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INTRODUCTION

INTRODUCTION
T. Randdk, O. Slavik

The majority of people in an inland country regard freshwater fishery as fish breeding in ponds or alter-
natively on fish farms (directly managed waters). Nevertheless, fishery also includes so-called open waters
within which all types of the original aquatic environment, such as lakes, brooks, rivers and their tributaries
as well as pools isolated from the main stream can be classified. Fish, however, managed to occupy without
difficulties not only the artificial environment of dam reservoirs, navigation and irrigation channels, but
also water formations that originated due to the extraction of minerals and construction materials, such as
flooded quarries, stone pits, gravel pits, sand pits and loam pits. In contrast to ponds, in most cases thisisan
environment that fish cannot be harvested from, at least, not by common fishing methods. Targeted fishery
management of open waters only started to develop relatively recently. Pisciculture in ponds, so-called fish
breeding, experienced its biggest expansion in the 15t — 16" century, although the first reference to more
intense fishery management of open waters dates back to as late as the 19t century. At that time, fish farms
were established that first concentrated on fry production intended for stocking open waters with fish. In
the 20t century, fishery was gaining more and more importance in the same way as civilization’s pressure
on natural resources and the environment was growing stronger. The existence of several species of fish
in many European rivers had to be saved by means of their artificial reproduction and stocking. There are
millions of Czech Crowns being invested each year in the import of juvenile eels, attempts to rescue salm-
on have been registered for more than 150 years and at present rescue programmes even, for example, for
sturgeons are emerging. The driving force of the current open water management system is recreational
fishing. Nowadays, recreational fishing is ranked among the most popular and mass leisure time activities
of Czech Repubilic residents. There are approximately three hundred thousand people who engage in rec-
reational fishing, which represents 3% of all inhabitants of the Czech Repubilic. Fishing expresses, above
all, many people’s desire to spend some time in the nature and to understand it. Fishing has become a
phenomenon of relaxation, adventure and a mood enhancer rather than a subject of food provision, as it
used to be in the past. Since there is a relatively small amount of open waters in the Czech territory, the
pressure of recreational fishing on the wild fish population is rather high in many locations. Wild fish are at
the same time increasingly negatively influenced by a number of other factors, such as modifications and
constructions that are being built on streams which is related to the existence of a large number of migra-
tion barriers, frequent incorrect fishery management, disobedience of recreational fishing rules, changes of
flow-rates in streams, growing pressure of piscivorous predators, water pollution caused by anthropogenic
activity, etc. As long as some fish species are to remain part of recreational fishing or just to stay present in
the extremely loaded European waters, it is necessary to pay attention to the support of their population.

This book is intended for experts as well as non-professional people interested in inland fishery, par-
ticularly for fish farmers, anglers associations as well as private fishing grounds managers, for students of
fishery and water management branches, state administration employees, water management experts as
well as environmentalist. Its aim is not only to describe the current state of the management of open water
fishery, but also to look into the future and to propose possible measures and procedures that would lead
to the improvement of the fish population and biodiversity conditions in general, and at the same time
that would improve the quality of leisure activities of those residents who engage in recreational fishing.

-11-
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THE IMPORTANCE AND HISTORY OF FISHERY IN OPEN WATERS
J. Vostradovsky

The aquatic environment and fish were attracting human attention already in the previous millenni-
ums. Findings of scientists who studied archaeology and sociological human needs since prehistoric times
have proved so in different places in the Czech Republic as well as in the world. Water and fish together
always influenced the temporary or even permanent presence of prehistoric people along rivers and lake
sides. The freshwater environment always represented a natural need of “"Homo sapiens”. Fish living in this
environment enabled people to survive if no other food was available. It was already prehistoric man who
soon discovered that even the deepest inland contained aquatic animals that represented suitable and
easily accessible food. In addition, it was not only fish but also other organisms (e.g., bigger crustaceans)
that were accessible throughout the whole year and these animals did not represent any threat during
the catch. Fishing usually took place in the shallow aquatic environment and the most common methods
were hand fishing or fishing by means of leisters, spears and arrows. Later, they started to use strings with
hooklets and other suitable fishing gear. Fish hunters soon discovered that fish were easier to catch during
certain seasons and at certain places. Fishing could also be practised by children, women or whole fami-
lies, which was truly beneficial for all hunters (Fig. 2.1.). Fishermen’s settlements were therefore more often
established in places where rivers burst their banks widely into the countryside during spring seasons and
when water returned back into the river bed, the fish that did not manage to return together with the drop
in water level became an easy catch in areas where the water was drying up. In the Czech territory, these

Fig. 2.1. Netting and catching of crabs by hands from under the stones. Period wood engraving that origi-

nated at the end of the 16t century (Jost Amman 1591). (The museum library at the Ohrada castle situated close
to Hlubokd nad Vitavou - Historical publication called “Od vody az po lov ryb” (From water as far as fishing).

-15-



places were situated in the south Moravia since there were numerous side river tributaries of the middle
and lower reaches of the Morava River or in the Elbe Valley. Other places in Europe included, for example,
the Odra, the Danube, the Rhine Rivers and other rivers as well as their many tributaries. The same situa-
tion occurred also on bigger rivers elsewhere in the world. Netting on the Nile River was depicted in the
picture at Mashaba (Tomba) at Aktihetep. It originated in 2500 BC (Maar et al., 1966).

2.1. Archival documents and fishery exhibits that are to be found in museums in the Czech Republic
as well as in neighbouring countries

Flint microliths were often found in sand and gravel that had sedimented in locations where rivers used
to burst their banks. They served as primitive knives or they were fixed in spears with back spikes (middle
Stone Age) and were used for fishing and fish processing in the Elbe Valley, in the Ohfe River Valley, on
the Wisla River, on the lower reaches of the Rhine River as well as in many other locations. Often it was
connected to places where large migratory fish species moved from seas to freshwaters (salmon, beluga,
sturgeon) or where other common riverine fish gathered during the spawning season, or alternatively to
places where fish hibernated (especially the cyprinid species). In the Czech territory, it was Andreska (1972,
1987, and 1997) who described in total the discoveries that originated in that period and afterwards. His
extensive documentary pictorial photographic supplement included in the Agriculture museum publica-
tion documenting the oldest as well as newer museum collections (Andreska, 1972) and reminding of the
professional fishing on the Czech and Moravian rivers should be especially appreciated. The most exten-
sive collections of fishing gear are concentrated in the Czech museum collections that are to be found at
Ohrada castle close to Hluboka nad Vitavou, in Litoméfice, Uherské Hradisté as well as in Trebon, Pisek and
Ceské Budgjovice (more to be found in the fish breeding relationship). Individual museum fishery collec-
tions are very rare in neighbouring countries. In Slovakia, one can find historical facts about the local fish-
ery development in the Svaty Anton Museum, a vast collection of historical equipment of Polish fishermen
may be encountered in the Ethnographic Museum in Torun and in the Wisla Museum in Tczew. In Germany,
the Dresden Museum (Museum:s fir Tierkunde) exhibits the original gear that was used for fishing on the
Elbe River — Atlantic salmon (Salmo salar) in particular.Stuffed female sturgeon (Acipenser sturio) measur-
ing 2.6 m which was caught in 1880 in the Elbe River near Dresden (even 3000 pieces were still caught in
Magdebourg in 1834) is also exhibited here. The Museum of hunting (Deutsches Jagdmuseum) situated in
Munich reminds us of fishing in the Danube River, the local Austrian ethnographical museums in Orth an
der Donau and in Wels possess similar collections of river fishing. Extensive original historical fishing gear
that belonged to fishing on the Danube and Tisa Rivers as well as on the Balaton lake, that documented the
past fishing methods and the local fishermen’s way of life, can be seen in the Hungarian Horgészcentrum
Aranyponty fishery museum. One of the last beluga (Huso huso) that was caught in the Hungarian part of
the Danube River is also exhibited there. Similar historical exhibits are scattered around Europe and other
places, most frequently in museums focusing on ethnographical collections. It results from other discover-
ies that by the end of the first millennium and in the early second millennium A.D. boats were already used
for fishing. At that time, boats were either fired or carved always in one tree trunk, which was often from an
oak-tree (these boats can be seen in some collections of the above mentioned museums).

2.2, The beginning of domestication of wild fish

Common carp (Cyprinus carpio) is still a commonly kept fish not only in European ponds. This fish that
has its origin in wild river carp (sazans) has also its own extensive fish breeding history. Gaius Plinius (who
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lived between 23-79 A.D.) wrote about artificial ponds (piscinae) where also carp was introduced later on.
During the Roman military expansion river carp was harvested from rivers (e.g., the Danube River and its
tributaries) and introduced into “ponds” close to military camps and settlements to serve as a “reserve”
since here they were available any time (not only in Slovakia, Hungary, but also in Italy). Theodor The Great
ordered in the 6t century the transportation of sazans from the Danube River into Ravenna in Italy. Clois-
ters that acquired their own land, forests and waters embraced the opportunity as well. Domestication of
sazans - carp in the Czech ponds took place probably no later than five centuries later. According to Andre-
ska (1975) it was only much later that the introduction and domestication of some other species that had
their origins in open waters, e.g., pikeperch, took place. The process in the Czech ponds dates back to as
far as the second half of the 18t century. When professional fishermen were fishing in the rivers, they were
usually obliged to hand over part of their catch e.g., to cloisters or owners of manors. They also had their
share in transfers of riverine fish into “reserve” ponds that served for the fasting seasons. The outflow of fish
from artificial reservoirs contributed to the permanent spreading of different fish species into river basins
where the relevant species had not occurred before. The same thing was probably happening in different
places not only in the Czech territory, but elsewhere in Europe too. In colder seasons live fish could have
been transported to new military stations. Findings of carp bones located in the former military camps (for
example Roman legions) testify to that fact. The 19t and the 20t century were marked by the intentional
introduction of numerous species of fish, particularly into lakes and for fish breeding in ponds (e.g., rain-
bow trout, whitefish and herbivorous fish).

2.3. Fish depicted in symbols and legends

The extraordinary importance of open water fish in human nourishment left an indelible mark in the
folklore, legends, fasting seasons as well as in heraldry. Fish scales represented wealth, fish eggs fertility.
The mysterious life of fish under the water was for centuries full of mysteries and assumptions, it attracted
the attention not only of professionals, but of the whole public as well. Most of the mysteries and legends
always related to sea animals. Let us, however, stay in inland fresh waters, because there are many curiosi-
ties and legends that were told throughout the past centuries too (Norman a Greenwood, 1963).

Sometimes these led to false conceptions, for example, concerning fish reproduction (an example can
be Aristotle’s description of the mysterious life of eel who supposed wrongly that eel were born from decay-
ing mud and wormes). Fish were also recognized as a remedy for internal as well as external application. Oil
of some fish was used as laxative (Castor-oil-Fish) or for treatment of eye diseases. “Oil” bearing the name
“Liquor hepaticus Mustelae fluviatilis” that was extracted from burbot’s liver and used for a treatment of
ocular trachoma could have been bought in pharmacies as late as at the beginning of the 20t century. At
some places crushed fish otoliths were used as a prevention of colic or it was held as an amulet protecting
against being bewitched. The powder of dried fish was used for a long time to cure headaches, toothache
or to reduce fever. In the oldest publications we can read about healing powers of the tench slime which
was allegedly the reason why pike did not eat tench because it used the slime to treat its wounds (today’s
fishery science and practice have disproved it - pike regularly eat tench). Fish might have become fasting
food already back then when starving people at the Tiberian (Galilee) lake were fed with fish thanks to a mir-
acle. This “miracle” may be explained by annual mass spawning since at that time large schools of mango
tilapias (Sarotherodon galilaeus) were swimming close to the water level and local people have called these
fish “St. Peter’s fish” up to the present time. It is said that young fish in the lake had a dark stain on their
dorsal fins ever since — which is considered as St. Peter’s mark. There are also other“holy”fish. For example,
catfish belonging to the Ariidae family which can be found in the mouths of some rivers that empty into
the Central and South American seas are called “Crucifix fish” since they have bones in their head skeletons
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arranged in such a way that if one uses ones imagination a bit it looks like an image of crucified Christ.
This fish was sold as a fetish protecting against danger and diseases. The phenomena of fish falling from
the sky (or more likely from the clouds) in Scandinavia was not explained for a very long time (which was
documented in the oil painting Historia de Gentibus Septentrionalibus by Oleus Magnus in 1555). In 1806
frozen crucian carp with a length of 40 mm were falling down during a heavy storm in Essen. Even bigger
and heavier fish (up to 2.5 kg) were raining down from the sky in Jelalpur (India). Fish were also raining
down for two days in north Australia close to the Lajaman settlement and these fish came from a fish farm
that was hundreds of kilometres distant from that place. Raining of fish caused by a tornado suction effect
was recorded in Europe and the fish falling from the sky were not only herring, trout, smelt, pike and perch
but also other freshwater and sea fish species (Norman and Greenwood, 1963). This section dealing with
verified pieces of information as well as legends comprised also of news concerning the abnormal size of
fish (length and weight). There are so many pieces of information that they could be published in an indi-
vidual book. Unverified and therefore untrustworthy pieces of information that originated in the remote
world reached Europe gradually as well and there was news about a fish called “Pirarucu’, which was the
Brazilian arapaima the great (Arapaima gigas), that allegedly measured 5 m and weighed over 200 kg. Simi-
larly, the strictly protected sinarapan fish (Mistichthys luzonensis) that lived in the Luzon lakes in Philippines
(in Camarines Sur province) attracted attention due to its size since this fish grew to the size of only 1 cm.
Female adult cyprinid fish Paedocypris progenetica located in Sumatra measured 7.9 mm. A giant marked
pike that was introduced in 1230 and caught in Wirttenburg in 1497 (i.e., after 267 years) measured 5.5 m
and weighed 249 kg. This fish was brought to European fishermen and historical publications’ notice by
Gessner in 1588. The fish was pictured in a painting at the Lautern castle in Swabia (its copy is in the Nat-
ural History Museum at South Kensington), the skeleton can be found in the Manheim Cathedral. Howev-
er, when its vertebrae were counted it was proved that it was a fake comprising skeletons of more pikes.
Giant fish in the lower Morava River could have been the large belugas that migrated in the past through
the Danube and its tributaries. These fish might have also reached the Czech territory through the Morava
River which can be inferred from the fact that the King Matya3 | Korvin kept usually up to 60 giant belugas
in a pond situated under the Totis castle near Komarno and he used the fish to amaze his guests with in
the second half of the 15t century. Belugas were swimming around the mouth of the Morava River as far
up as Austria and probably even Germany. Carp were often described as a fish with a long lifespan that
might have lived up to 150 years (sclerites on fish scale were considered as their age by mistake). Carp’s age
limit was afterwards decreased to 38 years and carp in today’s fish farms live to the age of approximately
15 years. Contrariwise, there are fish that live only for several months. In Africa, Nothobranchius is a repre-
sentative of the genus that can live even in puddles of tree cavities (Rass, 1971). While the parents die fish
eggs survive periodical drying of the environment. The genus Cynolebias from South America have several
small representatives (up to 4 cm), some of which are kept by aquarists. The species Aphia minuta (goby
from the Black Sea) hardly reaches the size of 5 cm and lives to the age of one year. More species of small-
sized gobies were confirmed to live an extremely short time.

2.4. Historical importance of fish

The cult of fish was pursued in many religions. Buddhists considered fish as one of the nine symbols of
success. The symbol of fish (Ichtys in Greek, Ichtus = fish) accompanied according to the Gospel the life of
Jesus Christ and for persecuted Christians it represented a secret sign. The drawing of fish dating back to
the beginning of the 3" century was revealed even on a tombstone that was kept in the National Museum
in Rome. A simple contour of a fish body has meant for Christians a personal expression and allegiance to
their faith until now (current stickers with the fish contour can be seen on cars). Christians have retained the
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legend that related to miraculous feeding of many people with fish (see the previous mention of mouth-
breeders in the Tiberian Lake). Fridays represented for Christians a fast day and the only meaty food they
could eat was fish. Fish could have also influenced migration of peoples when, for example, the Norwegians
started to settle in Iceland, the promised land with fish, in the 10th century. Fish even caused war which
was aimed at taking advantage and control over fishing grounds around Newfoundland (France fighting
with England in 1623-1713). In the Far East, Russia wrangled with Japan over the best fishing grounds
of salmons, tunas and other fish as well as aquatic organisms not only at sea but also in brackish or fresh
waters. Some people valued fish so much that they started to protect them as soon as indications of their
decline appeared. According to Balon (1966) it was the Chinese from the Ming Dynasty (14t - 17th cen-
tury) who started to protect fish first. Fish with mature fish eggs were proclaimed inviolable (their fishing
would have been punished by divine retribution) and the first ban on fishing in spawning grounds has been
introduced already during the Ching Dynasty (17t - 18th century). The word “fish” in the Chinese language
always meant abundance and plenitude and when fish was given as a present, it meant the best wishes for
its recipient (Berka, 2008). The Czech best known fish, which is indisputably carp, has a much longer history
in China than in Europe. Carp has even become a symbol of courage. Carp represented the expression of
“swimming against the current, against anger, laziness, rage as well as indifference”. Balon (1974) elaborated
on ideas of carp domestication during the thousand-year-old history of China before the beginning of our
era. He mentioned that carp spread as far as central Europe through the mediation of Roman legions as
well. The pieces of information concerning the history of fish life have always been accompanied by leg-
ends relating to fishing and fishermen’s lives since the Middle Ages. These pieces of information testify
to the great importance of fish throughout thousands of years of human history. Therefore some settle-
ments and towns have included fish in their coat of arms. The coat of arms of the Litovel town situated in
Moravia depicts carp and pike in a vertical position with the fish heads oriented down, the As town has
chosen three graylings. If a fish appears in heraldry, there are usually two colours - a silvery colour for fish
and blue for water (Markus and Pilnécek, 1933). Despite the fact that the biggest volume of fish catches
was from sea-waters, freshwater fish have always had a great importance in the nutrition of people living
deep inland. Many areas around the world would have become depopulated without their presence. This
threat still applies to the deep inland situated close to the African large rivers and natural lakes (the Malawi,
Tanganyika and Victoria Lakes) and the situation is similar elsewhere in the world too. Fish found their way
from here even further into the interior (in most cases fish were dried or salted, later they were preserved
otherwise). Furthermore, the 20th century contributed to the construction of dams built on large rivers that
created new large water areas. The main reasons for their construction were to gain electric power, naviga-
bility and accumulation of fresh water, dams, however, brought new possibilities of fishing as well. Not only
Europe, the whole of Russia with the large dam reservoirs situated on the Rivers Volga, Donand other great
rivers, but also water structures on other continents can represent examples of the 20t century. The Kanji
Reservoir in Nigeria, the Mantasoa Reservoir in Madagascar, the Nubia Reservoir in Sudan, the Volta Reser-
voir in Ghana, the Naser Reservoir in Egypt, the Cariba Reservoir in Zimbabwe or Cahora Bassa Reservoir in
Mozambique have become famous in Africa. New fishing grounds exceeding many hundreds of thousands
of hectares have been established due to large reservoirs’ construction. Their banks have been settled on
by fishermen and new fishing villages as well as local manufacturing industries have been established.

2.5. Development of fishing on Czech rivers

Professional river fishing has had its thousand-years-old tradition even in the territory of today’s Czech
Republic. Historians claim that part of the Slavs came to the Czech territory from the direction of the Black
Sea coastline and therefore it cannot be excluded that they could have brought their experience of fishing
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in open waters with them. The Czech technical literature frequently connected fishing with many large
species of fish that reached the Czech territory by upstream migration. In the Elbe River it was particularly
Atlantic salmon (Salmo salar) and sturgeon (Acipenser sturio) that migrated from the North Sea, sea trout
(Salmo trutta trutta) that migrated from the Baltic Sea through the Odra River, several species of the Black
Sea sturgeons migrating from the Danube to the Morava River. At the same time domestic species of fish
non-migrating long distances and occurring permanently in large numbers were also harvested in the
Czechrivers. Andreska (1997) elaborates on the topic concerning earlier fishing on the Czech and Moravian
rivers and he reminds us that it was already in Kosmas’ chronicle at the beginning of the 12t century that
clear waters and quality fish of the Czech countries were mentioned in writing. More information related
toriver fishermen’s lives were preserved from places where they concentrated in larger numbers, such asin
Prague, where 46 river fishermen lived in the second half of the 14t to the beginning of the 15t century. As
late as at the end of the 14t century and in the following centuries only a few of them were acknowledged
as burghers which indicates the lower position of fishermen within the citizen’s hierarchy. Fishermen always
belonged, due to their profession, to people for whom fish represented a relatively poor subsistence. They
definitely could not have got rich by performing this profession. When there were not enough fish, fisher-
men lived a miserable existence and they were forced to earn some extra money in another way. They tried
to sell their best catches. If they caught too many fish it was difficult to sell them at a good price. The fisher-
men’s lives remained permanently on the same level; more often the level was rather low. River fishing was
therefore maintained close to towns which assured better demand for fish. When the Czech oldest valley
dam Jordan in Tabor was built on the Tismenicky Brook in 1492, netting as well as angling were rented on
the dam (Sedivy, 1956). The first emptying and fishing out of the dam took place in 1830.

It was not until 1848 when servitude was abolished that some fishermen became sole traders, although
high-quality fish, especially anadromous species migrating into the Czech territory occurred less and less.
It is stated that up to 80 families made their living by fishing on the Morava River, a similar situation most
probably also occurred on the Czech Elbe River and professional fishermen were fishing in smaller numbers
in other rivers too (e.g., on the Ohfte River, etc.). Andreska (1997) described what the Czech fishing trade
looked like and how it differed from a common farmstead —“a fisherman’s house was situated closest to the
river. It was possible to recognize a fish shop from afar since nets, fish baskets and fish traps were drying
everywhere in the area, boats were fastened to the shore and live-boxes were floating on the water level”
Fishermen themselves made almost everything they needed for fishing. Fish traps and other simple net
and wicker traps were made of natural products that decomposed easily, which is why not many of these
tools have been preserved up to the present. Various metal spikes that were used by poachers for fishing of
large fish were preserved the longest. Seine nets and other kinds of nets started to be weaved from hemp
fibre and it was mostly women who made the nets mainly during the off-season. Original fishing boats were
carved in one trunk of a soft wood tree, e.g., a poplar tree, but there were also more durable oak boats that
had the inside space for a fisherman and his catch carved in, in what is known as the fire technique.Produc-
tion methods of these first fishing boats were identical on other continents as well. Similar fishing boats
have been preserved in some countries up to the present. In South America more durable fishing boats were
made of mahogany, the boats with a shorter lifespan were made of soft wood similar to poplar wood. In
Peru, fishing boats of a similar shape were even made of sugar cane stems. In Africa and elsewhere, we can
still see the“monoxyles” (which is a name for boats that are carved and fired in one tree trunk) that are called
“banana-boats”and these boats still serve very well to individual native fishermen who fish predominantly
for themselves and their families. In Africa, individual fishermen use these boats for fishing with mainly mod-
ern surface and bottom gill nets that are machine-made of synthetic fibres (these are made predominantly
in Japan and China). Fishermen gain these for harvested and sold fish. Majsky (2011) wrote about monox-
yles that were found in the Czech Republic in Bzenec in 1922, in Veseli nad Moravou in 1928, in Spytihnév
in 1929 and in other places as well. The more recent discovery of a monoxyle found in 1999 and deposited
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Fig. 2.2. An fisherman fishing from a boat - monoxyle (a boat made out of one tree trunk) into a hand lift

net and fish basket in the 15t - 16th century (museum library at the Ohrada castle close to Hlubokd nad Vitavou
“O vodé az po lov ryb” (From water as far as fishing).
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in the Olomouc Museum comes from a gravel pit in Mohelnice. The similar “dlubanki” (can be seen in the
Kartuzy Museum in Poland) that were still used on some lakes in Poland as late as at the beginning of the
past century, were made of pine and oak wood and sometimes even of poplar or ash wood, Fig. 2.2. (Litwin,
1991). Brandt (1964) described what these boats looked like and how the professional gear for fishing in
open waters have developed throughout the time, while Andreska (1972) concentrated on the situation in
the Czech countries. Nonetheless, it can be stated that passive fishing gear with respect to their shape and
practical application have not basically changed throughout the past centuries, perhaps only the scope of
their usage has undergone a slight change. Naturally, the materials of fishing equipment have changed.
The hemp plant that was used for net weaving was replaced with synthetic materials in the 20t century,
wood that was used for production of floats (sometimes they were decorated) was replaced with plastic.
Later, especially in the second half of the 20th century, machine production of fishnets made of synthetic
fibres expanded. Shapes of passive fishing gear, e.g., fish traps, fish baskets, hooped nets, fyke nets, gill nets,
etc. have been used in fishing of different open water fish species for centuries (mainly in lakes, but also
in river tributaries as well as shallower places). This fishing equipment has proved effective for thousands
of years. Fishermen had to learn how to work with wood and twigs they used for production of traps, live
boxes and vessels. They found these habits of many years and the mastered craft of production of fishing
equipment useful even later when the quantity of river fish decreased and when the interest in using the
equipment in proliferating fish breeding increased (in the 13t century and later). Fish scales were used for
production of decorative objects, eel and burbot skin served for strengthening of joints of wooden tools,
such as flails, whip-stitching of saddles, sewing of coats, etc. (Hanzak et al., 1969). The decrease of some of
the more valuable fish species attracted the attention of professionals and it was already in the 19t century
when artificial stripping of fish (brown trout, rainbow trout and salmon) started to be enforced. Remy and
Gehin became famous in France (1840), Jacobi in Germany (half of the 18th century), dry method of fertil-
ization was introduced by Vrasskij in Rusia (1856) and by Green in America (1864). Rummerkirchen started
to practice stripping in Horazdovice (CZ) as early as in 1823, professor A. Fri¢ engaged very progressively in
salmon stripping between 1853-1869. Podubsky and Stédronsky (1967) wrote about the history of artifi-
cial reproduction of salmonids in more detail. Artificial stripping spread out gradually throughout the 20th
century to other species of riverine fish not only in the Czech territory, but also in the world.

As we shall learn subsequently, angling organizations started in Bohemia relatively late (by the end of
the 19t century). The situation was similar in other European countries too (Vasiliu et al., 1987). Fishery (or
more precisely fishing) in open waters on rivers was carried out until then mainly on the basis of the size
of a stream and the quantity of fish present in a stream, how well the fish sold, the level of interest in the
fishing ground (the number of settled professional fishermen dependent on this fact) and naturally who
owned the river lands. Not until much later were provincial laws emerging that considered not only prop-
erty relations, observance of boundaries related to fishing rights, conditions of lease or sale but also who
the more rare species of fish that were caught (or their share) had to be offered or surrendered to. There was
an old-established tradition originating in this period that not only estate owners, mayors but also other
significant representatives of local authorities were granted large salmon or catfish (or other large fish). The
Mayor of Prague was annually granted large salmon, later on it was catfish, which was gradually recorded
in fishery magazines. The first magazine was Zemsky rybarsky véstnik (The Provincial journal of fisheries)
which represents the outset of today’s magazine called Rybafstvi (Fishery) which was established in 1897.

2.6. Atlantic salmon in Bohemia

When dealing with the history of fish and fishery in the Czech open waters, we cannot refrain from men-
tioning Atlantic salmon - Salmo salar (previously known also as the Elbe salmon). This fish has become the
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Fig. 2.3. salmon fishing in the Prague salmon catching area in the second half of the 19" century (drawing
taken from the study by Fric, 1893 — Salmon of the Elbe, Biological and anatomical study).
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best known fish migrating from sea to inland waters even amongst the European historians who engaged
in natural history. We can find many facts concerning salmon in a book written by Dyk (1946) who also
quoted domestic authors who engaged in studying salmon and other riverine fish throughout the Czech
history since the 11t century (Balbin, Fri¢, Kafka and others). The majority of not only Czech but also Ger-
man authors quoted the exceptional study related to “Salmon of the Elbe” written by Fri¢ (1893) that also
contained period pictures depicting fishing of salmon in the Prague salmon catching area (Fig. 2.3.). In
Bohemia, salmon is still considered as the most important riverine fish in fishing’s history. Salmon started
to attract attention again by the end of the 20t century in connection with the reconstruction of migration
passability and with improved river cleanliness in the whole Elbe basin. Lelek and Bushe (1992) described
the situation related to salmon and its historical development on the Rhine River and its Dutch, German
and Swiss basins. Flasar and Flasarova (1974) gathered historical facts about salmon in the Elbe River in
northern Bohemia in the 19th century as well as at the beginning of the 20t century. Fiilner et al. (2005)
concentrated on the situation in Germany in the Saxon part of the Elbe River. Andreska (1997) provided
historical details that included individual memories of eyewitnesses of the Czech salmons, methods of their
fishing and facts about anglers on the Czech rivers. Baru$ and Oliva (1995) summarized findings related to
salmons in the Czech territory in a well arranged manner and these authors mentioned a literary source
written by Georg Handsch von Limus (1529-1578) as the first record of salmon in Bohemia (undated). Salm-
on attracted attention in the countries of the northern part of Europe with the streams emptying into the
North and Baltic Sea. Most salmons migrated in Europe via the Rhine River (Lelek and Bush 1992). There-
fore, it is no wonder that salmons were marked as early as in 1852 and an enormous migration was discov-
ered of a salmon of Scottish origin since it covered a distance of 552 km in only four days. The catches of
salmons in the Czech territory were considerably unstable in consecutive years until the beginning of the
20th century which depended on the hydrological situation, intensity of fishing in the German part of the
Elbe River and other factors too. Andreska (2010) summarized older as well as new facts and reflections on
the future of salmon in Bohemia.

2.7. Historical methods of fishing in open waters

Apart from the application of personal physical abilities and various traditional and sometimes even prim-
itive tools, fish hunters have always tried, from time immemorial, to use natural resources. As Perevoznikov
and Burmakin (1979) stated, 233 kinds of plants were used for fishing throughout the world in medieval
times and as late as by the end of the 19t century. Leaves and bark of the Piscida erythrina tree were used
for this purpose in Jamaica, the fruit of liana Entada scadens was used in Indochina, leaves, bark and root
extraction of the Gilia macombii plant were used in Mexico until a few years ago, the plant called Verbas-
cum songaricum was used for fishing in rivers and brooks in Tajikistan and many other plants or their parts
were used for the same purpose. Plants were dipped in the aquatic environment where their substances
(e.g., saponin) leached and the dazed fish swam to the water level afterwards where they were collected by
fish hunters. Their consumption, however, required removal of the fish guts in due time. Natural ichtyocide
rotenone (which was originally isolated from the Lonchocarpus nicou plant in French Guyana) was used by
American Indians in South America until recently. Later on (20t century), it was produced synthetically in
large quantities and it was used as a very effective ichtyocide for elimination of undesirable and overabun-
dant species of fish in closed waters (lakes). Most frequently it was applied in the United States (in 1953 it
was still permitted in 49 states). The substance was later used for the same purpose in Europe as well as
elsewhere in the world. In the Czech territory poachers used the seeds of fish berries (Anamirta cocculus)
that originated in India and that contained poisonous picrotoxin alkaloids. Crushed seeds combined with
other alluring baits caused that stupefied and poisoned fish emerged on the water level. Dyk et al. (1956)
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described similar domestic plant resources that were used mainly by poachers in the Czech territory in the
past. For example, cyclamen rootstock (Cyclamen europium), the Paris herb (Paris quadrifolia), euphorbia
(Euphorbium), mullein (Verbascum), henbane (Hyoscyamus) created milder effects. It was already Bedfich Il
(in 1212) who first attempted to ban fishing with these resources.

Another method of fishing was by way of using certain animals. The first reports documenting human
employment of animals came from the days of Marco Polo who witnessed the first fishing with otters dur-
ing his travels in the second half of the 13t century. According to other historical sources, this method of
fishing was practiced in other places as well, for example, in Indochina and Malaysia. In India people fished
with trained otters on the Indus and Ganga Rivers. Isaak Walton wrote in 1653 that it was necessary to train
otters for fishing as early as possible, preferably when they were three to four months old. Nowadays, fish-
ing with cormorants (Phalacrocorax capillatus and P. sinensis) practiced in China is considered rather exotic.
A ring was attached to the cormorants’ neck; therefore they could not eat their catch. In Japan cormorants
were transported in special cages even to more remote fishing grounds on the Nagare River in the Gifu
prefecture. Professional fishing applying this method (although on a smaller scale) continued still in some
Asian countries in the first half of the 20t century, while today it remains only a tourist attraction.

Only small changes in fishing methods and their survival throughout hundreds of years led to the fact
that it was as late as 1920 when a Japanese scientist declared with certain pride at the Honolulu fisher-
men'’s congress: “Our fishermen work proudly with the same fishing gear as our old predecessors did". Since
that time it held no longer true. Many things have changed since the second half of the 20t century and
not only in Japan. Technology, the scope as well as gear of fishing have considerably improved especially
in saline waters. It is less the case inland, especially in areas where fishing is done on a smaller scale until
today and where some traditional fishing methods have remained in existence.

