage a few dozens of
metres downstream from the demolished
dam.

In order to maintain the water flow in cases of lar-
ge dams that are difficult to demolish, pipes with
different diameters are inserted into the dams.
However, this technique only delays implemen-
ting a real solution, because keeping the beaver
dam will create the further accumulation of se-
diments and debris (leaves, twigs) carried in the
stream, thus clogging up the river. The demolition
of beaver dams is effective if it is accompanied by
regulating the number of beavers (hunting) in the
given river reach and in a wider area.

This action also applies to regulated water-
courses and drainage ditches. In rivers that flow
through managed agricultural land, dams are of-
ten built only from plant litter, mostly reeds and
their rhizomes, as well as sand and stones (Fig.
17.23). Removal of such dams is relatively simple,
and agricultural machinery can be used for this
purpose.
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Fig.17.23. Beaver dams in agricultural land are often built
only from macrophyte litter and soil. R. Slocene.
Photo: L.Urtane.

17.3.3.3 Regulation of Macrophyte Overgrowth
(R3)

According to the river pollution level, the type of
river (fast flowing or slow) and the degree of over-
growth, the aim of management is to restore the
natural level of the river’s overgrowth, in order to:
e reduce a monotonous emergent vegetation,
thus creating an opportunity for diverse emer-
gent and submerged vegetation to develop;
¢ reduce the amount of plant nutrients accumu-
lated in the system;
¢ destroy the turf created by the emergent plant
root system and to restore the gravelly/sandy
ground (in the fast flowing rivers);
e restore the natural flow of the river, and the
transport of energy and substances.
Aquatic plants are an important group of aquatic
organisms. They are not just habitats and shelters
for other aquatic organisms, but also their food.
By accumulating the dissolved plant nutrients and
creating a green mass of plants, aquatic plants par-
ticipate in the river’s self-purification processes.
However, if they grow excessively, the basic func-
tions of the river are hindered - the transport of
energy and substances.

In rivers that are rich in plant nutrients and un-
managed for a long time, the root system of Phrag-
mites australis, Scirpus lacustris, Phalaris arundina-
cea, Typha spp. and Sparganium spp. develop an up
to 30 cm thick turf over the mineral ground (Fig.
17.24, 17.25). It covers riffle areas, thus destroying
the pebble and gravel habitats and spawning grou-
nds of Salmonidae fish and river lamprey Lampetra
Sfluviatilis.
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Fig.17.24.n rivers unmanaged for a long time the root
system of macrophytes develop an up to 30 cm thick turf
over the mineral ground. River Venta. Photo: A. V.Urtans.

Natural aquatic plant overgrowth in an undis-
turbed river never exceeds 30%. When the pho-
sphorus and nitrogen compounds from the soil
reach the water environment, they increase the
nutrient load and contribute to the enhanced de-
velopment of aquatic plants. If the riverbed is too
overgrown with aquatic plants, the water flow is
hindered, the water level rises, and, as the lower
bank parts become moistened, the leakage of plant
nutrients into the river is enhanced. If the aquatic
plant overgrowth in a river is > 30% of the open
water surface the aquatic plants must be removed.

Reduction of aquatic plant overgrowth invol-
ves several successive activities:

* establishing temporary storage places for the
removed aquatic plants;

* reducing aquatic plant overgrowth;

e removing the mass of mown aquatic plants
from the river;

Fig.17.25. After macrophyte mowing and shearing their root
system, sediments are scoured, opening substrate typical
for fast flowing rivers. Venta. Photo: A. V. Urtans.



¢ placing the removed green mass in the com-
posting site.
Depending on the depth and degree of the over-
growth of the river, aquatic plants can be mown
with a scythe or with devices mounted on a tractor
or boat. In areas where it is difficult for a tractor
to access or where the amount of work is small,
aquatic plants can be mown with a hand scythe
(Fig. 17.26) or with cutter mounted to a boat (Fig.
17.27). However, in this case the work efficiency is
lower, because roots of aquatic plants remain in
the river. In the next vegetation season, although
in smaller amounts, aquatic plants will regenerate,
and the mowing has a shorter effect. In order to ac-
hieve greater management efficiency and prevent
the regeneration of aquatic plants, plants must be
mown several times during one vegetation season.

Mowing of aquatic plants is much more effi-
cient, and serves more for the long term, if it is
combined with removal of the roots. It is perfor-
med with an appropriately equipped tractor (Fig.
17.28, 17.29). If a tractor is used to reduce the
overgrowth of the river, manual work will be needed
in some parts of the renewable river reach.
Aquatic plants are usually removed by hand in pla-
ces, where due to the river depth or the shape of
the riverbed, it is not possible to gain access with a
tractor, for example, in areas with alternating pools
and stone assemblages that are not possible to be
overcome with machinery.

When working with a wheeled tractor, the eli-
mination of aquatic plant overgrowth and impro-
vement of the riverbed structure is carried out by
multiple and sequential scarifying of the river bot-
tom and by removing the aquatic root system (Fig.

-

Fig.17.26. Manual macrophyte mowing using a trimmer.
Photo: L. Urtane.
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17.28). The experience gained in the River Jaunupe,
the River Salaca, the River Gauja and the River
Venta showed that wheeled tractors equipped with
auxiliary devices for ploughing forest clearings are
effective in the elimination of aquatic plant over-
growth. A tractor with this kind of equipment is
able to work at depths of up to 1.5 m.

In order to destroy the aquatic root system,
reduce the accumulated sediment layer and en-
sure its gradual wash-out, the riverbed must be
repeatedly scarified at specified intervals. After each
such scarification, when the stream has washed
away the loosened sediments, the deeper sedi-
ment layers which were previously strengthened
by plant roots can now be accessed by the stream.

If aquatic plant development has taken place
for a long period, a sandy sediment layer accumu-
lates on the turf of aquatic plant roots, and species
characteristic of river floodplains and wet mea-
dows, starts to develop here — reeds, along with
various species of sedge Carex spp. and bur-reed
Sparganium spp. To eliminate such islet deposits
on a formerly stony or pebbly riverbed, actions
must be gradual. Initially, when working with a fo-
rest plough, it is only possible to partially split the
root system and the ground layer. Therefore the
ground has to be cleared gradually. At first, only
edges of the turf are torn off from the riverbed and
lifted up so that they are exposed to the stream of
the river. The lifted turf must be inspected after a
couple of days and, using a hoe or fork, must be
upturned so that the root system faces the stream.
When the inversed root aggregations are rinsed
with water, they must be removed from the river.
A part of the washed out roots are transported

Fig.17.27. Macrophyte cutter mounted to a boat. Suitable
for deeper rivers and lakes. Photo: L. Urtane.
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Fig.17.28.1n the River Venta, a wheeled tractor is used in
order to reduce the aquatic plant overgrowth and to scarify
the root system. To provide additional grip, the tractor is
equipped with metallic wheel wrappers. Photo: A. Lacis.

downstream, where they accumulate in the lower
slow-flowing reaches of the river. The plant roots
that were carried away by the stream in the River
Jaunupe and in the River Venta, lost their regene-
ration abilities and rarely rooted again (Urtans,
Urtane 2011).

Working methods are different when working
with a caterpillar tractor (Fig. 17.29). The experien-
ce gained in Latvia shows that in order to reduce
aquatic plant overgrowth, a caterpillar tractor can
only be used at a depth of 0.6-0.8 m. Overgrowth
and the root system is eliminated and the compo-
sition of the riverbed is improved by bulldozing.
In this way, relatively large amounts of bottom
material can be displaced, significantly affecting
the upper — around 10 cm thick — layer of the ri-
ver bottom, which is inhabited by the majority of
bottom-dwelling invertebrates. This method is re-
garded as traumatic to bottom inhabiting inverte-
brates.

Regardless of the methods for the reduction
of aquatic plants (mowing by hand or using ma-
chinery), prior to the start of work, an appropriate
temporary storage place for the mass of mown
aquatic plants must be prepared in the shore zone
of the river. The planned area of work must be sur-
veyed in detail, the movement route of the tractor
must be selected, the owner of the land adjacent to
the river must be found and informed, temporary
deposit sites for aquatic plants must be selected
and their use coordinated.

Fig.17.29. In the River Masa, in order to reduce the
aquatic plant overgrowth and to scarify the root system,
a caterpillar tractor is used.

Photo: A. V.Urtans.

When the temporary storage place for aquatic
plants is selected — usually an about 10-25 m? lar-
ge area in the shore area, as high as possible above
the flooding level, it must be mown and cleared
from shrubs, in order to have free movement and
to follow work safety. The established temporary
storage site must be as close to the riverbank as
possible, to allow aquatic organisms hiding among
the plants to return to the river with the runoff
water (see Chapter 17.3.3). A few hours after pla-
cing the plants in the temporary storage location,
it must be surveyed and larger aquatic organisms
must be removed to the water — bivalves, lamprey
juveniles and others.

Along with the green mass of aquatic plants,
a part of the nutrients is also removed. Thus, after
the mowing of aquatic plants, not only is the river
flow improved, but the total amount of nutrients is
reduced. Aquatic plants of a river reach should not
be mown completely. Separate aggregations must
be left to maintain hiding, feeding and living places
for aquatic organisms that live among the aquatic
plants. As large as possible mass of the cut aquatic
plants must be removed from the river and taken
ashore. Aquatic plants that are mown and are not
removed from the river can create obstructions in
the lower reaches of the river, thus raising the wa-
ter level and causing mechanical pollution.

In the temporary storage place, the volume of
the green mass significantly reduces due to evapo-
ration. Therefore aquatic plants should be stored



there before transporting them to a composting
site for as long as possible. If it is planned to keep the
cut water plants in the temporary storage place
for longer, it should be above the flooding level. It
must be easy to access and collect the mown ma-
terial and transport it to a composting site.

Legislation proposes to mow aquatic plants
in the upstream direction, thus ensuring runoff
of resuspended sediments and transparency of
the riverbed. By mowing upstream, plants form a
dispersed mass. To collect such mass in the water
environment, additional manpower is necessary.
Sometimes, in short river reaches, a few dozens
of metres long, it is more efficient to mow aquatic
plants in the downstream direction. When mowing
down the stream, the mown aquatic plants float
above the water surface, get trapped in the yet un-
mown plants, and can be collected and removed
more easily.

17.3.3.4 Improvement of shore vegetation
structure (A4.1)

The shore vegetation structure is improved in
order to: (1) reduce soil leaching from areas with
no vegetation; (2) enhance plant nutrient de-
tention capacity, thus reducing their discharge
in the river from the adjacent terrestrial areas.

This action refers to the bank part of a river. It
is considered a priority in the former agricultural
lands, which overgrow with tree pioneer species
— Alnus incana, Salix spp., Padus avium. Over the
course of the improvement of the shore growth
structures, the forest stand is maintained - the
structure of the stand is improved, by gradually
replacing the secondary Alnus incana stands with
more valuable and more enduring broadleaf tree
species — Fraxinus excelsior, Ulmus laevis, Ulmus
glabra. This action may be combined with the
planting of Alnus glutinosa, which, from the point
of view of riverbank stability and hiding places for
aquatic organisms, is a very valuable tree species
(Fig. 17.30). The preferable distance between the
Alnus glutinosa to be planted is 1,5 metres. In the
area between the river and the tree line a herba-
ceous plant zone at least 1 m wide must be cre-
ated.

Rivers and Lakes

Fig.17.30. Improvement of the shore vegetation structure
with Alnus glutinosa. In riverbanks with Alnus glutinosa,
groundcover with herbaceous plants develops. Their
roots strengthen the riverbank and: (1) provide hiding
places for fish and crayfish; (2) aguatic organisms
inhabits roots and shoots. Drawing by D. Seglina
(according to Lange, Lecher 1989). Photo: L. Urtane.

To effectively strengthen the riverbank, herba-
ceous plants must have a well-developed and deep
root system that can detain the soil (Wenger, 1999).
The development of a belt of herbaceous plants is
necessary for all natural rivers, the shore areas of
which are overgrown with trees and shrubs all the
way to the river. Research shows that a 6 m wide
grass belt and a 13 m wide combined belt of grass
and forest hold up 20-50% of ammonium, 50% of
the total nitrogen and 50% of nitrates (NIWA Client
Report 1997; Wenger, 1999). In younger woodlands
phosphorus and nitrogen compound uptake oc-
curs more actively than in old woodlands (Mander
et al. 1999). It has also been found, that over time
soils in unmanaged shore areas become saturated
with the accumulated phosphorus and phosphorus
compounds that start to leach out from the soil,
thus causing additional nutrient enrichment of the
water (Wenger 1999). To maintain a high nutrient
accumulation ability in the shore zone, it must be
regularly managed by mowing and cutting shrubs
which overshade the herbaceous ground cover. In
order to ensure the efficient nutrient interception
function of a protection zone, management of Alnus
incana is recommended in the former protection
zones of watercourses in agricultural lands - 10-20
year old Alnus incana stands are the most effective
in accumulating nutrients and do not allow them to
enter watercourses (Arhipova et al. 2011).
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17.3.3.5 Strengthening of the riverbanks (A4.2)

Riverbanks are strengthened in order to: (1) re-
duce bank erosion and the intensity of sedimen-
tation processes; (2) to narrow ("compress”)
the riverbed, so that the riverbed, which has
been extended due to various influences, re-
turns back to its original width.

Bank fastening to limit erosion is preventi-
ve activity. In everyday praxis much frequently
it is applied not for habitat protection and incre-
ase of biodiversity, but rather for economical re-
asons. Restricting bank erosion intensity of sedi-
mentation process is decreased and protection
of fast flowing river stretches ensured. In urban
areas bank fastening includes as well environ-
mental or so called blue structures. (Fig. 17.31).

Riverbank strengthening to eliminate
erosional impacts. Riverbank strengthening
is carried out in areas where bank erosion has
occurred due to the hindered water flow or the
operation of small hydroelectric power stations.
To stabilise the riverbanks, stones or tree trunks
that have fallen in the river, stay in the water and
are placed parallel to the bank and fixed. When
reinforcing a riverbank, it must be taken into ac-
count that the water flow will hit it and will be re-
directed to the opposite bank of the watercour-
se. Therefore, downstream from the reinforced
area, the opposite riverbank must be strengthe-
ned, too. This technique is also used for reme-
diation and “extending” the eroded riverbanks.

In this case, the eroded riverbank is completely
confined with stones or tree trunks, thus redirec-
ting the water stream (Fig. 17.32).

Riverbed narrowing. A river channel is nar-
rowed in places, if, due to various influences, it
has widened, has become shallower and partly
dries out in the dry period (Fig. 17.33). To resto-
re the natural width of a riverbed, the riverbank
strengthening techniques described above are
applied. To create a new shoreline, stones or tre-
es that have fallen in the river are placed parallel
to the bank and fixed.

S i . kA = % -

ig. 17.31. Stones strengthen the riverbank against erosion,
while also creating suitable habitats for aquatic and
shore animals (1). The River Lazdupe in Ranka. Photo:
L.Urtane. Strengthening of riverbanks for rivers located

in an urban environment River Stulpa in Lithuania is

also used as a landscape design element and blue
infrastructure. The amount of stones placed on the
riverbank is greater than is needed for its strengthening
(2). Photo: A. V.Urtans.

Fig.17.32 Bank stabilisation undertaken to halt bank erosion and falling of an oak into the river (1). Eroded bank
stabilised with stone riprap and additionally wooden trunks to promote bank revegetation (2).
R. Kaulina. Photo: A. V.Urtans.
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Fig 17.33. Channel narrowing. Sediment filled shallow channel stretch with negligible flow (1) is narrowed using stone
riprap. Renewed flow scours sediments and re-creates diverse microhabitats suitable for salmonids (2). Karli fish
hatchery. Photo: A. V. Urtans

To keep the river channel from widening,
stones or trees are placed along the riverbank
in several rows. Gaps and cavities must be left
between them to keep hides for fishes, diversi-
fy the riverbed and to allow the development
of microhabitats over time. Living places for
species that are sensitive to oxygen deficiency
develop in such “compressed” rivers, as well as
spawning grounds for salmonids (Fig. 17.33). In
settlements such structures make the riverscape
more scenic and serve as blue infrastructure (see
Chapter 3.3).

17.3.3.6 Establishment of Riffles

The aim is to enrich the river water with oxygen,
in order to increase the river's self-purification
ability, maintain the diversity of oxygen sensi-
tive aquatic invertebrates and to reduce the im-
pact of climate change on water quality.

Stones in rivers have several functions. A
stone in a river is a substrate for various aquatic
organisms. Stones in a river create a turbulent
stream - they make the water flowing over them
swirl. Thus the surface of the water significantly
increases and facilitates the dissolving of oxygen
from the air.

Stones that are placed in a river properly, in-
crease the riffle areas and contribute to the pro-
cesses mentioned above. When placed in a wa-
tercourse, stones quickly overgrow with a layer
of microscopic aquatic bacteria, fungi and algae

(biofilm). The dissolved oxygen activates this
biofilm, thus speeding up the interception and
breaking down organic and mineral substances.
Bacteria, fungi and algae become food for the
river’s aquatic organisms, which, in turn, are
used as food by fish. In such oxygen-rich river
reaches plant nutrients mineralise much faster
and the quality of the water improves. Stones as
a substrate become a home for oxygen-sensitive
species, thus contributing to the increase of bio-
diversity. Eddies behind stones serve as hiding
places for fish and crayfish.

Increased riffle areas are also crucial to mi-
tigate the effects of climate change. As water
heats up, oxygen dissolution in water decreases,
therefore during hot summers the suffocating
of fish and other aquatic organisms can begin.
Stones placed in a river, diversify the flow and
promote mechanical aeration. Thus, the survival
of aquatic organisms is also ensured under the
conditions of increased air temperature. Unlike
trees that have fallen in a river, stones are che-
mically stable (they don’t decompose over time)
and become a permanent substrate.

Only fast flowing rivers (river reaches) with
a stream velocity above 0,20 m/s are suitable for
the installation of riffles. The stream flow in such
rivers is visible, rippling or with standing waves.
Stones cause water to swirl in small and shallow
medium-sized rivers. In the large rivers and in
slow-flowing river reaches, where the riverbed is
covered with a thick layer of mud, a stone put in
a river will “sink” and will not be able to swirl the
surface of the water, therefore the mechanical
dilution of oxygen into the water will not occur.

When installing riffles, patterns related to
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the functioning of the river must be taken into

account:

¢ stones placed in the river should not rise
above the water surface too much, thus be-
coming catchers of the materials carried by
the stream and creating a blockage in the
river;

¢ in order for the stones not to have the effect
of a dam, the pile of stones must be estab-
lished in the central part of the river, so that
it does not take up more than 20% of the
cross-section of the river (Fig. 17.34);

e a stone placed in the river is an obstacle,
which changes the direction of the stream,
therefore, in order to avoid bank erosion,
after creating the riffle, the direction of the
stream must be observed and the riverbank
below the created riffle must be stabilised
with a row of stones (Fig. 17.34). If it is not
done, sediment deposition will increase, and
the planned improving effect of the habitat
quality will only be achieved partially.

This management method can also be used in
regulated watercourse stretches with a stream
velocity > 0.2 m/s. Unlike in natural rivers, in re-
gulated rivers stones are placed not only to en-
rich the water with oxygen and produce habitats
suited for aquatic organisms, but also to facili-
tate the naturalisation of the riverbed. In such
cases, riverbank fixing below the installed stone
riffles is not performed. The altered stream gra-
dually washes out the opposite riverbank and in
the straightened reach a small sinuosity starts to
develop.

This is an environmentally friendly method
of restoration of the straightened river, where
with the help of structures placed on the river
bottom, the naturalisation of the riverbed is fa-
cilitated. This method is more time-consuming,
but more natural and economically more benefi-
cial than excavating a new sinuous riverbed.

17.3.3.7 Maintenance of Natural Spawning
Grounds Suitable for Salmonids and Lampreys and
the Creation of Artificial Spawning Grounds (A7)

The aim of activity is to maintain a good quality
riverbed structure for specific fish species to:
(1) maintain or increase the spawning ground
area; (2) ensure good spawning success.

Creating spawning grounds. Creation and
maintenance of spawning grounds suitable for
salmonids is a specific form of management,
applicable to certain species. salmonids — Salmo
trutta fario, S. trutta and S. salar — are indicators
of good water quality. They have become a kind
of symbol of clean and oxygen-saturated rivers.
In many places around the world (for example,
in Denmark) the creation and maintenance of
spawning grounds for salmonids have become
a significant form of cooperation between an-
glers, local residents and municipalities (Mad-
sen 1995). In Latvia, through the engagement of
angler’s clubs, non-governmental organisations,

Fig.17.34. River reach before (1) and after (2) removal of fallen trees. River Kaulina. (A) After the removal of large woody
debris, ariffle is created - stones are located in a central part of the river in a way that they do not become "catchers"
of debris and do not block mare than 1/3 of the river width. (B) Downstream of the newly created river riffle, the river
bank is reinforced with stones to avoid bank erosion. (C) Downstream from the riffle, a spawning ground shall develop.
Photo: L.Urtane. Explanation of the process: A. V. Urtans.



environmental authorities and municipalities,

several spawning ground establishment projects

for salmonids have been implemented.

Each salmonid species have specific needs
in relation to the selection of spawning grounds
(Cowx, Welcomme (eds.) 1998).

* Optimal conditions for Salmo salar spawning
are: stream velocity 0.6-1.0 m/s, soil structu-
re - stones in different sizes (51-150 mm in
diameter), pebbles (12-50 mm in diameter),
gravel (3-11 mm). Under optimal spawning
conditions, the sand and sediment fraction
does not exceed 10%. The total proportions
of the riverbed substrate for the spawning
ground - stones (30%), pebbles (40%), gravel
(20%), sand (10%). The depth of the spawning
ground is at least 0.5 m (Mitans 2004).

e For Salmo trutta spawning shallow riffles
with a depth of 0.3-0.6 m, and stream velocity
of 0.3-1.10 m/s (0.5 m/s on average) are more
appropriate. These spawning grounds are do-
minated by coarse gravel and small pebbles.
The size of pebbles in 70% of the cases is 2-63
mm, 16 mm on average (Madsen, 1994).

Since pebbles in the salmonid spawning groun-

ds are irregularly shaped, spaces form between

them. There the laid roe are constantly supplied
with oxygen and the resulting metabolic pro-

ducts - washed away (Fig. 17.35).

Experiments carried out in the River Bjerge
in Denmark showed that even a 14% sand and
sediment fraction in the spaces between pebb-
les destroyed all of the roe laid by Salmo trutta
(Madsen 1995). The Danish experience in the
creation of artificial spawning grounds (“spaw-
ning nests”, “redds”) show that their functioning
is successful, if the following conditions are ful-
filled:

Rivers and Lakes

¢ riverbed gradient at the spawning ground lo-
cations is 2-17 cm per a 100 m long reach;
» the average thickness of the pebble layer is

10-50 cm, 25 cm thick on average;
 the length of spawning nests depends on the

width of the river and the volume of water; in

larger rivers, their length could even be 10-15

m. In small rivers, their length should not ex-

ceed 4-5 m (Madsen 1995).

Creating spawning grounds for lampreys. In
Latvia, two species of lampreys are found — Lam-
petra fluviatilis and Lampetra planeri. Environmen-
tal requirements of both species are similar, but
their life cycles are different. Lampetra fluviatilis is
a migrating species, the spawning of which takes
place in river riffles, larval development - in the
slower river reaches, while the adult specimens
feed in the sea. Lampetra planeri in its larval stage
is morphologically similar to Lampetra fluviatilis.
Unlike Lampetra fluviatilis, Lampetra planeri has no
sea phase in its life cycle.

Lampreys spend the autumn and winter period
until their spawning period from February - July,
in the upper or lower reaches of riffles, where the
stream velocity does not exceed 0.5 m/s and larger
stones can be found (> 256 mm), which serve as
hiding places (Aronsuu 2015). Lampreys spawn in
fast flowing river sections where the river bottom
is composed of coarse (16-32 mm) gravel or pebb-
les (32-64 mm) (Nika, Verbickas 2010).