2.8. Expansion of artificial reproduction, stocking and introduction of fish

If we view the species composition of fish populations in open waters from a historical angle, we will find
that it was as late as the 19t and 20t centuries when significant changes occurred. By the end of the 19t
century and especially in the 20t century, owing to the development of transport technology and methods
of artificial fish reproduction, introduction attempts spread substantially even to those places where it was
previously impossible due to the limited availability of suitable places and excessive time limits necessary for
transportation of live fish. Many species of fish that inhabited exclusively concrete inland waters, rivers and
lakes until then were transferred from one river or basin into another river, lake, basin or even a continent. In
some places they became gradually extinct but in other places they became naturalized in new conditions. In
those days it was, for example, brown trout (Salmo trutta) that was introduced into Africa, Australia or South
America and rainbow trout (Oncorhynchus mykiss) was introduced from the United States into Europe (mostly
in the second half of the 19t century). Some transfers had a long history and attempts at their naturalization
in the new environment were at times successful or failed. The whole spectrum of fish species adapted to
their new living conditions insomuch that they became naturalized in the new environment and they were
also used permanently for stocking into open waters for centuries. An assessment of the introduction of fish
and crustaceans in the world was summarized by Welcomme (1988) who stated that 1354 introductions of
237 fish species took place in 140 countries and on different continents. Hanel et al. (2011) described findings
concerning the introduction of exotic fish species into European waters. They listed 109 introduced species
with at least 39 becoming locally naturalized. Some of these were realized intentionally with a certain aim but
at the same time they contained risks, e.g., bringing in new diseases, environmental degradation as well as
negative socioeconomic influences. An example of a negative introduction can be the stocking of Nile perch
(Lates niloticus) into the African Lake Victoria which eliminated 300 native species of cichlids. Even though it
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was easier to catch and its meat quality was initially of benefit to anglers, the negative impact of this introduc-
tion influenced other elements of the lake ecosystem as well (Goldschmidt et al., 1993). The introduction and
subsequent naturalization of freshwater “sardine” - lake Tanganyika sardine (Limnothrissa miodon) from the
African Lake Tanganyika to the Kariba Reservoir situated on the Zambezi River had an opposite positive effect.
From here it migrated to the Cahora Bassa Reservoir by downstream migration. In both reservoirs extremely
large populations grew up which were harvested in many thousands of tonnes during the night by the fish
being lured into nets by means of artificial light (Vostradovsky, 1984, 1986). Lake Tanganyika sardines have
provided fishermen and local residents with attainable and necessary protein resources since they perma-
nently suffered from their lack. At present, the introduction of new species of fish is subject to professional
reviews carried out by introduction committees in many member countries of the European Union and the
suitability of new fish species should be thoroughly examined by technical institutes before its introduction.
That should be the same in the Czech Republic.

2.9.The end of capture fisheries in the Czech territory

Many species of fish migrating upstream (anadromously) were endangered due to continuing con-
struction of weirs, pollution and channelizing water streams together with technical modifications of river
beds and shorelines. In the Czech territory, the situation related to the Elbe, Odra and Morava Rivers with
their tributaries where anadromous migration of several species of fish nearly stopped in the first half of
the 20t century. At that time professional river fishing gradually stopped too (apart from small exceptions
in the frontier part of the Morava River). Rychecky (1966) wrote that it was Mr. Horak (the similarity with
fish farmers bearing the name Horak in the Tfebor area is a mere coincidence) who was fishing on the Elbe
River in Roudnice for the longest period of time and who paid 50% of the fish he caught above the weirand
30% of the fish he caught under the weir to the angling union and who caught annually 1.11 tonnes of fish
at most. Jaroslav Hulik (1898-1983) was fishing the longest in the Elbe River in Kolin, with more informa-
tion to be found in Andreska (1977). Hulik was repeatedly visited by researchers working in the Research
institute of fish culture and hydrobiology in the 1950s and the author of this chapter was told (by Volf in
person, 1960) that Hulik was catching eels of an extraordinary size and weight exceeding 5 kg as late as
the forties to fifties of the 20th century. Fishing on the Elbe River between Usti nad Labem and Dé¢in was
carried out on a limited scale by angler organizations for half of the 20t century with the aim of gaining fry
for other closed waters, for example, for a mine depression. It was expected that the Elbe fish would lose
its disagreeable taste due to the then river pollution.

Some farmers from local anglers organizations were on an irregular basis attempting to harvest eels
(Anguilla anguilla) in the Elbe River close to Libéchov in the 1950s (Fig. 2.4. depicts an angler catching “white
fish”with a drop net and eels with classical wicker fish traps in the Elbe River in the 1956). Since there were
much more brown bullheads (Ameiurus nebulosus) rather than eels caught in the fish traps, the fishing was
ended. We cannot omit professional fishing that was carried out by the former State fishery companies by
classical methods (seine nets, fish baskets, gill nets) predominantly in the Slapy, Lipno, Jesenice and Orlik
Valley Reservoirs that lasted almost twenty years (since the 1960s-1980s). For example, in 1964 they net-
ted 162279 kg (in comparison to 122974 kg of fish that were angled) mostly of cyprinid fish (Hanzék at el.,
1969). Krupauer and Vostradovsky (1966) stated that 35.9 kg of fish were caught in the Lipno reservoir 4 800
ha (netting and angling in total), 29.9 kg were harvested in the Orlik Reservoir (2700 ha) and 72.4 kg were
harvested in the Jesenice Reservoir (750 ha) within one hectare of water surface in the same year. In those
days the forgotten experience of netting was drawn even abroad (mainly in Poland). With the development
of recreational fishing in the valley reservoirs and due to political and economic changes, the netting in
valley reservoirs in the Czech Republic was ended as well at the turn of the 1980s and 1990s.
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Fig. 2.4. One of the last fishing attempts with wicker fish traps and drop nets on the Elbe River close to Libé-
chov in 1956 (photo: J. Vostradovsky).

2.10. Angling (sport, recreational fishing)

Even though angling in inland open waters was initially aimed at direct fish consumption, this kind of
fishing has gradually grown into a favourite pastime. Some historical drawings and first written texts that
originated in the 15t and 16t century indicated that higher social classes engaged in angling for fun.
Czech Kvéty magazine, issued in 1868, described an Egyptian relief in mausoleum with the words“standing
on the boats, they are angling.” Archaeologists found bone, iron and bronze fish hooks attached to hemp
fibres, horsehair etc. that originated even earlier (Andreska, 1997). The application of ethics and cultivated
approaches to angling have been apparent from the end of the 16t and throughout the 17t century when
several specialized publications appeared that elaborated on this topic. The English fisherman Issak Wal-
ton and his work called “The Compleat Angler’, issued in 1653, is usually mentioned in this context. There
is an obvious positive relationship with the nature, morale and treatment of caught fish to be noticed in
his book. More publications, some of which were even specialising in particular fishing methods (espe-
cially with respect to trout and salmons) were available in England in the 17th century. Progressive fishing
equipment and grouping of anglers into clubs in England (The Angler’s Guide, London 1815) gradually hit
Europe too. One of the larger publications issued in the Czech territory was called “Fishing sport” with the
subtitle “Angling and instruction to catching and hypnotization of crayfish’, was written by the local Czech
author (Bucek, 1879). The author stated that the publication was intended for“those who desire to engage
in fishing and who are interested in the mysterious aquatic world”. Bubenicek’s book with the title “About
fish and fishing” which includes an interesting supplement concerning extermination of harmful otters and
kingfishers is worth mentioning as well (Bubenicek, 1898).
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2.11. Organization and angling associations, the beginning of legislation

Itis evident that by the end of the second half of the 19t century, anglers started to form associations. This
fact was connected with the appearance of the first offers of miscellaneous fishing gear. These associations
rented stretches of rivers only to be able to practice the sport of fishing. The Opava association was estab-
lished as far back as in 1873 and more and more associations were subsequently established, some of which
belonged to agricultural subjects, the army, etc. Different problems and complications emerged especially in
such cases in which the associations lay down rather flexible rules, when conflict situations with professional
fishing appeared, when the number of members had to be reduced artificially or when licensing authorities
had little understanding of the situation. The first anglers’ club rules were rather flexible as well. There were
plenty of fish in the Morava River and the general public was interested in them. In 1922 there were 42 appli-
cants who wanted to form an association in Litovel with only 33 subsequently becoming members. They
were angling with 4 rods and lines and initially they were using drop nets as well (during the initial years
most members were traditionally using “drop nets, nets and bladders” until a ban was imposed in 1929). The
situation was very similar also in Napajedla. It was only the wealthier people who owned a real fishing rod.
The Morava River was already then subdivided into several fishing grounds and a permit allowing fishing
within one ground in Litovel cost CZK 6. In 1921 an association comprising 20 members was established in
SedlI¢any on the Mastnik Brook. Fishing was carried out with 3 rods and lines and with only (!) one night line
(more lines were used earlier). The magazine “Fishery” brought information about jubilees commemorating
90-100 years of anglers associations mainly after 1990. One of the oldest Czech anglers associations (clubs)
is The First Anglers Club in Prague which was established in 1886 by 27 members. In 1986 a publication called
“100 years of sport fishing in Prague” containing abundant period illustrations was published and one can
read here, among other things, that a permit for fishing on several grounds on different rivers cost in Prague
in 1886 CZK 16 and that the club was established by people of higher social classes which probably had at
that time a positive effect on the easier acquisition of fishing grounds not only on the Vitava River, but also
on other rivers. The number of associations was increasing and as Spurny et al. (2010) stated there were 40
associations to be found in Bohemia after 1918 and in Moravia there were even 56 associations established
after 1923. Associations merged into provincial groupings and in Bohemia they were based in Ceské Budé&jo-
rybafskych spolkd a druzstev v Ceskoslovenské republice” (Union of anglers associations and cooperatives
of the Czechoslovak Republic) took place in Prague in 1923. (The Moravian Provincial Association comprising
56 societies was established in the same year). In 1924 there were already 242 Czech, Moravian and German
associations. Sykorova (2007) and Spurny et al. (2010) expanded on other details and organizational changes
within the association activities until the establishment of the Czech and Moravian Anglers Union. These two
associations have been ensuring management of most open waters in the Czech Republic to the present day.

The first Fisheries Act came into existence in 1883 (it was registered under the number 22/1883). It was
intended for The Lands of the Bohemian Crown (it was not published in the Imperial Code of Law until 1885).
This Act ended free fishing in streams and new terms, such as salmonid and non-salmonid waters, private
and public waters were introduced. The Act determined the implementation of fishing licenses, the nature
of offences, methods of inspection of anglers, legal lengths of fish, etc. This Act was adopted as amended
for Bohemia and Moravia even after the establishment of Czechoslovakia in 1918 and it took thirty years
until the Act was substantially amended by a Decree issued on 1 May 1938. The subsequent Fisheries Act
no. 62/1952 fulfilled already the requirements of the new political administration of the country. Even
though the act created much confusion and ambiguity (for example, different groups belonging to the
union movement and public enlightenment organizations were also able to take care of fishing grounds
and fishery), the activity of anglers associations continued. Conditions of open water management were
later adjusted by the Acts no. 102/1963 Coll. and 99/2004 Coll.
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THE IMPORTANCE AND HISTORY OF FISHERY IN OPEN WATERS

This chapter allowed us a quick glance at a small part of the rich history of fishery in open waters and
to get acquainted with its importance for human needs. Specific conditions for fish life and fishing devel-
oped in the past on every continent and in every region that included a river or a lake. However, they have
always had a common denominator. Fish provided people with an important source of nourishment and
kept them alive when there was no other food available. We can notice a similar situation in several places
in Africa or Asia even today.
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3.1. Basic division of open waters (J. Kubecka)

3.1.1. Running waters

Running waters can be defined as waters with a measurable one-way flow occurring in the majority
part of their longitudinal profile which is caused by the Earth’s gravity (and not by any other factor such
as wind). Provided that planktonic organisms are present in running waters, the vast majority of them are
being drifted down the stream. Running waters also differ from lentic waters due to the fact that most of
their secondary production does not originate in the stream itself but rather a substantial proportion comes
from the surrounding terrestrial systems (e.g., insects falling into the water).

If the stream springs at a sufficiently high altitude, a gradient of hydrological, physical and environmen-
tal conditions is formed along its longitudinal profile. The local communities of organisms correspond to
such gradient. The stretches on the longitudinal profile are defined on the basis of the most typical fish
species - the so-called fish zones. The concept of fish zones was designed by a renowned 19t century
researcher, Professor Antonin Fri¢ (1888), and gradually the five most typical zones were established (Tab.
3.1.1.).The concept of fish zones should be perceived as an attempt to generalize the regularities that occur
in the complex system of the river continuum. There are many cases in which this concept cannot be applied
(see chapter 3.2.). Defining the exact boundaries is also problematic. However, most running waters can
be classified into individual zones and the zone division also reflects the division into the salmonid and
non-salmonid fishing grounds quite well. The trout and the grayling zones usually correspond to the sal-
monid fishing grounds. Non-salmonid fishing grounds on the running waters in the Czech Republic usually
include the barbel and bream zone. The ruffe and the plaice zones are typical for estuaries. Estuaries
are very interesting stretches where freshwater fauna meet with various types of brackish waters. Salinity,

Tab. 3.1.1. Selected characteristics of the fish zones.

Fish zone trout grayling barbel bream ruffe/plaice
Stream type mountain stream river river river up to large
stream/brook stream
Bottom rocky rocky, gravelly rocky, gravelly gravelly, sandy,  mostly sandy,
muddy muddy
Slope (%) over 0.4 0.1-2 0.03-0.15 below 0.08 below 0.05
Flow-rate very fast fast fast very fast tide-dependent
Maximum 12-18 18-20 18-22 20-25 22-30
temperature (°C)
Typical fish and brown trout, grayling, rifle barbel, nase bream, catfish, bream zone
lamprey species  rainbow trout, minnow, carp, vimba pikeperch, silver and brackish
bullhead, char, common bream, bream, ruffe water species
lamprey minnow Danubian (mullet, plaice,
salmon ruffe, goby,
stickleback)
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water level height and flow-rates are largely influenced by the high and low tide. These are also stretches
through which diadromous fish pass during the spawning migration between the sea and freshwaters.
Water in these stretches, mainly in large streams, is usually polluted and often very turbid due to tidal phe-
nomena. Estuarine systems do not occur in the territory of the Czech Republic.

The trout zone represents the highest parts from the spring to the first 3-5 confluences with brooks of
approximately the same size (the stream order is usually from 1 to 3, may be higher in mountain areas, see
chapter 3.2.). These areas often feature the highest river slope, the cleanest water, the greatest oxygenation
and the lowest temperature (Fig. 3.1.1.). The character and the extent of a salmonid zone depend on the
altitude — most typically it is formed above 500 m from sea level. In lowland areas, the salmonid zone may
not be formed even in streams of the first order (in headwaters). Typical salmonid streams in the Czech
territory are up to 10 m wide and most of the stream surface is, under normal conditions, shallower than
0.5 m. The character of a stream is sometimes significantly modified along its course by the construction
of artificial obstacles, i.e. weirs of various heights. Low steps may diversify the stream and create new habi-
tats for fish, while, with respect to larger weirs, negative influences prevail that may complicate or stop fish

Fig. 3.1.1. The salmonid zone - The Vydra River near Antygl (photo: J. Koldrovad).
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and invertebrate migrations. A major problem of small streams may be flow-rate fluctuations that have
unfortunately been increasing recently as a result of climate change. Large flow-rates (floods) are usually
tolerated easier by the stream inhabitants than the minimum flow-rates, when the living space diminishes
considerably and, mainly in summer, the temperatures are rising. The adverse effect of extreme flow-rates
is reinforced especially in regulated and straightened streams.

The main food source for fish is insects and their larvae (mayflies, caddis flies, stone flies, black flies and
midge flies) or terrestrial insects’ stages. Vegetation found in streams is represented mainly by periphytic
algae, or by water moss (Fontinalis). The fish species community is usually very poor, the most common
species being brown trout and bullhead. The amount of fish can vary. Poor mountain streams tend to have
hundreds of fish and dozens of kilograms of fish biomass per hectare at the most, while rich submontane
and highland brooks can have thousands of fish and hundreds of kilograms per hectare.

The grayling zone is typical for submontane areas where the river bed slope significantly decreases. The
stream tends to be more than 8 m wide and features shallow long flows with a predominance of laminar
flow (Fig. 3.1.2.). Flows may alternate with shallow pools that are inhabited by many species and are typi-
cal for lower-situated zones. The typical grayling zones occur in the Vitava River around the Volary town, in
the rivers under the Beskydy Mountains and in the Bohemian-Moravian Highlands at 400 to 600 m above
sea level. Similarly to the barbel zone, a number of grayling zones have fallen victim to weir and dam con-
structions. The structure of habitats is very varied (flow sections as well as more protected stretches with
small particle sedimentation) and is reflected by an increased number of animals and plants. The groups
of insects living here are the same as in the salmonid zone. In calmer areas there are tufts of water moss,
water-starwort (Callitriche) or water crowfoot (Batrachium). In addition to the most characteristic fish spe-
cies mentioned in Tab. 3.1.1., the grayling zone shares a wide range of species with the salmonid and barbel

Fig. 3.1.2. The grayling zone on the Malse river (photo: FISHECU).
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zone. Most certainly, however, the species that require running waters prevail here, mainly the so-called true
reophiles (reophiles of the type A, see Schiemer and Waidbacher, 1992; the overview of ecological groups
is provided in chapter 3.2.). The fish abundance usually reaches thousands of individuals per hectare and
the biomass reaches hundreds of kilograms.

The barbel zone was previously abundant in the Czech Republic but most stretches have been lost to
weir and dam construction that has led to stream fragmentation (Lusk, 1995). Weirs often complicate the
migration passability and they create stretches of several kilometres that correspond to the bream zone.
The use of the river slope energy and anti-flood prevention have caused in many streams that individual
weir pools with slowed water followed one another. The impoundment of the weir level that is lying lower
starts immediately under the weir and stretches with running water have virtually disappeared. Valley res-
ervoirs represent even a greater disaster for barbel streams since they have stopped fish migration in the
reservoir profile altogether, and they have often changed tens of kilometres of streams into lentic water.
Moreover, they modified the flow or even the temperature conditions in long stretches below the reservoir.

Typical barbel zones were located in lowlands and in geologically old, deep valleys of the majority of
larger Czech rivers. Contemporary examples include stretches of the Berounka River located near Pilsen,
3.1.3.). Typical barbel stretches feature long flows that are more than 1 m deep. In view of the high speed
(more than 0.5 m.s™) and the bottom roughness, a large part of the flow is turbulent with frequent reverse
flows. The content of nutrients and organic substances is considerably higher than in salmonid grounds
mainly due to splashes from the catchment area and waste waters. There is increased vegetation and inver-
tebrate productivity and consequently higher densities and fish biomass that can reach up to thousands
of fish and many hundreds of kilograms per hectare.

Vegetation of the barbel stretches usually consists of diatoms, green algae and tufts of higher plants
(the most common is Batrachium sp.). The benthic population tends to be abundant and it includes mainly
caddis flies, midge flies, shellfish and larvae of mayflies. Similar to the grayling zone, the most common fish

Fig. 3.1.3. The barbel zone in the Beéva River (photo: FISHECU).
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species in the barbel zone are the true reophiles. The most typical species are mentioned in Tab. 3.1.1. They
include barbel, nase carp, vimba bream, and outside the Czech territory, in the Danubian River basin, Danu-
bian salmon (Hucho). In addition to these species, reophiles with a large valency and spread which extends
to the neighbouring fish zones are also common in the barbel stretches (chub, ide, dace, gudgeons, burbot
and asp). Along the shorelines there are also some eurytopic species (roach, European perch and pike).
The bream zone. Before stream regulation in the Czech territory, bream stretches were far less abun-
dant than they are today where they represent the most common type of river zone. As mentioned above,
bream stretches have formed even in waters with grayling and barbel features due to the fact that a large
number of artificial obstacles have been built. Bream stretches are located either in stretches with a low
bottom river slope or in stretches that are impounded by weirs (Fig. 3.1.4.). The flow is slower and soft sed-
iments are often found on the bottom as they are continuously carried by the flow from the higher eleva-
tion stream zones. Larger sediment transport occurs only during floods. The slower flow, the greater depth
and the smoother bottom with sediments determine a large share of one-way laminar flow. As the stream
basin grows, so does the amount of nutrients and in most streams traces of pollution can be observed
(high share of organic and often extraneous substances, turbidity, heavy bacterial growth and sub-optimal
oxygen saturation). If the lowland stream is not overloaded with waste waters, planktonic and periphytic
algae abound in waters as do various aquatic and amphibious plants in shallower stretches. The benthos
includes mainly larvae of midge flies, sludge worms, leeches, shellfish and larvae of mayflies and caddis
flies. The primary production, the phytoplankton in particular, may cause oversaturation of water with oxy-
gen, especially during sunny days. The water temperature is higher in the bream zone and the flow slows
down, therefore, species requiring running waters give way to eurytopic species which represent, due to
their flexibility in flow conditions, the transition between the rheophilic to the limnophilic species (the len-
tic water species, mainly bitterling, crucian carp, tench, rudd, weather fish, and sunbleak, see chapter 3.2.).
Typical species include common bream, catfish, pikeperch, silver bream, ruffe, roach, bleak, pike, gibel carp
and European perch. In addition to these species, some adaptable reophiles may also occur here (chub,
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Fig. 3.1.4. The bream zone on the Elbe River, a stretch of the stream close to Lovosice (photo: FISHECU).
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ide, dace, burbot, asp, gudgeons) as well as limnophiles, therefore, the number of species and the species
diversity in the bream zone are high. The waters of the bream zone are deep and in the deeper parts it
is not possible to wade or perform electrofishing easily. As a result, little reliable information concerning
fish numbers and biomass in these waters is available. It is estimated that abundances can amount up to
tens of thousands of fish and biomass usually reaches hundreds of kilograms per hectare (Pivnicka, 1994).

3.1.2. Lentic waters created by geological river activity (river pools)

Streams with grayling, barbel and bream zones generally run through larger valleys where there is enough
space for formation of a valley flood plain. The plain is inundated during flood periods and due to erosion and
sedimentation, the river bed continuously changes its course unless it has been restricted by the construction
of dams and by other flood control systems. Side channels, islands and “blind” river arms may form along the
main channel (eupotamon). Blind river arms are channels that are either closed at one end, usually the upper
end (parapotamon), or both ends (paleopotamon) (Fig. 3.1.5.). Paleopotamons - old or dead river arms
and pools are separated from the river for most of the time and specific fish stock develops here which is
usually a combination of limnophylic and eurytopic fauna. At the same time, old river arms tend to contain a
significantamount of biological diversity with a large number of other animals and aquatic plants that belong
to endangered and rare species. Some local anglers’organizations manage larger pools as specific fishing sub-
grounds and with respect to fish management it is correct to apply here not only maximization of catches but
also ecological aspects. The main game fish is carp, although tench, pike and perch are considered important
as well. Blind river arms may also be the result of human activities. A large number of so-called cut-off lakes
were created artificially during the regulatory straightening of streams in the 19th — 20th century. However, if

Fig. 3.1.5. The scheme of the river arms system. A — the main channel, eupotamon, B - blind arm, parapotamon,
C, D, E-dead arms of paleopotamon type (Cis in all likelihood a cut-off arm that resulted from an artificial perfora-
tion of a river meander, E is a very old arm that split into a system of smaller pools that are threatened by filling with
soil) (scheme: J. Kubec¢ka).
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the regulations are carried out insensitively, formation of river arms stops and existing cut-off arms become
slowly filled with soil and disappear without any replacement. The area of potentially valuable fishing grounds
decreases, in addition, many limnophilous fish species have become endangered.

Old arms and pools are not necessarily always fully isolated from the main stream. If the water level
increases, especially during the spring months as well as during floods, they may be flooded with river water.
The formation of a typical pool community is subsequently interrupted due to the departure of some of
the resident fish and immigration of mainly river fish, of which some may become trapped within an old
arm when the water level decreases. In this way the species diversity of the present fish stock is increased.
Regularly flooded old arms also represent a significant source of grown up fry for the main river stream.
Pools situated at different distances from the main stream are flooded at different frequencies and, there-
fore, itis possible to find frequently flooded pools with an abundant and a diverse fish community within a
well formed river floodplain (large streams with extensive side arms systems are in such cases viewed even
asinland deltas) in comparison to arms that are flooded only occasionally. The least frequently flooded arms
are at the same time less productive (floods usually bring nutrients) and limnophilous species predominate
here. A scourge of non-flow-through old arms in bottomland forests are oxygen deficits, particularly in win-
ter.These are advantageous to limnophilous fish that are less sensitive to low oxygen concentration. The so-
called crucian carp’s pools represent an extreme case since the oxygen level decreases in winter under the
ice to zero and only crucian carp are able to survive these conditions thanks to their anaerobic metabolism.

Blind arms are also characterized by large numbers of vegetation and shelters which are used by phyto-
philic fish (species that spawn on plants). Pike occupies an exceptional position between these fish since it
is usually the main predator and in some pools its predation pressure can determine the situation within
the community. The Kurfiirst arm of the Morava River situated near Olomouc is a well-described case. It
is a parapotamon that functions as a trap for arriving fish due to a large share of pike within the fish com-
munity (Hohausova et al., 2000). Pools in well-functioning floodplains often represent good pike fishing
grounds. If the catching of piscivorous fish is too profound, the fish stock in such pools tends heavily to
overabundance of minor planktonophagous species (roach, sunbleak, bitterling, bream, silver bream and
rudd). These species prey on invertebrates, they become stunned and prevent from satisfactory growth of
non-piscivorous game fish (pools in the Elbe valley with the biomass exceeding 1000 kg.ha™!; Oliva, 1957).

3.1.3. Draining and irrigation channels

Channels are either wholly artificial streams or modified lowland brooks, usually with a slow flowing.
They may be similar to bream zone streams and during dry seasons may resemble lentic waters. They are
mainly found in the lowlands and are usually highly productive with a large number of macrophytes which
predetermines good conditions for reproduction and survival of fry. The channels are often stocked with
grass carp in order to prevent development of macrophytes. The quantity, biomass and species diversity
are high and larger channels in particular make for very interesting fishing grounds. More information is
provided by Adamek et al. (1995).

3.1.4. Lentic waters

A common feature of lentic waters is the absence of measurable flow in a stream in the majority of the
profile and there is usually a developed autochthonous phytoplankton and zooplankton community in
open waters as well. Most of the planktonic production is usually created and used in a water body itself
and it does not flow away down the river as is the case in running waters. A large amount of waters that
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are classified as lentic were created by damming the waters that were initially running (valley reservoirs).
Similarly to the original stream, valley reservoirs might be of elongated shape (the so-called canyon-shaped
reservoirs). From this point of view, it is possible to rather formally distinguish a large weir on a river (run-
ning water) from a small valley reservoir (lentic water). The limit that is usually used is the theoretical water
residence time that is longer than 3 days when the flow is usually hardly noticeable particularly during sum-
mer flow-rates (Hejzlar, 2006). Lentic waters that were formed in streams (reservoirs, ponds) have almost
always some type of a dam with gravitational outflow (outlet) and these are usually drainable, at least in
theory. There are also lentic waters without a visible outflow and in the Czech territory these are especially
mining pits which cannot usually be emptied (they are called lakes). The composition and development of
reservoir and lake fish stocks are to be found in the individual chapter 3.5.
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3.2. Fish communities in open waters (P. Horky)

3.2.1. Variability of fish communities

Fish communities can be considered to be open systems whose composition can be characterized with
a certain level of uncertainty by means of abiotic environmental parameters. The level of uncertainty, as
well as the importance of individual factors which influence a community composition, are dependent on
the detail related to the spatial level of assessment (Brown and Maurer, 1989). In general, three levels of
assessment concerning the composition of communities are recognized: the local level, which assesses
variability within a locality, the regional, which compares localities within one region, and geographical,
which assesses regions between each other.

The highest level of uncertainty and variability of a community are to be found on the local level (Win-
emiller, 1996). There are biotic factors, such as competition (Grossman, 1982) or interaction between a
predator and its pray (Moyle and Vondracek, 1985), as well as abiotic factors, such as flow-rate (Schlosser,
1985) or habitat heterogeneity (Gorman and Karr, 1978). The level of environmental variability determines
whether the local level community compositions are more influenced by abiotic or biotic parameters. Abiot-
ic parameters play a decisive role within an unstable and frequently changing environment (e.g., as a result
of repeated flow-rate fluctuation) (Capone and Kushlan, 1991), while a community inhabiting a relatively
stable environment is formed rather on the basis of biotic factors, such as competition, etc. (Ross et al., 1985).

From the regional point of view, fish community composition is influenced mainly by abiotic param-
eters describing longitudinal gradient and the size of the stream, such as stream order, distance from its
headwaters or catchment area size (e.g., Kuehne, 1962; Hughes and Omernik, 1983). Qualitative as well as
quantitative composition of fish communities changes within the longitudinal gradient. Fish communities
in headwaters are thus composed of insectivorous species, whereas omnivorous and piscivorous species
predominate in lower stretches of the stream (Oberdorff et al., 1993). Species diversity, which increases in
the longitudinal gradient, changes in a similar way (Mastrorillo et al., 1998). The amount of available stream
energy and habitat heterogeneity plays a fundamental role in this process (Vannote et al., 1980; Guegan
etal., 1998).

From the geographical point of view, the composition of a fish community is influenced mainly by fac-
tors such as climate, continent, geographical latitude, speciation and spreading resulting from geographi-
cal barriers related to the development of the Earth’s surface throughout the Ice Age (Hughes et al., 1987;
Oberdorff et al., 1997).

Regional and geographical factors exercise a decisive influence on the composition of fish communi-
ties and these factors exceed local factors (Tonn et al., 1990). With respect to typology, which works with a
regional and geographical perspective, the influence of local factors can thus be considered constant. Nev-
ertheless, this does not mean that local factors that influence the variability of communities are generally
insignificant. Local variability within the monitoring of the population’s status is advisable to be decreased,
for example, by repeated sampling of the same localities etc.

3.2.2. Hypotheses explaining variability within composition of communities

In order to explain the variability of communities at different levels, relatively large numbers of presup-
positions have been expressed which can be summarized into three main hypotheses. The first hypoth-
esis concerns the relationship between species diversity and the area and claims that species diversity
increases with the size of an area (Preston, 1962). The second hypothesis, the so-called historical hypothesis,
explains the development of species diversity on the basis of re-colonization of ecosystems after the Ice
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Age (Whittaker, 1997). The third hypothesis concerns the energy input into a system and states that spe-
cies diversity increases with the availability of energy (Wright, 1983).

An explanation of species diversity by means of an area can be understood in the aquatic environment
from the point of view of the so-called theory of islands. Fish cannot spread across terrestrial obstacles.
Rivers and especially individual river basins can be understood in a figurative sense of the word as islands
since there is no direct connection between them. From this theoretical point of view, the number of spe-
cies inhabiting the island is thus considered to be the result of a dynamic balance between immigration
and extinction, which is dependent on the isolation and size of the island (MacArtur and Wilson, 1963,
1967). The authors assume that the immigration rate decreases with the distance of individual islands and
the probability of species extinction decreases with the size of the island since the occurrence of larger
populations is probable on a large island. Species diversity of fish communities was repeatedly proved to
be dependent on different parameters which describe the stream size (e.g., size of the catchment area,
stream order, etc.; Hugueny, 1989; Oberdorff et al., 1995), and it thus conforms to the basic principle of the
theory of islands (MacArtur and Wilson 1963, 1967).

The influence of historical factors on the current composition and diversity of fish communities is mini-
mal in comparison with jointly affecting ecological factors (Oberdorff et al., 1997). Nevertheless, a certain
influence of historical factors on species diversity within the geographical scale can be recorded. For exam-
ple, the influence of the scope of geographical latitude the river runs through is related to seeking shelters
during glaciations in the Pleistocene. Fish had a better chance to find a suitable hiding place against the
progressing glaciations in rivers running from north to south rather than in rivers running mainly from east
to west (Moyle and Herbold, 1987; Matthews and Zimmermann, 1990). The relationship between species
diversity and speciation between two continents can be defined in a similar way (Oberdorff et al., 1997).

The influence of energy availability on species diversity was for a long time considered only in the sense
that a sufficient amount of energy decreases the extinction probability (Turner, 1992) and no great impor-
tance was attached to it (Oberdorff et al., 1997). A change in thinking came with the development of new
analytical non-parametric technologies, so-called neural networks. Over 90 percent of variability of fish
species diversity was explained on a global scale by means of neural networks, which was just based on
energy availability and habitat heterogeneity (Guegan et al. 1998). At present, Wright's original hypoth-
esis (1983), which concerns the influence of energy availability on the composition of communities, can
be considered crucial.

3.2.3. Parameters suitable for typology of fish communities in the Czech Republic

As results from the above, it is important to include the variables in the typology which affect the
regional and geographical level as well as an explanation of variability of fish communities that is based
on all three hypotheses. The reason for taking all three hypotheses into consideration is the fact that even
though the third energy hypothesis is considered to be the most accurate the remaining hypotheses which
explain the residual variability of communities cannot be neglected.

If we enumerate suitable parameters and proceed from the crudest to the most detailed classification, we
can start with geographical parameters. With respect to the size of the Czech Republic it is not meaningful to
integrate those factors such as climate, continent or geographical latitude. On the other hand, an appropri-
ate geographical factor can be the sea-drainage area that designates the river basins of the Elbe, Odra and
Danube Rivers. The suitability of this parameter consists mainly in the dissimilarity of the Danube River basin,
which is considered to be one of the main fish fauna refugia in Europe during glaciations in the Pleistocene,
and therefore, it is richer in species than other river basins (e.g., Banarescu, 1989; Tonn, 1990; Wooton, 1991).
The sea-drainage area parameter also includes the influence of the so-called historical hypothesis.
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The most important regional parameters are those that are basically substitutive for energy availabil-
ity in the environment. The summary parameter of altitude proves to be suitable as it also includes other
parameters which influence the carrying capacity of the environment, such as temperature, vegetation and
related primary production in a stream. Longitudinal gradient represents another parameter summarizing
stream size in addition to its energy availability (the so-called River Continuum Concept; Vannote et al.,
1980), which is expressed by stream order (Horton, 1945; Strahler, 1952). Stream order proves to be a suit-
able parameter for categorization with respect to its nature; however, there are some limitations (Penczak
and Mann, 1990). Its suitability for explaining the changes within communities is, according to the above-
quoted authors, dependent on the fact of how well the stream order expresses, in particular, the stream size,
gradient and diversity. Incorrect classification can thus be arrived at in extreme cases. In the Czech Repubilic,
this phenomenon can be encountered, for example, in some parts of the Sumava Mountains, where streams
of higher orders are formed very quickly due to the large number of streams in the area, but the features of
these streams may not correspond to streams of the same order in the rest of the Czech Republic. Despite
these imperfections, stream order can be generally assessed as a parameter that is suitable for typology.