In 2015, employees of the Nature Conserva-
tion Agency, in cooperation with the angler’s club
“Salmo” established spawning grounds in the River
Rakupe. In an approximately 30 m long river reach,
60 m?® of coarse gravel and stones of varying
sizes were put in the river, thus creating a pebb-
le riffle. Already during the first year, several do-
zens of spawning Lampetra fluviatilis and Lampetra

Fig.17.35. Water flow in the potential salmonid spawning ground. Drawing by D. Seglina (according to Madsen 1995).
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planeri were found in the newly established spaw-
ning grounds.

Maintenance of spawning grounds. Since the
quality of rivers is affected by the economic activity
of humans, over time the structure of the riverbed
changes — pebbles and gravel become compacted,
and the spaces in-between fills with sediments. It
is therefore necessary to maintain the spawning
grounds of Salmonidae fish. In autumn, before the
spawning period, it is recommended to scarify the
long-known spawning grounds with hoes or gar-
den cultivators at a depth of at least 10 cm. This
will facilitate water movement through the spaces
between pebbles and removal of sediments, thus
increasing the chance of successful spawning,

17.3.3.8 Regulation of River Shading (A4.2)

The aim is to create (1) optimal shading con-
ditions, to create living conditions suitable for
organism groups characteristic to each type of
watercourses, and (2) maintain the biodiversity
of the watercourse.

Regulation of shading applies to small and me-
dium-sized rivers, which run through overgrown
and abandoned agricultural land. They can be both
natural and regulated rivers, as well as drainage
ditches. According to the structure of the shore
vegetation, regulation of the shading of a river is
both the reduction of the shading (brush cutting,
thinning or felling of Alnus incana stands in former
agricultural lands) and creation of shading (creat-
ing shore landscaping).

Optimal shading of a river is important for the
primary production (algae, aquatic plants) and
thus the development of the rest of the food chain.
The experience of Ireland (O’Grady 2006) shows
that in 100 m long, evenly shaded reaches with an
adequate riverbed, the number of salmonid juve-
niles only account for up to 40% compared to the
number of fish found in the adjacent, moderately
shaded river reaches. It is explained by the shading
limited insufficient food base for fish and the fact
that the critical factor of survival during the first
weeks of larvae of many fish species is related to
algae and zooplankton that is only available in the
unshaded river reaches.

Depending on the type of river (fast flowing or
slow), its geographical location and climatic condi-
tions, the optimal ratio of illuminated/shaded river
reaches is considered to be 30:70 (Cowx, Welcom-
me 1998), or 50:50 (Mander 1995; Cowx, Welcom-
me 1998; Buisson et al. 2008). In Latvian rivers the
optimal proportion is when at least 30 m are illu-
minated per every 100 m of a river (Urtans 1989).

Depending on the width of the river, the sha-
ding is provided by trees and shrubs, as well as by
tall herbaceous plants growing on the riverbanks.
Herbaceous plants that have been preserved on
the banks of up to 2 m wide watercourses are able
to provide mosaic-type shading and also limit the
development of aquatic plants without the presen-
ce of trees and bushes (Buisson et al. 2008).

Optimal shading of a river is maintained by
regular management of the riverbanks so that na-
tural grassland zones or openings in the tree cano-
pies form. It also reduces the possibility of fallen
trees creating obstructions and prevents increased
bank erosion. If the shore vegetation consists of
monotonous spruce stands, the management of ri-
verbanks also improves the chemical composition
of the water. Needle litter increases the acidity of
the water, which is unfavourable to the develop-
ment of aquatic organisms, so the development of
monodominant spruce stands on the riverbanks
should not be allowed (O’Grady 2006).

17.3.3.9 Construction of Fishways

The aim is to ensure the continuity of the river,
ensuring not only the transport of substances
and energy, but also the genetic material
exchange among aquatic organisms and
survival of a healthy and viable population.

Construction of fishways is a specific tech-
nique. In order to implement this, a Building
design developed by a qualified engineer is ne-
cessary. The majority of fish species inhabiting
Latvian waters locally migrate between spawning,
wintering and feeding areas. The watermill pond
impoundments and small hydroelectric power
station dams in rivers create obstacles that fish
and other aquatic organisms are not able to over-
come. The decline of migration limits the gene-



tic material exchange among aquatic organisms
and survival of a healthy and viable population.
Around the world sufficient experience has been
gained in the formation of fishways, ensuring fish
migration with various technical solutions.

A fishway is a construction that helps fish to
overcome obstacles in the river. According to the
technical solution, fishways are divided into three
groups: step cascades, ramps (slopes) and eleva-
tors (lifts). In practice, when looking for the best
solution for a specific situation, combinations of
these basic groups are often used (Cowx, Wel-
comme (eds.) 1998, Armstrong et al. 2010). Each
watercourse is different by the nature of the ri-
verbed, chemical parameters of the water and the
composition of inhabiting organisms. Any fish
pass must be designed and operated in accordan-
ce with the biological characteristics and beha-
vioural patterns of the migrating species concer-
ned. For example, when creating a cascade-type
fishway (Fig. 17.36) for salmonids, the height di-
fference between two steps should not exceed
30 cm, the gradient should not exceed 7 cm/m.
Cyprinids in fishways are only able to overcome
0,1-0,2 m high, successive steps (Armstrong et al.
2010). In Venta Rapid it has been observed that
Vimba vimba, belonging to Cyprinidae species, can
overcome up to 0,8 m high single-step obstacles.

The location of the fishway entrance is also
very important. The most effective fishways are
those, in which the entrance is close to the obsta-
cle (dam) and at the same time close to the bank,
i.e. those, which comply with the flow of migra-
tory fish. In order to attract all fish species, stream
volume at the fishway entrance must be around
1 m%/s. In rivers with migrating salmon, the wa-
ter flow rate must be around 2 m?/s. In rivers in
England and Wales the precondition for a func-
tional fishway is considered the flow rate, which
must account for 5% of the average flow rate of
the river concerned (Armstrong et al. 2010). Alt-
hough many fishways have been constructed all
over the world, the most efficient solutions for
the migration of juvenile fish down the fishways
are still being sought (Cowx, Welcomme (eds.)
1998).

In rivers of Latvia only a few functioning
fishways have been created, for example, at the
Karli hydroelectric power station in the River
Amata, at the hydroelectric power station in the
River Aiviekste, in the River Ligatne.

Rivers and Lakes

Fig.17.36. Cascade-type fishway in the River Ligatne.
Photo: A. V.Urtans.

17.3.4 Ensuring of the Functionality of Regulated
River Reaches

Another approach to ensure the biodiversity of a
watercourse is the formation or preservation of
natural structures characteristic for the water-
courses, which are regulated (straightened) in
order to discharge waters faster by draining the
adjacent land areas. Such management aims to
balance the human economic interests and the
ecological interests of the river. Experience shows
that even under conditions of intensive economic
activity, it is possible to preserve the ecological
functioning of the watercourse and its shore
zone. The regulatory framework in force in Latvia
regarding straightened rivers determines that the
diversification of structures of regulated (straigh-
tened) rivers is ensured, respecting the environ-
mental requirements - keeping larger stones,
pools and separate natural, unregulated reaches,
etc. This approach determines that structures
characteristic for natural rivers are also created
in regulated rivers and drainage ditches, and that
they are managed in a similar manner to that of
natural rivers. Unfortunately in daily practice the
most often used approach is that of the lowest
expenditure and the principles of environmental-
ly friendly amelioration are not always followed.

17.3.4.1 Construction of Settling Ponds (B2)

Aim of settling ponds is to settle down soil par-
ticles that have been transported with drainage
waters of agricultural lands and logging territo-
ries, thereby reducing the introduction of sedi-
ments and plant nutrients into rivers.

163



164

Chapter 17. 3260 Water Courses of Plain to Montane Levels with Ranunculion Fluitantis and Callitricho-Batrachion

Vegetation

Enhanced formation of unnatural amount
of sediments occurs in watercourses with inten-
sive agricultural and logging activities in their
catchment areas. Discharge of sediments of ag-
ricultural origin into watercourses is reduced and
delayed by establishing and maintaining river
protection zones and buffer zones of drainage
ditches. In addition, it is recommended to build
settling ponds in intensively used agricultural
areas in main drainage ditches near to where
they flow into the recipient watercourse. A sett-
ling pond is an engineer-designed expansion of
a drainage ditch, in which, due to the reduced
stream velocity, the soil material carried by the
stream is deposited. This environment-friendly
drainage system element effectively reduces the
introduction of sediments, delaying hydromorp-
hological changes in the bed of the watercourse
channel.

Settling ponds of similar construction are
also applied on drainage ditches that are located
in forests. In Latvia the efficiency of such settling
ponds is assessed by the researchers of the Latvi-
an State Forest Research Institute “Silava” (Libie-
te-Zalite, 2012). For the effective functioning of
a settling pond, it must be 2-3 times wider than
the width of the channel in which it is installed;
the deep section must be at least 0,5-1 m deeper
than the natural bed of the channel, the length of
the sediment interceptor must be 10 times longer
than the width of the channel (Anon. 2002b).

Settling ponds that have been created in fo-
rest drainage ditches not only deposit sediments
- they can also be used as a drinking place for
forest animals or for fire-fighting purposes. Since
the main function of a settling pond is the deposi-
ting of soil particles of various origins, they must
be managed on a regular basis — the accumula-
ted sediment must be removed. Finnish experts
recommend cleaning a settling pond at least once
a year (Libiete-Zalite 2012).

17.3.4.2 Construction of Surface Flow Constructed
Wetlands (B3)

The aim of surface flow constructed wetlands is
to deposit plant nutrients from the agricultural
drainage as well household waters, thus reduc-
ing their introduction into rivers.

The operation principle of surface flow cons-
tructed wetlands is similar to that of sedimen-
tation ponds. Only the construction objective is
different. The objective of a settling pond is to
deposit sediments in the form of sand and soil
particles. The objective of a surface flow cons-
tructed wetlands is to accumulate plant nutrients
from water, thus purifying the waters collected by
the amelioration system before they reach rivers
or lakes. It is achieved by depositing nutrient-ri-
ch soil particles and transforming nutrients con-
tained in the water into a green mass of aquatic
plants.

According to the construction type, surface
flow constructed wetlands and subsurface flow
constructed wetlands are distinguished. For the
treatment of agricultural runoff waters, surface
flow constructed wetlands are used, visually re-
sembling ponds overgrown with reeds. Its size
depends on the amount of the surface runoff and
the concentration of plant nutrients in the water.
In order to effectively hold up the nutrients from
the agricultural runoff waters, wetland areas must
be large enough in relation to the catchment area.
If the wetland area is not large enough, it quickly
gets clogged up by suspended soil particles and is
not able to effectively accumulate plant nutrients
(Briedis (ed.) 2013).

When creating surface flow constructed wet-
lands, soil properties should also be taken into
account. The finer the mechanical composition of
the soil, the more depositing time is needed for
soil particles containing phosphorus. Thus, wet-
land areas, where the catchment area is domina-
ted by soils with a fine mechanical composition,
must be large enough. A settling pond should
hold the through-flowing water for at least five
minutes, in order for sediments and biogenic ele-
ments to deposit. If the catchment area is greater
than 30 ha, hydrological calculations are perfor-
med using 1% probability of exceeding the flow
rate (Grinberga, Jansons 2012).

17.3.4.3 Restoration of Straightened Rivers (B4)

The goal of straightened river restoration is to im-
prove the physical environment of degraded riv-
ers, regain their former biodiversity and self-pu-
rification capacity.
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Fig.17.37. Construction of surface flow constructed wetlands. Drawing by D. Seglina (with additions according to Grinberga,

Jansons 2012).

It is achieved by creating various riverbed
structures in order to enhance the formation of
the pool - riffle sequence and small sinuosity of
the riverbed. In order to increase agricultural pro-
ductivity, the river regulation (straightening) car-
ried out in many European countries has signifi-
cantly reduced the proportion of natural rivers. In
an attempt to correct the previous mistakes, many
projects for river recultivation have been deve-
loped. Different methods can be used for riverbed
restoration. The most environmentally friendly
method is the establishment of riverbed structures
(placement of single stones or groups of them in
the riverbed, spreading of coarse gravel and small
stones, etc.), which, by reinforcing bank erosion,
would facilitate the formation of small sinuosity
and natural cross-section profile of the riverbed.
Restoration, by excavating a new riverbed, is the
most radical and expensive method of renaturali-
sing a watercourse. In addition, it requires specific
knowledge (Cramer (ed.) 2012).

River recultivation was started in Denmark,
where an integrated approach is used in the resto-
ration of watercourses, planning the restoration of
hydrological and hydrobiological values of rivers,
as well as the improvement of their functionality

(Sand-Jensen (ed.) 2006). In the Netherlands, the
method of new riverbed development is common-
ly used. A process-orientated approach is used to
reduce the risk of flooding at the lower reaches of
the river, maintain the existing groundwater level
in the adjacent agricultural land and improve the
condition of the aquatic ecosystem. Designing
the cross-section shape of a new riverbed, most
commonly a one-dimensional flow model is used,
taking into account all three requirements for the
functioning of the new riverbeds listed above. The
summary and analysis of the experience in the
Netherlands show that, in practice, it is too com-
plicated to ensure all the needs, so unfortunately
the ecological requirements are the ones that are
partially disregarded (Reeze et al. 2015).

Taking into account the experience gathered
in Latvia, re-meandering of regulated (straighte-
ned) rivers (Fig. 17.38), is the most expensive and
most radical management method from the per-
spective of nature that, in addition, requires the
greatest expertise, and is only worth choosing if
it is possible to fulfil all the requirements related
to the functioning of the river. In this case, when
designing the new riverbed, as well calculating the
flow rate values, not only should the water runoff
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rate be taken into account, but also the typological
and functional characteristics of the river, environ-
mental requirements of aquatic organisms and the
flood pulse concept. In the development phase of
the river renaturalisation project, when calculating
the required flow rate values of the river, terrestrial
habitat experts must define the humidity require-
ments of the terrestrial ecosystem (Priede et al.
2015).

When restoring the watercourse-adjacent
floodplain grassland habitats and habitats suitab-
le for the protected, floodplain grassland-related
bird species Gallinago media, as well as spawning
grounds suitable for Esox lucius that spawn in
floodplains, water flow rate (with different pro-
babilities of exceeding the flow rate) values must
be such that the floodplain would only be flooded
in the spring’s flooding season. To ensure proper
functioning of the restored water flow, it is neces-
sary to form a riverbed profile that is similar to a
natural river, with different riverbank slope varia-
tions. The planned riverbank slope must be such
so as to facilitate the formation of a shallow shore
area in the river, and in the meanders a cross-sec-
tion of the channel bed must be designed in such
a way that the depth in the outer side of the bend
must be greater than in the inner side of the bend
(Priede, et al. 2015). A riverbed profile that is de-
signed in this way will facilitate the development
of aquatic vegetation, occurrence of phytophilous
aquatic invertebrates and will ensure faster stabi-
lisation of the bioceonosis (Urtane, 1992; Kuze et
al. 2008). During re-meandering, when forming a
new riverbed or clearing a former riverbed that is
visible in the landscape, it is necessary to leave all
stones with a diameter above 30 centimetres. Such
stones are resistant to the impacts of stream and
ice movement, as well as form micro-habitats and
small natural sinuosity.

17.3.4.4 Environmentally Friendly Management of
Drainage Ditches (B5)

The goal of environmentally friendly drainage
ditch management is diversification of a chan-
nel's basic functions to provide water drainage
and flood risk reduction, at the same time inte-
grating the requirements for biodiversity conser-
vation.

Drainage ditches are artificially constructed
channels intended for water drainage from agri-
cultural lands and forest areas. Ditches are usu-
ally created in trapezoidal or V type cross sec-
tion profiles that are rarely seen in natural rivers.
However, human-made drainage ditches may be
important habitats for rare and specially protec-
ted species, such as Misgurnus fossilis. Drainage
ditches are feeding areas for various bird species,
such as Ciconia nigra, and clogging of these dit-
ches causes adverse effects on the feeding possi-
bilities of these species (Strazds 2005).

Although drainage ditches are not inclu-
ded in habitat type 3260 Water courses of plain
to montane levels with Ranunculion fluitantis and
Callitricho-Batrachion vegetation, in agricultural
lands and forest areas they often have a similar
function to natural rivers because they provide
living places and migration corridors for aquatic
organisms. Therefore, for species conservation
purposes, they must be managed.

Management, according to its target, can be
divided into two groups: (1) ensuring of biodiver-
sity and (2) mitigation of impacts of flooding and
flood. Measures that provide biological diversity:
e in the channel - mowing of aquatic vegeta-

tion, demolition of beaver dams, formation of

sinuosity of the ditch course, excavation and
cleaning of settling ponds, placement of sto-
nes or groups of them in the drainage ditch,
clearing of roots of trees and bushes penetra-
ting the ditch bottom;

* construction of two-stage drainage ditches;

e mowing of riverbanks and bank slopes - cut-
ting of tree and bush sprouts.

Fig.17.38. Re-meandering of regulated river Dviete
Photo: K. Goba.



Depending on the regularity of conducting,
all management works are divided into annu-
al works and works that need to be carried out
over a longer time period (Buisson 2008). Works
that need to be carried out over a longer time
period include the formation of sinuosity of the
course of the channel, which is achieved by fa-
cilitating guided bank erosion of the uniform
ditch, excavation and cleaning of settling ponds,
etc. Clearing of the ditch from bushes and their
root systems penetrating the ditch bottom is also
management that needs to be continued over a
longer time period in regular intervals. In Great
Britain, in a three-year management cycle, either
one of the slopes of the ditch, or the channel-bed
of the ditch is alternately managed. By following
this management pattern, aquatic habitats are
impacted less and the function of migration cor-
ridors is ensured (Buisson 2008).

Due to agricultural intensity characteristic
for Latvia, many parts of the landscape are do-
minated by a mosaic of agricultural land and
natural habitats. In such areas the three-year
management cycle applied in Great Britain is not
necessary. It is important to apply this cycle in
areas dozens of hectares of size, where strips se-
parating fields, buffer zones of drainage ditches
and protection zones of watercourses are the
only hiding places and migration corridors for
organisms.

Biodiversity is ensured by all management
activities that make the channel-bed of a drai-
nage ditch more diverse. Such activities include,
for example, the establishment of riffle areas by
placing individual stones or their groups on the
drainage ditch channel-bed, thus diversifying
the substrate inhabited by aquatic invertebrate
species —Ephemeroptera, Odonata, Trichoptera
(Urtans 2011; Kalnins 2014).

Another way to ensure biodiversity in flood
prone areas, that has been introduced and tested
in other countries, is the installation of two-sta-
ge drainage ditches (Fig. 35). The goal of creat-
ing such ditches is to not only collect flooding
waters and reduce the risks of flood, but also to
limit soil erosion, reduce nutrient leaching, main-
tain water flow in the summer low-water period
and create diverse habitats (Briedis (ed.) 2013).
In the summer low-water period, when the wa-
ter is concentrated in the narrowest and deepest
part of the ditch, a constant water flow is ensu-
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red, the ditch does not dry out and serves as a
living environment for aquatic organisms. It also
prevents clogging of the channel. The terrace
created in the watercourse slope facilitates the
formation of additional shading and prevents the
ditch from overgrowing with aquatic plants. The
created flooding terraces extend the ecological
corridor area. Vegetation growing in the ditches
can also be used as animal feed. The main disa-
dvantage of two-stage ditches is that their area
is larger than that of the trapezoidal or V profile
ditches.

17.3.5 General Management Measures in
Watercourses

17.3.5.1 Removal of Household Waste

Items of anthropogenic origin can often be fou-
nd in watercourses - bottles, plastic bags, boards,
metal items, etc. They are foreign objects for the
river and the ditch, and their presence decreases
the visual appeal of the river (Fig. 17.40). Hou-
sehold waste management can only be directly
related to habitat management in cases when the
amount of such items causes hydromorphologi-
cal alterations and impedes the flow rate of the
river. In such cases, the waste can be collected,
most often, with the use of machinery. In other
cases rubbish is collected during the course of
other habitat management works. However, the
most effective way to manage waste is to prevent
it from entering the water.

Fig.17.39. Two-stage ditch. Drawing by D. Seglina
(according to Briedis (ed.) 2013).
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Fig.17.40. Outsource items in the River Kaulina.
Photo: L.Urtane.

17.3.5.2 Landscaping

Rivers and their valleys are often the main con-
necting points of various landscape elements.
Even regulated rivers on intensively farmed lands
make a pleasant change in an otherwise monoto-
nous landscape. Riverine landscape (Riverscape)
elements have disappeared in many places in Lat-
via and are not noticeable behind the continuous
shore vegetation. A well-functioning and biolo-
gically diverse watercourse is also a natural and
scenic river. Therefore most of these guidelines,
management methods of natural rivers described
in Chapter 17.3, are also landscaping activities,
which ensure the maintenance of migration corri-
dors for organisms, formation of living places and
hiding places, riverbank stabilisation, regulation
of shading, reduction of wind and water erosion
impacts, etc.

17.3.5.3 Control of invasive species

Methods of invasive species control depend on
the physiology and growth characteristics of the
species. In Latvia, the majority of invasive plant
species are found on riverbanks, rather than in
the water, therefore management is needed on
the riverbanks. Given that these species grow in
the protection zones of rivers, the use of herbici-
des on any of these species is prohibited. They can
only be combated with mechanical techniques.
Combating invasive plant species found
on riverbanks. The most common invasive spe-

Fig.17.41. Heracleurn sosnowskyi can be eliminated most
efficiently in spring, when the plant has not yet reached
a large size (1), and it can be easily removed with the
roots (2). Photo: A. V.Urtans (1), M. Poikane (2).

cies on riverbanks are Heracleum sosnowskyi and
Impatiens glandulifera. The spread of Heracleum
sosnowskyi may be limited, by not allowing it to
bloom and ripen seeds. Therefore territories that
are overgrown with Heracleum sosnowskyi must
be mown 2-3 times during a season. Heracleum
sosnowskyi that grows near rivers is combated by
digging it out. It is recommended to do it in spring,
when the plants are small in size and can be dug
out with the roots (Fig. 17.41). The dug-out rhizo-
mes must be wrapped in rubbish bags with thick,
preferably lightproof film and stored until they are
fully decomposed. During one vegetation season,
the digging of rhizomes should be repeated 2-3
times, because plants can recover from the root
fragments remaining in the soil (Anon. 2007). For
the same reason, riverbanks invaded by Heracle-
um sosnowskyi must be surveyed in their manage-
ment locations for several years in a row, also after
the seemingly successful destruction of invasive
plants.

Mowing, even if it is performed several times
in a season, has low efficiency. With mowing the
plant can be weakened and its further spread can
be limited, but it cannot be completely destroyed.
Good results can only be achieved by regular and
long-term management and collaboration of all
land owners of the land on the riverbanks. In small
invaded areas, grazing by sheep or cattle is appli-
cable.

When combating Heracleum sosnowskyi, safety



requirements must be met — the plant’s sap may
cause burns through a photochemical reaction,
therefore the person performing mowing must
use thick, preferably waterproof clothing, rubber
gloves or other waterproof material and protecti-
ve goggles. If the skin has come into contact with
the sap of the plant, the area of the skin should be
rinsed off with water immediately.

Impatiens glandulifera spreads on riverbanks
and slopes (Fig. 17.42). If it spreads massively, it
outcompetes lower herbaceous plants, causing
increased erosion and washing of the soil from
the riverbanks. The most efficient method to limit
Impatiens glandulifera is weeding the plant befo-
re it blooms. If the plant is weeded during bloom,
sowing of seeds is possible, because during blo-
om the majority of the seeds are already ripe. If
mowing is used, it is necessary to mow as close to
the ground as possible, because new shoots can
develop if the remaining stems are too high (Prie-
de 2007).