Other parameters that are suitable for the typology of fish communities can include river slope, which
determines the suitability of the environment for typical fish species summarized into the so-called eco-
logical groups (Schiemer and Waidbacher, 1992) and their mutual relationship. Oxygen and temperature
conditions are also important since they determine the physiological boundaries for the occurrence of
sensitive species, such as brown trout Salmo trutta morpha fario, L. (Reichenbach-Klinke, 1976).

3.2.4. Typical fish communities

With respect to local factors and natural variability, it is not possible to define a typical fish community
in open waters with absolute certainty. Nonetheless, with respect to the fact that regional and geographi-
cal factors have a decisive influence on the composition of fish communities (Tonn et al., 1990), a certain
functional framework for estimating the composition of a particular stream community can be defined.

Professor Fri¢ (1872) was one of the first to engage in the typology of fish communities in a longitudinal
profile. He defined the main fish zones within the Czech Republic’s conditions. The idea of the division of fish
communities into so-called zones was later worked out by many authors, e.g., by Huet (1959), who worked
on the zonation of Europe, or by Hutchinson (1939, who was concerned with South Asia, etc. Although
the majority of running waters can be assigned to particular zones (see chapter 3.1.), it was proved in the
course of time that zonation of communities was unsuitable and too simple for the majority of ecosystems.
It finds its use, in particular, in those places where sudden changes of conditions occur, for example, due
to an abrupt transition from mountain to lowland conditions (Rahel and Hubert, 1991). In other cases it is
rather the continuous change in the longitudinal profile based on the above-mentioned River Continuum
Concept that is considered (Vannote et al., 1980). Fish communities in running waters should thus corre-
spond, on a worldwide scale, to continuous change of the ecosystem conditions that they inhabit rather
than to steep changes within the defined zones (Zalewski and Naiman, 1985).

The findings of Blachuta and Witkovsky (1990), who recorded gradual changes within different indica-
tors relating to fish communities in the Kladskd Nisa River, which has its source on the borderland between
the Czech Republic and Poland, are in accordance with this fact. They proved, inter alia, that the majority of
the 17 discovered species spread across the whole longitudinal profile and it was only their proportional
representation that changed. Similarly, the occurrence of bullhead Cottus gobio was proved in the Czech
Republic’s biggest rivers from the top localities (the Elbe River in Debrné, the Vitava River in Péknd) up to the
lowland streams (the Elbe River in Hfensko, the Vltava River in Zel¢in). In all cases these were juvenile indi-
viduals that proved reproduction within the conditions of the particular stream (Slavik et al., unpublished
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data). From the estimation of typical communities’ point of view, it is thus suitable to choose primarily the
general parameters rather than the species parameters.

Itis possible to identify fish species with similar demands on the environment and reproduction conditions
within fish communities. Therefore, when classifying fish communities it is suitable to use the classical division
into the reproductive (Balon, 1975; Tab. 3.2.1. at the end of the text) and the ecological group (Schiemer and
Waidbacher, 1992;Tab. 3.2.2. at the end of the text). Reproductive and ecological groups “correlate biologically”
together for the most part. In other words, it is possible to assign species of a particular reproductive group pre-
ferring a typical reproductive substrate and reproductive strategy to a particular ecological group preferring
a certain type of environment for its life cycle. From this point of view, for simplicity’s sake, it is thus possible
to combine these groups of fish into three main groups - rheophilic, limnophilic and eurytopic fish species.

A) Rheophilic species (RS)

Rheophilic fish species occur in stream stretches with a higher river slope (rheophilic species A and B,
according to Schiemer and Waidbacher, 1992). Rheophilic species spawn on a gravel substrate (lithophilic
species) and sandy substrate (psamophilic species) (Balon, 1975). All psamophilic and lithophilic species are
thus a subclass of rheophilic species. Rheophilic species represent the majority of natural fish communities
in the Czech Republic. They occur throughout the whole longitudinal profile of streams, the only thing that
changes is the proportional representation of individual species. Brown trout (Fig. 3.2.1.), minnow, burbot or
grayling predominate in lower order streams. Barbel, dace, asp, chub or ide occur in higher order streams.

B) Limnophilic species (LS)

Limnophilic species (Schiemer and Waidbacher, 1992) prefer lentic waters of flood zones and pools
(sunbleak, crucian carp, rudd, bitterling, weatherfish and tench - Fig. 3.2.2.). Limnophilic species are at the
same time represented by species belonging to the reproductive phytophilic group that reproduce mainly
above plants; alternatively they build nests from the rests of plants (ariadnophilic) or harbour in the bran-
chial cavity of bivalves as an intermediate host (ostracophilic) (Balon, 1975). Limnophilic species occur typi-
cally mainly in the middle and lower stretches of higher order streams (stream order 7-9 Horton - Strahler).

Fig. 3.2.1. Brown trout (photo: P. Horky).
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Fig. 3.2.2. Tench (photo: O. Slavik).

C) Eurytopic species (ES)

Eurytopic species do not prefer a concrete type of stream for their life cycle. These species are character-
ized by a large ecological valency and they are thus unspecialized and resistant to environmental changes
(eurytopic species, according to Schiemer and Waidbacher, 1992). These species usually also include those
species that have no specific demands on a spawning substrate, the so-called phyto-lithophilic species (Balon,
1975). Typical eurytopic representatives are, for example, roach, perch, bleak or common bream (Fig. 3.2.3.).
Eurytopic species are usually in the minority within the native communities of higher stretches of streams.
Their natural occurrence, however, increases in the higher order streams (stream order 7-9 Horton-Strahler).

Fig. 3.2.3. Common bream (photo: P. Horky).
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Rheophilic species dominate naturally within fish communities in the majority of running waters in the
Czech Republic. Their occurrence decreases with increasing stream size and they become mixed with lim-
nophilic and eurytopic species. The defined general principles are, however, valid only on the condition
that thereis no or low disruption caused by anthropogenic influences. If anthropogenic influences increase,
such as pollution or fragmentation of stream by artificial obstacles, considerable change in the composi-
tion of fish communities occurs (e.g., Pefidz and Stouracova, 1991; Stanford and Hauer, 1992; Warren et al,,
2000). The data related to the longitudinal profile of the Elbe River in the Czech Republicillustrates this fact
very well (Slavik et al., 2006). A considerable decrease in biomass and abundance occurs in seventh-order
streams, which is represented by the Valy, Lysa and Obfistvi profiles (Fig. 3.2.4.). A considerable decrease
in the abundance of species preferring gravel and sandy spawning substrates (lithophilic, psamophilic spe-
cies) and higher flow velocities (rheophilic species, Fig. 3.2.5.) has also been recorded. These species were
replaced by species with a low ecological value that have no specific demands on a spawning substrate and
flow velocity (phyto-lithophilic, eurytopic species). The abundance of species preferring native substrates
and higher flow velocities rose again as far as the lower part of the Czech stretch of the Elbe River (the stretch
from Usti nad Labem to Hfensko), which has not been influenced by the construction of weirs until now. It
can be supposed that the changes have been caused by the negative influence of anthropogenic factors
that have modified the character of the middle stretch of the Elbe River. Canalization and segmentation
of the stream multiply here its effect together with the sources of pollution (e.g., Pardubice, Neratovice).
It has also resulted in a substantially higher concentration of extraneous substances in fish occurring in
this part of the Elbe River (Randék et al., 2004, 2005). In summary, anthropogenic modifications altering
the original river slope and the overall stream character occur together with pollution differences within
the natural composition of fish communities.
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Fig. 3.2.4. Abundance and biomass of adult fish Fig. 3.2.5. Abundance of different ecological and
communities versus stream order within the anthro- reproductive groups versus stream order within
pogenically modified Elbe River. the anthropogenically modified Elbe River (ReA -

rheophilic A; ReB - rheophilic B, Psa - psamophilic; Lit
- lithophilic; P-L — phyto-lithophilic; Eur - eurytopic).
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Tab. 3.2.1. Classification of fish into reproductive groups (according to Balon, 1975).

Reproductive group

English name

Scientific name

LITHOPHILIC clean rocky substrate,
stones and coarse gravel

PHYTO-LITHOPHILIC no specific demands
on spawning substrate

PHYTOPHILIC aquatic or flooded,
living or dead vegetation

LITHO-PELAGOPHILIC eggs on stones,
grubs float down the current
PELAGOPHILIC eggs float down the current

PSAMOPHILIC clean sandy bottom

OSTRACOPHILIC branchial cavity of bivalves

ARIADNOPHILIC nests of plants

SPELEOPHILIC eggs in cavities

asp
white eye

blue bream

little chop

chub

grayling

nase carp

rifle minnow
barbel

vimba bream
rainbow trout
brown trout
common minnow

common bream

ide

dace

Balon’s ruffe

ruffe

stripped pope
European perch
bleak

roach

topmouth gudgeon

pikeperch
Wolga pikeperch
silver bream
common carp
crucian carp
Gibel carp

tench

rudd

weather fish (mudfish)
Balkan loach
sunbleak
European catfish
pike

burbot

sabrefish

common gudgeon
whitefinned gudgeon
Kessler’s gudgeon
stone loach

bitterling

three-spined stickleback

tubenose goby
brown bullhead
bullhead

Alpine bullhead

Leuciscus aspius
Abramis sapa
Ballerus ballerus
Zingel zingel

Squalius cephalus
Thymallus thymallus
Chondrostoma nasus
Alburnoides bipunctatus
Barbus barbus

Vimba vimba
Oncorhynchus mykiss
Salmo trutta m. fario
Phoxinus phoxinus

Abramis brama

Leuciscus idus

Leuciscus leuciscus
Gymnocephalus baloni
Gymnocephalus cernua
Gymnocephalus schraetser
Perca fluviatilis

Alburnus alburnus

Rutilus rutilus
Pseudorasbora parva

Sander lucioperca
Sander volgense
Blicca bjoerkna
Cyprinus carpio
Carassius carassius
Carassius gibelio
Tinca tinca

Scardinius erythrophthalmus
Misgurnus fosillis
Cobitis elongatoides
Leucaspius delineatus
Silurus glanis

Esox lucius

Lota lota

Pelecus cultratus

Gobio gobio

Gobio albipinnatus
Gobio kessleri
Barbatula barbatula

Rhodeus sericeus

Gasterosteus aculeatus

Proterorhinus marmoratus
Ictalurus nebulosus

Cottus gobio

Cottus poecilopus

-47-



Tab. 3.2.2. Classification of fish into ecological groups (according to Schiemer and Waidbacher, 1992).

Ecological group

English name

Scientific name

RHEOPHILICA

all life stages require running waters

RHEOPHILIC B

some life stages require running waters

EURYTHOPIC

live in running as well as lentic waters

LIMNOPHILOUS
live mainly in lentic waters

zingel
whitefinned gudgeon
Kessler’s gudgeon
dace

chub

Balon’s ruffe
stripped pope
grayling

stone loach

nase carp

rifle minnow
barbel

vimba bream
rainbow trout
brown trout
common minnow
bullhead

Alpine bullhead

asp
white eye

blue bream
common gudgeon
ide

burbot

sabrefish

Balkan loach

ruffe

pikeperch
common bream
silver bream
tuberose goby
common carp
gibel carp
European perch
bleak

roach

topmouth gudgeon
European catfish
brown bullhead
pike

Wolga pikeperch
bitterling

crucian carp
three-spined stickleback
tench

rudd

weather fish (mudfish)
sunbleak

Zingel zingel

Gobio albipinnatus
Gobio kessleri

Leuciscus leuciscus
Squalius cephalus
Gymnocephalus baloni
Gymnocephalus schraetser
Thymallus thymallus
Barbatula barbatula
Chondrostoma nasus
Alburnoides bipunctatus
Barbus barbus

Vimba vimba
Oncorhynchus mykiss
Salmo trutta m. fario
Phoxinus phoxinus
Cottus gobio

Cottus poecilopus

Leuciscus aspius
Abramis sapa
Ballerus ballerus
Gobio gobio
Leuciscus idus

Lota lota

Pelecus cultratus
Cobitis elongatoides

Gymnocephalus cernua
Stizostedion lucioperca
Abramis brama

Blicca bjoerkna
Proterorhinus marmoratus
Cyprinus carpio
Carassius gibelio

Perca fluviatilis
Alburnus alburnus
Rutilus rutilus
Pseudorasbora parva
Silurus glanis

Ictalurus nebulosus
Esox lucius

Stizostedion volgense
Rhodeus sericeus

Carassius carassius
Gasterosteus aculeatus
Tinca tinca

Scardinius erythropthalmus
Misgurnus fosillis
Leucaspius delineatus
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3.3.The Water Framework Directive (2000/60/EC) and its impact on fishery management within
running surface waters (P. Horky)

3.3.1. History and development of the Water Framework Directive

An array of political decisions, as well as EU Member state agreements, which were implemented
through the so-called Environmental action programmes during 1973-2000, preceded the formation of
the Water Framework Directive. These action programmes focused not only on inspection of hazardous
substances and protection of the sea against pollution, but also on international environmental treaties.
A large number of directives and decisions that concerned only sub-parts of water management and pro-
tection were established. Council Directive 78/659/EEC on the quality of fresh waters needing protection
or enhancement in order to support fish life, related specifically to fish.

As the new directions and related documents — more than 80 in total — were being established in
response to current needs, the situation began grow unclear. The primary focus on surface waters and
omission of groundwaters and coastal waters was heavily criticised. The Water Framework Directive - the
Directive 2000/60/EC of the European Parliament and of the Council — was formulated throughout the
1990s on the basis of a large number of scientific and political discussions and entered into force on 22d
December 2000.

3.3.2. Scope of the Water Framework Directive

This directive represents the fundamental as well as the most important legislative instrument in terms
of protection and water management of surface waters, brackish waters, coastal waters and groundwaters
in the European Union. Implementation of the interim phases is scheduled by 2027. With respect to the
large scope of the Water Framework Directive, it is impossible to state all relations and consequences result-
ing from the directive in this book. The aim is, however, to introduce at least the fundamental principles
in the sphere of surface waters with an emphasis on fish communities and related fishery management.

The main purpose of the Water Framework Directive can be found in the definition stated in its introduc-
tion: “Water is not a commercial product like any other but rather a heritage which must be protected, defended
and treated as such! The main objectives of the Water Framework Directive are defined in compliance with
this definition as follows, to:

- prevent further deterioration and protect and enhance the status of aquatic ecosystems and, with
regard to their water needs, terrestrial ecosystems and wetlands;

« promote sustainable water use based on the long-term protection of available water resources;

- increase the protection and enhancement of the aquatic environment, inter alia, through specific
measures for the progressive reduction of discharges, emissions and losses of priority substances and
the cessation or phasing-out of discharges, emissions and losses of priority hazardous substances;

- ensure the progressive reduction of the pollution of groundwater and to prevent its further pollution;

- contribute to mitigating the effects of floods and droughts.
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3.3.3. The fundamental procedures of the Water Framework Directive — running waters

An essential part of the Water Framework Directive’s implementation is international co-operation with
the aim to prevent incorrect interpretation of the particular measures, to ensure comparability of data and
the results of individual member states, etc. For this purpose, the Common Implementation Strategy (CIS)
was adopted, which sets out the organizational system supporting international co-operation. Guidance
documents (e.g., Guidance no. 7, 2003 on monitoring) are simultaneously issued under the terms of the
CIS and define the criteria relating to the implementation of the Water Framework Directive in practice.

The basic administrative unit that the Water Framework Directive works with is the so-called water body,
which is defined by means of abiotic typology on the basis of the mutual resemblance of stream stretches.
A water body should represent the most homogeneous environment with respect to typology. The general
typology of the river network of the Czech Republic includes, for the Water Framework Directive’s purposes,
four basic variables, i.e., sea-drainage area, altitude, geology and stream order (Langhammer et al., 2009).
On the basis of the above-mentioned variables, the river network of the Czech Republic was divided into
23 main types; a more precise classification divides the water bodies further into 47 types and the total
number of water bodies is approximately 1000.

In connection with type-specific reference conditions (i.e., the theoretical values of monitored parameters
on the condition that there are negligible anthropogenic influences within the particular stream type), the
following basic elements of ecological status are monitored and assessed: macrophytes, phytoplankton, phy-
tobenthos, fish, macrozoobenthos and supporting elements of hydromorphology, the basic physico-chemical
indicators and specific pollutants. These elements are assessed at intervals during a six-year period which also
comprises the so-called action plans that focus on problem identification, corrective measures and at the same
time on assessing the status and its development, and submitting a summary report to the EU institutions.

i
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Fig. 3.3.1. Diagram of the intercalibration process (edited according to the proposal of A. Slavikovd; Guidan-
ce - operating guideline document; GIG - geographic intercalibration group; BQE - Biological quality element; EQR
- ecological quality ratio).
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Assessment methodology is established at the national level for each element of ecological status (the
so-called Biological Quality Element - BQE), which classifies the monitored water body into one of five
classes ranging from 'high’to ‘destroyed’ecological status. The objective of the Water Framework Directive
is to achieve at least the second, which means a‘good’status. In order to be able to compare the assessment
results throughout the European Union, the particular national methods undergo so-called intercalibra-
tion (Fig. 3.3.1.). On the basis of the intercalibration results, boundaries between the classes of high, good
and moderate status have been established within individual national assessment systems. The results of
the intercalibration assessment thus directly influence the management of water bodies within the Euro-
pean Union. Intercalibration is carried out on two basic levels. The first level subdivides the member states
or their parts into so-called geographic intercalibration groups (GIGs). This classification is defined by the
division of the European Union on the basis of abiotic (geographic) parameters. The other classification
within the GIG is defined on the basis of particular biological elements. The so-called CROSS GIGs hold a
specific position within the intercalibration process. It is typical for these groups that they intercalibrate
across the particular geographical groups. An example of the CROSS GIGs which deal with intercalibration
of large rivers, or of fish, is the so-called Large Rivers Intercalibration Group or River Fish IC Group. The Joint
Research Centre (JRC), which is based in the Italian town Ispra, coordinates intercalibration at the European
level. The Czech Republic participates actively in all of the above-mentioned groups and also co-operates
on establishing the methodological approach of the whole intercalibration process (Horky et al., 2011).

3.3.4. Impact of the Water Framework Directive on fishery management

As already stated in chapter 3.2, fish communities change predictably as a consequence of the influ-
ence of anthropogenic factors. These changes can be classified by means of indices which assess eco-
logical status (more information can be found in chapter 4.1.). Nonetheless, it is not possible to reliably
separate the communities by virtue of particular factors. If unsatisfactory ecological status is confirmed
in the particular water body all of the pressures influencing the particular biological element are identi-
fied and consequently suitable corrective measures leading to their minimization are implemented. The
Water Framework Directive thus represents not only an instrument which assesses ecological status, but it
also even contains mechanisms leading to its enhancement. With respect to fish, this can be the construc-
tion of fishways, sewage treatment plants or an overall revitalization of a stream, etc. Nevertheless, the
ecological status of fish communities in the Czech Republic is not only formed by the above-mentioned
anthropogenic pressures, but also by fishery management. Therefore, it is evident that unless the ecologi-
cal status in the particular water body is enhanced after implementation of corrective measures, pressure
on the change of fishery management will also be exerted. Fishery management will then be obliged to
focus on protection of native populations and their natural reproduction, and the rules related to stocking
of fish and fishing itself will be tightened. The particular themes are discussed in the following chapters of
this book. With respect to obligations resulting from the Water Framework Directive, considerable pressure
will undoubtedly be exerted in the near future within this sphere and it is therefore necessary that angling
unions make organizational and conceptual preparations.

The Water Framework Directive determines the so-called heavily modified water bodies that are already
modified insomuch that their return to the status of‘good’ cannot be expected. It can be assumed that from
the fishery management point of view, less strict rules would be required within modified water bodies
which would enable more intense fishery use and more liberal management. Other water bodies, on the
contrary, require much stricter rules than now. The objective is to increase the efficiency of the protection
of ecosystems and subsequent enhancement of their ecological status at the price of reduced fishery use.
It might be assumed that the Water Framework Directive will continue in this respect ideologically in the
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Council Directive 78/659/EEC concerning the quality of fresh waters needing protection or enhancement
in order to support fish life. According to this directive, the protection regime includes even those streams
that are currently unsuitable for life of particular fish species due to anthropogenic pressures.

The influence of the Water Framework Directive on fish communities in running waters might be per-
ceived unequivocally as positive. As a consequence of the scope of effect of this directive considerable pres-
sure is exerted on the enhancement of the status of the whole ecosystem which supports the development
of natural fish populations at the same time. From fishery management point of view, the data acquired
from areal monitoring of the status of populations is certainly valuable. At present, no direct restrictive
influence of the Water Framework Directive on the fishery management in open waters has been discov-
ered. In the near future, we may, however, expect noticeable changes within this sphere relating to protec-
tion and restoration of native fish communities for the purpose of achieving the ecological status of ‘good’.
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3.4.The Water Framework Directive (2000/60/EC) and its impact on fishery management within
lentic surface waters (M. Prchalovd, J. Kubecka, J. Peterka, T. Jiiza)

3.4.1. Typology of lentic waters

The Water Framework Directive (Directive, 2001) defines three categories of lentic waters, which differ
in the level of (anthropogenic) influence caused by human activity (Fig. 3.4.1.):

i. Natural lentic waters — the original natural character is preserved despite the potential considerable influ-
ence caused by human activity in terms of hydrology as well as aquatic ecosystem status and functioning.

ii. Heavily modified lentic waters - valley reservoirs and ponds created by damming natural streams
that as a result have lost their original morphology and hydrology.

iii. Artificial lentic waters — water bodies that were created intentionally by human activity (channels) or
are the side effects of human activity on the landscape (flooded quarries, sandpits and mining pits).

-56-



OPEN WATERS AND THEIR CHARACTERISTICS

Fig. 3.4.1. Lentic waters in the Czech Republic (from the top): Natural lake - Cerné Lake (photo: P. Znachor), hea-
vily modified water bodies — ponds (photo P. Znachor), the Kamyk Valley Reservoir dam on the Vitava River (photo:
FISHECU) and an artificial water body - the Medard-Libik mining pit (photo: P. Znachor).
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For an assessment of individual lentic waters it is necessary to develop a system for classification of dif-
ferent water types (typology). The official typology of lentic waters for the purpose of implementing the
Water Framework Directive is not currently available in the Czech Republic. Suitable criteria are currently
being determined. The following text quotes the study results of Hejzlar et al. (2003) which discusses typol-
ogy and the reference status of lentic water bodies.

The study defines lentic waters on the basis of the surface area (minimum of 50 ha) and theoretical
residence time (three days minimum). Next, lentic waters are not considered to be weir basins on streams
and isolated river side channels that connect to a river more often than once every five years even if their
theoretical residence time is longer than three days. The overwhelming majority of smaller water surfaces
and reservoirs (~ 30000) were eliminated from the list of lentic waters due to the surface area limitation.
The study suggested a typology of lentic waters in the Czech Republic that was based on a description of
morphological and geographical features that determine composition, as well as the structure of all bio-
logical populations inhabiting a particular body. The assessed indicators included geographical location,
altitude, surface area, capacity, maximum and average depth, length of the tributary - dam axis, relative
width, reservoir inflow and outflow connectivity, average flow-rate, theoretical residence time, water level
fluctuation, water temperature and temperature stratification parameters (temperature - density stratifi-
cation), geology and paedology of a river basin, chemistry (especially trophic level) and physical indicators
for inflows and water in a reservoir.

For a better understanding of the measures that are to be implemented within the fulfilment of the
Water Framework Directive it is necessary to have a general understanding of the functioning of lentic
water ecosystems. A brief summary of the lentic water ecosystem conditions in the Czech Republic follows:

« Altitude - ranges from 150 m (Morava River valley close to Bfeclav) to 1100 m (Laka and Plesné Lakes
in the Sumava Mountains). Altitude considerably influences the type of fish communities in lentic
waters. Cyprinid or percid communities predominate usually in reservoirs with a maximum altitude
of 600 m, salmonid communities predominate in reservoirs situated above 600 m.

« Surface area - for the Water Framework Directive’s purposes surface area is defined to be at least
50 ha. The maximum surface area is achieved in the Lipno Reservoir (4870 ha). Surface area plays
an important part as the lentic water ecosystem is influenced by the riparian ecosystem (nutrients
are absorbed from the shorelines and shading); however, this influence becomes secondary with an
increased surface area. With respect to reservoirs above 50 ha, this influence is usually negligible.

« Maximum depth - the Dalesice Reservoir is the deepest reservoir in Czech territory (85 m). Depth
represents a significant indicator of a littoral or pelagic ecosystem type. One of the principal features
of lentic waters is the dynamic nature of relationships within the food chains of two fundamental
ecosystem elements - littoral (shoreline zone) and pelagial (open waters). These relationships lead
to two alternatives of a stable status — clear water status (littoral ecosystem type) where production
of littoral plants (macrophytes) predominate, or turbid water status that is caused by algae (phyto-
plankton) production in pelagial (pelagic ecosystem type). Macrophytes are advantaged in waters
with lower trophic level (oligotrophic to mesotrophic) and with high transparency waters since they
use the light on the extensive bottom area and are less dependent on the content of nutrients in the
water column than phytoplankton because they can absorb nutrients from the bottom. Fish stocks
with a large share of piscivorous species support the dominance of macrophytes since they protect
large zooplankton consuming large species of phytoplankton by predation of planktonophagous fish
(Fig. 3.4.2.). Phytoplankton, conversely, wins in eutrophic (meso-, eu- and hypertrophic) waters since it
creates turbidity and therefore prevents macrophytes from growing due to light limitation (Fig. 3.4.3.).

» Flow-rate - is characterized by the residence time that defines how long it takes until the total capac-
ity of the reservoir changes theoretically. The minimum threshold is three days but this can last even
up to several years (e.g., the Svihov Reservoir). Flow-rate influences the stratification development of
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Fig. 3.4.2. Examples of overgrown littoral in the Nyrsko Reservoir on the Uhlava River which is abundant
in fry of cyprinid fish (left) and is used by predators (right) (photo: FISHECU).

Fig. 3.4.3. Water with dense cyanobacterial bloom, the Otava tributary of the Orlik Reservoir (photo: FISHECU).
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the water column, whereas stable stratification does not usually develop in waters with the residence
time up to 10 days (flow-through reservoirs). Stratification develops together with stratified flowing
in semi-flow-through reservoirs with residence time of 10 days up to one year. Inflowing water flows
through the reservoir in a stratum corresponding to the water density. The flowing causes consider-
able spatial differences within the water composition and trophic level, which fish stock reacts strongly
to. Reservoirs that are not flow-through and have the residence time longer than one year are char-
acterized by stable stratification and the smallest spatial differences within the water composition.

« Morphology and surface streams connectivity — most Czech reservoirs were built by damming a
suitable place in a river valley, which causes their canyon-shaped character and relatively long tributary
- dam axis (the longest Czech reservoir is Orlik with an axis of 68 km on the Vltava River, 23 km on the
Otava River and 7 km on the LuZnice River; BrozZa et al., 2005). In addition to canyon-shaped reservoirs,
there are also basin or pond-shaped reservoirs (the Nové Mlyny and Lipno Reservoirs and ponds), which
usually have small maximum depth. Reservoir fish stock is connected to riverine fish communities only
at reservoir tributaries since the dam is usually impassable for fish (or more precisely it is passable only
in downstream direction when especially young ontogeny stages drift away with the runoff water). The
majority of important fish species are able to spawn in the reservoir successfully (bream, perch, roach,
pikeperch and catfish). Some species, however, use the tributaries partially as spawning grounds (pike,
ruffe, roach, bream and perch). There are also species that are not able to finish their reproduction cycle
successfully in the reservoir without spawning migrations into the tributary (asp, bleak and chub). Some
species, e.g., chub, use the reservoir as a wintering place (Hladik and Kubecka, 2003).

« Water level fluctuation - has an important influence on the development and quality of a littoral
community (Fig. 3.4.4.). The natural course of water level fluctuation influences the amount of water in
inflows and outflows, whereas the highest amount is reached during spring thawing or heavy rainfall.
In summer, on the contrary, the water level usually decreases especially due to water outflow or off-
take which exceeds inflow. The scope of daily water level fluctuation is determined by the method of
the reservoir use, whereas the highest fluctuation occurs at pumped storage reservoirs that are used
intensively for power production (Dlouhé strané Reservoir up to 22 m per day; Sykorova et al., 2003,
two and 12 m per day at the Dalesice — Mohelno system, respectively; Hradek, 2003).

Fig. 3.4.4. Example of a littoral with flooded vegetation (left) and an exposed littoral after decrease of water
level (right), the Rimov Reservoir on the Malse River (photo: FISHECU).
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« Nutrient concentration - if natural lentic waters occurred in the Czech Republic they would only
reach low to middle trophic level in unmodified river basins (oligo- to mesotrophy). This fact would
be caused by the naturally low content of nutrients and other organic substances (Hejzlar et al., 2003).
However, unmodified river basins do not occur in the Czech Republic either since nutrients from atmo-
spheric deposition as well as the influence of nutrient retention in a reservoir are added to nutrients
from river basins; therefore, the majority of Czech reservoirs belong to the category of eutrophic
waters (Duras, 2007). Nutrient concentration gradually stabilizes in the course of the first 10 years of
the development of each reservoir, thus also biological elements of lentic waters change dynamically
depending on the trophic system status (this development is called succession).

 Fish community - fish represent a natural ecosystem element of all lentic waters in the Czech Repub-
lic (with the exception of some mountain lakes that do not have an outflow connected to a river sys-
tem - Ple3né and Certovo Lakes). Despite this fact, there are no native lake species to be found in the
Czech Republic, which is related to the absence of naturally occurring lentic waters in the Czech terri-
tory. Fish species inhabiting Czech lentic waters are species that originally inhabited rivers and these
fish can prosper more or less in lentic water conditions (Fernando and Hol¢ik, 1991). The composition
of a fish community depends on altitude and trophic level. Cyprinid fish stocks typically occurin meso
to hypertrophic reservoirs (fish biomass one or more hundred kg.ha''), whereas perch stocks occur
more often in less eutrophic reservoirs, usually with steep shorelines, without developed littoral and
with frequent water level fluctuation (biomass up to 150 kg.ha™!). Oligotrophic mountain reservoirs
can be inhabited by the salmonid system in combination with bullheads and minnows (biomass up to
50 kg.ha™'). When assessing fish stocks it is necessary to take into consideration the general schemes
of succession of reservoir and lake communities (chapter 3.5.).

3.4.2. Ecological quality of lentic waters — anthropogenic stressors and quality enhancement

Biological communities are formed dynamically as a result of processes within the whole river basins
- river system — reservoir ecosystem and are sensitive also to changes happening outside their own res-
ervoir. An ecological quality assessment therefore includes not only lentic waters but also river basin, its
character and larger relations. We should also keep in mind that Czech reservoirs are relatively young (they
were usually built during the course of the past 50 years) and their status may have not yet become stable,
be it morphology (banks, bottom), chemistry (releasing nutrients from the subsoil) or the development of
biological elements. This fact complicates the process of determining ecological quality. Therefore, when
assessing quality we must think within a suitable complex framework that can be based on derivation of
the features of the ecosystem’s biological elements by using a comparison of related reservoirs with similar
morphology, trophic status and climatic situation (Hejzlar et al., 2003; Kubec¢ka and Peterka, 2009).

The basic principle of the Water Framework Directive is to determine the current ecological status and
its potential enhancement. Since lentic waters in the Czech Republic are heavily modified by human activ-
ity, we are not concerned with ecological status, but rather with ecological potential. The essence of the
assessment is thus to determine the maximum ecological potential and to find the difference between this
and the current potential (Fig. 3.4.5.). The maximum ecological potential is in parallel to the reference condi-
tions that are determined for natural water bodies. It represents the maximum qualitative level which might
be achieved when all mitigating measures are applied that do not have a significant negative impact on a
specific use (specific use is the use whereby these bodies are delimited as heavily modified or artificial). Five
levels of ecological potential are distinguished in total. In addition to the maximum level, there are good and
better, moderate, damaged and destroyed levels. The objective of the Water Framework Directive is not
only to assess the ecological quality of water bodies, but also to improve their quality, which means to reach

-61-



BQE values correspond maximally to v?lues assigned to the YES ) MAXIMAL ECOLOGICAL POTENTIAL
closest water body types under conditions resulted from
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Fig. 3.4.5. Diagram of ecological potential assessment according to the biological quality elements (BQE)
within the Water Framework Directive (loosely based on Decree No. 98/2011 Coll. - The decree on the methodo-
logy for assessment of surface water bodies states the methodology for assessing the ecological potential of heavily

modified and artificial surface water bodies and the requirements of programmes for surface water status identifica-
tion and assessment, Appendix No. 7).

the level of ‘good’ecological status or potential. Therefore, we must adopt a particularly responsible approach
when determining the maximum ecological potential. National methodologies for assessing ecological status/
potential are separate for each EU member state’s matters, however, these methodologies are subsequently
subjected to intercalibration at the EU level in order to compare results. Ecological potential has not been
subjected to intercalibration until now, although its potential form is currently being discussed at the EU level.