Eradication and control of invasive species of
aquatic animals is much more complex, and it is
more difficult to link it with economic interests.
Experimental control of the invasive species Pa-
cifastacus leniusculus (Fig. 17.43) population has
been implemented in Salacgriva Municipality.

In order to involve the public in invasive spe-
cies control, licences for the catching of Pacifasta-
cus leniusculus were sold, with the condition that
all Astacus astacus that have been caught must be
released. Over a three-year period (2008-2011),

Fig.17.42. Impatiens glandulifera.
Phaoto: L. Urtane.
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during the catching season of invasive Pacifasta-
cus leniusculus (from 20 July to 30 September)
each year 7167-16 000 Pacifastacus leniusculus
were caught in the River Salaca. Unfortunately, no
Astacus astacus, characteristic for the local fauna,
were found among them. This means that the po-
pulation of Astacus astacus has either disappeared
or is minor. Control and complete eradication of
the numerically large invasive populations of
Pacifastacus leniusculus, in order for the Astacus
astacus to return to its former living place, takes
much more time.

17.3.6 Comparison of Methods Used for the
Management of River Riffle and Natural River
Habitats

Management and restoration of rivers and regula-
ted watercourses is becoming increasingly popu-
lar. Not only do individual people, angler’s clubs
and non-governmental organisations engage in
management and restoration activities, but such
activities become regular annual events on a mu-
nicipal and even regional level. The most active
municipalities in this field are Jelgava, as well as
Bauska and Kuldiga.

An overview of the applied habitat manage-
ment and restoration methods is provided in table
17.3. An overview of the selection of optional river
management activities is given in Appendix 1, the
selection of optional lake management activities
is represented in Appendix 2.

Photo: A.Soms.
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Table 17.3. Habitat restoration and management methaods.

Method

Advantages

Disadvantages

Costs

Necessity to repeat

Al:
Removal of large
woody debris

A2:
Demolition of
beaver dams

A3.1:
Mowing of
aquatic plants

A3.2:

Agquatic plant
mowing with
scarifying/
removal of the
root system

Restored water flow
and migration routes to
promote:

e prevention of
degradation of riffle
area;

e washouts and bank
erosion;

e increased self-
purification capacity;

® renewed aguatic
organism migration;

e decreased flooding
risk.

Restored water flow
and migration routes to
promote:

e prevention of
degradation of riffle
areg;

e increased river self-
purification capacity;

® renewed aquatic
organism migration
possibilities;

e decreased flooding
risks.

Improved water flow to

promote:

e increased river self-
purification capacity;

e reduction of
degradation of riffle
area;

e reduced nutrient
amount stored in
macrophytes.

Improved water flow to

promote:

e river self-purification
capacity;

e reduction of
degradation of riffle
areg;

e reduced nutrient
amount stored in
macrophytes;

e diverse microhabitats

development on an
open riverbed.

Significant increase
in cost, if there are
steep riverbanks or
if trees need to be
floated to a suitable
removal site.

Needs to be repeat-
ed often if beavers
are not eliminated.

Regular repetition
is needed, usually
every year.

Available machinery
working only to the
depth of 0,6-0,8 m.

30-50 EUR/ m?®
of woody debris
removed from the
river.

Depends on the size
and location of the
dam, availability

of machinery and
manual labour.
Average 80 EUR/m?.

85-500 EUR/
ha (mowing and
removal).

1700-2500 EUR/ha +
tractor transportation
costs.

The cleared river
reach must be
reviewed annually, in
the case if clearing
must be repeated.

Regularly, each year
(0,5 to 8 hours per
dam).

Every 1-3 years.

Every 3-5 years.
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Method Advantages Disadvantages Costs Necessity to repeat
A4, 4.2: Reduced soil leaching Once started, needs 300 EUR/ha. Once a year.
Improvement from areas with no regular mainte-
of the shore vegetation to promote nance, especially
vegetation decreased sedimenta- in the case of open
structure tion process intensity. grassed bank.
and shading Reduced nutrient dis-
regulation charge in the river from
the adjacent terres-
trial areas to promote
pollution limitation and
diverse microhabitats
development on an open
riverbed.
Ab: Prevention of bank Use of unnatural Expenditure depends One-time.

Bank stabilisation

AB:
Creation of riffles

A7:
Creation of
spawning
grounds

A8:
Construction of
fishways

erosion to promote
decreased sedimenta-
tion process intensity or
renewal of former river
width.

River is inriched with
oxygen to promote
increased river self-pu-
rification ability and mit-
igation climate changes
impacts to water quality.
Creates microhabitats
to promote increased
biodiversity.

Maintains area and
quality for reproduction
of particular fish species,
while also providing
living conditions neces-
sary for many aquatic
invertebrates.

Created for fish, also
provide migration
possibilities for many
aguatic invertebrates,
maintaining a diverse
genetic poal.

elements, riverscape

becomes less
attractive.

If inadequately
designed and posi-
tioned in the river,
riffles can facilitate
bank erosion.

If inadequately
designed and
placed in the river,
spawning grounds
can facilitate bank
erosion.

The functionality

of fishways is
determined by the
amount of water
available, the length
and positioning of
the fishway. Fish-
ways are not always
effective.

on the material used.

1700 EUR/ha.

1700 EUR/ha.

Costs depend on
the material used
and the size of

the construction,
7000-700 000 EUR.

Once every five
years.

Cleaning once every
1-3 years.

One-time.
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Method Advantages Disadvantages Costs Necessity to repeat
A9: Restores migration of Temporary load in 2130 EUR (20 m?®) One-time.
Demolition of mill ~ fish and other aquatic the lower courses (example of the River
damremains and organisms, maintaining  of the river from Vikmeste - costs in
obstacles diverse genetic pool and the sediment 2002).
healthy population. accumulated in the
dams.
A10: Provides a larger number  The sea often fills Costs depend on As needed.

Removal of sand
deposits from
mouths of rivers
flowing into the
sea

Al
Invasive plant
species control

of fish arriving to spawn.

Restores riverbank
stability.

Prevents the further
spread of invasive plants

up river mouths, and
the activity must be
repeated regularly.

Only effective
through the coopera-
tion of landowners.

the complexity of
access.

Depends on the
availability of ma-
chinery or manual
labour, as well as on

Cleaning once every
1-3 years.

Digging must be
carried out at least
2-3 yearsinarow.In
the coming years in-

in terrestrial habitats.

the invaded area.
Manual mowing -
200 EUR/ha, manual
digging - 300-500
EUR/ha.

dividual plants must
be eliminated.

17.3.7 Unfavourable Use and Management of
riffles and natural river reaches

17.3.7.1 Inappropriate Use

In previous chapters, threats for riffle and natural
river habitats and the factors influencing them
are described. The majority of them are attribu-
table to the lack of appropriate management,
which can be resolved by using the management
techniques described in these guidelines. Inap-
propriate management of riffle and natural river
habitats is:

* constructions and impoundments built for
electricity production purposes;

 regulation of natural watercourses;

e increased pollution loads that include was-
tewater (domestic, industrial wastewater,
stormwater and waters collected in drainage
systems) runoff and diffuse runoff from agri-
cultural lands and forests;

¢ introduction of invasive species in riverbanks,
unauthorised dumping of garden waste on ri-
verbanks and in their vicinity.
The threats listed above may be at least partially
reduced with the regulatory framework and sus-
tainable land-use planning, as well as by introdu-
cing environmentally friendly technologies and
using the management techniques described in
these guidelines (table 17.4).

17.3.7.2 Unfavourable management

Unfavourable management of riffle habitats and
natural river habitats can sometimes be seen as
the maintenance of an individual river function
or ensuring favourable conditions for an indivi-
dual species, which is often even unrelated to the
river. For example, to ensure the water flow rate,
the cleaning works in rivers over the previous de-
cades have often been carried out without paying
sufficient attention to the structure of the river-
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Table 17.4 Technigues that minimise adverse effects on the habitat.

Use unfavourable to the habitat

Management techniques to reduce the impact

Increased pollution loads

Regulation of watercourses

Man-made constructions in the river and uncontrolled
formation of dams

Inappropriate management of the shaore area

The introduction of invasive species, garden waste
disposal on the riverbanks and near them

Ensuring functionality of protection zones.

Limiting aquatic plant overgrowth.

Establishment of riffles.

Environmentally friendly management of drainage

ditches.

* Establishment of artificial wetlands on the inflowing
ditches.

e Establishment of settling ponds on the inflowing ditches.

* Maintenance of natural spawning grounds suitable

for salmonids and lampreys and the establishment of

artificial spawning grounds.

e |mprovement of the functionality of straightened rivers
(sinuosity, establishment of pool - riffle sequence, etc.).
* Re-meandering of straightened rivers.

e Establishment of fishways.
e Demolition of dam remains.
Removal of excessive large woody debris.

Improvement of the shore vegetation structure.
Limitation of the number of beavers.
Regulation of river shading.

Riverbank strengthening.

e Preventive measures, precluding planting or other
type of spreading of invasive species in the vicinity of
rivers; education of people.

e Limiting the distribution of invasive foreign plant species.

bed to be cleaned — maintaining pools, stones, pe-
bbly and gravelly river reaches. Such microhabi-
tats can provide a diversity of aquatic organisms
even in long, regulated river reaches. By focusing
only on the ensuring of water flow, species diver-
sity in the regularly cleaned drainage ditches, sig-
nificantly decreased.

Watercourses are open systems, and their
enrichment with plant nutrients (mostly nitrogen
and phosphorus compounds) that have dischar-
ged into them in the form of fertilisers, detergents
and other compounds, is not a natural process. In
this respect, non-interference in the processes of
watercourses is considered as unfavourable habi-
tat management.

Considering the above-described effects of
nutrients of foreign origin discharged into the
watercourses, non-management of the water-
course protection zones and leaving them to
“develop naturally” is also considered as unfavou-
rable management. By using the habitat manage-
ment techniques described in these guidelines, it
is possible to ensure good habitat conservation
status or at least to improve it.

17.4 Contradictions of Conservation
and Management

Contradictions of conservation and management
of the habitat arise when the characteristic for
ecosystem is not respected or if the conservation
of a particular species (group of organisms) is rated
higher than the requirements of other organisms.
This also applies to the limitations set for the ma-
nagement of river habitats. For example, from the
point of view of plant physiology, measures to limit
the distribution of aquatic plants are most effecti-
ve when plants are mown in the beginning of the
vegetation season, when plants consume the most
energy. This period overlaps with the bird breeding
period and the spawning period of some fish spe-
cies. Observations in recent years show that due to
climate change, bird breeding occurs earlier. Con-
sequently, mowing of aquatic plants could also be
started earlier than it is now defined in the legis-
lation. In addition, not all river habitats are suitab-
le for the nesting of water birds and spawning of
fish species for whose protection the aquatic plant
mowing limitations were set. In several European
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countries there are no equal conditions, which are
applied to all rivers, but each case is evaluated in-
dividually, taking into account the type of river, the
inhabiting species, the presence of water-related
species, as well as the condition of the habitat and
the need for its particular management.

When managing river habitats, contradictions
arise when the conditions for the good functioning
of the river and the needs of terrestrial species must
be harmonised. Most often problems are related
to maintenance of an optimal river flow regime.
In fast flowing rivers (1st variant of the habitat), it
happens, for example, by focusing on the habitat
requirements for woodpeckers; the riverbanks are
left with too large amounts of dying and dead trees,
which fall into the river, creating a greater obstruc-
tion than the favourable conservation status of the
habitat allows (see Chapter 17.1.2). Consequently,
hydromorphological alterations, to which fast-
flowing rivers are sensitive to, develops in the wa-
tercourse.

Both variants of the habitat are also adversely
impacted by the activity of beavers. Beaver impou-
ndments are a valuable habitat — both as a struc-
tural element of the natural forest habitat, and as
feeding areas for various bat and bird species (par-
ticularly Piciformes) (Larmanis et al. 2000). Howe-
ver, maintenance of this habitat must not threaten
the existence of the riffle habitat, and the area of
this habitat may not be increased at the expense
of the reduction of riffle habitat areas. Free flow is
the only condition, under which watercourses can
exist and their natural bottom structure and tem-
perature regime can develop, especially in rivers
with migrating fish and lamprey spawning grounds.
Rivers as running water systems have no distinct
succession, as, for example, lakes have, and they
do not transform into another type of habitat. So
in this case, the priority is conservation of the riffle
habitat, because only this can ensure the conditions
necessary for the existence of protected aquatic
species.

By developing projects related to aquatic ha-
bitats, respecting of the functional characteristics
of the water ecosystem and the requirements of
aquatic organisms must be a priority even if the
target species of the project is not an aquatic spe-
cies. Such is the case, for example, in projects of
re-meandering, the aim of which is to change the
moisture regime of the river’'s adjacent territories
and to create conditions suitable for their inhabi-

ting species. The aim of re-meandering of the River
Slampe was, upon restoring the flooding regime, to
establish an important gathering site of migratory
water birds and a breeding site for corn crakes (Kuze
et al. 2008). By facilitating the flooding of the areas
adjacent to the re-meandered River Slampe reach,
eight years after the completion of the project, it has
been achieved that more than 5000 water birds are
gathering in the area, the number of vocalising corn
crake males has slightly increased (remaining close
to the numbers detected prior to re-meandering). In
the same period stable vegetation of higher aquatic
plants characteristic of slow rivers in the naturali-
sed River Slampe has not developed, the structure
of the bioceonosis of macrozoobenthos organisms
is simplified and does not match the one characte-
ristic of potamal rivers (Priede et al. 2015). Also, the
re-meandering of the River Dviete was carried out
to restore the natural flow and corncrake habitats
while during project development it was found that
water habitats - rivers, lakes, ditches - leave neither
positive nor negative effects on the corn crake po-
pulation (Abaja, Erins 2015).

To ensure the flooding regime, a water hol-
ding stone cluster was created in the River Slampe,
which does not meet the functionality conditions of
a natural river, whereas, by re-meandering of the Ri-
ver Dviete, a large section of the lower reaches was
designed without a gradient, ignoring the functions
of natural rivers and the fact that the Valley of Dviete
during the flooding period is mainly filled not with
flooding waters of the River Dviete, but rather with
the flooding waters from the River Daugava (Gru-
berts 2015). Thus, the requirements of the shore spe-
cies were rated higher, and the functional require-
ments of the water ecosystem were met only partly.

Therefore, when developing restoration (re-me-
andering) projects for watercourses in the future,
flow rate requirement values of the new river cour-
se must first be coordinated with the conditions for
the creation of an appropriate natural riverbed pro-
file suitable for aquatic organism habitats:
¢ bank slope inclination and riverbed profile pro-

vides for the existence of shallow shore areas,
* anappropriate cross section is designed in river

meanders,
e pools and other structures characteristic for
natural watercourses are maintained.
Moisture regime requirements of the shore habi-
tats and their inhabiting species must also be met
(Priede et al. 2015).



Chapter 18. 3270 Rivers
with Muddy Banks with
Chenopodion Rubri p.p. and
Bidention p.p. Vegetation

18.1 Characteristics
18.1.1 Brief Description

Characteristics. The habitat type 3270 Rivers with
muddy banks with Chenopodion rubri p.p. and Biden-
tion p.p. vegetation (further, referred to as muddy
riverbank habitat) includes muddy banks of rivers,
side bars and low islets in the river and in its side
arms which, due to greater level fluctuations, are
without any vegetation during spring and at the
beginning of summer. Later in the year annual pio-
neer nitrophilous vegetation (18.1, 18.2) if the we-
ather conditions of the particular year are favou-
rable. In years with a high water level, this habitat
may not develop at all.

Plant communities are dominated by me-
dium-high to high annual plants that have adapted
to growing in nitrogen-rich soils. The characteris-
tic species are, for example, Chenopodium rubrum,
Chenopodium acerifolium, Bidens cernua, B. triparti-
ta, Xanthium albinum, X. strumarium, Polygonum
nodosum. Also present are plant species adapted
to varying moisture conditions — Rumex aquaticus,
Ranunculus  sceleratus, Alisma plantago-aquatica
and Potamogeton natans. The shore muddy depo-
sits are used as a feeding area for common sandpi-
per Actitis hypoleucos and little ringed plover Cha-
radrius dubius (Engele, Sniedze-Kretalova 2013).

Distribution. The distribution of the habitat is
mostly related to the riverbanks of the large rivers

Fig.18.1. Small side bar in the River Gauja near Murjani.
Photo: A. V.Urtans.
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Fig.18.3. Distribution of habitat type 3270 Rivers with
muddy banks with Chenopodion rubri p.p. and Bidention
p.p. vegetation in Latvia (source: Anon. 2013).

(Fig. 18.3) - the River Daugava, the River Gauja, the
River Venta, possibly also the River Lielupe (Ma-
jore, 1962; Soms, 2010; Engele, Sniedze-Kretalova
2013).

As logging increases, facilitating soil washout
from felling areas, the formation of sand bars with
habitat characteristic vegetation has also been
observed in medium-sized rivers. The total area of
the habitat in Latvia is 122 ha, which corresponds
to 0.002% of the territory of the country (Anon.
2013).

Perhaps, the total area of the habitat is greater.
It varies depending on the hydrological conditions
- in years with negligible spring flooding and a
long summer low-water period, the total area can
increase significantly. In some parts of the River
Daugava, the formation of the habitat is related
to the management of hydroelectric power station
water reservoirs and the maintenance of the infra-
structure (Fig. 18.4). The habitat also develops in
small areas on washout cones of ravines in river
valleys (Soms 2010).

Fig.18.2. Annual vegetation on the washout of a small brook.
Side arm of the River Gauja near Murjani. Photo: A. V.Urtans.
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The minimum requirements for a habitat to
be recognised as such, are appropriate environ-
mental conditions (at least 2 m wide muddy or
sandy-muddy substrate areas, can also be wit-
hout communities of characteristic species) (En-
gele, Sniedze-Kretalova 2013).

18.1.2 Indications of Favourable Conservation
Status

This habitat is a natural and dynamic mani-
festation of the river hydrology and sediment
transfer processes. Favourable conservation sta-
tus of this habitat is characterised by both the
dominance of annual plants and by their com-
plete absence. The appearance of willow shoots
indicates a possible transformation of a shoal
into an islet or a shore terrestrial habitat with
elements of an alluvial forest. Higher quality of
the habitat is indicated by:
» awider shore or sand bar area with open soil,
suitable for the development of the habitat;
e an area inhabited by species communities
characteristic for the habitat;
e an area without expansive and atypical spe-
cies stands;
* higher number of characteristic species (En-
gele, Sniedze-Kretalova 2013).

18.1.3 Important processes and structures

Natural development of the habitat is determi-
ned by the transportation and accumulation of

Fig.18.4. Lowering of the water level of the Riga
hydroelectric power station's water reservoir in July and
August of 2014 created temporary favourable conditions
for the development of the habitat, but simultaneously
adversely affected aquatic organisms. Photo: A. V.Urtans.

s

Fig.18.5. Sand bars and poals in the River Amata at
Zvartes Cliff (before straightening of the river reach).
Drawing by D. Seglina.

sediments. Riverbeds are usually not straight.
They usually form a series of erosion curves or
meanders (Fig. 18.5). Simultaneously with river-
bed erosion, side erosion also occurs (Fig. 18.6),
when sediments deposit and conditions favou-
rable to the existence of the habitat form in the
curved part of the riverbed (Bambergs 1993).

For example, in the River Gauja, within the
territory of Gauja National Park, the habitat usu-
ally forms on new shoals and new sandbanks
on the lower parts of islets. From 1980-1984, 56
islets were observed in the River Gauja in Gau-
ja National Park (Eberhards 1991). In compa-
rison with 1927, the total number of islets has
not changed significantly. However, from the 55
islets that were found in the River Gauja in the
summer of 1927, only twenty have survived in
the time period from 1977 to 1984. Approxima-
tely 35 islets have formed anew. The characteris-
tics of the habitat have also changed significant-
ly. In the time period between 1926 and 1930,
sand shoals without vegetation, sometimes even
30-60 m wide, were characteristic for the River
Gauja. In the 1970s and 1980s, shoals had beco-
me much narrower (Eberhards 1991).

It is determined by the level of spring floo-
ding. When the flooding level is low, sand is not
washed on top of the shoals, and with a low-wa-
ter period repeating in several summers, the
habitat overgrows with willows, and over time
transforms into an alluvial forest.

Sometimes trees get stuck in the shoal. This
causes the formation of an eddy. As the stream
velocity decreases, sand accumulates in the ini-
tially low shoal, creating an autonomous islet,
which overgrows with bushes and trees over
time.
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Fig.18.7. Change of the River Gauja riverbed in the
Sigulda-Nurmizi vicinity (source: Eberhards, 1991).
Upper edge of the valley, Riverbed of the River Gauja

18.1.4 Natural Development of a Habitat

Formation of the habitat is affected by the volu-
me of water in the river in different seasons, the
geological structure of the riverbanks and the
riverbed, as well as the bedrock. The rate and
volume of bank erosion depends on bedrocks
on the riverbanks, and how easily they can be
eroded at a certain stream velocity. The uncer-
tainty of the existence of this habitat is charac-
terised by the movement of the bed of the River
Gauja (Fig. 18.7) in the Sigulda-Nurmizi vicinity
over a 150 year period (Eberhards 1991).
Depending on the volume of water, the na-
tural succession of the habitat may evolve in
different directions. Several successive years
with prolonged low-water periods during the
growing season contribute to the disappearan-
ce of annual vegetation and establishment of
perennial plants. Most often such places are
dominated by Phalaris arundinacea. In that case

i = S e v—»,.'\“\
Fig.18.6. Islet with the formation of habitat
characteristic vegetation in the outer curve of the River

Gauja. Photo: A. V. Urtans.
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it can be considered that the EU protected ha-
bitat type 3270 Rivers with muddy banks with
Chenopodion rubri p.p. and Bidention p.p. vegeta-
tion naturally transforms into another habitat
of EU significance — 6430 Hydrophilous tall herb
fringe communities of plains and of the montane
to alpine levels.

In absence of regular disturbance, this habi-
tat can overgrow with bushes and alluvial forest
over time. Alluvial shore forests can also form
on muddy shoals and low islets over the course
of consecutive low-water years.

Unlike that which is previously described, in
years with high water flow rate shoals can be
fully flushed, disappear and start to form anew
in other locations with a lower stream velocity.
Such development of a shoal is also considered
natural succession.

18.1.5 Pressures and Threats

The existence of the habitat is a dynamic mani-
festation of the processes naturally occurring
in a river. It is determined by the volume of wa-
ter in the river and stream velocity in different
seasons, the geological structure of the river-
banks and the riverbed, as well as the compo-
sition of bedrocks. Decrease in area and even
the disappearance of shoals and muddy shore
areas may be caused and affected by riverbank
strengthening works upstream from the habi-
tat.

Such action contributes to increasing stre-
am velocity in the river below the fastened river
reach and possible erosion of the habitat-cha-
racteristic shores and muddy riverbanks, creat-
ing them anew in the lower courses of the river,
where the stream velocity is lower.

18.2. Management Objectives in the
Conservation of Muddy Riverbank
Habitats

A conservation and preservation goal specific
to this habitat is to provide successful breeding
and feeding for common sandpiper Acitis hypo-
leucos and little ringed plover Charadrius dubi-
us. These bird species nest on sandy or stony
shoals.
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18.3 Restoration and Management of
Muddy Riverbank Habitats

In order for the habitat to exist, it is not possible
and also not necessary to provide special mana-
gement or conservation. The most important is-
sue is to preserve the seasonal flooding rhythm
and transportation of deposits.

Exceptional cases occur when rivers wash-
out their shores endangering the human-created
infrastructure. In such cases priorities of further
management or conservation of the affected ter-
ritory must be determined and actions must be
taken according to these priorities.