Human-induced factors that worsen ecological potential are called anthropogenic stressors (or also
loadings, influences and pressures). Anthropogenic stressors with respect to the lentic waters of the Czech
Republic are complex and are related to the almost complete transformation of the natural landscape into
a cultural landscape where original ecosystems are situated only very seldom. The biggest and the most
common stressor in the Czech Republic is the increase of trophic level (eutrophication). Next, it is acidifica-
tion caused by mineral acids which results from air pollution (present mainly in mountain areas), increased
concentration of toxic substances and hydrologic manipulation (water level fluctuation, disturbance of the
natural stratification cycle). Apart from physical and chemical stressors, we can also distinguish biological
stressors, which in the Czech Republic include stocking (introducing) non-native or unsuitable fish spe-
cies that may cause the reduction or even elimination of certain ecosystem elements. Examples can be
herbivorous species, such as grass carp, or stocking of carp which increase trophic level by disturbing the
sediments, or cyprinid and percid species introduced into salmonid stocks.

Itis possible to divide prospective enhancement of ecological potential into measures carried out in
reservoirs and in river basins (Hejzlar et al., 2003).
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Measures practicable within a reservoir include:

i. modifications in the morphology of the bottom and shorelines - support or suppression of ripar-
ian communities and fish habitats;

ii. hydrological interventions - inflow and outflow regulation influences nutrient retention, water

level fluctuation influences the development of riparian communities;

sediment manipulation - sediments represent sources of undesirable enriching of the water col-

umn with nutrients; sediments might be extracted and nutrients contained in the sediment might

be absorbed with chemicals;

iv. fish stock manipulation - can support or slow down the undesirable eutrophication of lentic waters.
Reduction of the total fish biomass and predominance of predators or salmonid fish within a fish
stock causes a reduction of the system’s trophic level (oligotrophication), enhancement of water
transparency and supports the development of littoral communities of aquatic macrophytes. High
fish biomass with predominance of cyprinid species usually causes water turbidity, eutrophication
and a reduction of littoral communities — in such cases we can talk about a shift into a pelagic type
ecosystem. Any input of substances for the purpose of increasing fish production (fertilization and
feeding) always causes eutrophication of the system. Controlled fish stock manipulations represent
demanding measures which do not bring the desired results unless they are applied rigorously.

In addition, these measure are successful only within certain limits of the system’s trophic level, other-
wise their effects only last a short time. More details on controlled fish stock manipulations can be found
in chapter 4.7. Fish stock manipulations also include modifications in fishery management within Angling
Union grounds. Nevertheless, the same procedures are to be applied not only in lentic waters but also in
running waters (see chapter 3.3.). These procedures comprise, in particular, revisions of stocking plans and
fishing rules, protection of native populations and support of their reproduction. These procedures might
represent smaller or larger changes in the fishery use of lentic waters. It is advisable to view these changes
to represent enrichment of fishing use (enhancement of the fishing experience in an environment with
higher ecological quality) rather than its reduction (decrease of fishing intensity).

Measures leading to the enhancement of ecological potential carried out in river basins relate espe-
cially to the decrease of pollution of surface and ground waters (mainly from point resources - commu-
nal, industrial and agricultural; diffusion resources - recreational premises, small villages without sewer-
age systems and waste water treatment; and areal resources — erosion of agricultural lands, extraction of
nutrients from soil) and the increase of the stream’s ability to retain nutrients, the so-called retention
ability (revitalisation of minor streams in agricultural areas, restoration and establishment of wetlands).

3.4.3. Assessment of fish communities in lentic waters

Species composition, abundance and the age structure of fish communities and sensitive species are assessed
in lentic waters for the purpose of the Water Framework Directive. The assessment requires two basic method-
ologies - the methodology for sampling and processing fish and the methodology of fish stock assessment.

The methodology for sampling and processing fish in lentic waters (Kubecka and Prchalova, 2006,
and its updated version Kubecka et al., 2010) includes a unique combination of three sampling gears.
Sophisticated hydroacoustic research is used for estimating abundance and fish biomass and the research
is based on an assessment of the reflection of ultrasonic waves from objects having a density different than
water. Sonar (echo sounder) devices ensure emission as well as reception of waves. The qualitative composi-
tion of fish communities is determined by electrofishing in shoreline areas and by multimesh gillnets in all
accessible types of habitats within a particular reservoir. The methodology focuses primarily on sampling
the whole age spectrum of fish older than one year (1+ and older); however, fry are also recorded within
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the catches since this shows reproduction of individual species in a reservoir. Analyses of age composition
of populations are carried out on the basis of scale reading, or on the basis of other structures, which is
carried out by means of clearly defined annual increases (annuluses). More details on individual sampling
devices can be found in chapters 6.1. and 6.2.

The methodology of fish stock assessment for determining the ecological potential of modified and
artificial lentic waters of the Czech Republic has not been established until now. In general, to determine
the maximum ecological potential it is necessary to choose the closest comparable surface water category,
which in the case of lentic waters is the “lake” category. The values of relevant biological elements must
correspond to the largest extent to the values assigned to such closest lentic water body type, however, it
is necessary to take into consideration the physical conditions that result from heavily modified or artificial
features of the assessed water body. Assignment of the closest body type, as well as the definition of refer-
ence communities, is rather complicated under the Czech Republic’s conditions since there is an absence
of natural lakes. Let us at least summarize the philosophical approaches to potential assessment by using
accessible international assessment approaches and the expert knowledge of the authors of this chapter.
The essential point of assessment methodology establishment, or more precisely a definition of the maxi-
mum ecological potential, would be, on the one hand, to determine the balance between lentic water use
(for storage, water-supply, energetic, recreational, etc. purposes) and on the other hand, support of the
status of the water body community that would be unmodified and close to nature. These efforts often
seem to be counter-productive; therefore, finding a feasible compromise represents a great challenge.

The main steps for determining a methodology for assessing the ecological potential of fish stocks
inhabiting heavily modified and artificial lentic waters are as follows:

1. defining the reference status and the maximum ecological potential;

2. preparing a list of potential anthropogenic stressors and indicators of the fish community;

3. testing and selecting those stressors and indicators that would occur mutually in statistically signifi-

cant relationships;

4. determining the value levels of individual indicators on the basis of accessible knowledge in such a

way that the levels corresponded to individual levels of ecological potential; and

5. calculating the total Ecological Quality Ratio (EQR) and classifying the fish stock into a correspond-

ing level of ecological potential.

There are three possible approaches for determining the reference status of fish stocks in lentic waters.
The first approach is comparison with a similar system which is not, however, modified by human activity,
the second is comparison with similar systems in terms of type that show maximum ecological potential,
and the third is usage of historical data (Gassner et al., 2003; Kubecka and Peterka, 2009). It is possible to
use neither the first nor usually the third approach with respect to modified and artificial lentic waters
since similar unmodified systems as well as historical data concerning fish stocks do not exist. Both these
approaches are also difficult to apply to natural lakes since unmodified lakes do not occur in today’s cultural
landscape either. The most suitable approach thus seems to be the second one, which summarizes similar
systems in terms of the type, from which it determines reference states (Garcia et al., 2006). There are, how-
ever, some member states with natural lakes that have historical data concerning fish and their manage-
ment; therefore, these states can apply the third approach as well. Historical data is a product of the time
and so they are very often incomplete (the data only relate to commercially important species of fish) and
usually consist only of species inventory. If the information that is available is insufficient it is possible to
attempt to determine the reference status by expert inference. In Austria, for example, scientists have used
historical data from 43 Austrian lowland to alpine lakes, which documented the status from around 1850,
which was before the commencement of intense industrialization (Gassner et al., 2005). The list of species
inhabiting the lakes at that time can be considered to be very close to the natural status, or precisely, more
accurate reference status is no longer possible to determine. Scientists defined four types of lakes on the
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basis of the fish species that are specific for a particular community — charr, minnow, bleak and pikeperch
lakes. When they compared historical fish stocks with the current fish stocks they discovered that 49 % of
lakes lost a minimum of one fish species during the course of 150 years. Usually, these were the smaller and
sensitive species. On the other hand, the total number of species increased, which was caused by stocking
interesting, commercially important or non-native species (Zick et al., 2006).

A large number of indices of fish stocks have been developed in recent decades for different types of
water in order to determine ecological quality. The most common and probably even the most effective
index is the Index of Biotic/Biological Integrity (IBl), which is always adapted to the local conditions of a
concrete application. Biological integrity means an ecosystem’s ability to support and maintain a balanced,
compact and adaptable community of organisms whose composition, diversity and functional arrange-
ment is comparable to an ecosystem from the same sphere but in a natural unmodified status.

Indicators of fish stock, also called metrics or parameters, which are assessed by the IBI, can be divided
into two groups: (1.) species composition and diversity (the total number of species, presence of intoler-
ant species, diversity within an individual fish genus, a share of hybrids and other very tolerant species);
and (2.) ecological indicators (fish abundance, share of omnivorous, insectivorous and piscivorous fish,
share of deformed individuals). The parameter relating to share of deformed individuals could be inter-
esting for us since it deviates in a way from the list of rather natural features. External deformities of adult
fish bodies represent, however, a great indicator of degradation of natural conditions which refers to the
long-term exposure of fish to high temperature, mechanical stress or chemical substances (contaminants),
which cause lesions, tumours and fin deformities. The term used in scientific literature for this parameter
is DELT anomalies (external Deformities, Erosions, Lesions and Tumours). It is mainly the high sensitivity
of most fish species, a permanently low share of deformed individuals within reference conditions and a
high information value within a wide range of natural conditions as well as stressors that contribute to the
usefulness of DELT anomalies that serve as a reliable and exact indicator for the system’s ecological quality
(Sanders et al., 1998; Benejam et al., 2010).

The index of biological integrity was developed specifically for the riverine environment of all continents
(which includes diet and reproduction ecological groups, age structure, growth, reproduction success, etc.),
however, modifications of the index to the lake environment lagged behind. A successful attempt to modify
IBI that could be applied to European lentic waters was carried out by Austrian scientists on alpine lakes
when they were searching for a suitable methodology for assessing ecological status on the basis of the
Water Framework Directive (Gassner et al., 2003). The biggest problem was to include the reference status
which the original IBl does not consider, and another problem was to find a suitable abundance criterion.
On the basis of a study of 67 lowland German lakes, German scientists summarized that to determine the
index of ecological integrity via fish stock is, in general, only possible if the analysed lakes are firstly classified
into groups based on their depth and at the same time if the main anthropogenic stressor is eutrophica-
tion (Garcia et al., 2006). Eutrophication is also the biggest stressor in the Czech Republic (see the previous
sub-chapter) and this phenomenon is common across all European lentic waters. This is the reason why fish
stocks represent a very good indicator of eutrophication together, for example, with cyanobacteria biomass,
cover of aquatic macrophytes and the amount of chlorophyll (Sondergaard et al., 2005; Rask et al., 2010).

Apart from the problems with determining reference states, each assessment of ecological potential
must find fish stock indicators that would reflect anthropogenic stressors the best. In this respect fish stocks
of French reservoirs have probably been elaborated the best for the time being (Launois et al., 2011). The
term Fish-Based Index (FBI) is used for modified IBl. The most common species in French reservoirs were
common bream, roach, pikeperch and rudd, which corresponds to fish stocks in Czech reservoirs, there-
fore, the results of the French study are very valuable even for Czech conditions. French scientists gathered
information about fish inhabiting 59 reservoirs via a standardized methodology and tested the stressors’
influence on 11 groups of fish community indicators. The total number of tested indicators reached more
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Fig. 3.4.6. Perch egg strand spawned on vegetation, Milada flooded mining pit (photo: FISHECU). European

perch does not belong to exclusive phytophils; it can spawn on other substrates as well, whereas it prefers dead twigs
of flooded terrestrial plants (Cech et al., 2009).
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than 70. However, only eight of the indicators had a statistically significant relationship with the monitored
stressors — total biomass, number and biomass of tolerant species, number of omnivorous species, number
and share of planktonophagous species, biomass of herbivorous species and share of piscivorous species.
Simultaneously, the only stressors that became involved in the relationship with reservoir fish stock were
stressors connected with the agricultural use of river basins. Seven out of eight indicators showed a posi-
tive relationship with these stressors, i.e., their values increased together with the stressor’s intensity. The
share of piscivorous species showed, however, an opposing relationship which is confirmed by the general
observation of the fact that with an increasing environmental loading the share of predators decreases.

In addition to reservoir fish stocks, the French scientists also analysed, in the same way as in their study,
the fish stocks inhabiting 30 natural lakes, which gave a very interesting result — the importance of any res-
ervoir fish stock indicators did not prove true in lake conditions. Only three indicators of lake fish stock had
a positive relationship towards stressors, which was a share of biomass of tolerant species towards urban
stressors (density of population and roads, share of built-up area), abundance of exclusive phytophils (Fig.
3.4.6.) and share of biomass of planktonophagous fish towards agricultural stressors. The authors suppose
that dissimilarity within the reactions of lakes and reservoir fish stocks to anthropogenic loading could cast
doubt upon the use of natural lake systems serving as reference conditions for determining the ecological
potential of reservoirs.

Efforts to define the ecological potential of heavily modified and artificial waters in the central and the
Baltic geographical sphere which the Czech Republic also belongs to are only at their very beginnings.
However, considerable progress in the development of methodologies for assessing ecological status for
the whole area was made between 2009 and 2012. The best indicators of lake fish stock reacting within
the area to anthropogenic loading were: total biomass, share of common bream and roach biomass, share
of biomass of species reacting to eutrophication (common bream, silver bream, crucian carp and gibel
carp, carp, whitefish) and the presence of littoral species (pike, tench, rudd) reacting to littoral degradation
(shoreline modifications, insufficient cover of aquatic macrophytes). Boundary values were determined
separately for each of the three morphological types of lakes (mixed, stratified and deep). The basic sam-
pling methodology is standard fishing with gillnets (EN 14 757, 2005; CSN 75 7708, 2005). A tabular sheet
was developed for fast and automatic calculation of ecological quality value. Although it must be added
that the emphasis was placed mainly on the methodology applicable to the lake environment.

The results of the first year of monitoring fish stocks in the Czech Republic for the purposes of the Water
Framework Directive (available at http://www.FISHECU.cz/projects/project-kubecka03/) and the database
of the Institute of Hydrobiology, Biology Centre of the Academy of Sciences of the Czech Republic enabled
ecological status assessment of 16 Czech reservoirs (the term ecological status, instead of potential, is
used intentionally since the methodology has so far been developed for natural lake stocks, see the previ-
ous paragraph). The majority of reservoirs received the grade of ‘moderate’ ecological status (Lucina, Seg,
Nové Mlyny II, Orlik, Zelivka, Kli¢ava, Rimov, Nové Mlyny Ill, Zlutice, Zermanice, Nyrsko - the reservoirs are
arranged in ascending order according to the increasing EQR value). One reservoir (Vranov) was found to
be in a‘damaged status’and four reservoirs achieved a‘good’status (Flaje, Térlicko, Nové Mlyny | and Lipno).
Since each EU member state is obliged to establish the methodology for assessment of ecological quality,
the methodology that applies to the whole Czech geographical area and approaches of neighbouring states
indicates the potential directions and valuable guidelines for developing of our own Czech methodology.
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3.5. Formation of new aquatic ecosystems — reservoirs, post-mining lakes (J. Peterka, J. Kubecka)

3.5.1. Succession — natural development

From a geological development point of view, freshwater lakes and reservoirs represent temporary bio-
topes which exist until their basins are filled up with sediments (Lelldk and Kubicek, 1991). The sediment filling
is the basic lake succession and it manifests itself by the decrease in importance of deepwater and open water
habitats and by the increase in importance of vegetated shoreline habitats. With respect to deep water bodies
of the lower trophic level, the sediment filling may, however, take thousands to millions of years. Therefore,
a wide range of fish communities that are developing and persist for long periods may be distinguished and
lake succession is mentioned in the strict sense of the word. Changes in the amount of dissolved nutrients
and changes in global climatic conditions currently represent the most frequent initiators of lake successions,
while both processes are taking effect in synergy and they strengthen each other (Jeppesen et al., 2010).

In the European conditions, Hol¢ik et al. (1989) developed the basic scheme of succession of lake fish
and recognized that the focal point of different fish taxons is especially dependent on the increasing trophic
level of the environment (Fig. 3.5.1.). Mainly salmonid species (genera Salvelinus and Salmo) predominate
in the poorest oligotrophic systems. In deeper, moderately mesotrophic lakes, whitefish of the genus Core-
gonus are the most characteristic representatives. Perch, with its relatively wide ecological valency from
warmer salmonid waters up to eutrophic conditions, and pike play an important role with respect to the
further increase in trophic level. Cyprinid species that are mainly accompanied by pikeperch and ruffe from
percids predominate in eutrophic or even hypertrophic systems.

Beside the trophic and temperature regime, it is also the depth of a lake that plays an important role in
the lake fish stock formation (Szczerbowski, 1985; Mehner et al., 2007), since it changes the proportions of
littoral and pelagic components in a community as well as the usability of nutrients. The average qualitative
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Fig. 3.5.1. Succession of fish communities in lakes with a gradual increase in trophic level (according to Hol-
cik et al., 1989, adapted).
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Fig. 3.5.2. Average biomass composition of fish stocks in the most characteristic lake types in neighbouring
states (Austria, Germany, Poland) (adapted according to Kubecka and Peterka, 2009).

biomass compositions of fish stocks in the most typical lakes in neighbouring states are shown in Fig. 3.5.2.
Salmonid species predominate in the cleanest and coldest lakes, although there is also a high share of perch
and chub (or alternatively minnow that tend to be undervalued within the biomass composition together
with other small fish due to their small size and sometimes also due to the selectivity of sampling methods).
Fish stocks in whitefish lakes can be already relatively varied, they usually represent two-tier systems (Budy
et al,, 2009) where cyprinid species inhabit warm surface layers and whitefish inhabit the area around the
thermocline. That is also the reason why the majority of shallow lakes do not have typical whitefish stocks
(Mehner et al,, 2007). Shallow lakes are again divided, on the basis of the trophic level and transparency,
into relatively clean perch and pike lakes (other significant species are roach, rudd and tench) and eutrophic
pikeperch-bream lakes that are also referred to as ruffe lakes (other significant species are silver bream and
bleak). In addition to these most basic types, there are deep eutrophic bream lakes that whitefish are not
able to inhabit due to oxygen deficits and lack of spawning substrate that is not silted up with sediment
(Szczerbowski, 1985) and crucian carp lakes that correspond to small and shallow vegetated waters that
are endangered by filling and oxygen deficits (see also Adamek et al., 1995).

As a consequence of human activities, the communities on the left-hand side in the Fig. 3.5.1.and 3.5.2.
are more and more rare. The nutrient loading seems to be in general the most noticeable anthropogenic
factor that modifies the ecological status of the lakes (Caseé et al., 2012). Fortunately, reverse development,
the so-called re-oligotrophication, is also possible which is related to water treatment enhancement (Eck-
mann et al., 2007), or alternatively, to the decrease in industrial production and pollution (ReSetnikov, 2004).
Succession consequently turns to species preferring oligotrophy and the fishing productivity decreases.
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3.5.2. Lakes (mostly artificial in the Czech territory)

The succession fish communities in lakes, as natural aquatic ecosystems, was described in detail in
the previous chapter. The qualitative classification of the Central European lake types according to fish
communities is summarized in the Fig. 3.5.2. However, if we search for some illustrations in the condi-
tions of the Czech Republic, we find that there are practically no examples of natural lakes with evolved
fish stock. Glacial lakes in the Sumava Mountains that are the most famous as well as the most significant
lakes with respect to the area are not inhabited by any fish and this state will probably continue for along
time even in the future, which is the result of acidification that occurred in the past century (Vrba et al.,
2004). The status of other approximately twenty natural lakes, or more precisely, small lakes since their
area does not often reach even one hectare, is usually completely unknown. From the point of view of
the monitoring of fish populations’development and factors that influence them, far more interesting are
artificial lakes, i.e. water bodies with a relatively much extended retention time, that were mostly formed
by the filling of post-mining pits — especially sandy gravel pits and stone pits. Recently, post-mining
lakes that were formed as a consequence of extraction of brown coal have become important as well.

Opencast brown coal mining and the relocation of the vast amounts of rocks related to it had a cata-
strophic impact on the ecological and aesthetical landscape quality. The hydric alternative of post-mining
pits’ revitalization is considered to represent promising and natural way of using post-mining pits when
the mining is terminated. In coal grounds there are hundreds of mines and mining depressions of various
sizes that were filled up with water. Most of them are small (fractions to units of hectares), have existed
for decades and their functioning is close to smaller lentic waters. Lakes that have been created by con-
trolled filling of large opencast mines are, however, unique phenomenon. As a result, water bodies with
an area of hundreds to more than thousands of hectares, with many tens of meters depth and the total
volumes that range from tens to hundreds of millions cubic metres of water have been established. These
water bodies are considerably closer to natural lakes rather than to canyon-shaped valley reservoirs that
occur in the Czech conditions in relatively great numbers, which shall be discussed in the following chap-
ter. The primary use of newly established lakes should be recreation and support of biodiversity in those
areas that have been devastated by mining. A very positive fact is that the development of fish stocks is
scientifically monitored in all three currently emerging brown-coal post-mining lakes (Milada, Most and
Medard, Fig. 3.5.3.) and fish stocks have been suggested and formed in such a way that they correspond to
the reference states of natural lakes in neighbouring countries (Peterka and Kubecka, 2009; Kubecka and
Peterka, 2010). In addition to that, measures leading to minimization of nutrient loading are applied and
fast oligotrophication of lakes is assumed already during the course of filling or shortly after the filling is
terminated. As a result, rare whitefish and perch and pike fish stocks can emerge here (see the Fig. 3.5.2.).

Hydric revitalisations (usually by spontaneous rising of ground waters after mining is terminated)
of small and very small residual mining pits have been conducted in the Czech territory so far. Barbora
Lake situated close to Teplice is the only bigger residual pit that was hydrically reclaimed by spontane-
ous filling in the 1970s that is due to its morphometric parameters relatively close to new post-mining
pits that are filled in a controlled manner (it is relatively deep, the maximum depth is approximately 60
m, although its area is still rather small, app. 55 ha). Unfortunately, although the development of water
quality and lake biota have been monitored since the 1980s, almost nothing has been known about the
species composition and quantitative parameters of the basic element of the lake ecosystem - fish stock.
From this point of view, the importance of the Milada Lake is fundamental since it is the first mining pit
in the Czech Republic that was filled in a controlled manner where the filling procedure as well as the
ecosystem development were thoroughly monitored since the very beginning.

The filling of the Milada Lake (residual pit of the opencast mine Chabafovice situated close to Usti nad
Labem) was taking place from 2001 and reached its final area (252 ha) in 2010. Fish stock was realized as

-72-



OPEN WATERS AND THEIR CHARACTERISTICS

Fig. 3.5.3. The post-mining pit lakes Milada (top, 2006), Most (middle, 2006) and Medard (bottom, 2010) (photo:
J. Peterka).

perch-pike type with respect to the typological classification of the lake - oligotrophic, shallow (maximal
depth is approximately 25 m, Fig. 3.5.2.) and the stock was formed with the aim to reach a relatively low
fish biomass (less than 30 kg.ha™') without a negative influence on the water quality in the lake (Vlasak et
al., 2003, 2004, 2005; Kubecka et al., 2006, 2007; Peterka et al., 2008, 2009, 2010). During the course of the
ten-year filling of the lake, fish stock dominated by five fish species has been reached - perch, pike, catfish,
rudd and roach, completed with other eight fish species and one hybrid. A sharp increase in abundance
of undesirable cyprinid species that was reported in 2005 (Fig. 3.5.4.) was stopped due to timely bioma-
nipulative interventions (removing undesirable fish species and stocking of predators) and for almost the
whole period of the lake filling the fish community was managed to remain in the so-called perch devel-
opmental phase. The current problem of the Milada Lake fish stock is the slowed down recruitment of
new strong year classes of perch after its cycling population collapsed (see the chapter 3.5.3.). It was the
identified threat of the collapse of the perch population that led during 2005 to 2007 to a decision to con-
siderably reinforce the exclusively piscivorous species populations — pike, catfish and pikeperch, in order
to prevent the possible turning of the fish community from perch dominated towards a transitional or
even a cyprinid dominated phase. The creation was managed of immediately self-reproducing pike and
catfish populations due to stocking of brood fish which reduced the development of undesirable species
and categories through their predation pressure. The total abundance and biomass of fish older 0+ was
assessed in 2010 to be a very favourable 74 individuals/ha and 8 kg.ha™! (Peterka et al., 2011). From the
biomass point of view pike became a predominant species by the relative weighing of individual habitats
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Fig. 3.5.4. Biomass development of littoral catches of fish older 0+ per unit of effort with multimesh gillnets
in Milada Lake during 2002-2010 period (Vlasdk et al., 2002, 2003, 2004, Kubecka et al., 2006, 2007; Peterka et al.,
2008, 2009a, 2010, 2011), BPUE - biomass per unit of effort.

(Fig. 3.5.4.) and the Milada Lake kept fully its typological classification — perch and pike lake - in relation to
the fish community composition.

The other two mining lakes, where filling is currently taking place, are the Most Lake (near Most)
and Medard Lake (near Sokolov, Fig. 3.5.3.). While the Most Lake was in September 2012, after five
years of filling, about to reach its final area of 311 ha and only one meter remained to reach the final
water level height, the Medard Lake was in the process of being filled three quarters full (the final area
will reach approximately 493 ha). In contrast to the Milada Lake, these lakes are considerably deeper
with the maximum depth of 70 m (Most) and 50 m (Medard) which corresponds to the typology of
whitefish stock type (Fig. 3.5.2.). This fish stock type has also been implemented through stocking of
maraena whitefish since 2011. Unfortunately, the short time of maraena whitefish stocking has not
enabled more detailed assessment. Both lakes are currently in their initial phase of fish community
development and the peak of the sharp increase in fish abundance has not yet been reached (Fig.
3.5.5., see below for details). It is very interesting that the development of the quantitative features of
fish stocks in the Most Lake have progressed relatively quickly. The abundance in the lake rose during
only two years from 0 to 550 individuals/ha and the biomass reached 60 kg.ha™!, whereas the main
source of the increase in population abundance was most likely the enormous reproduction success
rate of the fish that came to the lake due to the fact that the satellite small lakes situated around the
post-mining pit that was being filled up were flooded and next, it was the high survival rate of fry
and their fast growth (Peterka and Kubecka, 2012). Similarly to the Milada Lake, the Most Lake is also
going through a typical perch phase and perch will definitely be one of the most significant species
in the future. The development of the fish community in the Medard Lake is slower in comparison to
the Most Lake, in 2011, the abundance of fish in the lake was assessed to be 60 individuals/ha and the
biomass was less than 6 kg.ha™! (Kubecka et al., 2012). The number of known fish species in the lake
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was, however, almost double (8 vs. 5), which happened as a consequence of the direct filling through
a channel from the Ohfte River, in contrast to the filling process in the Most Lake which was carried
out through a pressure pipeline sucking the water from under the Nechranice Reservoir. Both lakes
should differ considerably also in the fish species’composition in the future. While the implementation
of the system comprising whitefish-piscivorous species supplemented, apart from maraena whitefish,
also with pike and catfish has commenced in the Most Lake, implementation of a whitefish-salmonid
system is planned in the Medard Lake. Maraena whitefish will be supplemented in the latter system
mainly with lake brown trout (type of species that emerges in lake conditions) that will occupy the
role of the dominant predator. In this respect a certain complication is represented by the presence
of pike in the Medard Lake that came to the lake probably due to undesirable stocking and it can be
expected that it will be the main factor negatively influencing the prosperity of salmonid populations.
It should be emphasised that in the future it will be mainly the appropriate fishery management of
emerging lakes that will be crucial for sustaining piscivorous and salmonid stocks.

Oligotrophic lakes and their characteristic fish stocks currently belong to one of the most endangered
biotopes of the European landscape as a result of eutrophication of surface waters. Oligotrophic lakes
with developed fish stocks are currently absent in the Czech Republic conditions. Efforts to sustain sal-
monid fish stocks exist in several reservoirs in the northern Bohemia and northern Moravia (see below
for details), however, sustaining of these fish stocks can not be assured despite the considerable support
of populations through stocking, because of hampering caused mainly by the continuous nutrient load-
ing and the reservoir management itself (water level fluctuation preventing formation of a macrophyte
community, stocking of undesirable species, etc.). Research carried out during the course of the past
twenty years in approximately twenty Czech reservoirs clearly proved that almost all reservoirs reached
the status where cyprinid species predominated due to eutrophication and that the initial phases with
the perch or even salmonid predominance were rare (Peterka et al., 2009b; Kubecka et al., 2010). In this
regard, new lakes that are formed by filling of residual brown coal mining pits represent potential refugia
for endangered fish stocks. In addition to that, with respect to their typologically faithful fish stock, they
will also serve as model reference localities for comparison and assessment of the ecological potential of
artificial water bodies (chapter 3.4.), which has recently become a requirement under the Water Frame-
work Directive of the European Union (Hejzlar, 2006).

3.5.3. Valley reservoirs

Approximately 120 valley reservoirs with a total area of almost 30000 ha have been built in the Czech
Republic. The development of fish communities is relatively well known and usually the community devel-
ops on the basis of species that are present in a dammed stream and species that are intentionally, or alter-
natively unintentionally, stocked. Two systems relating to the description of reservoir ichthyofauna devel-
opment are applied: quantitative and qualitative. Quantitative systems try to describe the biomass and
productivity development in three stages most frequently (Hol¢ik et al., 1989).

1) The Initial abundance upsurge is related to the initial culmination of total production after filling
(the so-called trophic upsurge, Straskraba et al., 1993) and it is also related to the fact that a large number
of phytophilous and limnophilous species find a surplus of spawning substrate and shelters in the filled up
terrestrial vegetation when the water level rises. The increase in abundance of successful species is so fast
that during several years their number culminates within levels that usually exceed the long-term environ-
mental capacity (Fig. 3.5.5.). The duration of the initial phase lasts from 2 to 12 years, depending usually on
the dynamics and the climatic conditions.
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2) The Depression stage regularly commences when the environmental capacity is exceeded. It is
caused by the decrease in food resources after the initial population explosion dies down and also by the
considerable decrease or even absence of plant spawning substrate and shelters for young ontogenetic
stages. The formation of piscivorous fish populations can also contribute to the decrease. It often results in
a multiple decrease of the number of fish in comparison to the initial culmination.

3) The Stabilization stage - a balance between reservoir productivity, spawning and habitat condi-
tions is reached by the dampened oscillations (Riha et al., 2009). In general, it is stated that there is a slight
increase in the fish production and accessible harvest during the stabilization stage. The main mechanisms
responsible for that are cumulative reservoir enrichment with nutrients, sedimentation and population of
submerged plants in the shoreline areas and spreading of new fish species that can diversify the use of
food resources (Teres¢enko et al., 2004). In the Czech conditions an increase in the number of fish does
not tend to be observed at this stage and this may be connected to the moderate nutrient decrease that
is currently taking place (Hejzlar et al., 2011), and also to the fact that the community formation of aquatic
macrophytes in shoreline zones of the Czech canyon-shaped reservoirs is extremely slow (Duncan and
Kubecka, 1995). As far as non-native species are concerned, it is applicable for Czech reservoirs that the
wholly non-native (within the Czech sea-drainage areas exotic) species are not too successful in reservoirs.
The Czech domestic species represent, however, a serious problem if they are unintentionally introduced
in mountain and submontane reservoirs where they originally did not occur (e.g. pike, perch, roach, rudd,
ruffe in reservoirs with salmonid fish stocks). On the one hand, non-native species increase the biomass,
but on the other hand, they considerably damage the original valuable species.

-76-



OPEN WATERS AND THEIR CHARACTERISTICS

Besides quantitative changes, many reservoirs undergo a succession of qualitatively dissimilar com-
munities. Qualitative classification, suggested by Kubecka (1993, Fig. 3.5.5.), is commonly used for the
Central European reservoirs:

1) Community with riverine fish species dominance is usually characterized by the very beginning of
the reservoir’s existence when the majority of the community comes from the original riverine species. The
species diversity is low if the reservoir is built on small salmonid streams, however, it can be high in larger
streams. Non-obligatory reophiles (dace, chub, asp, nase) and psammophiles (gudgeon) can find relatively
convenient conditions in reservoirs and they can contribute considerably more to fish stock for many years.
The length of the time period for which we can monitor a community dominated by riverine fish species is
dependent on the fact as to how quickly the limnophilous and eurytopic species are able to occupy the eco-
logical space of a new lake. In cold and oligotrophic mountain reservoirs, a community with the dominance
of riverine fish species may persist for a long time in the form of so-called fish stocks with the dominance of
salmonid species. Such development was documented in the Czech territory only in the Mordvka Reservoir in
the Beskydy Mountains (the most recent data by Piecuch et al., 2007). The temporary salmon phase took place
in alarge number of other reservoirs that was unfortunately replaced by other communities (Lusk et al., 1983).

2) The pike developmental phase, supported by the surplus of vegetation as spawning substrate and
habitats for phytophilous pike, always used to be very attractive for recreational anglers and it is surprising
how little reliable information on fish communities is in this interesting developmental phase available. The
share of pike ranges from 15 to 70% (Kubecka, 1993), the higher numbers are probably overestimated due
to the selectivity of fishing methods; therefore, the realistic share of pike in biomass can be between 15 to
20% (Holcik, 1997; Hrbacek, 1981). The pike phase usually terminates very rapidly due to disappearance of
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Fig. 3.5.6. Occurrence of individual fish stock types in groups of reservoirs classified according to their age.
The composition was calculated on the basis of more than 150 published as well as unpublished species compositions
in different Czech reservoirs.
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suitable pike habitats (decomposition of terrestrial vegetation) and due to intense fishing, or alternatively,
poaching pressure (Kubecka, 1990).