18.4 Contradiction of Conservation
and Management

The formation of shoals in rivers, where they
have not previously been observed, may indicate
changes in hydrological conditions, which can be
caused by both natural processes (such as clima-
te change-induced monthly runoff distribution
changes, water flow changes caused by fallen
trees of groups of trees) and human economic
activities (increase of logging areas and intensely
used agricultural areas).

If the amount of deposited inorganic mate-
rials exceeds 25% of the former pebbly riverbed,
it is considered a significant change, which ne-
gatively affects the overall hydromorphological
condition of the river (LVGMC, 2014). In rivers, in
which the formation of shoals and islets is a natu-
ral process observed for a long time period (such
as in the River Gauja), the habitat’s overgrowth
with perennial vegetation and transformation
into the habitat type 6430 Hydrophilous tall herb
fringe communities of plains and of the montane to
alpine levels is considered as a natural succession
and should not be restricted.

If such tall herbaceous plant communities are
not managed, it is possible that they will naturally
transform into habitat type 91E0* Riparian mixed
forests of Quercus robur, Ulmus laevis and Ulmus
minor, Fraxinus excelsior or Fraxinus angustifolia,
along the great rivers (Ulmenion minoris). This mo-
del of development is possible, and its realisation
depends on the management priorities for the
specific area.
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Glossary

Benthos — aquatic organisms that live on, in, or
near the bottom of bodies of water, also includ-
ing aquatic organisms living on plants.

Biogenic elements (biogenes) — nitrogen and
phosphorus compounds in waters, including
silica, in various ionic or molecular forms. Bio-
genic elements are nutrients for aquatic plants.
Their excessive concentration may cause the
increased development of aquatic plants, thus
increased oxygen consumption, threatening the
existence of fish and other aquatic organisms.
Equal term — plant nutrients.

Biological oxygen demand (BOD) - the amount
of dissolved oxygen consumed for biochemical
oxidation to break down the organic or inorgan-
ic matter in a given water sample, expressed in
milligrams per litre. Since the amount of oxygen
in the water is limited, in cases when the oxy-
gen is consumed increasingly, the BOD increas-
es. Consequently, oxygen deficiency can have a
negative effect on the aquatic ecosystem.
Catchment area - land area from which rivers
and lakes collect their waters. It is separated
from the adjacent catchment area by a water-
shed.

society.

EU priority habitat (also EU priority protected
habitat) — types of habitats that are in danger of
extinction, and that are located in the territory
of the EU Member States, and for the conser-
vation of which the Communities have a partic-
ular responsibility taking into account the pro-
portion of the natural range of those habitats in
all Member States. The priority natural habitat
types are marked with an asterisk (*) in Annex I
of Council Directive 92/43/EEC of 21.05.1992, on
the conservation of natural habitats and of wild
fauna and flora.

European Union (EU) protected habitat — a
habitat that, in terms of the environmental con-
ditions and the species community, conforms
to any of the habitat types listed in Annex I of
Council Directive 92/43/EEC of 21.05.1992, on
the conservation of natural habitats and of wild
fauna and flora.

Favourable conservation status - the natural
range and area of habitat is stable or expanding;
the specific structures and functions of the hab-
itat that are required for the long-term existence

of the habitat exist, and it is expected that they
will exist in the nearest future; the conservation
status of the habitat-specific species in the area
of the Member State of the European Union is
favourable.

Habitat - the concept used in this edition for
the purpose of the Law on Species and Habitat
Conservation. A habitat is a set of specific abiot-
ic and biotic factors in an area where the species
exists in every stage of its biological cycle.
Habitat creation — a set of biotechnical mea-
sures aimed at the creation of the environmental
conditions, structure (species composition, age
structure, etc.) necessary for the habitat, and the
introduction of species in the place where the
habitat has never existed. This also applies to
sites, where the habitat has once existed, but the
environment has been completely transformed
and no features of the habitat have been pre-
served.

Habitat management - a set of biotechnical
measures aimed at maintenance of the habitat
in a favourable conservation status.

Habitat restoration - a set of biotechnical mea-
sures aimed at the restoration of the environ-
mental conditions, structure (species composi-
tion, age structure, etc.) and species in the place
where the habitat has once existed or still exists,
but is in poor conservation status.

Habitats Directive — Council Directive 92/43/
EEC of 21 May 1992 on the conservation of nat-
ural habitats and of wild fauna and flora.

Humic substances - macromolecular, natural
organic substances, which give the water a wide
spectrum of colours (from yellow to black) to
water. Depending on the degree of solubility in
water, three fractions of humic substances are
determined: humin - the fraction of humic sub-
stances that does not dissolve in water; humic
acids - the fraction of humic substances that
dissolves in water if the pH > 2; fulvic acids - the
fraction of humic substances that dissolves in
water in any environmental pH.

Littoral - the shallowest part of a lake, where
sunlight reaches the bottom of the lake and
macrophytes are able to develop (from Latin li-
toralis - sea shore).

Macrophytes - vascular plants, sporophytes,
macroscopic algae and aquatic moss plants that
have completely or partially adapted to life in
water and are visible to the naked eye.



Macrozoobenthos - aquatic animals (mostly in-
vertebrates) that inhabit the bed of water bodies
and watercourses, and underwater objects on
the bed; their size exceeds 1 mm; the sensitivity
to environmental changes of macrozoobenthos
organisms gives the opportunity to use them as
indicators of environmental quality; populations
of macrozoobenthos usually change due to the
impact of three factors: overload of organic sub-
stances, transformation of substrates and toxic
chemical pollution.

pH - a numeric value that specifies the concen-
tration of hydrogen ions in a solution, expressed
as the negative logarithm of the hydrogen ion
concentration; in these guidelines it is used to
describe the acidity and alkalinity of an aquatic
environment (acid environment pH < 7.00; alka-
line environment pH > 7.00); pH determines the
solubility and biological availability (the amount
of substances available for aquatic plants and or-
ganisms) of chemicals (such as biogenes, heavy
metals and their compounds).

Phytoplankton — a complex of free-floating mi-
croscopic algae. The major groups in phytoplank-
ton are cyanobacteria, green algae and diatoms.
Phytoplankton accumulates dissolved inorganic
and organic substances and through photosyn-
thesis produces organic compounds, which are
the basis for proper future functioning of the wa-
ter ecosystem.

Plankton - microscopic organisms living in the
water layer (from Greek plankton - drifting);
plankton organisms are very diverse and can be
divided into bacterioplankton (bacteria), phyto-
plankton (plants, mainly algae) and zooplankton
(tiny invertebrate organisms, mainly crustaceans)
- the most important are phytoplankton and zoo-
plankton.

Recultivation - here the definition from the na-
tional regulatory enactments in Latvia are used:
recultivation is the restoration of the initial value
of the degraded site to prevent the threats to en-
vironmental quality, human health and life.
Saprobity — water pollution with easily degrad-
able organic substances (from Greek sapros - rot-
ting - and bios - alive), this indicator is used for
pollution assessment.

Succession (= ecological succession) — a process
of change in the species structure of an eco-
logical community over time. It means that the
habitats replace each other, for example, a me-

Rivers and Lakes

sotrophic lake transforms into a eutrophic lake
and then into a transitional mire, and then into
araised bog.

Suspended substances - solid particles in water
- of both mineral (for example, soil particles) and
organic (algae) origin; high concentration of sus-
pended substances reduces water transparency,
and also indirectly affects the oxygen concentra-
tion and water temperature.

Transparency with Secchi disc (in lakes) — Sec-
chi disc (a circular disc with a white surface, 30
cm in diameter) is used for measuring water
transparency, i.e., the depth at which the disc is
still visible; greater depth means that light is able
to penetrate deeper and ensure photosynthesis;
although the Secchi depth varies depending on
the season and weather conditions, it is a simple,
fast and effective method to identify possible lake
pollution with nutrients or turbidity of the water.
Zooplankton - animal plankton, living in the wa-
ter mass and feeding on algae; there are species
that feed on organic substances or other zoo-
plankton organisms; zooplankton consists of
three major invertebrate groups: Rotifera, Cladoc-
era and Copepoda.
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Annexes

Planning management of aquatic habitats, it is
necessary to set a goal — what we want to achie-
ve with planned measure? In order to facilitate
the setting of the management objective and the
choice of the appropriate management measure,
the annexes of the guidelines provide a tool for
the selection of general measures for the mana-
gement of water habitats — Annex 1. for lakes and

Annex 2. For rivers. Annex 3 illustrate river and

lake management activities typical for aquatic ha-

bitat state in Latvia and are country specific.

Management relation to the Climate changes.

It is expected that as a result of climate change,

the annual average water temperature will rise,

oxygen saturation will decrease, soil leaching
processes under increased run-off conditions will
increase during a vegetation-free season.

In such conditions:

e More intensive macrophyte development and
overgrowth of waterbodies take place;

* Initially, there will be better conditions for al-
gae, floating-leaved plants and freely floating
lemnids, covering water surface and shading
lower layers of the waterbody;

* Emergent macrophytes shall benefit and oc-
cupies shallow littoral zone;

* New conditions becomes more favourable for
species tolerant to oxygent deficiency;

e Oxygen sensitive aquatic species gradually
disappears.

With appropriate waterbody and their coastal

zone management activities it is possible to les-

sen Climate change induced changes in river and
lake habitats.

Rivers and Lakes
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Annex 1. General Measures for the Management of Lake Habitats

With appropriate management of lake and its slowly in the lake and that the oxygen dissol-

coastal zone it is possible to slow down ageing ved in water is not reduced;

The owerall goal of lake habitat management is: * Improve the functionality of the lake coastal

¢ Improve lake functionality ensuring that plant zone to maintain a high nutrient accumula-
nutrients and materials of organic origin cau- tion capacity and prevent soil erosion from
sing eutrophication are accumulated more entering the lake.

1. Decrease of overgrowth with aquatic plants

Do emergent and floating-leaved plants cover more than 30% of the lake surface?

o) e

Management measure is
not necessary

Mowing is necessary

2. Reinforcing wave activity

Is the lake shore in the direction of prevailing winds (usually NW winds) densely overgrown with aquatic plants?

It is necessary to mow aquatic plants and create separate

vegetation-free shore areas in order to allow waves to
reach the shore.

Management measure is
not necessary
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3. Reduction of overgrowth with bushes. Creation of natural grassland and sand zone adjacent
to the lake shore

Is there a belt of grasslands along
the lake shore?

e | o)

It is necessary to cut shrubs in a 5 m wide belt to
promote the development of sandy beaches and belt of
semi-natural grasslands.

Management measure is
not necessary

4. Creation of wind corridors

For lakes outside of valleys and forests - is the lake
surrounded by a dense belt of trees?

Management measure is Creation of wind corridors is necessary by felling

not necessary shrubs and, if necessary, single trees, to promote wave
| activity and improve water quality in the lake
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Annex 2. General Measures for the Management of Stream Habitats

One of the main reason for deterioration of wa- e provide that river flow is not impeded, safegu-

ter quality in Latvia are impeded water flow due arding that river selfpurification and river type
to log jams and beaver dams, as well due to nu- specific stream bottom structure is maintained
trient enrichment and overgrowth with macro- with stones and pebbles in fast flowing streams,
phytes. With appropriate river and their coastal as well with detritus covered sand in slow flowing
belt management it is possible to improve stream streams, both inhabited with appropriate orga-
functionality, maintaining river natural selfpurifi- nisms;

cation capability and aquatic species diversity. e nutrient leakage is reduced, thus decreasing
The owerall goal of river habitat management is: massive development of macrophytes and algae.