3) The perch developmental phase emerges probably due to the fact that perch is present in the
majority of dammed streams and is able to reproduce successfully and quickly if there are high food
resources within the initial production explosion. Perch fish stock (perch represents more than 50%) may,
however, emerge also later, especially if it is introduced in a reservoir unintentionally as late as in the fol-
lowing stage of the reservoir development, and it may be stable (in mesotrophic or acidified conditions,
or alternatively, in reservoirs with high water level fluctuation) or temporary (more frequent case, see Fig.
3.5.5.and 3.5.6.). If perch dominate the fish community, the so-called cycling of the year classes’ strengths
arises, which means that whenever a strong year class occurs, then this year class will not allow several
subsequent year classes to have considerable success in a population due to the predation of their own
offspring. Only when the strong year class grows rather old, there is a chance for another strong year
class to succeed (Kuderskii, 1996).

4) Transitional community is distinguished between the developmental phases of perch and cyprinid
species’ dominance. This type of community where perch abundance or biomass ranges from 20 to 50%
is applied either as a temporary stage between perch and cyprinid fish stock, or it may persist for a long
time unless the specific conditions enable cyprinid species to suppress the development of perch. An
example can be the Slapy Reservoir that would enable from a limnological point of view the development
of acommunity with cyprinid species dominance, but the spawning of cyprinid fish is reduced annually by
the diurnal water level fluctuation that is caused by the peaking hydroelectric power station (Drastik et al.,
2004). Cyprinid species thus cannot reach the densities which cause the competitive displacement of perch.

5) A community dominated by cyprinid species that reaches the highest biomass (even several
hundreds of kg.ha"), similarly to lakes, is the most frequent and stable community within the Czech
conditions (Fig. 3.5.6.). The massive development of cyprinid species causes a drastic decrease in larger
forms of invertebrate food (planktonic as well as benthic) and subsequently an increase in algae den-
sity due to trophic cascade. Other fish species (mainly perch) that prefer larger prey are thus consider-
ably disadvantaged not only by the fact that all the prey is consumed but also by the fact that there is
reduced transparency and a lower success rate in foraging for prey. Cyprinid species (especially common
bream, roach, bleak, or alternatively silver bream in shallow waters) actually strengthen their own effect
on the water quality (they support algae development) and at the same time, they reduce the efficiency
of piscivorous fish that could limit them (the so-called ichthyoeutrophication). Large fish densities cause
their slow individual growth.

The above-mentioned types of fish communities frequently represent the phases of fish stock develop-
ment after the filling of a reservoir (Fig. 3.5.5.). During the development of a reservoir, all phases can occur or
some may be skipped. Reservoirs built on bream zones of rivers represent extreme cases since they rapidly
acquire a community dominated by cyprinid species (e.g. the Slapy Reservoir in the 1950s and 1960s and
Orlik Reservoir, Drastik et al., 2004). Since the cyprinid fish community is the most stable, the probability of
its occurrence increases together with the reservoir age (Fig. 3.5.6.).

Young reservoirs can host any of the above-mentioned communities. In fish stocks that are older than
50 years, it is very rare that other fish stocks than cyprinid persisted (e.g. salmonid fish stocks in acidified
reservoirs in the Jizerské hory Mountains, Kube¢ka et al., 1998; Svétora et al., unpublished data). Similarly to
lakes, the reverse development from cyprinid fish stock is possible in theory, however, there are no docu-
mented cases (recently, a decrease in roach and rudd and increase in perch have been noticed in relation
to a decrease in nutrients in the Nyrsko Reservoir; Kratochvil et al., 2011).
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3.6. Fish population dynamics (D. Boukal, J. Kubecka)

3.6.1. Population dynamics: basic principles and factors affecting population size

Both fisheries managers and anglers visiting a water body over many years will have noticed that the
number and total weight of harvested fish do not stay the same but vary in time. This may be caused by
variation in fishing pressure: a decrease in interest in a given fishing ground or species leads to lower total
catches, while more visits or anglers targeting the species increase its catches. However, changes in the
catches very often reflect real fluctuations of the population (i.e,, the local ensemble of individuals): pop-
ulation dynamics of such species are not stable. In the long run, fish numbers in an unstable population
may decrease, increase or regularly, irregularly or chaotically fluctuate within a certain range. In the Czech
Republic, species whose populations have been steadily decreasing include, e.g., eel, barbel and grayling.
On the other hand, invasive species, such as gibel carp and brown bullhead have been increasing. Many
other common species, such as many naturally spawning cyprinids (bream, roach, etc.), have quite stable
or fluctuating local populations.

Population dynamics are determined by all processes that influence individuals in a given popula-
tion. Many factors may lead to deviations from the population equilibrium. These mainly include limited
food supply leading to intraspecific or interspecific competition and fluctuations of the year-class
strength (i.e, the number of fish in the same age category, see below) resulting from interannual chang-
es in reproduction success and survival of the young-of-the-year fish. Populations are also influenced by
abiotic factors including various catastrophic events (abrupt changes in the water level, water pollution
caused by chemical and oil substances, anoxic conditions). Fish populations are also regulated by preda-
tors, especially by piscivorous fish species, piscivorous birds and mammals and, last but not least, by the
top predator — humans.

3.6.2. Basic characteristics and processes influencing population size

Population size is characterized by two basic measures: total abundance and total weight (biomass).
It is better to express both measures in densities to be able to compare different populations. Moreover,
both measures can be applied to the whole population or only its part, for example, only to fish older than
one year. Population size is influenced by four main processes on the individual level: growth, reproduc-
tion, mortality and migration (Fig. 3.6.1.). Migration includes both immigration (influx of individuals) and
emigration (outflux of individuals) from a given population. Apart from human interventions (stocking,
removal of fish from the spawning stock for artificial reproduction, and catches of recreational anglers),
migration plays an important role only in streams and water bodies with considerable inflow and outflow,
such as reservoirs on larger rivers. Natural migration can often be neglected in mining lakes and reservoirs
built on small brooks.

Long-term population equilibrium requires that the sum of total reproduction and immigration is
counterbalanced by total mortality and emigration. If reproduction and immigration exceed mortality and
emigration, population will increase; otherwise it will decrease. Individual growth influences population
size indirectly: all fish must reach a certain body size to be able to reproduce and individual fecundity and
mortality strongly depend on body size.

Age and size structure thus provides important information on fish population status. In the Czech
Republic, fish spawn seasonally during a relatively short period. The age structure is thus expressed as the
number of fish in individual year-classes and includes young-of-the-year fish (abbreviated as 0+), fish born
oneyearago (14), fish born two years ago (2+), etc. Older fish that are difficult to age are usually lumped into
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one category which includes all individuals above a certain age limit (Fig. 3.6.2.). Observed size structure can
be more or less continuous due to variable individual growth rates, but is usually divided into pre-defined
size categories for practical reasons. The most detailed available division is given by measurement accu-
racy (usually 1 cm). Age and size categories may overlap due to individual variations in growth (Fig. 3.6.2.).

Separating the age and size structure also has practical repercussions. While population abundance
is mostly influenced by the numbers of younger fish, biomass is determined mainly by older fish: the num-
ber of fish in individual age categories gradually decreases with age, but their size and thus contribution
to the total biomass increases (Fig. 3.6.2.).
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emigration

individual growth

Fig. 3.6.1. Main processes influencing population size.
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Fig. 3.6.2. Example of size and age structure of a fish population: common bream in the Rimov Reservoir in
2011 (night trawl catches in open water). The Y-axis represents both abundance (ind.ha™', dashed line) and biomass
(kg.ha'!, bold curve). Each data point represents a fish whose length falls within a 5 mm interval with the average
value plotted on the X-axis. Abundances of the very strong 1+ year-class born in 2010 are plotted to a different scale
indicated by the broken Y-axis. The 2009 year-class (2+) is all but missing; several less significant but discernible age
groups (3+ to 6+) are followed by the “old adults” category containing 7-15 year-old fish that cannot be distinguished
by size. These large fish provide most of the total population biomass.
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3.6.3. Individual growth

Fish growth is indeterminate. This means that under suitable conditions, including sufficient food
resources, fish continue to grow throughout their whole life, even though the growth gradually slows
down and the length approaches an asymptotic value, which is a characteristic of a given species or popu-
lation and is referred toas/_or L_, (Fig. 3.6.3.). A major reason for decelerating growth in adults is the invest-
ment of energy into reproduction and hence diminished investment into somatic growth. The decrease in
the growth of adult fish may sometimes be noticed in annual size increments (for example, by measuring
the annuli on scales or otoliths), which can be used to back calculate the maturation age of the individual
(Fig. 3.6.3.). The difference between the amounts of energy an individual is able to gain from food and the
total metabolic requirements may also decrease with body size. This applies especially to planktonopha-
gous fish. On the other hand, growth of fish that can switch from planktivory to piscivory, such as perch,
usually has two distinct stages: growth first slows down before reaching the minimum size necessary for
effective piscivory and then accelerates considerably (Fig. 3.6.3.).

Individual growth is further influenced by the amount of food and indirectly by population density.
Slow growth caused by the lack of resources is characteristic for fish populations in oligotrophic waters
and for large populations in water bodies without enough predators including the harvest by commercial
or recreational anglers. Fish in such places are thus considerably smaller or even dwarfed. However, even
these fish can catch up and reach normal body sizes and weights after a period of increased compensa-
tory growth if the trophic conditions improve. Water temperature also directly affects growth. Fish, like
other ectotherms, derive their body temperature from the environment. Their metabolic rate, including
the ability to grow in size, is thus driven by water temperature (Jobling, 2002; Brown et al., 2004). Growth
might also be influenced by other abiotic factors such as the amount of dissolved oxygen and water pH.

Many species show sexual dimorphism that often involves different body size of males and females
caused by divergent evolutionary pressures. While size-dependent fecundity favours larger size in females
(see below), both large and small size can be advantageous for reproduction in males (Parker, 1992). Males
of the Czech species are usually slightly smaller than females. This is probably caused by lower food intake
and, in adults, less efficient conversion of acquired energy into body mass in males (Henderson et al., 2003).
Size differences between males and females of the same age may be further accentuated by earlier matu-
ration of males (see below).

Fish growth is most often described by the empirical von Bertalanffy growth curve that expresses
body length /,atage t as

=1~ (I~ 1) exp (~kt). (1

In addition to the asymptotic size /_, equation (1) contains parameter /, describing the (theoretical)
size at birth and the growth rate parameter k. The rate at which the individual reaches sizes close to the
maximum /_ increases with k (Fig. 3.6.3). Different notations for the von Bertalanffy growth equation are
sometimes used, e.g.,

l=1_(1-exp(-k(t-ty))), 2

where the size at birth /; is replaced by the theoretical age t, at zero size. Parameter values of equations
(1) and (2) for individual species can be found in the literature, including the extensive online FishBase
database (Froese and Binohlan, 2000). However, recent studies have called for the replacement of the von
Bertalanffy growth curve by other models that reflect the differences in growth of immature and mature
fish (Lester et al., 2004, Quince et al., 2008a,b).
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Fig. 3.6.3. Fish growth curves. The left panel represents a typical growth curve that agrees well with the von Ber-
talanffy’s equation (1). The right panel represents acceleration of growth after reaching the piscivory limit in perch
(simplified from de Roos and Persson, 2001). Empty symbols represent data acquired, e.g., from otoliths or scales. The
symbol |_ represents the maximum body length.

Weight gains and individual body condition are usually monitored in addition to growth in length.
Body condition is usually expressed with standardized indices, such as the Fulton’s index (K, see chapter
4.3.). Relatively high values of these indices reflect sufficient amounts of food and good conditions for
growth and high fecundity (see the gonadosomatic index below), while low values may indicate starving
and overabundant populations.

3.6.4. Fecundity and reproduction

Most Czech fish species reproduce during a relatively short period in spring and summer (Baru$ and
Oliva, 1995). Reproductive behaviour varies among species: some species spawn more or less commu-
nally, other species spawn individually or in small groups and often with signs of lekking as several males
may compete for females that spawn one after another (Poncin et al., 1996). Species also differ in their
choice of spawning substrate and parental care (see the overview in table 3.2.1.). While most cyprinids
abandon their eggs after spawning, other species, such as pikeperch, show at least basic parental care until
the eggs hatch. Worth noting is the reproductive strategy of bitterling: females lay eggs into bivalve shells
that protect the eggs against predators until hatching. Almost all Czech fish species spawn repeatedly dur-
ing their life (iteroparity); only a few species, such as lamprey and eel, spawn only once (semelparity).
Interestingly, most semelparous fish species in various parts of the world combine the developmentin sea
and freshwater (diadromy).

Age at maturity differs considerably across species. The differences arise from evolutionary pressures,
especially from differences in mortality and the resulting expected lifespan. While short-lived species, such
as bitterling and other small cyprinids, mature under favourable conditions already during the first or second
year, the majority of medium and long-lived species (e.g., catfish and pikeperch) mature later during their
fourth or fifth year of life (Baru$ and Oliva, 1995). The highest age at maturation among the Czech species is
known in eel with a catadromous life cycle: inland eels take more than 10 years to mature. Not all individuals
within a population necessarily mature at the same age. Maturation is strongly influenced by growth since
most species mature after reaching some size threshold. The threshold usually lies within a species-specific size
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interval. Juveniles whose size is close to the lower limit of this size interval have a low probability of maturation
in a given year, whereas individuals whose size is at or above the upper limit are certain to mature. The depen-
dence between body size and maturation probability is described by logistic maturity ogives (Wang et al.,
2009). The underlying mechanisms are probably related to hormonal processes and might be influenced by
individual body condition and environmental conditions, such as water temperature.

Female fecundity (the total amount or volume of spawned eggs) increases with body size. Data on the
fecundity of Czech species can be found in the Czech monograph by Baru$ and Oliva (1995), the FishBase
database and other publications. Eggs of larger and older females can also be larger and contain larger
energy reserves in the yolk, and their fry may consequently have better chances to survive a critical time
period after hatching. Many authors thus presuppose that large and old females play an essential role in
the reproductive process. Total fecundity of males also increases with body size, but given the copious
production of individual sperm and usually high fertilization rates, it is assumed that males do not play an
important part in the reproductive potential of a population.

Fecundity usually increases with body size allometrically, i.e., proportionally to a power of body length
(approximately the third power) and weight. Adults of many species possess a relatively constant ratio between
the weight of gonads and the total weight, the so-called gonadosomaticindex (Fig. 3.6.4.). Its value is species and
sex-specific and ranges from negligible values to approximately 30%, depending on individual age and the time
of the season. Most species reproduce once a year in temperate and cold climatic zones, but some species (e.g.,
bream, chub, rudd and bleak) are characterized by repeated batch spawning that may occur between the end of
April till the end of July, and rarely even longer: the topmouth gudgeon (Pseudorasbora parva) spawns in the Czech
Republic from the end of April until September. In some species, especially in marine fish, only individuals in good
condition may reproduce in a given year (Rideout a Tomkiewicz, 2011). The individual may thus not spawn every
year, but at intervals of two or more years. This phenomenon is known in starlet in the Czech Republic. The propor-
tion of spawning females is probably related to total population density (Pivni¢ka and Svatora, 2001) indicating
thata good condition is more difficult to achieve in large populations due to decreased per-capita food resources.

Knowledge of the fecundity of the spawning stock (i.e., the fecundity of all females in the population) rarely
provides a reliable clue to the year-class strength that describes the total amount and biomass of individuals
born in a given year and sometimes called a cohort. The year-class strength is usually defined for individuals
during the first year of life or for individuals that recruit to the fishery (see below). A loose relationship between
spawning stock fecundity and year-class strength is caused by the fact that the survival of early fish stages is
influenced by various factors that are not fully understood despite extensive research. Moreover, these factors
act on very short timescales and, even if known, are virtually impossible to accurately measure and describe.
Descriptions of fish population dynamics thus usually rely on an empirical relationship between the spawning
stock size and the recruitment, the so-called stock-recruitment relationship. This relationship determines the
number of recruits, i.e,, fish that have reached a harvestable size or some other empirically defined category. Two
types of this relationship, named after three founders of fisheries science, are usually used (Fig. 3.6.5.). The Bever-
ton-Holt relationship between the spawning stock biomass S and the recruits R is defined by the relationship

S

BT ®)

where R__ is the maximum recruitment and Sis the size of the spawning stock for which the recruit-
ment reaches half of the maximum value. This dependence describes situations when the recruitment
increases with spawning stock biomass. On the other hand, the Ricker relationship describes a case when
the maximum recruitment occurs for an intermediate size of the spawning stock S, _ :

Ria S S
R= 1- , 4
S exp ( S ) 4)

max max
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This dependence accurately describes, for example, a situation when large numbers of fry and juveniles
compete for food or when adults from the parental stock cannibalize the offspring. Other available formulas
modify either of the two relationships. It is usually difficult to decide which relationship is more suitable for a
given population. Survival of fish eggs, larvae and juvenile fish depends on many, more or less random, influ-
ences and the resulting empirical stock-recruitment relationship is therefore usually quite stochastic (Fig. 3.6.5.).
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Fig. 3.6.4. Seasonal variation of the gonadosomatic index in European perch and roach in southern Russia
(modified from Nikolsky, 1974).
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Fig. 3.6.5. Examples of stock-recruitment relationships. The dashed line shows the Beverton-Holt relation-
ship (3) and the grey curve shows the Ricker relationship (4) with parameters R ., $=40and Smax = 100. The points

illustrate possible variation in data.
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3.6.5. Survival and mortality

Populations in a steady state require that, on average, each female gives rise to only one daughter during
her lifetime. High fecundity in fish is therefore offset by the fact that only a fraction of the eggs survive to
maturity. Death may be caused by abiotic factors (temperature shock, oxygen deficiency, etc.), diseases,
including parasites, predators, long-term lack of food leading to starvation, and senescence. Mortality
in fish typically decreases with age and survival gradually increases since natural mortality almost always
decreases with body size (Fig. 3.6.6.). Larger fish have fewer natural enemies and may be less prone to star-
vation during spells of poor conditions due to larger energy reserves.

The most critical period in the life of a fish is the time before and after hatching. Eggs and juveniles are
easily affected by abiotic factors, fungal infections and have no defences against predators. After reaching
the free-swimming stage and transition to exogenous diet, juveniles might be unable to find enough food.
Mortality during the first several days to weeks thus commonly exceeds 90% or even more. Another criti-
cal period is overwintering during which many fish do not feed or feed only very little for several months,
their metabolism and immunity are lowered and they are more sensitive to stressors. Young-of-the -year
fish thus need to acquire sufficient energy reserves during the first season, for which they have to reach a
certain minimum size or to gather minimum fat deposits (Huus et al., 2008).

Recreational and commercial fishermen prefer large fish: either because they become trophy fish or
because they provide more meat. That is why fishing gear (mesh size, hook size, or type of bait) is adapted
to preferentially catch fish above a certain size threshold or within a certain size range, and human-induced
mortality has an opposite character in comparison to natural mortality (Fig. 3.6.6.). A larger (and older) fish
has a higher chance that an angler will catch and keep it. This dependence together with the year-class
strength determines the so-called catch curve that describes the catch in a given time period by age or
size. A typical catch curve first rises as the probability of being caught increases; it subsequently declines
after the probability of being caught reaches its maximum and the total amount of fish of a given age (or
size) in a population gradually decreases (Fig. 3.6.7.).

During periods with relatively constant mortality rate, mainly after the critical juvenile period, the abun-
dance development N, of a year-class (or several year-classes with similar mortality rate) at time t can be
described by the equation:

N, =N, exp (-=z¢), (5)

in which the parameter Z represents instantaneous mortality rate. This parameter typically consists of
the instantaneous natural mortality rate M and the instantaneous fishing mortality rate F,i.e, Z=M+F.
Theratioof S= Nt/NO , called survival probability (from time 0 to time ), is also useful for monitoring fish
abundance.Foradefined age group oryear-classin a closed population (withoutimmigration and emigration),
the sum of survival probability and mortality probability A = (N0 - Nt) / N, inthe same period equals one:
S+A=1.
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Fig. 3.6.6. Size-dependent natural and fishing-induced mortality. The example is typical for species with defi-

ned minimum size limits or harvested by gear that does not catch small individuals.
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Fig. 3.6.7. Typical catch curve and its dependence on the selectivity of anglers and the size or age structu-
re of the population. Frequency on the Y-axis represents the relative proportion of a given size or age class in the
population and in the catch and illustrates the probability of catching an individual from that class during a given
time period. This example with one peak and declining tail is found in populations with similarly strong year-classes.
Catch curves are commonly more fluctuating in freshwater populations with large variability of year-class strengths

(see, e.g., Fig. 3.6.2.).
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3.6.6. Population dynamics: models based on total abundance

Interannual changes in population abundance might be illustrated by accounting for all terms that
lead to population increase or decrease as shown in Fig. 3.6.1:

N, -N,=B(N) N,~D (N) N, + 1 -E 6)

The symbol N; denotes population abundance in year i, symbols /and E denote total annual immigration
and emigration and the functions B(Nr) and D(Nt) describe per-capita annual reproduction and mortality.
Highlighting population size as a variable in the reproduction and mortality terms serves to emphasize that
both processes might depend on population size or density. The best known examples of these models are
the exponential and logistic growth models (Fig. 3.6.8.; Begon et al., 2006). While the logistic growth model
can be applied to a wide range of populations that ultimately reach equilibrium, exponential growth only
accurately describes the initial spread of a population under ideal conditions before density-dependent
processes take effect.

Models of population dynamics based on differential equations are also common. They describe an
instantaneous rate of change of population size dN/dt as a function of the instantaneous birth rate b,

the mortality rate d (also called the death rate) and sometimes also the immigration rate i and the emigra-
tion rate e:

dN/dt=b(N,) N,-d (N,) N, +i-e. (7)
These models can be used to describe changes occurring at both interannual and shorter time scales.

Another advantage of these models is the availability of many mathematical approaches that can be used
to study the behaviour of these models in detail.
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Fig. 3.6.8. Logistic and exponential population growth. Example of logistic growth (black dashed line) given
by the relationship N, ; — N, = rNt( 1 - Nt/K) with growth rate r = 1.6 and carrying capacity K = 100 ind.ha'.
Exponential growth (grey continuous line) given by the relationship N, , = N, = rN, with growth rater = 1. Circles
and squares illustrate the corresponding annual population density data.
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3.6.7. Population dynamics: age- and size-structured models

A description of population dynamics based on total biomass or number of individuals is reasonable if
all individuals have similar fecundity and mortality. This is not true for fish (see above), so these simplified
models are used mainly in the absence of more detailed data on population structure. When this data is
available, population dynamics are better described by following individual year classes and their strengths.

The Leslie matrix represents an analogy of model (1) for populations with a known age structure or
division into some well-defined stages (e.g., age-0 fish, older juveniles, adult fish). The matrix includes
changes in all age or stage categories. The Leslie matrix based on age structure has a simple form since
it describes the relationship between the number of new offspring N in time t+1 on the spawning stock
fecundity and survival of older individuals:

N, (t+1) =fyNgy (t)+...+fn N, (t)
N, (t+1) = sy Ny ()

N, (t+1) = Sp_1 N, (t). (8)

Fecundity coefficients f; of adult fish at age i (d < i< n) also include, apart from fecundity proper, the
survival probability S; of an individual between age i and i + T; the oldest age category n is supposed to
die after reproduction.

Monitoring the dynamics of an age-structured population with a Leslie matrix may demonstrate how
a strong year-class that emerges, for example, by exceptionally good egg and fry survival in one year
will influence the size and composition of a population in the following years (Fig. 3.6.9.). Such a strong
year-class may give rise to another one after maturation. Under certain conditions, this may lead to the
phenomenon of cyclic dominant cohorts: individuals born in one year predominate in a population and
“suppress” one or more subsequent year-classes. This effect is known from the studies of certain plankto-
nophagous fish (whitefish, roach) and might also appear in perch (Kuderskii, 1996; de Roos and Persson,
2001; Pivnicka and Svatora, 2001).

Dominant cohorts represent a special case of more or less regularly fluctuating populations. In particular,
short-lived and semelparous species (see section 3.6.4.) are prone to fluctuations as the spawning stock is
formed by only one or a few age cohorts. Changes in individual year-class strength are thus heavily reflect-
ed in the size of the spawning stock. On the other hand, the spawning stock of long-lived and iteroparous
(see section 3.6.4.) fish species is usually formed by many year-classes that can buffer against fluctuating
environmental conditions and such populations are therefore more stable in the long run.

Mechanisms leading to the emergence of variable year-class strength further include, apart from sto-
chastic factors affecting the survival of early fish stages, intraspecific competition for resources, cannibalism
and predation (de Roos and Persson, 2001). All of these mechanisms likely involve size-dependent inter-
actions and their understanding requires application of size-structured models of population dynamics.
These models exceed the scope of this introductory treatise. Neither can we explain in detail approaches
focusing on random (stochastic) effects that might, under certain conditions, even lead to the collapse
of an otherwise stable population.
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Fig. 3.6.9. Example of the appearance and interannual survival of strong year-class and its influence on
population dynamics. Abundance is plotted diagrammatically and on a logarithmic scale. The arrows represent
development of strong year-classes born in 1999 (dashed arrows) and 2001 (continuous arrows). The empty columns
represent immature fish and the full columns represent adult fish (assuming three years as the age at first reproduc-
tion). Strong year-class emerges randomly (year 2001) or due to a large spawning stock (year 2004).

3.6.8. Biomass dynamics and production: year-class models

Each year-class begins when the adult fish spawn eggs or release larvae or juveniles. As explained in
section 3.6.4., the parental population invests approximately 10% of its total biomass (i.e., the biomass of
gametes) into the offspring. This biomass first begins to decline sharply due to the initially high mortality
rate and the fact that the offspring must first switch to an exogenous diet. New biomass production (i.e.,
a net increase in biomass) can only be achieved after that switch.

The total biomass of a given fish group (year-class, or the whole population) is defined by the product of
its abundance and mean weight. For long-lived fish, it is usually sufficient to determine the biomass once
a year. Calculation of the biomass and its production is based on individual growth in length and conse-
quently in weight (see chapter 4.3.). Within the season individual growth first accelerates (after the switch
to an exogenous diet and metamorphosis into the juvenile stage) and then decelerates (as temperature
drops in autumn), and therefore can be described by a logistic curve (Kubecka, 1994). Interannual length
and weight growth of older fish is described in section 3.6.3. Fig. 3.6.10A. shows a typical case when indi-
viduals grow for many years; the length-weight allometry underlies the fact that the asymptotic weight w__
is reached slightly slower than the asymptotic length /_.

Biomass produced by a given year-class can be derived from changes in abundance defined by the
instantaneous mortality rate Z (section 3.6.5.) and changes in individual weight characterized by the
instantaneous growth coefficient G:

G= (In(w,) —In (w,))/(t-1), 9)

which provides the average growth rate between times t a t' (usually between two successive seasons).
Fig. 3.6.10B. represents typical changes in the biomass of an unexploited and exploited year-class. Produc-
tion is high at young ages with high growth rates (Fig. 3.6.10C.) that offset even the initially high mortality
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rate. Biomass gains slowly decline with decelerating individual growth and at a certain age (age of maxi-
mum biomass), loss of biomass through individual mortality begins to exceed individual gains in biomass
and the total biomass gradually declines. The overall shape of the biomass curve depends on the relation-
ship between the growth coefficient G and the mortality rate Z. Total biomass can peak sharply (especially
in species with high mortality rates) or have a flat plateau when individual weight gains compensate for
lost individuals for several years (Fig. 3.6.10D.).

Dynamics of a year-class biomass can also be described by the relationship between total biomass
production P (also called gross production since it includes the production of individuals that will have
died in the meantime) and elimination of biomass E. Total production is defined as the rate of change in
biomass per time unit, usually per year. Elimination of biomass E, describes the interannual dynamics of
biomass losses of a year-class at age t and its production P, and biomass B,:

E,=P,+B,-B,,,. (10)

Elimination of biomass is slightly delayed with respect to production and usually peaks when produc-
tion already declines (Fig. 3.6.10C.).

Production can be graphed using the Allen’s curve which depicts the dependence of a given year-class
abundance on individual weight. The space under this curve delimited by the initial and final individual
weight defines the production in the given time period (for details see, e.g., Pivnicka, 1981). However, this
approach is impractical as it requires frequent measurements of the abundance and average individual
weight of the year-class. Instead, Ricker’s (1975) equation is most often used for calculating production:

P =BG (exp(G-2) -1)/(G-2), (1)

This equation calculates the total production of an initial biomass B by using the instantaneous mortal-
ity rate Z and instantaneous growth coefficient G.

Production per unit of biomass is defined by the P/B ratio (Fig. 3.6.10C.). It is often considerably higher
than 1.0 at young ages and decreases very quickly afterwards as the growth slows down and individuals
weigh more; this cannot be offset even by enhanced survival. The P/B ratio thus becomes very low in older
fish. Since the annual mortality rate is almost always in tens of percents, a large proportion of the production
disappears from the population with dead individuals. For example, the total cumulative production of the
model year-class in Fig. 3.6.10. (i.e., the sum of annual productions taken from Fig. 3.6.10C.) reaches 1000 kg,
but its maximum biomass is less than 450 kg (Fig. 3.6.10B.). The difference is caused by biomass losses.
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Fig. 3.6.10. Dynamics of production and the impact of fishing on a model year-class of common bream
(panels A-C) and examples of changes in year-class biomass for selected species in the Czech Republic (panel
D). A: growth in length and weight (plotted jointly on the left Y-axis) and changes in abundance (right Y-axis). B: dyna-
mics of year-class biomass in the absence and presence of fishing, given by the annual catch of 15% of all surviving
individuals starting at age 6. Compensatory mechanisms, such as faster growth or enhanced survival of individuals
in smaller populations, are neglected for clarity. C: changes in production, the P/B ratio and elimination of biomass in
the absence of fishing (values for age 14 not calculated). D: changes in relative biomass of different fish species during
ontogeny; absolute values given on an arbitrary scale. Average data from several reservoirs were used for bream, perch,
asp, roach and pikeperch; data on trout were collected by Libosvdrsky et al. in the Loucka River (Barus and Oliva, 1995).

3.6.9. Population dynamics of harvested populations

Both commercial and conservation interests require knowledge of the limits of sustainable fishing pres-
sure. Commercial fisheries often strive to optimize the pressure close to the regime bringing the maxi-
mum sustainable yield (i.e., the biomass of fish harvested during a given period), abbreviated as MSY.The
underlying principle is simple: very low fishing pressure will keep the population close to the harvesting-
free equilibrium, but the yield will be low. On the other hand, the population will be overexploited after
initially high yields under high fishing pressure, and subsequent yields will become low as well. Fisheries
managers thus seek a compromise between both extremes.

The simplest description of a harvested population that can be used to optimize long-term fishing
pressure is provided by the Graham-Schaefer model. It is based on latent productivity, i.e., the rate of
biomass increase in the absence of fishing. The model assumes that the latent productivity Q is given by
a logistic growth curve and the yield Y is proportional to the effort £ and to the population size. The effort
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can be defined, e.g., by the number of fishing trips or the amount and length of nets. These two relation-
ships can be formalized as:

B

Q=k|1-

B,

max
(12)
Y=qEB,

with parameter g defining the efficiency of the given effort type. Latent productivity of the population
equals zero or becomes negative when its biomass exceeds the value of the carrying capacity B, ., and is
highest at half of this value Bmax/z when it reaches the level of (kBmaX)/4 (Fig. 3.6.11.). MSY is thus gained
by sustaining the population at 50 % of its carrying capacity and removing all latent productivity. In model
(12), this corresponds to effort £, = k/(Zq) and mortality caused by this effort equals Fy;c, = g E; 5, = k/2.

More detailed information on optimal fishing effort including the impact of minimum size or age limits
of harvested fish is provided by age or size-structured models. When MSY is the target, it is advisable to let
the fish grow first and harvest fish of ages or sizes that are close to the maximum biomass production rate.
Fish growth in the stagnating or decreasing part of the year-class biomass curve is not advantageous from
the MSY perspective. In most species, production is maximized around maturation and the first spawning;
even species depending on natural reproduction can be thus harvested after maturation to obtain yields
close to MSY. On the other hand, harvesting decreases the biomass of surviving fish and the harvested fish
no longer contribute to the production in the subsequent years. The example in Fig. 3.6.10B. shows the
effect of harvesting 15% of fish aged six years and older in the population described in Fig. 3.6.10A. The
maximum year-class biomass (350 kg, fish aged five years) and total production (865 kg) of the harvested
population is lower than the maximum biomass and production in the absence of harvesting. Total yield
(sum of annual catches) in this example is about 320 kg.

These idealized examples might suggest that optimal fishing pressure is easy to calculate. However, most
populations do not meet the assumptions of simple models. Their productivity may fluctuate randomly and
attempts to follow the optimal effort would often lead to overexploitation in such cases. The productivity
curve may be asymmetric with the maximum moved to low population densities. Moreover, a one-sided
effort focused on maximum biomass production may lead to excessive harvesting of large and old fish from
the parental stock and consequently cause deterioration of its genetic quality and threaten population sta-
bility (see section 3.6.10.). In these cases, the population may collapse if it is unable to sustain the harvest-
ing pressure. One particularly well-known example of commercial stock collapse was Northwest Atlantic
cod in Canadian waters in the early 1990s. It is worth mentioning that despite a total fishing moratorium,
the stocks in the area have not yet recovered. A plausible explanation of the phenomenon is that cod over-
exploitation caused an ecological regime shift and the whole ecosystem moved into a new equilibrium. If
true, it will not be possible to restore the local cod populations to the previous state.
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Fig. 3.6.11. Example of the dependence of maximum yield on fishing pressure and population productivity
using the Graham-Schaefer model (12). Maximum sustainable yield 25 kg.ha™' per year is attained by maintaining
population density at 50 kg.ha'’. Model parameters: k =1 and B ., = 100 kg.ha''.

3.6.10. Ecological and evolutionary impacts of fishing

The collapse of the Canadian cod is a warning illustration of the potential negative impacts of exces-
sive fishing. These include, above all, various consequences of stock overexploitation. Gradual decrease of
average weight of the catches accompanied with gradual decrease or stagnation of catch per unit of effort
are among the first characteristic signs of overfishing. They indicate that older fish become more and
more depleted and the parental stock consists of younger and younger individuals, unlike the situation in
which decreasing average weight of the catches is caused by new strong year-classes from previous years
entering the fishery. Along with potential fluctuations and the risk of the collapse of such populations (see
section 3.6.7.), individuals that mature early and reproduce at smaller sizes may gain evolutionary advan-
tage. This phenomenon is documented in many marine and freshwater stocks (Jergensen et al., 2007) and
an ongoing debate in the literature is attempting to determine whether and how it might influence long-
term yields. For all these reasons, many scientists demand a decrease of fishing pressure well below the
theoretical MSY levels and the protection of old and large fish (Birkeland and Dayton, 2005; Law, 2007).

In the Czech Republic, overexploitation especially affects piscivorous fish (pikeperch, pike) that are val-
ued for their meat and as trophy fish. For example, a considerable decline of pikeperch in Lipno Reservoir
was preceded by gradually decreasing average size of the caught fish. While total reported catches of rec-
reational anglers gradually rose from about 15 tonnes (average of 1991 and 1992 data) to the maximum of
29 tonnes in 2004, the average weight of the caught fish decreased from 2 kg to 1.5 kg. A steep decline fol-
lowed and annual catches remained under 2 tonnes in 2005-2007. Such overexploited populations require
timely action and should be protected by all available means, including the restriction of fishing methods,
longer closed seasons or increased legal size limits. Timely and complete fishing moratoria can be consid-
ered in particularly severe cases. They should be implemented long enough to allow for a recovery of the
parental stock structure. This process lasts for one or even more generations depending on the intensity
of the previous overfishing and on the details of the stock-recruitment relationship. This means that in the
Czech species, the earliest full recovery will occur in three years but the process may last up to 10-20 years.
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Given that fish communities at nearly all fishing grounds include multiple fish species, overexploita-
tion of one species might indirectly influence the whole community. Depletion of non-piscivorous fish
(herbivores and planktonophagous) might disturb the food chain and lead to insufficient food supply for
piscivorous fish, which might result in temporary or permanent fluctuations of the community. Overfish-
ing of piscivorous fish might, on the contrary, cause an outbreak of non-piscivorous fish and subsequent
depletion of planktonic food supply, potential development of cyanobacteria and possibly also deteriora-
tion of fish growth. Therefore, it is desirable to maintain fish communities including the ratio of piscivorous
to non-piscivorous fish within certain limits (see chapters 4.3. and 4.4.).

Methods of quantitative description of fish population dynamics and the consequences of harvesting
are further explained in detail in the outstanding monographs by Quinn and Deriso (1999), Holborn and
Walters (1992) and King (2007). A general introduction to models of population dynamics can be found in
various ecology textbooks (e.g. Begon et al., 2006). Methods of the study of age-structured populations can
be found in the highly commendable monograph by Caswell (2001). Studies of fish population dynamics
based on size-structured models are relatively recent and are mostly contained in scientific articles in for-
eign journals (e.g., de Roos a Persson, 2001, Andersen a Beyer, 2006).
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3.7. Spatial distribution of fish in running waters (0. Slavik)

The riverine environment is under permanent pressure from civilization factors. Their complex effects
on fish populations results in the loss of shelter, food resources and spawning areas. In order to be able to
assess this loss and to suggest potential improvement it is necessary to become acquainted with the basic
mechanisms that influence selection of preferred areas. The foraging strategy of shoal fish species is based
on mutual communication between large numbers of individuals. Shoals of fish, for example, bleak, nase
carp or barbel, might be loosely compared to grazing herds of hoofed animals whose position is determined
by a sufficient amount of food. If they exhausted all food resources, they move on further downstream.
The relationship between a current shoal position and the local environment is thus dependent mainly on
food availability. On the other hand, soliter species have a very close relationship with their local environ-
ment because knowledge of their surroundings gives them an advantage in foraging for food and in use
of shelter. For example, smaller brown trout are able to repel a larger individual when it comes to a fight
provided that they can use the advantage of knowing the local environment (Johnsson and Forser, 2001).
Non-random placement of individuals in a riverine environment creates an irregular mosaic of spatial struc-
tures that are used by fish of a certain size. How is such mosaic created?

3.7.1. Home range, core area and territory

Each fish needs to consume a certain amount of food in order not to starve to death and also to hide in
order not to be caught by predators. The size of the area that fish need for fulfilling both these conditions is a
resulting compromise of both needs that are often contradictory (Hill and Grossman, 1987). The term that is
generally used for the resulting space is the so-called home range, which might be defined as an area that an
organism requires to fulfil its needs during 24 hours (Mace et al., 1983). For example, with respect to bullhead,
it was discovered that their home range is smaller in the day time when they are not active and larger at night
time when they forage for food above a specific substrate type (Natsumeda, 1998). The size of a home range
corresponds to the energetic requirements of an individual (McNab, 1963), and therefore, it is larger if it is
difficult to find food within a range (Schoener, 1968; Slavik et al., 2005; Kuliskova et al.,, 2009). A home range
is often larger if food resources and shelter are distant from each other and vice versa (Chilton and Poarch,
1997; Jakober et al., 2000). As far as the same species and an individual’s size are concerned, the size of a home
range area is different in lakes (and reservoirs), which are characterized by their low food availability than in
rivers that offer a sufficient amount of food. Fish have much larger home ranges in lakes that are poor in food
resources than in productive rivers since in lakes they are obliged to forage for food actively, and in addition,
food in rivers drifts towards fish (Minns, 1995). The size of a home range changes according to the season. It is
the largest when fish species are at their seasonal maximum activity (Slavik et al., 2005; 2007) and it may also
be smallerin a degraded environment in comparison to the natural environment that motivates fish to change
positions more frequently (Slavik and Bartos, 2004). The size of a home range relates mainly to an individual’s
energetic requirements that represent some kind of an account for all needs and behaviour. Generally, the
size of a home range increases with an individual’s weight (Harestad and Bunnel, 1979). The paradox might
be, however, that the size of a home range may be smaller with respect to larger dominant individuals which
occupy more advantageous positions in order to gain food (Nakano, 1995). On the other hand, smaller and
usually subdominant individuals move at the edges of home ranges of dominant individuals, therefore, their
own home ranges are also larger. Subdominant fish thus never represent a stable part of populations (Crisp,
2000). The size of a home range that is measured in nature is always larger than theoretical models derive
(Kelt and Van Vuren, 2001). This is due to the fact that food resources are dispersed unevenly and animals are
obliged to move towards them (Jetz et al., 2004). Animals also intuitively claim larger areas than they are able
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to use and in this way they take into consideration the potential influence of competitors (Buskirk, 2004). As
aresult, it is evident that fish prefer smaller areas even within the home range where they spend longer time
periods in comparison with the rest of the used area. These smaller space-time units called activity core areas
centres (CA) were initially described in relation to the behaviour of the South American Procyonidae — thering
tailed coati (Kaufman, 1962). Determination of the CA size belongs to the essential features which describe
the spatial behaviour of fish. For example, CA localize food resources and reproduction areas, while on the
other hand, an absence of CA might indicate even dispersion of food resources, migratory behaviour (if a fish
moves only in one direction), etc. The CA size may be derived, for example, from 50% of records, according
to which a fish is localized within a home range. The size of a home range might be estimated on the basis
of several procedures, e.g., according to Jennrich and Turner’s method (1969), or according to the minimum
convex polygon (Mohr, 1947). Calculation of the size of a home range by means of these methods (and others
- e.g., Kernel’s estimation) might be achieved via the Internet, where a large number of free applications are
available. It is not the method of the final calculation that is the most important for a precise determination
of a home range and the CA, but it is, above all, the quality of the data used for the calculation. Data relat-
ing to spatial distribution of monitored fish must be acquired at regular intervals, which should be repeated
after one - three hours. The availability of marked individuals in a terrain, as well as the length of their current
movements, determines the number of monitored fish during one day. The term home that is used in the
concept of home range should not automatically evoke the idea that this area is protected against intruders
as the“domicile area.” An area that is protected in some way is called territory (e.g., Grant, 1997). The territory
size as a spatial unit may change dynamically in time and also the specification of territoriality as a show of
behaviour is not always clear-cut. It is possible to state that shoal fish species are not territorial, while soliter
species usually are. A territory is usually constituted by a smaller part of a home range. For example, cat-
fish are aggressive to one another only if they clash with a competitor in a preferred area (Slavik and Horky,
2009). Typical territorial species include, for example, salmonids, whose territory size corresponds to the size
of a home range because they defend their food resources (Grant and Kramer, 1990; Keeley and Grant, 1995).
However, it is necessary to emphasize that aggressive behaviour, especially direct physical contact leading
to an injury, represents rather an extreme manifestation in the riverine environment (Neat et al., 1998; Maan
et al,, 2001). Fish use a wide range of ritualized manifestations reducing aggression that precede a potential
attack, e.g., subdominant trout are darker than a dominant competitor. Besides, territoriality is applied mainly
against the same-sized groups that compete with each other for food (Crisp, 2000). Therefore, several size
groups of trout occur commonly in pools, but it is more difficult to catch several large individuals of the same
size at the same time in one pool.

3.7.2. The abundance of fish in a stream

What should the expected abundance of fish in a stream thus be like? General theoretical models com-
paring biomass within the interval from a source area to the estuary estimate that most species should occur
in the middle part of a river network and a community should reach the maximum biomass here (Vannote
etal,, 1980). Next, it was discovered that there are more smaller species, insectivores and soliterspecies, to be
found in source areas than further downstream (Schlosser, 1982) and that even fish biomass increases in the
same direction (see chapter 3.2.). This information has, however, only limited practical use. It may help with
assessing damage resulting from pollution incidents if it is possible to prove that the occurrence of species
and their abundance is lower in the place of the incident than in the upstream stretch of a river. An individual
fish's requirements for space were often considered for estimating optimal abundance of salmonids (e.g.,
Keeley and Grant, 1995; Steingrisson and Grant, 2011). Several predictive models were designed in the past
that estimated, for example, the abundance of salmonids in a stream on the basis of the ratio of body size and
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to territory size or structure of the environment (Grant and Kramer; 1990). The authors worked on the logical
assumption that spatial requirement will increase with increasing fish body size. This should result in a negative
relationship between fish size and their number; therefore, there should be only a few large individuals or a lot
of small individuals in a stream. Nevertheless, the general validity of this model has never been confirmed. The
reasons for this were indicated in the previous chapters - e.g., territoriality applies mainly within the same size
groups. In addition, in shallow stretches, the inspection of a territory is easy, because it may take place even
during food intake (e.g., when picking up insects from water level). If trout moves up a water level in deep pools
it is not possible to inspect the middle and lower parts of the water column. Territorial aggression in pools is
thus disadvantageous from the energetic point of view and the amount of individuals is rather determined
by the amount of food and shelter. This is also the reason why more trout may occur together in pools while
in shallow stretches of streams the spatial distribution of trout corresponds to a mosaic. Other information
might be drawn from studies that describe the relationship between abundance and growth rate. Growth rate
informs indirectly about productivity, the so-called “trophic level” of a stream. For example, if trout are growing
quickly, it may be assumed that they have enough food available and that their abundance will be high. At the
same time, the following relationship should be valid — the higher the abundance, the greater the competitive
environment — and the growth rate thus decreases. These assumptions are not, however, valid together and
for all environments. Trout grow fast in streams with enough food and their abundance is high; nonetheless,
it is not possible to find any relationship between abundance and growth rate (Lobon-Cérvia, 2007). On the
other hand, it is possible to prove the relationship between abundance and growth rate in streams that are
poor in food resources where trout abundance is low as well. If trout abundance decreases, for example, in an
oligotrophic mountain brook, the rest will grow faster and vice versa. Moreover, these dependences are valid
only for juvenile trout. If trout mature, they invest most energy into reproduction, their growth significantly
slows down and this ceases to represent a factor influencing abundance considerably, and vice versa (Jons-
son and Jonsson, 1993). However, survival and abundance of juvenile (and subsequently also adult trout) are
influenced by conditions that occur during the so-called critical period (Elliot, 1994). At this period, young trout
adapt to local food and shelter availability. Abundance of a new generation that is defined by the number
and fecundity of reproducing females (Elliot, 1989) goes through the so-called bottleneck and the resulting
abundance of juveniles (and subsequently adults as well) is determined by the current environmental condi-
tions. In general, it might thus be summarized that estimations of optimal abundance on the basis of predic-
tive models considering body size and subsequent spatial requirements are too imprecise for practical usage.
Next, it was proved that trout abundance in streams with low and high productivity cannot be compared. If
a stream is of an oligotrophic type, increasing trout abundance decreases the growth rate; whereas there are
much more trout in brooks with a high trophic level and their growth is not influenced by their abundance.
Therefore, it is evident that optimal targeted abundance of fish in running waters should take into account
local conditions and this cannot be derived from theoretical models.

3.7.3. Aphenomenon called shelter

Hardly any other parameter of the running water environment has such a comprehensible name and pur-
pose. This concept is usually connected to an aperture between stones, floating vegetation or tree roots under
undermined banks. Nevertheless, the term shelter is in fact very wide and difficult to define. A shelter might
be any place that helps a fish to avoid any stressor factor. Fish find a certain “sense of security” even in shade
thatincreases their protection against predators (Helfman, 1981). Fish use shelters to hide from predators the
most often (Valdimarson and Metcalfe, 1998) and if there is no possibility to hide, they exhaust more energy
dueto stress, which happens even in case a predator is not present (Fischer, 2000). They also hide from extreme
sunshine (Valdimarson et al., 1997), high flow-rates (Valdimarson and Metcalfe, 1998), or if the temperatures
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Fig. 3.7.1. A sufficient amount of shelter is a prerequisite for a stable population of brown trout (the Mald
Vitava River in the Sumava Mountains, photo: O. Slavik).

are low (Heggenes et al., 1993). Shelters might be occupied by more individuals at the same time (Armstrong
and Griffiths, 2001). Nevertheless, fish usually prefer certain exclusiveness because in aquacultures that are
characterized by a smaller number of shelters more individuals were found in shelters than in nature (Griffiths
and Armstrong, 2002). In general, it can be stated that a shelter decreases cannibalism (Britz and Pienaar,
1992), aggression (Hecht and Appelbaum, 1988) and since it decreases energetic consumption it also acceler-
ates fish growth (Hossain et al., 1998, Benhaim et al., 2009). The riverine environment that is rich in shelters is
complex enough and enables the occurrence of a higher number of fish (Ekl6v, 1997). Protection of streams
where the stream bed is being shaped by flow effect, spontaneous sedimentation, occurrence of vegetation
and dead wood materials is an environment that provides shelters at an optimal level (Fig. 3.7.1.). Conversely,
channelized streams with fortified shorelines and straightened stream beds with artificially increased capac-
ity represent an environment that provides fish with shelters only rarely.

3.7.4. Fish movement activity

Fish behaviour can be assessed on many levels (e.g., reproduction, food intake, aggressive defence of
territory, co-operation in hunting and stress). With respect to running waters, however, acommon observa-
tion is the possibility to assess a change of habitat, which is expressed as the distance between two points
per unit of time. In other words, fish movement activity is a behavioural parameter that might be observed
and assessed relatively easily in rivers. Information concerning fish movement activity is very important for
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fishery management. The importance of migrations was mentioned in the previous chapters, but the data
relating to shorter fish transfers in the currently inhabited environment has a comparable value. Above all,
it is necessary to know, for the inspection of quality and fish community abundance purposes, that the
occurrence of some fish species is time-limited in a certain environment. For example, some individuals may
occur in oxbows and pools only temporarily, e.g., if there are high flow-rates (Harvey and Nakomoto, 1999)
and low temperatures (Horky et al., 2008), or only in darkness or, conversely, in the day light (Kubecka and
Duncan, 1998; Slavik and Bartos, 2001). Juvenile fish are present in shallow shorelines in different species
composition and abundance at night-time and in the day time (Copp and Jurajda, 1993). It is the changing
of light and dark that is the most important factor for the spatial distribution of fish in certain environments.

It is possible to distinguish circadian and diel fish movement activity. Circadian activity is controlled by
an endogenous mechanism, and lasts approximately 24 hours, but after removing a fish from a synchro-
nizer (e.g., light) it continues in the same rhythm, even though there is a noticeable deviation (Reebs, 2002;
Kronfeld-Schor and Dayan, 2003). Diel activity is dependent directly on the changing of light and dark and
may be observed as daylight and nocturnal movement activity. Eel is considered to represent a typically
nocturnal species (Tesch, 2003). However, recreational anglers sometimes catch eel even during the day
and also in places where there are no typical shelters (shoreline) and where eel must have swam actively to.
This unusual activity is explained by the term dualism. Many fish species are able to use their environment
in the daylight as well as in the dark. It is dependent only on the current environmental conditions that
influence the activity. For example, in Nordic countries, fish can be more active in the daytime when the
days are getting shorter and vice versa (Lokkeborg a Fernd, 1999). Similarly, burbot Lota lota is considered
to represent a typically nocturnal species (Carl, 1995; Slavik et al., 2005), but in the north of Europe, they
commonly show a diurnal activity (Miiller, 1978). During the two-year monitoring in the Berounka River,
European catfish (Silurus glanis) showed strictly nocturnal activity from September to November, howev-
er, from winter to spring, it was active only in the daylight, and in summer it was active both at night and
during the day (Slavik et al., 2007). It is probable that many species that were originally considered to be
either diurnal or only nocturnal, have in fact dual diurnal activity. Detailed experiments have also showed
that dualism is not only connected to some species, but it is also individually dependent (Brénnds and
Aldnara, 1997; Bolliet et al., 2001; Slavik and Horky, 2012). These authors found that when analysing charr
and catfish some individuals within a group always have either nocturnal or diurnal activity. The abilities
of dualistic behaviour during the day light and the dark are very often also utilised by brown trout. There
is very strong food competition between the same size groups of trout (Elliot, 1994). Dominant salmonid
individuals take in food mainly at dusk when there are still a lot of insects flying above the water level and
when it is still easy to watch and catch them at this time. On the other hand, subdominant individuals are
pushed out into a less convenient time of direct daylight or dark. Food intake is less effective in the dark
and, on the contrary, in the day time it is accompanied with higher losses caused by predators (Fraser et al.,
1997). It is not a coincidence that a recreational angler catches large trout only at dusk while small trout
can be caught almost any time. The above-mentioned examples show that traditional opinions relating to
fish use of “light and dark” are too “black and white.” Naturally, other factors, such as temperature, influence
diel fish activity as well. Trout and salmon shift to nocturnal activity when the water temperature drops
below 10 °C because they are not able to escape from predators in cold water in an efficient way (Fraser
etal., 1993, 1997; Valdimarsson et al., 1997). At night, they are not only more protected but they are also
more successful in the chase for food (e.g., minnow, insect), which protects them against predators by being
active in the dark in the same way as the salmonid species themselves.

-104-



OPEN WATERS AND THEIR CHARACTERISTICS

REFERENCES

Armstrong, J.D., Griffiths. W.S., 2001. Density-dependent refuge use among over-wintering wild Atlantic
salmon juveniles. Journal of Fish Biology 58: 1524-1530.

Benhaim, D., Leblanc, C.A., Lucas, G., 2009. Impact of a new artificial shelter on Arctic charr (Salvenius
alpinus, L.) behavior and culture performance during the endogenous feeding period. Aquaculture
295:38-43.

Bolliet, V., Aranda, A., Boujard, T., 2001. Demand-feeding rhythm in rainbow trout and European catfish
synchronisation by photoperiod and food availability. Physiology and Behaviour 73: 625-633.

Brands, E., Alanard, A., 1997. Is diel dualism in feeding activity influenced by competition between
individuals? Canadian Journal of Zoology 75: 661-669.

Britz, P.J., Pienaar, A.G., 1992. Laboratory experiments on the effect of light and cover on the behaviour
and growth of African catfish Clarias gariepinus (Pisces: Claridae). Journal of Zoology 227: 43-62.

Buskirk, S., 2004. Keeping an eye on the neighbours. Science 306: 238-239.

Carl, L.M., 1995. Sonic tracking of burbot in Lake Opeongo, Ontario. Transactions of the American
Fisheries Society 124: 77-83.

Chilton, E.W., Poarch, S.M., 1997. Distribution and movement behaviour of radio-tagged grass carp in
two Texas reservoirs. Transactions of the American Fisheries Society 126: 467-476.

Copp, G.H., Jurajda, P, 1993. Do small riverine fish move inshore at night? Journal of Fish Biology 43:
229-241.

Crisp, D.T., 2000. Trout and Salmon - Ecology, Conservation and Rehabilitation. Blackwell Science,
Oxford, UK.

Eklov, P, 1997. Effects of habitat complexity and prey abundance on the spatial and temporal distributions
of perch (Perca fluviatilis) and pike (Esox lucius). Canadian Journal of Fisheries and Aquatic Science
54:1520-1531.

Elliott, J.M., 1989. The natural regulation of numbers and growth in contrasting populations of brown
trout, Salmo trutta, in two Lake District streams. Freshwater Biology 21: 7-19.

Elliott, J.M., 1994. Quantitative ecology and the brown trout. Oxford University Press, Oxford, UK, 304 pp.

Fischer, P, 2000. An experimental test of metabolic and behavioural responses of benthic fish species to
different types of substrates. Canadian Journal of Fisheries and Aquatic Sciences 57: 2336-2344.

Fraser, N.H.C., Metcalfe, N.B., 1997. The cost of being nocturnal: feeding efficiency in relation to light
intensity in juvenile Atlantic salmon. Functional Ecology 11: 385-391.

Fraser, N.H.C., Metcalfe, N.B., Thorpe, J.E., 1993. Temperature-dependent switch between diurnal and
nocturnal foraging in salmon. Proceedings of the Royal Society of London Series B-biological
Sciences 252: 135-139.

Grant, JW.A., 1997. Territoriality. In. Godin, J.G.J. (Ed.) Behavioural Ecology of Teleost Fishes. Oxford
University Press, Oxford, UK, pp. 81-103.

Grant, JW.A., Kramer, D.L., 1990. Territory size as a predictor of the upper limit to population density of
juvenile salmonids in streams. Canadian Journal of Fisheries and Aquatic Science 47:1724-1737.

Griffiths, S.W., Armstrong, J.D., 2002. Rearing conditions influence refuge use among over-wintering
Atlantic salmon juveniles. Journal of Fish Biology 60: 363-369.

Harestad, A.S., Bunnel L.F.,, 1979. Home range and body weight — a re-evaluation. Ecology 60: 389-402.

Harvey, B.C., Nakamoto, J.R. 1999. Diel and seasonal movements by adult Sacramento pikeminnow
(Ptylocheilus grandis) in the Eel River, North-western California. Ecology of Freshwater Fishes 8:
209-215.

-105-



Heggenes, J., Krog, O., Lindas, O., Dokk, J., Bremnes, T., 1993. Homeostatic behavioural responses in a
changing environment: brown trout (Salmo trutta) become nocturnal during winter. Journal of
Animal Ecology 62: 295-308.

Hecht, T., Appelbaum, S., 1988. Observation of inter-specific aggression and coeval sibling cannibalism
by larval and juvenile Clarias gariepinus (Claridae: Pisces) under controlled conditions. Journal of
Zoological Society (London) 214: 21-44.

Helfman, G.S. 1981. Twilight activities and temporal structure in a freshwater community. Canadian
Journal of Fisheries and Aquatic Sciences 38: 1405-1420.

Hill, J., Grossman, G.D., 1987. Home range estimates for three North American stream fishes. Copeia
1987:376-380.

Horky, P, Slavik, O., Bartos, L., 2008. A telemetry study on the diurnal distribution and activity of adult
pikeperch, Sander lucioperca (L.), in a riverine environment. Hydrobiologia 614: 151-157.

Hossain, R.A.M., Beveridge, M.C.M., Haylor, S.G., 1998. The effect of density, light and shelter on the
growth and survival of African catfish (Clarias gariepinus Burchell, 1822) fingerlings. Aquaculture
160: 251-258.

Jakober, J.M., McMahon, E.T,, Thurow, F.R., 2000. Diel habitat partitioning by bull char and cutthroat trout
during fall and winter in Rocky Mountains streams. Environmental Biology of Fishes 59: 79-89.

Jennrich, R.l, Turner, F.B., 1969. Measurement of non-circular home range. Journal of Theoretical
Biology 22:227-237.

Jetz, W., Carbone, C,, Fulford, J., Brown, J.H., 2004. The scaling of animal space use. Science 306: 266-268.

Johnsson, I.J,, Forser, A., 2002. Residence duration infl uences the outcome of territorial conflicts in
brown trout (Salmo trutta). Behavioral Ecology and Sociobiology 52: 282-286.

Jonsson, B., Jonsson, N., 1993. Partial Migration: niche shift versus sexual maturation in fishes. Reviews
in Fish Biology and Fisheries 3: 348-365.

Kaufamn, J.H., 1962. Ecology and social behaviour of the coati, (Nasua narica) on Barro Colorado Island,
Panama. University of California Publications in Zoology 60: 95-222.

Keeley, E.R., Grant, AW.J,, 1995. Allometric and environmental correlates fo territory size in juvenile
Atlantic salmon (Salmo salar). Canadian Journal of Fisheries and Aquatic Sciences 52: 186-196.

Kelt, D.A.,Van Vuren, D., 2001. The ecology and macroecology of mammalian home range area. American
Naturalist 157: 637-645.

Kronfeld-Schor, N., Dayan, T., 2003. Partitioning of time as an ecological resource. Annual Review of
Ecology Evolution and Systematic 34: 153-81.

Kubecka, J., Duncan, A., 1998. Diurnal changes of fish behaviour in a lowland river monitored by a
dual-beam echosounder. Fisheries Research 35: 55-63.

Kuliskova, P, Horky, P, Slavik, O., Jones, J.l., 2009. Factors influencing movement behaviour and home
range size in ide Leuciscus idus. Journal of Fish Biology 74: 1269-1279.

Lobén-Cervia, J., 2007. Density-dependent growth in stream-living brown trout Salmo trutta. Functional
Ecology 21: 117-124.

Lekkeborg, S., Fernd, A., 1999. Diel activity pattern and food search behaviour in cod, Gadus morhua.
Environmental Biology of Fishes 54: 345-353.

Maan, M., Groothius, T.G.G., Wittenberg, J., 2001. Escalated fighting despite predictors of conflicts
outcome solving the paradox in a South American cichlid fish. Animals Behaviour 62: 623-634.

Mace, G.M., Harvey, PH., Cluton-Brock, T.H., 1983. Vertebrate home-range size and energetic requirements.
In: Swingland, I.R., Greenwood, P.J. (Eds), The ecology of animal movement. Clarendon, Oxford,
UK, pp. 32-53.

McNab, B.K., 1963. Bioenergetics and the determination of home range size. American Naturalist 97:
33-140.

-106 -



OPEN WATERS AND THEIR CHARACTERISTICS

Minns, K.C., 1995. Allometry of home range size in lake and river fishes. Canadian Journal of Fisheries
and Aquatic Science 52: 1499-1508.

Mohr, C.0., 1947. Table of equivalent populations of North American mammals. American. Midland
Naturalist 37: 223-249.

Mdller, K., 1978. The flexibility of the circadian system of fish at different latitudes. In: Thorpe, J.E. (Ed.),
Rhythmic Activity of Fishes, Academic Press, London, UK, pp. 91-104.

Nakano, S., 1995. Individual differences in resource use, growth and emigration under influence of a
dominance hierarchy in fluvial red-spotted masu salmon in a natural habitat. Journal of Animal
Ecology 64: 75-84.

Natsumeda, T., 1998. Home range of the Japanese fluvial sculpin, Cottus pollux, in relation to nocturnal
activity patterns. Environmental Biology of Fishes 53: 295-301.

Neat, F.C,, Tailor, A.C., Huntingford, F.A., 1998. Proximate cost of fighting in male cichlid fish: the role
of injuries and energy metabolism. Animal Behaviour 55: 875-882.

Reebs, G.S., 2002. Plasticity of diel and circadian activity rhythms in fishes. Reviews in Fish Biology
and Fisheries 12: 349-371.

Schlosser, J.I., 1982. Fish community structure and function along two habitat gradients in a headwater
stream. Ecology Monographs 52: 395-414.

Schoener, TW. 1968. Sizes of feeding territories among birds. Ecology 49: 123-141.

Slavik, O., Bartos, L., 2001. Spatial distribution and temporal variance of fish communities in the
channelized and regulated Vltava River (Central Europe). Environmental Biology of Fishes 61: 47-55.

Slavik, O., Bartos, L., 2004. Brown trout migration and flow variability. Ecohydrology and Hydrobiology
2:157-163.

Slavik, O., Horky, P., 2009. When fish meet fish as determined by physiological sensors. Ecology of
Freshwater Fish 18: 501-506.

Slavik, O., Bartos, L., Mattas, D., 2005. Does stream morphology predict the home range size in burbot?
Environmental Biology of Fishes 74: 89-98.

Slavik, O., Horky, P, Bartos, L., Kolafov4, J., Randak. T., 2007. Diurnal and seasonal behaviour of adult
and juvenile European catfish as determined by radio-telemetry in the River Berounka, Czech
Republic. Journal of Fish Biology 71: 104-114.

Steingrimsson, O.S., Grant, A.W.J., 2011. Shape of single and multiple central-place territories in a
stream-dwelling fish. Ethology 117: 1170-1177.

Valdimarsson, S.K., Metcalfe, N.B., 1998. Shelter selection in juvenile Atlantic salmon, or why do salmon
seek shelter in winter? Journal of Fish Biology 52: 42-49.

Valdimarsson, S.K., Metcalfe, N.B., Thorpe, J.E., Huntingford, F.A., 1997. Seasonal changes in sheltering:
effect of light and temperature on diel activity in juvenile salmon. Animal Behaviour 54: 1405-1412.

Vannote, R.L., Minshall, G.W., Cummins, K.W., Sedell, J.R., Cushing, C.E., 1980. The river continuum
concept. Canadian Journal of Fisheries and Aquatic Sciences 37: 130-137.

-107 -



3.8. Fish migrations and fishways (0. Slavik)

The riverine environment is an open system that is characterized by the longitudinal gradient of slope,
flow and temperature, and fish have to adapt their energy regime to this system. A periodic temperature
drop is usually accompanied by a decrease in food availability. If the temperatures are low, fish are less able
not only to recharge energy resources but also to use them because the performance of their metabolism is
also decreasing. When the weather gets colder, summer habitats that are rich in food but energy demand-
ing become disadvantageous. This cycle usually creates the need to change the feeding habitat in order
to hide and to save energy — which usually means to migrate. When the weather turns warmer, the whole
cycle proceeds in the opposite sequence. Similar spatial distribution changes can be noticed also in con-
nection with reproduction when fish leave winter shelters or summer feeding habitats and search for the
species-specific spawning habitat. Such habitat should also provide a certain level of protection against
predators and cannibalism and it should minimize the risks for the new generation. Similarly, fish change
their environmental requirements on the basis of hydrological conditions (the size of flow-rate and the
height of water column), ontogenetic stage (juveniles vs. adults) or just the body size. Fish must have the
possibility to migrate in the longitudinal profile of the riverine environment in order to be able to react to
all conditions. Migrations are, however, hindered by artificial obstacles that are built as a result of human
use of the aquatic environment. In order to reduce this influence, fishways are designed. Fishways are tech-
nical structures allowing fish and other aquatic organisms to overcome obstacles during their migration. A
brief description of the biological basis of fish migrations and possibilities of migrations to be undertaken
also in modified streams is provided in the following chapter.

3.8.1. Definition of migration and its reasons

Migration can be described in the simplest way as a movement of the majority of a population between
two or more environments which is undertaken on a regular basis (Northcote, 1984). Diferentiation of
migrations with respect to their reasons is currently a generally known assessment that may be found in a
wide range of domestic as well as foreign publications (Barus and Oliva, 1995; Lucas and Baras, 2001). Fish
may migrate as a response to basically an infinite combination of environmental factors whose influence
increase mutually and vice versa. The current conception of migration behaviour differs from the original
definitions that are rather ponderous and mechanistic and that are derived from the general model of
reproductive migration. This model supposes uninterrupted movement of individuals between two points
that is initiated by exceeding the threshold value of daylight length, light intensity, temperature and flow-
rate. With the increase in knowledge, however, migration is understood to be rather a continual, often
even inconspicuous process, containing a wide range of conditional connections. Migration can thus be
defined also as a strategy of adaptation to current environmental conditions (Lucas and Baras, 2001). Now-
adays, it is thus mainly emphasized that the decision where, when or whether to migrate is not specified in
advance and it usually depends on an individual, even though there are genetic predispositions to it. Fish
migrations in the riverine environment represent a phenomenon that was considered to be well explored
already a few decades ago. Eels and salmonid species are probably the best examined fish species and yet,
new information concerning their migrations is still being published. In other words, we still do not know
enough about migrations. The best known examples (such as migrations of salmons) are not necessarily by
far the most complicated. To untangle the mechanism of trout migrations represents a real challenge since
there is a part of the trout population that migrates to the sea and the other part that stays permanently in
rivers. It is also challenging to describe migrations of Amazonian catfish since their migrations are under-
taken in multi-year cycles that are, in addition, irregular. Surprisingly, the Czech information concerning
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fish migrations in European waters is also very limited. There are only a few known facts relating to a wide
range of important riverine species (e.g. chub, dace, ide, asp, etc.). Individual information concerning other
species is not available at all (e.g. bleak, tench, rudd, gudgeons, little chops, sabrefish and many others). The
trouble is that, nowadays, we can often study only fragments of the original manifestations. It is difficult to
imagine that (on the basis of evidence of people who witnessed it) migrations of chubs to the tributaries of
the Elbe River (e.g. the Mrlina and Cidlina Rivers) seemed as a never-ending, compact, several meters wide
stretch of fish bodies. Today, nobody will probably be surprised at the fact that barbel commonly migrate
to locations that are up to several kilometres distant. In recent history, the biomass of barbel in the Czech
river network was unimaginably high from today’s point of view and the amount of their catches was rath-
er limited by the anglers’ physical capacity. Barbels were just everywhere and therefore, no one asked the
question of how massive biomass movement must have their seasonal migration represented? Migrations
of not only barbel but also nase carp, vimba bream or gudgeon were possible to be compared to continual
movements of African and Asian herbivorous hoofed animals. Eye witnesses claimed that it was possible
to watch the movement of thousand-headed shoals. Fish burrowing at the bottom even created turbidity
in the water or, to the contrary, light contrasting areas where stretching shoals scraped off biological scab.
Nevertheless, migrations of these species were not considered to be interesting as much as jumping shows
of salmons that were attractive from a culinary point of view.