1. Decrease of River overgrowth with aquatic plants

Do emergent and floating-leaved plants cover more than 30% of the river surface?

o) @

Management measure is
not necessary

Mowing is necessary

2. Removal of excessive large wooden debris

Within 100 m river stretch flowing through the forest > 20 fallen trees (diameter > 10 cm). They are scattered and
do not forms jams impeding stream flow
Within 100 m river stretch flowing through agricultural area > 12 fallen trees (diameter > 10 cm). They are scat-
tered and do not forms jams impeding stream flow

v | e

Management measure is Removal of excessive fallen trees is necessary at
not necessary least in central part to avoid creation of log jams
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3. Limitation of beaver activity

In fast flowing stream (stream velocity > 0,2 m/sec) in 2 km long stretch only one beaver dam is recorded or beaver
dams are absent
In slow flowing stream (stream velocity < 0,2 m/sec) in 1 km long stretch only one beaver dam is recorded or
beaver dams are absent

O | ®

It is necessary to limit dams and regulate Management activity is
number of beavers not necessary

4. Development of optimal shading and coastal overgrowth structure

In fast flowing stream (stream velocity > 0,2 m/sec) the insolated and shaded shore sections form a mosaic with a
ratio of 30:70.
In slow flowing stream (stream velocity < 0,2 m/sec) the insolated and shaded shore sections form a mosaic with a
ratio of 50:50.
Closest to river bed stream bank has at least 1 meter wide grassland or natural sand belt;
More remote stream bank (1-3 m distance from the river bed) has young grey alder stand (< 20 year old), having
no rot disease, or tree stand consist of longliving tree species

Q | @

In former agricultural areas it is necessary to reopen
1-3 m wide river bank zone or to cut rot disease Management activity is
infected grey alder or to replace it with more long not necessary
lasting tree species.
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Annex 3. lllustrative Examples on Aquatic Habitat Management
Macrophyte overgrowth management

Temporary macrophyte storage on lake or river banks

River bank is prepared for the temporary storage of Mown macrophytes temporarily stored above the high
mown macrophytes. water line so that aquatic organisms trapped in the
Photo: A. V. Urtans. macrophytes can return to the river. Photo: A. V. Urtans.

Mown macrophytes temporarily stored above the high Volume of mown macrophytes from an area of 0,2
water line so that aquatic organisms trapped in the hectare. R. Venta. Photo: L. Urtane.

macrophytes can return to the river. R. Venta.

Phota: L. Urtane.

Stored macrophytes are transported to the composting After a month, stored macrophytes have started to
area before autumn rains starts to raise water level. R. decompose and have lost a remarkable amount of water
Venta. Photo: A. V. Urtans. and volume. R. Venta. Photo: A. V. Urtans.
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Macrophyte mowing techniques

Mowing by hand scythe is suitable for small areas with Mowing with folding scythe in deep areas inaccessible

stony riverbed inaccessible for machinery. for machinery. Short folding scythe is more suitable for
Photo: L. Urtane. application and transportation. R. 0Sa, Arendole. Photo:
A.V.Urtans.

Mowing in a stream with steep banks inaccessible for Mowing of macrophytes in shallow water using a grass
machinery. R. Balda. Photo: L. Urtane. trimmer. R. Venta. Photo: L. Urtane.

Macrophyte cutter mounted on a boat suitable for Floatable TRUXOR equipped for mowing of
mowing of larger areas. L. Durbe. macrophytes suitable for management of larger areas.
Photo: L. Urtane. Razna. Photo: E. Klavina.
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Removal of macrophytes from the waterbody

Working in small areas mown macrophytes can be Compacting of mown macrophytes to transfer them to
compacted and using flow, directed to the deposition a storage area a small distance away. R. Salaca.
site. R. Venta. Photo: L. Urtane. Photo: A. V. Urtans.

Workers standing across the river and using flow Last in line worker lift mown macrophytes ashore.
peculiarities, direct compacted macrophytes downstream R. Venta. Photo: L. Urtane.
to temporary storage area. R. Venta. Photo: L. Urtane.

Manual withdrawal of macrophytes. Before pulling If mown macrophytes do not fall in the water, it is much
them ashore, macrophytes are left to drain of water for easier to transfer them. R. Venta. Photo: L. Urtane.

several seconds for easier transfer. R. Venta.
Photo: A. V. Urtans.
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Removal of macrophytes from lakes

. z o
2 —,_— —_— - e n
Mown plants is necessary to transport and lift ashore Floatable machinery TRUXOR equipped with reed rake
to remove nutrients stored in macrophytes. Follow is adjusted for macrophyte transportation ashore. L.
supporting wind direction helping transportation. L. Burtnieks. Photo: A. Soms.

Razna. Photo: L. Urtane.

IL\

Manual labour is needed for the compacting of Mown macrophytes brought ashore with floatable
macrophytes to move them ashore. L. Raznas machinery. L. Razna. Photo: L.Urtane.
Photo: E. Klavina.

In small areas mown macrophytes can be taken ashore Mown reeds are long and unbreakable and difficult to
manually. Photo: E. Klavina. compact and transport. L. Razna.

Photo: E. Klavina.
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Machinery used for macrophyte removal

Macrophyte root shearing has the most effective and long lasting effect.

Wheel tractors equipped with metallic chains for better For stability, a double wheel system can be used. R.

stability. R. Venta. Photo: A. Lacis. Salaca. Photo: A. V. Urtans.
| = |

Harrows for shearing of the root system. R. Venta. Harrows for shearing of the root system in action. R.
Photo: A. Lacis. Venta. Photo: A. Lacis.

=

Use of caterpillar tractor on shallow dolomite ground Use of caterpillar tractor on shallow dolomite ground
for macrophyte remaval can be traumatic for aquatic for creation of a riffle. R. MUsa.
invertebrates. R. Mdsa. Photo: A. V. Urtans. Photo: A. V. Urtans.
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Historical manual instruments for the cutting and removal of macrophytes
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Elimination of macrophytes and shearing their roots

has taken place for at least a century and is testified by
drawings from the book "Melioration”, 1932. By comparing
drawings with equipment used nowadays, it can be
concluded that the main principles of macrophyte
elimination have not changed.

Author V. Ducmanis (Melioracija, 1932) for the removal
of mown macrophytes advise 40-50 cm wide metallic
rake with 10 cm long rake fingers, located within 3 - 4
cm distance. This type of rake was attached to a long
stalk and pulled along the river or lake bottom, releasing
aquatic plants with all roots.

Macrophyte cutter. Consists of two 1,5 meters long
knifes, joint under 60° angle and attached to a long
stalk. Operated by 3 workers - two of them roving the
boat upstream, while third worker, standing on the
backboard with short jerks pulled instrument towards
himself.

Series of scythes fastened together with a movable
rivets. Each third element have a heavy chain to keep
the scythe close to the bottom. Operated by two workers
pulling the instrument with short jerks.

Scythe with long stalk operated by two workers - one
waorker is handling the arm and directs the scythe,
while another worker pulls the rope and undertakes the
cutting.

"Belov" knife was used for cutting submerged
macrophytes, as well as emerged reeds and even
bushes. Standard length 1,63 un 2,25 m. Instrument
was operated by two workers.
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Removal of excessive log jams and "catcher" control

In cases, when removal of excessive timber logs is Timber log removal, working "in chain" mode. R. Gauja.
done manually, they are sawn in dimensions that can Photo: L. Urtane.

be lifted manually. R. Svétupe. Photo: L. Urtane.

Timber logs are sawn in dimensions that can be lifted Timber logs are lifted and stored above the high water
manually. R. Svétupe. Photo: E. Klavina. line. In rivers with steep banks it is a time and effort

consuming activity. R. Svetupe. Photo: E. Klavina.

Removal of a log jam hindering water flow. R. Palsa. Use of lifting mechanisms to withdraw timber from the
Photo: L. Urtane. river. R. Palsa. Photo: L. Urtane.
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Use of a four wheel ATW for large dimension log A hand pulley is used for the removal of large dimension
withdrawal from the river. R. Palsa. wood from rivers with steep banks inaccessible for
Photo: L. Urtane. machinery. Photo: A. V. Urtans.

Large dimension log removal with wheel tractor. R. Large dimension log removal with power lift. R. Vitrupe.
Kaulina. Photo: L. Urtane. Photo: AV.Urtans.

Due to safety and technical reasons logs can be sawn Excess timber logs are sawn in dimensions on the shore.
more easy on the shore. R.Kaulina. Photo: L. Urtane. R.Kaulina. Photo: L. Urtane.

< ﬂe" sim """'. e wl E S
In difficult to access places, sand covered logs and After log burning, the huge sediment bar, covering the
wooden debris can be burnt on site. R. Riezupe. area formerly suitable for salmonids, re-opens. If not
Photo: E. Klavina. taken out mechanically, it shall be scoured away during

the autumn rain period. R. Riezupe. Photo: A. V. Urtans.
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Bank squeezing and stream narrowing

IV g p fi Gl i - . A
Narrowing of the channel to increase stream velocity, to Stone riprap on both banks ensures bank stability, increased
scour sediments and reopen the gravel bottom. stream velocity, scouring of sediments, reopening of the
Photo: A. V. Urtans. natural gravel channel bed. Photo: A. V. Urtans.

Rows of stone promote narrowing of the stream, and Area behind the stone line starts to overgrow with

sediment scouring. Photo: L. Urtane. grasses and becomes stabilised. Method is applicable
for small streams, which due to bank erosion have
become wide and shallow. Photo: L. Urtane.



Rivers and Lakes

Management of rivers entering the sea for fishermen and fish migration

River mouth blocked by sand sediments, interrupting fish Excavated sand sediments are disposed nearby. R.
migration. R. Kurlinupe. Photo: G. Rubenis. Kurlinupe. Photo: G. Rubenis.

St

Excavated sand sediments are disposed nearby. R. The renewed area is very unstable and will only last until
Kurlinupe. Photo: G. Rubenis. the next storm, after which the activity must be repeated.
R. Kurlinupe. Photo: G. Rubenis.

r

The River Véverupite before the removal of dense reed The River Veverupite after the removal of dense reed
stands hindering water flow into the sea. stands hindering water flow into the sea.
Photo: A. V. Urtans. Photo: A. V. Urtans.
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River habitats before and after management activities

Management of macrophyte overgrowth

Objective: maintain optimal river overgrowth and water flow conditions.

River before macrophyte mowing. R. Vircava The same stretch of the River Vircava after the clean-up.
Photo: L. Urtane. Photo: L. Urtane.

Log jam removal and re-creation of riffle areas

Objective: removal of excessive log jams to improve water flow and establish suitable riverbed
conditions for Margaritifera margaritifera and Unio crassus.

River before log jam removal. R. Vircava River after log jam removal. Rifle area recovers. R. Vircava
Photo: L. Urtane. Photo: L. Urtane.
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Excessive log jam removal, bank stabilization and riffle area development

Objective: removal of “debris catchers” in the central part of the stream and bank stabilization with
stones to lessen adverse effect of water fluctuation induced by operation of small hydroelectric power
station.

Eroded and widened river befaore riffle area reneval. R. River stretch with installed riffle and bank stabilisation
Kaulina. Photo: L. Urtane. with stone riprap. R. Kaulina. Photo: L. Urtane.

River habitats before and after management activities

Management of macrophyte overgrowth and restoration of lamprey and salmonid spawning areas

Objective: decrease lasting impact of sediment accumulation, maintain optimal macrophyte over-
growth state for the river reach, renew lamprey and salmonid spawning areas, renew former landscape
for the waterfall — Ventas rumba.

Historically river reach below the one of the widest The River Venta before cutting and root shearing of
natural waterfall in Europe (270 m) was free of macrophytes. Former open central part of the river is
macrophytes. It was maintained through regular ice overgrown with vegetation characteristic for terrestrial
movement during spring periods as well as of timber plant communities. R.Venta. 2011. Photo: L. Urtane.

floating. Waterfall Ventas Rumba around 1900. llustration
from "Malerische Ansichten aus Livland, Estland un
Kurland" (1901).
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After cutting and root shearing of macrophytes. R. Venta. To maintain achieved result, in 2014. and 2015. area was
September 2011. Photo: L. Urtane. mown using trimmer. Photo: L. Urtane.

'\ : ;_4

Due to nutrient saturated river bottom and low water River stretch after mowing and root shearing of

level, macrophyte stand has re-occupied its previous macrophytes. Macrophyte stand has become more loose
area. The same river reach before repeated macrophyte but still prone for regrowth. September 2016.

cutting and their root shearing August, 2016. Photo: L. Urtane.
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River management as a tradition and celebration

Members of the NGO “Kroma kolna bruoliste”, dressed in national costumes, installs riffle area in the
River Balda and celebrates river clean-up. Photo: L. Urtane.
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