3.8.2. An example of variability of brown trout migrations

Variability of potential migration behaviour can be demonstrated with the example of brown trout that
was, from this point of view, studied really thoroughly. Trout’s ability to migrate is genetically encoded
(Northcote, 1981, 1992; Johnsson, 1982; Elliot, 1989), however, it depends on the local conditions as to
what strategy a population will use. Local conditions are formed by two basic phenotypes — migration and
stationary phenotype (Jonsson, 1985; Hindar et al., 1991; Jonsson and Jonsson, 1993; Hendry et al., 2004).
It is not important whether the migration phenotype descends to the sea or, for example, migrates to
headwaters, the principle is always the same. A migration type is characterized by a larger size and higher
ability to overcome river gradient. Nonetheless, there are dissimilarities even within migration phenotype
when larger individuals swim for longer distances (Hesthagen, 1988; Young, 1994) and overcome bigger
obstacles in a stream (Aass et al., 1989). Migration is influenced by food availability (Wysujack et al., 2009;
O’Neal and Stanford, 2011) and, for example, fast growing fish migrate much more often (Jonsson, 1985;
Hindar et al., 1991). A relationship between slow growth and higher migration intensity was also proved
(Olsson and Greenberg, 2004); in such case, however, it is abundance that plays an important role as well. If
trout migrate due to their slow growth, it is expected at the same time that the abundance of the population
is high, exceeding the capacity of the environment, and trout thus initiate their migration in response to
disadvantageous environmental conditions (Olsson and Greenberg, 2004). Another interesting fact is that
migration ability is dependent, to a certain extent, on the individuality of each fish, on its social position.
Large or aggressive dominant individuals are less afraid of unknown space and they tend to migrate more
in comparison to subdominant, weaker and fearful individuals (H6jesjo et al., 2007). Trout migrations can
also relate to seasonal changes of the environment. Summer food resources and the need to find a tem-
porary shelter for the energy-saving regime during winter play a key role (Clapp et al., 1990; Gowan and
Fausch, 1996; Carlsson et al., 2004). If only reproductive migrations are assessed that usually represent the
longest movement during the year (Young, 1994; Ovidio et al., 1998; Rustadbakken et al., 2004; Zimmer
et al, 2010), clarity cannot be expected either. Migrations may be undertaken downstream (Solomon and
Templeton, 1976) as well as upstream (Davies and Sloane, 1987), they can be tens of kilometres (Young,
1994) or only several hundreds of meters long (Harcup et al., 1984; Ovidio et al., 1998, Slavik et al., 2012) or
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they may not be undertaken at all (Jonsson and Sandslund, 1979; Northcote and Hartman, 1988; Northcote,
1992). Migrations may also be influenced by the flow-rate size when an increasing flow-rate serves as a cata-
lytic converter of migrations (Solomon and Templeton, 1976; Davies and Sloane, 1987). Conversely, if the
flow-rate is low it may be difficult to overcome obstacles (Jensen and Aass, 1995). On the other hand, some
authors (e.g. Jonsson, 1985) describe trout migrations that were undertaken during the low flow-rates. In
the Czech conditions, for example, in the basins of the Blanice, Vydra and Vltava Rivers, trout migrate dur-
ing September and October when the flow-rates are at their minimum (Slavik et al., 2012). Similarly, in the
Ohfe River, trout preferred migrations during stable and average flow-rates (Slavik and Barto$, 2004). Trout
migrations are shorter in streams with a higher river slope since overcoming the latter exhausts energy
resources (Bohlin et al., 2001) and migrations are more intense when there is a new moon rather than full
moon because trout hide from predators (Slavik et al., 2012). The influence of the moon phases on behav-
iour of different fish species is a very common phenomenon (Horky et al., 2006; Takemura et al., 2010) and
it is common, above all, for sea coral fish living in a very stable environment. This multifarious (although
very brief) overview may be concluded by stating that the nature of trout migrations is determined by local
environmental conditions (Jonsson, 1991). There is an important instruction that follows from that for man-
agement: published data can be viewed mainly as a source of potential inspiration. However, regional care
for populations of salmonids and fish in general must be supported by regional information.

3.8.3. Migrations of other fish species

The Czech Republicis located deep inland in the heart of Europe; therefore, two general migration strat-
egies can be observed with respect to local fish. Strong and persistent migrants specializing in long migra-
tions undertake diadromous migration into the sea environment. Such fish species have always been rare
in the Czech fauna. On the other hand, potamodromous species, that are abundant in the Czech Republic,
undertake their life cycle either directly in their regular habitats or not too far away from it. The opinion
that common riverine fish species did not migrate either at all or only for a short distance predominated for
the most part of the past century. This inaccurate opinion was corrected mainly due to the research of the
seasonal behaviour of the cyprinid species (barbels, roaches, chubs and daces) that was carried out in Great
Britain at the beginning of the 1990s and later also in Germany (see the overview in Lucas and Baras, 2001).
Nowadays, the published information concerning migrations of cyprinid and other riverine fish species for
distances longer than several tens of kilometres will not surprise anyone. Nonetheless, there were even
longer migrations that were described in the Czech territory, more precisely in the Elbe River. While chub
and asp migrated for a distance of 20 kilometres in the lower Elbe River located close to Décin, pikeperch
migrations reached almost 60 km (Slavik et al., 2004). With respect to the lower Elbe River, such distance
represents migration deep into the German territory. The biggest record holder among the Elbe cyprinid
species is indisputably ide that undertook migrations longer than 100 kilometres up to the stream stretch
situated between Dresden and Meissen (Kuliskova et al., 2009). Nevertheless, ide migrations of around
200 km were described in Holland (De Leeuw and Winter, 2008). Crucian carp migrations that reached
80 km were recorded in the Elbe River (Slavik and Bartos, 2004) and in the left-side tributary of the Elbe
River, in the Ohte River, there was also an intense migration of burbot (Slavik and Bartos, 2002). It logically
follows that migrations are longer in large streams than in small river basins. For example, migrations of
brown trout do not exceed 30 km in small streams (Ovidio et al., 1998; Ovidio and Philippart, 2002; Slavik
etal, 2012), while sea trout migrate for hundreds of kilometres in the Rhine River basin. For example, nase
carp is also considered to be an active migrant since it responces sensitively to flow-rate and temperature
changes (Rakowitz et al., 2008). In small tributaries of the Danube River, nase carp migrate for a distance of
25 km; however, migrations exceeding 100 km were described in the Danube River (Povz, 1988; Ovidio and
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Phillipart, 2008). With regard to environmental parameters, it can be stated that fish usually avoid migration
in extreme conditions. The majority of fish species occurring in the Czech Republic initiate reproductive
migration at the temperature of 10 °C, but species, such as gudgeon or bleak migrate even if the tempera-
ture is above 15 °C (Slavik et al., 2004; Horky, 2004, 2011; Prchalova et al., 2011). Brown trout cease their
reproductive migrations when the temperature is below 6 °C. It is certain, however, that a large number
of fish migrations are not influenced by the temperature. It is suggested, for example, by the fact that for
reproductive migrations of cyprinid species it is only the threshold value that is important and when it is
overcome, no other relationship is possible to be found. Cyprinid fish usually avoid migrations if there is
a high flow-rate in a stream (Lucas and Batley, 1996; Lucas and Baras, 2001; Slavik et al., 2009). Different
information can be found even in connection with this case, since, for example, Rakowitz et al. (2008) stated
that migrations of nase carp culminate during floods but are undertaken only during the phases when the
flow-rate aincreases and falls.

In conclusion, it can be stated that migrations of small species are limited by small energy resources and
that is why they are undertaken gradually, more likely as spreading. On the other hand, large species are
able to cover several kilometres per day. Fish, however, spread themselves passively within the water flow,
which is the so-called drift. The abundance of drift species, mainly larval and juvenile stages, is dependent
also on the current hydrological situation, the phase of light, darkness and moon (Reichard et al., 2002a,b).
Drift is probably the most frequent movement of aquatic organisms and in tropical large rivers it is an
important mechanism influencing the spatial distribution of fish.

Since a certain form of migration can be expected from all fish species it is appropriate to take this fact
into consideration with respect to the management of the riverine environment. Restoration of the pos-
sibility to undertake migrations should thus become one of the main targets in the longitudinal profile of
a stream. In practice, it means not to build new migration barriers and that the existing ones are equipped
with fishways. The Czech project relating to river restoration including longitudinal connectivity of the river
network is a task that will involve several generations because the rough estimation (there are no exact
data) of migration obstacles amounts to more than 6000.

3.8.4. Fishways and their monitoring

Fishways are designed as channels that make it possible to pass artificial obstacles. Their longitudinal
gradient is thus lower than the gradient of an artificial obstacle. An obstacle is usually represented by a
weir or a dam reservoir, but also a dry river bed where water or a strong source of pollution was drained
away from, may hinder fish movement as well. An obstacle may represent a variable notion during the
annual hydrological cycle. For example, when the flow-rate decreases, the difference between the lower
and upper water level at the obstacle may increase. To the contrary, if the flow-rate increases, flow veloc-
ities in some particular stretches of stream may rise to such an extent that fish will not be able to over-
come the water velocity. Rough data describing the ability of common fish species to overcome the dif-
ference in height may be found in specialized technical documents (DWD-M509; TNV 75 232). In general,
it can be stated that for some species, such as bullhead or lamprey, only a 5 cm difference in the height
of water levels may be insuperable unless there is a suitable substrate on the bottom that reduces the
velocity. The issue of whether a migrating individual can approach an obstacle in a sufficiently high water
column and broad area is also important. In other words, in order to overcome obstacles, it is necessary
to produce a certain so-called burst velocity (e.g. Wolter and Arlinghaus, 2004). However, the effort to
describe precisely the threshold “conditions for overcoming an obstacle” may be rather misleading. There
are often disputes over the question of when an obstacle hinders fish migration and when it does not.
Such discussions make sense with respect to the restoration of Nordic streams with the occurrence of
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1-2 salmonid species. If two species in two size groups migrate through a stream, it is possible to specify
the migration conditions very precisely. A fish community in the Czech conditions, however, may com-
prise tens of species. In order to maintain a community, the possibility of variable spatial distribution
and migration as a whole is necessary. If one fish species loses its environment, it is very probable that
other losses will follow, for example, due to the disruption of bonds in the food chain. Models ensuring
permeability, only with regard to “migration of salmon or cyprinid species” may thus be understood as
old-fashioned, or more precisely, non-functional. Therefore, it is appropriate to require that the migration
for all potential species as well as sizes and ontogenetic stages is ensured. In this respect, the Canadian
legislation made the biggest progress. The so-called No Net Loss concept (NNL) has been determined as
a general target of corrective measures and this concept indicates that the measures shall ensure original
fish production, in other words, the measures shall ensure the full restoration of the ecosystem function
(Quigley and Harper, 2006). With respect to fish passing through artificial obstacles, NNL means that the
fishway must ensure uninterrupted passage to all life stages of a given species without a consequent
impact on their reproduction success. In other words, it requires 100% permeability with a minimum
delay under an obstacle or in a particular fishway itself. The so-called principle of “transparency” of a
fragmented stream for movement of native fish species (Castro-Santos et al., 2009) has also emerged
recently and this principle specifies the qualitative indicators of permeability even better. The fishway
transparency thus means, as a result, that fish should be able to use the channel of the fishway without
any delay, energy loss, stress, injury or other negative factors decreasing the individual’s body condition.
A common feature of the NNL and transparency concepts is thus the free passage of all fish through an
artificial obstacle with a minimum influence on their fitness, which is the most essential precondition
leading to a reduction of the impact of obstacles on fish populations (Slavik and Horky, 2011). The pas-
sage of fish through fishway means, in other words, that an individual should be able to migrate through
an obstacle without “realizing” that it migrates through a technical construction.

Fig. 3.8.1. Example of the bypass channel of the rock-ramp fishway - the complete view (Obermaubach, the

Rur River, Germany, photo: D. Buzek).
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Fig. 3.8.2. Example of bypass channel of rock-ramp fishway - in detail (Obermaubach, the Rur River, Germa-
ny, photo: M. Drahoriovsky).

Fig. 3.8.3. Vertical slot fishway (Ladenburg, the Neckar River, Germany, photo: M. Drahofiovsky).
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Fig. 3.8.4. Details of distribution of main streamlines in the chambers of a vertical slot fishway (Ladenburg,
the Neckar River, Germany, photo: M. Drahoriovsky).

Fig. 3.8.5. An example of chamber fishway (Strekov, the Elbe River, Czech Republic, photo: Z. Vanéura).
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insufficiently — only at certain intervals (Wyhlen, the Rhine River, Germany, photo: M. Drahoriovsky).




Fig. 3.8.7. A special construction for migration of juvenile eels I (Geesthacht, the Elbe River, Germany, photo:
D. Buzek).

Fig. 3.8.8. A special construction for migration of juvenile eels Il (Geesthacht, the Elbe River, Germany, photo:
M. Drahoriovsky).
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Fig. 3.8.9. Brush cover of the fishway bottom (Hassinger, 2002) (the Budin Weir, the Sdzava River, Czech Repub-
lic, photo: J. Vait).

Fig. 3.8.10. Details of brushes in the fishway in the Sdzava River (photo: J. Vait).
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Designs of fishways can be looked up in a wide range of specialized publications (Clay, 1995, Odeh, 1999;
Coutant and Whitney, 2000; Larinier et al., 2002, Lauerman, 2010; Horky, 2011; Slavik and Vancura, 2012; DWA-
M5092010; TNV 75 232). Therefore, it is pointless to analyse the issue in detail in this book. In general, it can be
stated that fishways are distinguished as technical and bypass channels of a natural type, known as bypasses.
Nonetheless, this historically used division is misleading because it forcedly categorizes structures that are
to be, in principle, variable and that are to take local conditions into consideration. Basically, all fishways are
technical and the difference lies only in the construction element that moderates the flowing water energy.
Flowing water energy can be moderated in the fishway channel continually on rough overruns or in cham-
bers separated by walls with orifices. In the first case, fishway channels are roughened by inserted boulders,
ribs or vertical slots (Slavik et al., 2012). To make it simple, pool fishways are divided into rock-ramp (Fig. 3.8.1.
and 3.8.2.), slot divided (Fig. 3.8.3. and 3.8.4.) and chamber (Fig. 3.8.5.). The overall appearance of a fishway
channel eventually carries an architect’simplementation vision, however, simple normative hydraulic param-
eters (gradient, height of water column, flow velocity, moderating of stream energy and width of river bed)
are adhered to in the first place. The variable range of implementations of classical conventional fishways is
supplemented with, for example, fish chambers and elevators (Fig. 3.8.6.). There are also fishways with special
design and substrate, enabling migration of juvenile eels (Fig. 3.8.7. and 3.8.8.). In order to facilitate migra-
tion of sea lamprey, glossy metal boards with smooth surface are inserted in fishways - since this facilitates
lampreys to use the suckers to attach to firm substrate during rest periods. Brush substrate that was devel-
oped for juvenile eels is used for brook lamprey. The so-called brush fishways represent an interesting novel-
ty (Hassinger, 2002) where artificial obstacles and boulders are replaced by plastic bars that are reminiscent
of a“brush” (Fig. 3.8.9. and 3.8.10.). This type of fishway is maintenance-demanding because plastic clusters
of brushes become clogged with sand and organic material and, what is more, time-worn brushes must be
replaced after several years. Nevertheless, these fishways represent a potential alternative with a relatively
easy implementation for headwaters, brooks and small streams with salmonid occurrence.

In order to ensure fishways' proper functioning, it is necessary to carry out their monitoring. Testing of
functions should be a part of each new fishway implementation. The final inspection of a fishway should
be granted only conditionally and the whole implementation should be assessed no sooner than when the
functionality test is carried out. Testing of fishway function should regularly last one calendar year, but it
is possible to propose special procedures. For example, in streams that are inhabited only by brown trout,
it is possible to limit the testing of function only to the period of autumn reproductive migrations. Mainly
the spring seasons should be monitored in the middle and lower stretches of streams because it is the time
when most of our fish species migrate. Catadromous reproductive migration of eel culminates by the end
of summer; however, this migration is usually not noticeable in fishways. On the other hand, anadromous
migration of juvenile eels can be expected (especially in the lower stretch of the Elbe River basin) at the turn
of June and July and during July when the temperature exceeds 20 °C. Monitoring in the lower stretches
of larger and large rivers with the occurrence of ides, daces and asps should be initiated already towards
the end of winter when these species start being active in the Czech conditions (Horky et al., 2007, 2008;
Kuliskova et al., 2009). Monitoring of salmon and eel migrations represents an independent sphere and
these species cannot be recommended for testing of fishway function in the Czech conditions. With the
increasing size of a stream, the diversity of the community is rising as well and the reasons for migrations
are thus diverse too. Reproductive migrations are in their nature more or less a one-time phenomenon and
that is why they are the most easy to prove. Migrations that are undertaken in search of food or shelter
may concern the same number of fish, however, these migrations are undertaken in a less synchronised
way, or alternatively, their nature is more individual, and they are thus less easily traceable. Finally, with a
slight exaggeration, it could be stated that there is always some kind of migration taking place in a river.
Although reproductive migrations are the most suitable manifestation of fish behaviour in order to test
the fishway function, the all year test will deliver the most objective information.
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The methodical approach that is selected for the fishway testing is also important. Basically, there are
two methods that can be used for the testing - radio telemetry and bio-scanners. Monitoring by means of
catching fish under an obstacle, their tagging and the subsequent research of the success rate above the
weir is not very efficient and it stresses fish. A more problematic method is insertion of different types of
fish traps and baskets in the fishway. Migrating fish are trapped and restricted in movement here, which is
in direct breach of the Act on animal protection against cruelty. Besides, it depends only on the good will
of a person performing monitoring whether he/she will inspect the fish traps at least 4-6 times a day and
let the trapped fish out. It is usual practice that these devices are inspected inconsistently and fish in traps
are being stressed and exhausted. Exhausted fish are pressed and dragged by the water flow against the
fish trap walls and the fish are actually being injured which may cause their death. In addition to that, today,
it is not possible any more that a fishway is tested without supervision of specialised personnel. The so-
called Design of the experiment that must be approved by a relevant authority for nature conservation and
by an ethical committee of the Ministry of the Environment must be elaborated for each test. An authorised
person is obliged not only to provide certification permitting execution of the project (a special course in
accordance with the Act on animal protection against cruelty) but also the number of animals (fish) used
for the test. This obligation excludes use of fish traps because the numbers of fish that are used for the test
can be determined only with the use of telemetry. It is not required if bio-scanners are used because fish
are neither manipulated nor restricted in their movement.

The use of bio-scanners represents a method where a fish migrating through a fishway passes through
a frame in which its body interrupts the infrared light zone. The body contour is “scanned” and the time
and direction of migration are recorded. Modern versions of bio-scanners contain also a camera system
that is automatically switched on when the scanner unit identifies active movement of fish (it is distin-
guished from passive movement of, e.g. wood or a plastic bottle). Scanners thus can provide information
concerning the species composition of migrating fish. Scanners have one substantial disadvantage — they
provide information only about the situation in a fishway, but they do not “indicate” the proportion of a
community or a population that occurred, with respect to a community composition, downstream an
obstacle. In other words, scanners provide information on the channel permeability but not on the fishway
efficiency with regard to a community overcoming an obstacle. Scanners are thus ideal for monitoring of
migrants, such as salmon, that migrate irregularly from long distances and whose abundance in a stream
cannot be estimated.

Therefore, telemetric methods are the most suitable to test the functioning of fishways. With respect to
assessment of fishways’ permeability and migration requirements of fish, no other method is considered
in the specialized literature (Bunt et al., 2011). There are two approaches - radio telemetry and telemetry
of passive integrated transponders (PIT). The principle of both these methods is very simple. Radio telem-
etry uses transmitting units, i.e. radio transmitters that are attached to a fish body or implanted into a body
cavity. The radio transmitter must he lighter that 1.75% of the fish’s weight in water and its implantation
must be performed by a veterinary surgeon — an expert. The lifespan of the radio transmitter is limited by
the weight of its battery. With regard to large (heavy) radio transmitters, the lifespan can be considered to
be up to 4 years, but fish must weigh at least 0.6-1 kg. Conversely, radio transmitters that can be implant-
ed, for example, into juvenile trout weighing 15 g can transmit for approximately 3-4 weeks. Radio trans-
mitters are, however, equipped with various mechanisms that enable extension of the monitoring period
- they can, for example, transmit only some days in a week, some hours during a day, and the signal of
radio transmitters may be produced at longer intervals (2-10 sec). A great advantage of radio telemetry
is the possibility to mark a fish before initiation of migrations (for example, in autumn with respect to the
spring season) and to monitor its behaviour before it approaches a fishway. Radio transmitters can also
be equipped with sensors that monitor temperature, depth (pressure), acceleration of an individual or its
energy consumption. Sensors measuring the given energy consumption can also be used in monitoring
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a fishways’ quality. In fact, fish often enter a fishway but then turn around and migrate back. It usually sig-
nifies unsuitable migration conditions in a part of the fishway. Such place can be revealed on the basis of
too high energy consumption when compared to the norm. Methodical specification is further represent-
ed by knowledge of the situation when fish do not approach a fishway at all during the test (and migrate
only downstream). If such a case occurs, the fish is eliminated from the total number of tested individuals
in advance in order not to decrease the effectiveness of a fishway in comparison to a fish that even though
it found the fishway, it did not manage to use and overcome it. The disadvantage of radio telemetry is the
higher purchase cost of the receiver (approximately CZK 300000) and radio transmitters (approximately
CZK 8-15000 per piece according to the specification). In order for the test to be relevant, it is necessary
to use approximately 30 fish. Selection of the species that are to be tested is also important. Although a
larger species variety is often available, the most suitable is to use two species as a standard (15 + 15 piec-
es) with respect to projects that are carried out on small and middle streams up to the size of the Sdzava
or Berounka River. In order to test large and expensive fishways it is recommended to use up to 4 species
with the total number of approximately 60 fish. It is not difficult to select particular species, however, the
same species should be used the most frequently. It is due to better possibilities to compare the tests of
individual fishways in the same as well as different streams. It is always appropriate to select different mor-
phological types, for example, trout and burbot, grayling and roach or dace, barbel and ide or chub, asp
and bream, etc. In order to test large fishways, pikeperch and European catfish can be recommended in a
smaller sample as well.

The above mentioned PIT telemetry is perhaps the most accurate method for testing fishways. Tags, pas-
sive transponders, do not have their own battery and they work on the principle of an induction coil. Aerial
supplies energy for signal transmitting, which a fish that is tagged by the PIT, approaches. Due to the absence
of a battery, transponders are very small and light (their dimensions are 12 x 2 mm and weight around 0.09 g)
and they can be implanted also in small fish, such as common minnow, gudgeon or bleak. Their unlimited
lifespan represents another great advantage because they cannot go flat. In addition to that, they are relatively
cheap (approximately CZK 100-200), especially when compared to radio transmitters. Nonetheless, even this
method has its limitations, for example, the reading device with aerial cost approximately the same as the
radio telemetry receiver. The biggest limitation is, however, that the tagged fish must approach the aerial at
least within a distance of 30 cm in order that the individual code of the passive transponder could be read.
In order for the tagged fish to be always recorded by the aerial during the migration through a fishway, it is
often necessary to insert two aerials next to each other in the channel. Another possibility is to bring fish to the
aerial by means of mechanical baffles, such as a perforated submerged wall. The device also requires a source
of electrical energy that must be often brought to an obstacle separately. In addition to that, it is necessary to
secure its safety against random passers-by. To protect it against theft, it is necessary to lock the control unit
in a watertight box, etc. Selection of fish that are to be tagged represents a relatively creative part of the test
of fishway function by means of passive transponders. Owing to the low costs per marking of a fish, hundreds
of fish can be marked at the same price that equals to purchase of 30 radio transmitters. Therefore, a much
wider species and size spectrum of a community can be used. This method also enables the easy tagging of
fish several weeks or even months before initiation of fish migrations. At the time of the testing itself, fish will
not be stressed and they will be in good physical condition.

3.8.5. Diadromy, potamodromy and the concept of river network restoration in the Czech Republic

Migrations of eel and Atlantic salmon have not been mentioned in the previous text. Migrations of both
these species are detailed in a large number of specialised publications (e.g., Baru$ and Oliva, 1995; Crisp,
2000; Tesch, 2003). It can only be emphasised that eel is turning into a species with a problematic future
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Fig. 3.8.11. The concept of the river network restoration in the territory of the Czech Republic.

all over the world, which is a result of inadequate protection, fast spread of a disease caused by parasitic
nematodes and also by hindering of their migration over artificial obstacles in the riverine environment.
Although salmon lost its fight with civilization in the Elbe River basin once already, there is an experiment
concentrating on restoring salmon’s spreading in the territory of the Czech Republic that is currently tak-
ing place. The first returns of isolated adult salmons into the Kamenice River provide evidence that the
efforts to restore the ecological function of the riverine environment are meaningful. In addition to salmon,
some other exterminated species of fish, sturgeons and lampreys can be expected to appear in the future
in the Czech territory. Diadromous migrations are represented in the territory of the Czech Republic by
catadromous migrations of adult eel towards the sea environment. Conversely, adult salmon undertake
anadromous migration. The concept of a river network restoration in the Czech Republic was suggested
for diadromous and potamodromous species (that live their whole life cycle in freshwater; Slavikova et
al.,, 2010). This official document of the Ministry of the Environment prepared the strategic framework for
removing migration obstacles by means of the construction of new fishways. The concept has two levels —
supranational and national priorities. Supranational bio-corridor enables migrations of diadromous species,
while the national bio-corridor is focused more regionally on migration of the potamodromous species.
However, those streams where migration of potamodromous species will also enable the spread of rare
bivalves, mainly pearl mussel and freshwater mussel Unio crassus, are preferred. Bivalves' larvae proceed
to a parasitic phase after the eggs have hatched. They attach to branchia where they nourish themselves

-121-



for several months. This host does fish no special harm, sometimes it might temporarily cause unpleasant
feelings. In this way, bivalves solved two problems in one evolutionary adaptation — nourishment in the
environment that is usually poor in food resources and migration to new habitats. Therefore, if migrations
of fish are hindered, the possibilities of bivalves are hindered as well. That is the reason why these streams
with the common occurrence of fish and rare bivalves were given priority to restore river continuity. The
prioritized streams can be seen in the Fig. 3.8.11. The main supranational migration corridors proceed from
the sea up the stream of the Elbe, Odra and Dyje Rivers and they copy the line up to the headwater areas.
Rivers with no large dam reservoirs or their cascades were selected for the supranational migration cor-
ridors. The reasons are evident - financial resources are limited and the setting of priorities is necessary in
general. In addition to that, it is known that the impact of dams on downstream stretches is often devas-
tating. A modified temperature and flow-rate regime change the quality of the environment, the native
communities are often replaced by non-native communities, or the native ones do not prosper and they
show a low biomass or species diversity (Kubecka and Vostradovsky, 1995; Slavik and Bartos, 1997). Last but
not least, it is necessary to mention also the fact that migrants would have no place to migrate to even if
they overcame the dams. Riverine fish species, such as barbel, nase carp or salmon would have no chance
to survive in the waters of reservoirs, such as Nové Mlyny on the Dyje River or Orlik on the Vltava River. In
addition to that, even river stretches upstream dam reservoirs are not usually in such a good ecological
condition to enable natural reproduction to rheophilic species. At present, the Elbe migration corridor is
thus directed into the Kamenice, Plou¢nice, Orlice and Berounka Rivers and into their headwaters and fish
inhabiting the Dyje River should first be enabled to migrate to the Morava River, and subsequently to the
headwaters of the Be¢va River.
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4.1. The basic analyses of populations of fish communities in streams (P. Horky)

Knowledge of the structure of fish populations in a given area or a fishing ground is crucial for correct
decision-making in the sphere of fishery management in open waters. Populations and factors that influ-
ence their growth and regulation were the subject of interest of professionals from the turn of the 18t and
19t century (Malthus, 1798). Population processes (birth rate, mortality rate and migration) are influenced
by a number of environmental factors and particular features of individuals that have a collective effect
on population dynamics (Jarosik, 2005). Knowledge of population dynamics, i.e. changes in population
densities in time, is a fundamental prerequisite for the efficient management of commercially used fish
populations in open waters. The subject of this chapter is not, and due to the limited space it also cannot
be, to document the current state of knowledge of population ecology. The purpose is to introduce basic
analyses of the status of fish communities’ populations in a given time period, regardless of the dynamic
development in time. To obtain deeper knowledge in the field of population ecology, the publications of
renowned authors (such as Jarosik, 2005; Berryman and Kindlmann, 2008) are recommended.

4.1.1. Data collection

Before data collection is initiated, it is necessary to consider what information on fish populations is
needed to obtain and also what resources (financial, time, etc.) are available for this purpose. Generally,
it is true, of course, that the higher quality of information, the more resources are required to obtain the
information. A summary of the relative ratio between the obtained information and their value is shown
in Table 4.1.1., which is based on the publication of Johnson and Nielsen (1983).

An overview of the main methods used to collect the data concerning fish communities is stated in
chapter 4.2.In running waters, a method considered as standard as well as the most commonly used is the
method of catching fish by means of a pulsating direct current (Jepsen and Pont, 2007). Output parameters
of electrofishing equipment should be adapted to the environmental conditions to ensure optimal perfor-
mance and to minimize the possibility of fish injury. In this regard, it is the conductivity and the temperature
of the aquatic environment in particular that play a significant role. Higher conductivity ensures higher
intensity of the electric field and thus sampling efficiency is also higher. The difference between the con-
ductivity of fish tissues and the conductivity of surrounding water increases together with the increasing
temperature. Fish are consequently caught easier, however, the risk of their injury or even death increases
as well. Electrofishing is standardized in the European Standard (EN 14011; CEN, 2003). The sampling usu-
ally progresses upstream. The required equipment and method of sampling vary according to the char-
acteristics of the locality. In wadeable localities, electrofishing is usually performed by means of portable
aggregates that ensure the good mobility of a sampler. The sampling in non-wadeable streams is necessary
to be performed by means of a boat and so-called deepwater aggregate that provides sufficient power for
the sampling of a larger volume of water (Fig. 4.1.1.). With regard to specific requirements for the sampling
of juvenile and adult fish communities, those samplings should be performed separately. A detailed pro-
cedure of juvenile fish sampling can be found in the methodology of Jurajda et al. (2006). Further informa-
tion concerning electrofishing can be found in e.g. Snyder (2003) and it is also elaborated on in chapter 6.1.
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Tab. 4.1.1. The ratio between the relative price and the obtained information concerning a fish community
(Johnson a Nielsen, 1983).

Activity Obtained information Re.latlve Details
price
Counting of species Number of present species 1 Basic planned activity to which relative prices
of others relate
Counting of individuals Relative abundance of present species, X2 Usually, the minimum required level of
of each species ecological or reproductive groups knowledge
Fish measurement Length composition of a population, x4 It adds a large amount of useful information
relative strength of individual year classes, at a relatively small unit of effort

relative growth, etc.

Fish weighing Length and weight relations, condition factor, x 12 Possible difficulties with accurate weighing
relative weight, growth, biomass, etc. of fish in the field conditions

Determination of age More accurate than use of length x 120 It requires additional equipment and
frequencies for determination of relative laboratory analyses with respect to the exact
strength of individual year classes, age methods necessary to kill an individual
composition of a population, growth of an (otoliths), for scale analysis there are possible
individual in each year, etc. errors dependent on experience of the

evaluator, trophic status of the locality, age
of an individual, etc.

Marking (conventional  Population size or exact growth of x 1200  Accurate and detailed information with great
marks, telemetry...) an individual (recapture), movement applicability, high cost of equipment

of individuals, used habitat, in case

of telemetry it can be supplemented

with used area (home range), energy

consumption, etc.

Fig. 4.1.1. sampling by means of the deepwater electrical aggregate (photo: P. Horky).
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In order to achieve adequate results when electrofishing, it is necessary to meet the basic requirements for
the selection of a representative stretch of a stream (Jurajda et al., 2006; Horky et al., 2011). This stretch should
conform to the general physical and ecological features of the assessed stream, especially in terms of the type
of occurring habitats and effects of various anthropogenic pressures. With regard to the time demands of
selecting an appropriate representative section in the field, it is appropriate to perform a preliminary inspec-
tion of the situation by means of available satellite maps (e.g. Google Earth). It should not thus occur that for
the general assessment of the status of fish communities, the sampling is performed only in the stretch of
stream directly below the sewage treatment plant outfall, etc. In the sampling itself, all types of habitats are
sampled in the ratio in which they occur in the representative section of a stream. This ensures proportional
composition of fish in the sample corresponding to a representative composition of the whole community.

An essential factor influencing the representativeness of the obtained data is also the size of the sampled
area/length of the stream. The optimal length of the sampled stream should correspond to its width that is
multiplied ten to twenty times, whereas the minimum length should be 100 m (FAME consortium, 2004).

The composition of the obtained sample is also influenced by the season. Sampling in the late summer
or early autumn (preferably the period from August to September; FAME consortium, 2004) is considered
to be standard. At this time, there is a long lasting minimum occurrence of extreme hydrological phenom-
ena and flow-rates generally remain at low levels, which facilitate sampling. It is also the period when many
fish species do not reproduce, the samples of the community are thus not influenced by migrants and at
the same time the electrofishing does not influence reproduction as such. At this time, the fish are also in
a good physical condition and they can bear the manipulation connected to the sampling itself far better.

4.1.2. Basic analyses

The starting point for further analyses is the recorded basic features of sampled individuals, such as
species, length, weight and also other information (gender, external damage, etc.). The obtained data are
subsequently subjected to meta-analyses where the species are combined into functional groups and
their proportional representation in a community is expressed (see chapter 3.2.). At the same time, the
abundance and biomass per unit of the sampled area and other indicators, such as the diversity of a com-
munity or its length and frequency composition, are determined (more details to be found in chapter 4.2.
or in Southwood and Henderson, 2000). The possibilities are relatively broad and further processing of the
obtained data depends on the questions posed.

4.1.3. Ecological status assessment according to the Water Framework Directive

The efforts to monitor the quality of the aquatic environment by means of various biological indices
began in the early 20t century (Kolkwith and Marsson, 1908, 1909). Since then, the methods of monitoring
have been modified several times until the most common assessment method was defined. Nowadays, it is
thus assessed by means of the structure and composition of the communities (an overview can be found
in Fausch et al., 1990). This principle was also adopted for fish communities that were initially assessed by
means of the index of biotic integrity (IBI, Karr, 1981), the subsequent index EFI (European Fish Index; FAME
consortium, 2004), or alternatively, by other derived indices (Jepsen and Pont, 2007). These indices predict,
on the basis of abiotic parameters, the composition of the reference community and consequently, they
compare it with a real community in a given locality. The ecological status, i.e. ecological quality of a com-
munity, increases with mutual similarity of the reference and real community. For a successful assessment of
ecological status carried out by this approach, it is therefore important to know the abiotic parameters, since
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these parameters influence and change considerably the composition of fish communities (see chapter
3.2.).The assessment of fish communities by means of various modifications of the index of biotic integrity
represents the basic approach leading to determination of the ecological status of water bodies according
to the Water Framework Directive (2000/60/EC).

A methodical approach based on sampling of juvenile fish communities, that has been successfully
tested in the Czech territory since the 1990s, has been used in the Czech Republic in order to assess the
ecological status according to the Water Framework Directive (Slavik and Jurajda, 2001). Juvenile stages
of individual fish species occupy specific habitats that are associated with their ecological requirements
(Kryzhanovsky, 1949). Sampling thus brings information about available reproductive habitats in a given
locality (Oberdorff and Hughes, 1991; Copp, 1992) as well as ecological functionality and integrity of the
entire river system (e.g. Copp, 1989b; 1992; Oberdorff et al., 1993; Schiemer et al., 2003). Juvenile stages of
fish are also sampled more easily in large streams than adult fish (Cattanéo, 2005) since they occur in shal-
low shoreline zones (Schlosser, 1987). The obtained samples of juvenile fish thus better correspond to the
real composition of fish communities in the assessed localities (Cattanéo, 2005). The great advantage of
sampling of juvenile communities is also the fact that they are minimally influenced by stocking and they
correspond thus better to the real ecological status of the assessed locality. The stocking of fish is just resolv-
ing the consequences and not the causes of the unsatisfactory status. The causes are based, for example, on
the lack of suitable habitats, and they can significantly distort the obtained data. It was also demonstrated
on the Great Ouse River in England where the stocking of fish has been proved as an inappropriate solu-
tion to the reduction of the impact of anthropogenic modifications of the stream that caused either the
complete disappearance (Maintland and Lyle, 1991) or insufficient reproduction of some species (Copp,
1990, 1992; Copp and Mann, 1993). From a practical point of view, sampling of juvenile fish communities is
less time-, personnel- and material-demanding than sampling of adult fish. In the case of an experienced
person, the determination of juveniles takes almost the same amount of time in laboratory conditions than
that of adult fish in the field. The disadvantage of sampling of juvenile communities is the impossibility to
determine detailed characteristics, such as length-frequency composition of populations, or their higher
susceptibility to be influenced by extreme flow-rates (Schlosser, 1985; Cattanéo et al., 2001; Freeman et al.,
2001). These disadvantages, however, are insignificant with respect to common monitoring because suf-
ficient natural reproduction of a given species indicates the vitality and healthy development of the entire
population (Houde, 1994) and flow-rates variability explains the composition of samples of juvenile fish
from less than 10% (Cattanéo, 2005). An undesirable effect of flow-rates variability on the obtained data
can be further decreased in such a way that relative data (% representation of species or groups) will be
used for the assessment, which are less susceptible to be influenced by the flow-rates (Cattanéo et al., 2002).

Details about the assessment of the ecological status by means of juvenile fish communities in the Czech
Republic in accordance with the requirements of the Water Framework Directive can be found in the meth-
odology written by Horky and Slavik (2011). A detailed description of the development of the modified
typology and the subsequent Czech multimetric index of assessment (CZI) is part of this methodology. The
composition of expected reference communities was, for assessment development purposes, expressed in
values of various metrics. The pre-selection of metrics was implemented on the basis of their ecological rel-
evance and anticipated ability to detect degradation of a community according to the anthropogenic pres-
sures’ effects (Noble et al.,, 2007). In order to identify the differences from the reference status, these met-
rics were expressed as the so-called Ecological Quality Ratio (EQR), i.e. the ratio between the observed and
expected values. The final selection of metrics was implemented on the basis of their ability to distinguish
between reference localities and localities that were influenced by anthropogenic pressure. This procedure
led to the selection of the following metrics: the occurrence of typical species, the total abundance, rela-
tive abundance of rheophilic species that prefer running waters and relative abundance of eurytopic spe-
cies that are not specialized in a certain stream type and that are resistant to a change of the environment.
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The final form of the Czech multimetric index (CZI) that is used for determination of the ecological qual-
ity of streams according to fish communities is:

(Tq+A+Ry)-(Ey

4

T4— EQR of occurrence of typical species

A - EQR of total abundance

R4 - EQR of relative abundance of rheophilic species
E4 - EQR of relative abundance of eurytopic species

With regard to the naturally low abundance of fish at an altitude above 800 m, the A-metrics (EQR of
total abundance) was not capable in these conditions to distinguish between reference and non-reference
localities. Based on this fact, the CZl for altitudes above 800 m was modified and its subsequent final form
does not contain the total abundance.

The CZI for altitudes above 800 m is:

(T, +Ry) - (Ey)
czi=

The relative abundance of rheophilic fish species is generally considered to be a metric whose value
increases with the improving ecological status of streams. However, chub (Squalius cephalus), which is also a
representative of rheophilic species is more resistant to anthropogenic pressures than the remaining mem-
bers of this group. With respect to this fact, the community formed by chub may achieve a high proportion
in the representation of rheophilic species, which does not necessarily mean good ecological status of a
stream. In order to solve this situation, a correction was made in the calculation of the CZI that will automati-
cally reduce the value of rheophilic species if chub is the only rheophilic species that occurs in a given locality.

4.1.4. The applied use of analyses of fish communities

Analyses of fish communities offer many possibilities for practical application. An example can be quan-
tification of the effect of anthropogenic influences by means of indices of biological integrity. With regard
to the Czech multimetric index (CZI), sensitivity to artificial obstacles in a stream or chemical pollution was
thus proved (Horky and Slavik, 2011). The value of the CZI decreases with the increasing number of obstacles
in a stream and with the decreasing distance between these obstacles that is expressed in the relationship
to the stream length. In other words, the more obstacles and the shorter distances between them there
are in a stream, the more a fish community is deflected from the reference status in a given locality. The
reaction of the CZI to chemical pollution is inconclusive if we consider all localities. However, if we consider
only those localities with low morphological pressure, the reaction of the CZI to chemical pollution is sig-
nificant, whereas the CZI reaches higher values in localities with a low chemical pressure (Fig. 4.1.2.). Amore
complex solution is required for testing of a set of pressures that are acting in a locality altogether. For this
purpose, D. Pont and O. Delaigue have developed the so-called “pressure index” within the scope of fish
intercalibration that includes the value of 17 individual pressures that are exerted on fish communities. The
CZl reacts significantly to this index and its value increases with the decreasing level of acting pressures.
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Fig. 4.1.2. The CZI vs. chemical pollution (Horky and Slavik, 2011).

The management of endangered species of other classes belongs among interesting possibilities on
how to use the knowledge about fish communities’status. Freshwater bivalves of the Unionoidea superfam-
ily represent a group of endangered species whose life cycle is closely dependent on fish. These bivalves
have a short-term developmental stage (the so-called glochidium) that represents a temporary fish para-
site (Korschelt, 1912). The ability of glochidia to attach to a host fish is in most cases species-specific (e.g.
Barnhart et al., 2008; Strayer, 2008). The full transformation of glochidia into a viable juvenile individual
that falls off fish after several weeks is thus possible only with respect to specific host fish species (Dillon,
2000). The poor ecological status of a fish community that is related to lack of suitable host species can thus
cause bivalves to disappear in affected localities (Douda et al., 2012). Knowledge about the status of fish
communities and their subsequent management are thus crucial for protection of endangered bivalves
and these should be included in their rescue programmes as well.
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4.2, The basic analyses of populations and spatial distribution of fish communities in lakes and
reservoirs (J. Kubecka, T. Jiiza, M. Prchalovd)

This chapter provides an overview of analyses of fish communities which are necessary for at least a general
understanding of the ecological status of fish stock in reservoirs or lakes. The scope of the chapter only covers
basic analyses. Depending on the different needs, more advanced analyses, for example, analyses of fecundity,
growth, food, health condition, etc., may further follow these basic analyses. The basic knowledge of fish stock
includes information about spatial distribution, fish species and age composition. Should this information be
available for alonger period of several years, we can think about the factors that cause changes in individual fish
populations, the favourable and unfavourable conditions causing emergence and further survival of different
species’year-classes which are of different strength. Such continuous monitoring is referred to as monitoring
of fish communities. In order to monitor the status of fish communities in lentic waters, a methodical guide
(Kubecka et al., 2010) that distinguishes between three basic types of monitoring of fish stocks, was published:

1.The basic monitoring of fish communities for the application of the Water Framework Directive. For this
purpose, the framework knowledge of abundance, biomass, spatial distribution, species and age composi-
tion of fish communities in all major volumes of a reservoir in order to define ecological status or potential
of a given water body, should be sufficient.

2. Some of the more derived purposes (e.g., explanation of the dynamics of fish catches, scientific sam-
pling, basic data for decision-making on the management of fish stocks and their commercial value) require
more detailed information based on more representative material with mastered error as a consequence
of selectivity of fishing gear and spatial heterogeneity of fish occurrence (known probabilities of errors of
estimations, confidence intervals, etc.)

3. Monitoring of fry communities represents a completely independent and methodically distinct chap-
ter. In the reservoir and lake environment, the sampling method of fry communities depends considerably
on the ontogenetic stage of development of the monitored fish species (Jlza and Kubecka, 2007; Jiiza et al.,
2010) and the fry habitat. Fry sampling methods are described in chapters 6.1 and 6.2. Night fry trawling and
fry seining are usually relatively quantitative methods and provide absolute estimations of fry communities.
Point sampling by electroshocking and fry samples from multi-mesh gillnets are, on the contrary, typical
examples of semi-quantitative relative values (catch per unit of effort, see below for details).

4.2.1. Methods for determining the amount of fish, estimation of fish stocks

Various procedures for estimating fish stocks, which differ in difficulty and the quality of the information
obtained, have been elaborated for different types of waters.

Absolute methods

The results of these methods are the most valuable because they provide, in optimal cases, absolute
numbers and biomasses of fish per unit of area or volume, and also usually real species and age composition.

Draining

This is the simplest and a very accurate approach in places where it is feasible (aquaculture fishponds).
The main requirement on the quality of the results is, in this case, that none of the monitored fish escape
during draining. Ideally, the entire drained volume is filtered through a rack or net systems. In the case of
open waters, in practice draining is conducted very rarely, some minor waters can also be pumped out. In
any case, draining requires a significant intervention in the ecosystem.
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Methods based on the decrease in catch per unit of effort due to repeated samplings

These approaches can usually be used in smaller localities where each sampling run can decrease the
abundance of a community in such a way that it has an impact on the catch of the following run. Typically,
these approaches are used within electrofishing in wadeable running waters (see chapter 6.1.), but they
can also be successfully used in smaller lentic waters.

Mark and recapture methods

The principle of these methods is sampling, marking and releasing a sufficiently high number of indi-
viduals that are recognizable by the marking in order that a sufficient number of recaptured fish is achieved
in subsequent samplings. The simplest procedure (Petersen’s method) assumes the calculation of abun-
dance (N):N=M.C/R, where M represents the number of marked and released fish, C represents the size
of the catch in which the ratio of marked to unmarked fish was subsequently examined, and R represents
the number of marked and recaptured individuals. The approach is particularly effective in smaller waters,
but it has been applied repeatedly in valley reservoirs as well. The marking approaches have been sum-
marized recently in a publication written by Amstrup et al. (2005).

Destructive methods, such as poisoning or use of explosives, are no longer used in the Czech territory
for ethical reasons. In exceptional cases, the composition of fish stock can be determined on the basis of
fish that have died due to pollution accidents.

Area methods

The principle of these approaches is preferably the quantitative sampling of representative areas if it can
be assumed that a similar community is also present in the surrounding non-sampled areas of a reservoir
or a lake. In vast and indented waters, it is usually impossible to sample all present habitats by means of
one method only. For example, night hauls using seine nets, where highly satisfactory quantitativeness for
nets longer than 50 m was produced (Riha et al., 2008 and 2011), are used successfully in reservoir shoreline
habitats, such as beaches. The night pelagic trawling also meets the requirements for relatively quantitative
estimations of the amount of fish in open water (Rakowitz et al., 2012; Riha et al., 2012). An assured method
can be considered to be such method where verification of quantitativeness (efficiency) of sampling (ratio
of individuals actually present to individuals estimated in the sample area) was performed. Quantitativeness
verification can then provide correction factors that are based on sampling method efficiency. The use of
area methods is more difficult in structured habitats (rocky bottoms, stumps, vegetation, etc.), where it is
often very difficult to ensure high and defined quantitativeness of sampling. Special cases of area methods
are hydroacoustic and optical approaches. Since they are very important for fishery management and they
differ essentially from other direct capture techniques (these approaches are described in chapter 6), these
methods will be described in detail in a special section.

Hydroacoustic methods are those in which ultrasound devices, such as an echo sounder or sonar, are
used for detecting the quantity, spatial occurrence and size composition of fish under water (Simmonds
and MacLennan, 1995). Simple echo sounders with LCD displays are used for detecting bottom depth and
simple fish presence. Scientific echo sounders that save the data recorded, to be subsequently processed
by special software, are used for estimations of the number of fish. The frequency of ultrasound of scientif-
ic echo sounders for studying fish usually ranges from 20-500 kHz and devices with a so-called split beam
are used most often (Fig. 4.2.1.,4.2.2.). Fig 4.2.3. shows the type of information that is processed by modern
scientific echo sounders. The ultrasound transmits in short pulses, one transmission is called the ping and
it spreads in the shape of a conical beam. After the ping is transmitted, the receiver waits for the echoes
returning from the aquatic environment, especially from objects that have a density different from water
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(gas in the air bladder, vegetation, and bottom). The time spent waiting for the echoes is proportional to
the distance of the affected objects. Scientific echo sounders measure the distance within an accuracy of
2-3 cm and each registered object is measured several times (upper left part of Fig. 4.2.3.). Individual pings
are inserted one-by-one into the echogram (right panel of Fig. 4.2.3.), where the X-axis represents time and
the Y-axis represents depth (range). The track length of each object depends on the length of stay in the
acoustic beam. Records of individual fish usually have around 10 pings and a defined thickness. Shoals of
more individuals are then shown on the echogram as larger and wider spots. The colours are proportional to
the strength of the reflection, which is usually the strongest from the bottom. Multiple echoes are combined
with estimations of the quantity of fish by echo-integration of the total reflected energy. An alternative
method is echo-counting in which individual fish echoes within a certain distance from the centre of the
acoustic beam are analyzed. The quality record is characterized by the fact that for each ping it is possible
to record the position of a fish in the XY-coordinate system (lower left panel of Fig. 4.2.3.). The distance of
each record from the beam axis thus actually determines the examined volume and subsequent records
of fish movement through the beam verify their membership to one individual and improve the determi-
nation of the acoustic size of an individual (echo strength). This can then be converted to length or weight
according to sophisticated relationships and thus complete the calculation of abundance or biomass.
The record in Fig. 4.2.3. and the indicated procedure of the calculation concerns vertical echolocation
when fish stock is monitored mostly from the water surface towards the bottom. In eutrophic waters of
Central Europe, it is almost always necessary to also use horizontal echolocation together with vertical
echolocation, since it is able to cover fish in smaller depths far better. In special cases, it is also possible to
perform reverse vertical echolocation when the transmitter is located at the bottom or on a submersible
watercraft. The best monitored layers are then the layers just below the water level (Fig. 4.2.4.).

Fig. 4.2.1. Transducers in the fore part of the research vessel exploring the reservoir (photo: FISHECU archive).
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Fig. 4.2.2. Transducers in the fore part of the research watercraft. A: Elliptical 120 kHz transducer for horizontal

“beaming’, B: Didson acoustic camera, C: Transducers for vertical surveying: 38, 120 and 400 kHz (photo: FISHECU archive).
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Fig. 4.2.3. An example of a vertical echogram during an analysis in the Sonar 5 PRO software. The echogram
appears in the right-hand side of the screen. The top left window shows signal intensity with fish echoes of different
strengths (hills on the 3D echogram, the height and colour of the hill are determined by acoustic volume backscatte-
ring strength Sv). The bottom left panel shows successive records of one fish on a beam cross-section (XY Cartesian
coordinate system in metres). The record that is marked with the highlighted square was the last one before the fish
left the acoustic beam.

Fig. 4.2.4. Diagram of basic echo sounder surveys - vertical (A), horizontal (B) and reverse vertical (so-called
up-looking) (C). In each case, ultrasound samples the volume of a conical shape. There is usually a short so-called dead
zone in the vicinity of the transducer, the bottom and water level, where the record cannot be used for fish detection
(hatched areas in the beams).
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Split-beam type echo sounders provide a three-dimensional image of individual fish occurrence (not fish
in shoals) at one instant in relatively narrow conical volume (beam angle less than 15 degrees). Scanning
or multi-beam echo sounders, some are also referred to as acoustic cameras, provide a better and larger
three-dimensional image. These systems put together information from many pings or beams into a com-
pact two to three-dimensional image, in a similar way as an insect eye functions. For example, the DIDSON
multi-beam sonar can simultaneously record information from 96 sectional beams with the dimension of
0.3 degrees and thus it covers the angle over 30 degrees (Fig. 4.2.5.). Some multi-beam sonars have high
ultrasound frequencies (DIDSON 1100-1800 kHz, ARIS up to 3000 kHz), therefore, it is possible to observe
some structures on a fish body (shape of the body, fins) and projections of a body on the background
(acoustic shade). All these features help to detect fish species that are indirect and very difficult to recog-
nize with classical echo-sounders. The disadvantage of the high-frequency devices is the short distance of
a quality signal (20 m maximum).

Fig. 4.2.5. Bream in the Elbe River on the record of a DIDSON multi-beam acoustic camera. The view is incli-

ned from the water surface towards the bottom and it is possible to see the fish and its shadow on the bottom appro-
ximately 3 m from the camera (photo: M. Tuser)
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Optical observational methods

Optical observational methods, either direct observation of scuba divers or indirect observation by
means of camera systems, are universally considered suitable for determining composition and abundance
of fish stocks in their natural environment (Murphy and Willis, 1996). Similarly to acoustic methods, optical
observational methods are also used mainly in the sea environment. The use of optical methods in freshwa-
ter is mainly limited due to low water transparency, which strongly influences accuracy of the estimation.
The visual approach has been successfully used in Czech conditions for counting spawned eggs of European
perch (Cech et al., 2011). It is probable that the acoustic and optical approaches will be intensively devel-
oped in the near future, since these methods interfere in the life of the examined communities the least.

Relative methods

Relative methods are used if absolute approaches are too time-consuming and expensive. These meth-
ods can be used advantageously if some catch effort in a given water body is carried out regardless of
research activities (e.g., sport or commercial fishing).

Analyses of fishery statistics

The analysis of statistics relating to fish stocks and catches represents the simplest attempt to determine
status. This approach is fundamental for analysis of the development of commercially interesting species and
management efficiency. The trends in catches and returns can indicate changes in management conditions
or differences among individual fishing grounds. It is always necessary to remember, however, that especially
catch statistics are influenced by anglers” behaviour and by the development of their technical possibilities.
Introduction of catch effort monitoring in the form of fishing visits represents a very positive measure. Catch
statistics have thus made a move towards recording catches per unit of effort (see below for details). The
trouble is, of course, that visits from different anglers can have different validity from the catch point of view;
however, the mistakes are partially eliminated by the large number of catch records. It can thus be traced
how great the pressure is that fish in different grounds are exposed to and the catch per visit represents the
simplest rate of abundance of a given species in a fishing ground. Currently, there are not enough analyses
available that would assess the impact of catch effort on the success rate of anglers in Bohemian and Moravian
reservoirs. This is caused by, among other things, the fact that the effort has been monitored for a relatively
short time period and only in certain fishing grounds. There is no doubt that, in the course of time, information
concerning catch effort, in connection with detailed information about catches of individual species, will be
used in order to enhance fishery management. The quality of catch statistics can be verified and other specific
information can be obtained during direct inspections of sport anglers’ catches directly in the terrain, which
is the so-called creel census. In countries with a developed commercial fishing industry (mainly marine coun-
tries) catch statistics can be used as rates of abundance and biomass of harvested species.

Estimations of relative abundance or biomass according to catches per unit of effort by means
of research devices

Thereis a whole range of defined sampling methods that produce, if applied correctly, the defined catch
per unit of effort (CPUE, sometimes also C/f; BPUE for biomass). Nowadays, the standardized area catch
rate (usually 1000 m?) of multi-mesh gillnets is by far the most frequent estimation of relative abundance
(see chapter 6.2., examples of the use as the BPUE are also stated in Fig. 4.2.12.). In order that the catch
per unit of effort reflects the real amount of fish, the catch effort must be standardized in relation to time
of catch, season and the possibility of net saturation by a larger amount of fish in a catch (Kubecka et al.,
2010; Prchalova et al., 2010 and 2011).
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4.2.2. Typology of lentic water habitats

Fish communities do not inhabit reservoirs and lakes equally. For each monitoring of fish stock it is essen-
tial to know which habitats the given water body contains. On the basis of the lake model, there are three
basic environments in lentic waters that differ in fish stock composition: shoreline shallow habitats - littoral
zone, open waters - pelagial zone and deeper bottom habitats — profundal zone (Fig. 4.2.6.). The following
passages describe general patterns in fish use of habitats during the high growing season in Czech and sur-
ounding waters. The peak growing season (August to September) represents the season when the repro-
duction period is over (or has not yet started), fish communities fully use production resources of a reservoir
and distribution changes connected to wintering are not yet to occur. This season is the most suitable for
determining the fish stock status.

BENTHIC HABITATS PELAGIC HABITATS

littoral: 0-3 m
upper slope: 3.1-6 m
middle slope: 6.1-9 m

upper open water: >4.5 m )
middle open water: 5-10 m

lower slope: 9.1-12 m

lower open water: >10 m

slope 15:12.1-18 m

slope 20: >19 m

Fig. 4.2.6. Diagram of basic habitats on the cross-section profile of a dam reservoir: shallow littoral zone in
depths where light is falling, open water and deeper bottom (benthic profundal) habitats. According to the gillnet
standard EN 14757 (CSN 757708), shallower benthic habitats are classified after three metres. There are usually not
too many fish in large depths and the classification can be less detailed. Five-meter levels were usually used for verti-
cal classification of pelagic habitats, however the development moves towards using the same 3 meters intervals in
open water as well.

Shoreline shallow habitats - littoral zone

Shoreline habitats are always present in comparison to other habitats. These habitats are often overgrown
with aquatic vegetation in close-to-nature conditions. The littoral fish community is usually more diverse, espe-
cially if aquatic plants are present. In the majority of valley reservoirs, the water level fluctuates a lot, which
has fatal consequences for littoral vegetation. Genuine aquatic submerged vegetation is often missing, only
if the water level is increased, shoreline wetland vegetation is flooded, which is the most important during
the spawning period. A community is usually the most varied even in reservoirs with strongly impoverished
littoral (no living plants), since there is a combination of favourable temperature and oxygen conditions with
the presence of substrate and shelters. A community is thus formed not only by abundant species that occur
elsewhere too (roach, bream, silver bream, bleak, rudd, carp, asp, European perch, pikeperch, ruffe, eel and
catfish), species seeking structures and plants (pike, tench and crucian carp), but also by shoreline specialists
who use absolute shallow waters as shelters against predators (young dace and gudgeon). Non-specialised
abundant fish species (adult bream, roach, pikeperch, carps, European perch, ruffe) often stay during the day
further away from the shore and set out to shallow waters towards the night (Riha et al., 2011). Conversely,
age-zero fry of many species live by the shores during the day and swim out to open waters at night. This
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behavioural pattern is, with respect to Czech species, typical mainly for bleak and also partially for roach.
Bream and pikeperch fry swim out to open waters at night as well. These two species, however, do not inhab-
it the shallowest littoral zone during the day but prefer to stay in deeper parts of shoreline zones (bream) or
close to the bottom and in deeper open waters (pikeperch). Littoral European perch fry prefer the littoral
zone during the day and night and do not usually undertake mass migrations to open waters for the night.
Night abundance of European perch in the littoral zone is, in comparison to daily abundance, usually higher.

Presence of ruffe was detected by means of common fry sampling techniques (see chapter 6.2.) not
only in the pelagial zone, but also in the littoral zone only during the night hours. During the day, ruffe fry
probably inhabit deeper bottom habitats that are not accessible to common techniques of fry sampling.
Fry of other less valuable species in dam reservoirs (asp, dace, chub, and gudgeon) prefer the littoral zone
during the day and night and migrations to open waters are very rare.

Open water - the pelagial zone

Open water represents often, with regard to larger waters, the biggest volumes present. Open water
provides neither any structures nor shelter and therefore, it is less used by most species. This is the reason
why zooplankton food resources are often larger in these zones than in shorelines, which is advantageous
for those species and year-classes that decide to settle in open waters. If they are endangered by preda-
tors, they must rely on their own escape abilities, and at the same time, they must be able to use the plank-
ton that is dispersed in the water as their food supplies. From the small number of European species that
have adapted to open waters, it is possible to list whitefish (Coregonus), which represent in Czech condi-
tions practically the only group of adult fish that efficiently use the food resources of deeper parts of large
waters. Silver carp and bighead carp show a considerable affinity to the pelagial zone as well. There are
several fish species even among non-specialised species that are able to use open waters efficiently. These
are, in particular, adults of roach, rudd, bleak, asp and common bream. Cyprinid species have developed
an interesting strategy in open waters, the so-called sinusoidal cycling swimming pattern, when fish swim
up and down and seek clusters of zooplankton visually by looking against dark depths or bright sky (Cech
and Kubecka, 2002). Another interesting fish community in open waters is ichthyoplankton, the age-zero
pelagic fry. In addition to the so-called epipelagic fry that live close to water surface and the littoral fry that
live in littoral zone, the so-called bathypelagic fry of European perch and pikeperch have been discovered
to stay in the deeper layers of 8-12 m during the day and during the evening move up towards the water
surface where they gain most of the food (Cech et al., 2005). Fry and one to two-year-old fish of other spe-
cies (bleak, bream, roach) set out to open waters to forage for food during the night hours as well.

Deeper bottom habitats - the profundal zone

Deeper bottom areas represent a significant habitat for fish, especially with respect to mixed waters
where sharp temperature stratification does not occur in the summer. As far as deeper waters are concerned,
these habitats are often very cold during the growing season and contain less oxygen, which considerably
decreases their importance for fish life. Percid species - ruffe, European perch and pikeperch show prefer-
ence for deep habitats. Especially with regard to piscivorous species, the largest individuals often occur in
deeper bottom habitats of mixed waters. In autumn, when the water mixes up and temperature and oxygen
concentration become homogeneous, deeper layers are used by most adult fish for wintering.

Besides the above-mentioned classification of a reservoir on cross-section profile, classification on the
longitudinal profile is also usually very important. This classification is very important with respect to elon-
gated canyon-shaped water bodies where the tributary sections are distinguished by considerably higher
productivity and densities of mainly cyprinid fish which are multiple times larger (Fig. 4.5.7.; Vasek et al.,
2004; Prchalova et al., 2008 and 2009a). Differences in the amount and composition of fish in tributary and
lake sections predetermine the fact that both habitat types should always be monitored.
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Fig. 4.2.7. lllustration of the longitudinal profile of a deep valley reservoir under the usual conditions during
summer stratification. The inflowing river (R) is usually colder than the upper layer of the reservoir (epilimnion, E);
therefore, it usually plunges, on the basis of its density, into depths that correspond to the thermocline (metalimnion,
M). The biggest primary and secondary production, and by far the biggest amount of fish (marked by dotting), are in
the inflowing section (tributary part) of the epilimnion lower downstream from the plunging point. Lacustrine secti-
ons usually have multiple times less fish. Less fish usually also occur in the reduced zone of a river (slowed river) that
is filled up with river water without reservoir plankton. The layer under the metalimnion is called the hypolimnion (H).

4.2.3. Species diversity and dominance

Information about abundance and fish species composition is the main characteristic of a fish community
inhabiting a given reservoir. The most essential information is the presence/absence of a given species. If we
study the presence/absence of the monitored species in time, we talk about their constancy. Better informa-
tion value is contained in the description of species dominance, or proportions of individual species in total
abundance, or alternatively biomass (also called species composition, the proportion of i-th species P,= N/N,
N; = abundance of i-th species, N is the total abundance of the pattern, P; is usually expressed in %). Species
composition differs among localities and habitats, therefore, it is the most accurate to perform its weighing on
the basis of volumes of individual habitats (Lauridsen et al., 2008). Practically all typologies assessing fish com-
munities in lakes and reservoirs are based on more or less weighted species composition. Primary sources of
this composition are usually the CPUE of gillnets. An example of biomass composition of the fish community in
the Zelivka Reservoir and the weighted average composition of the fish stock as a whole is shown in Fig. 4.2.8.

In order to characterize diversity of a fish community as a whole, the Shannon-Wiener diversity indices
are usually used:

H=-3P.InP, Note: numeric values differ with respect to the kind of logarithms used

or alternatively, it is possible to use the Simpson diversity indices:
DIV=1-3(P)?

Species diversity consists of two components — species richness and species evenness. The majority of
fish populations have a relatively low species evenness since most individuals belong to the small number of
so-called eudominant species. The species evenness component can be quantified with the use of the max-
imum value of the Shannon-Wiener index H, .. for a given number of species by means of the equitability
index:

EQ=H/H,,,,
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Besides the simple species composition, metrics that are derived on the basis of relative or absolute
occurrence of various ecological fish guilds will probably be used increasingly to determine ecological
quality or ecological potential (ecological fish guilds are classified according to ecological tolerance — with
an emphasis on sensitive, indicative species whose preservation and support should become a priority,
methods of reproduction, food behaviour, selectivity towards habitats, etc.) The main ecological guilds
are listed at the end of chapter 3.2. The main guilds of ecologically sensitive fish species in reservoirs and
lakes are as follows:

species connected to less productive systems (salmonid and whitefish species, burbot and perch) in the
sense of lake and reservoir succession described in chapter 3.5;

phytophilous species in valley reservoirs that are limited by spawning substrate, water level fluctuation
(the risk of the spawned eggs drying) and shelters (pike, tench, loach species);

valuable piscivorous fish (trout, pike, pikeperch, eel, or alternatively catfish). These species are exposed
to excessive harvest not only by anglers, but also poachers. As a result, fish communities are insufficiently
balanced and a considerable predominance of non-piscivorous fish can emerge.

Some examples related to information about ecological fish guilds and calculations of biotic integrity
are mentioned in chapters 3.3 and 3.4.

In order to characterize the composition of fish stocks, so-called structural indices describing commu-
nity equilibrium are often used. These indices are derived for the most part from classical studies written
by Swingley (1950). The so-called F/C coefficient is used the most often and this coefficient considers the
weight of present non-piscivorous forage fish (F) and the weight of carnivorous fish in a community (C).
There is a close relationship between the F/C coefficient and the proportion of carnivorous fish in a pop-
ulation (top panel, Fig. 4.2.9.). For populations in equilibrium, the F/C coefficient should range from 4 to 6
(15-20% of carnivorous fish biomass; populations have the biggest growth rate and production within this

100%

80%

60%

40%

Species composition

20%

B bream [Jroach [l perch [ bleak
[l pikeperch [] Coregonus EH asp ruffe
B catfish B carp [l others

Fig. 4.2.8. An example of fish species composition in different habitats of the Zelivka Reservoir and the total
weighted composition in the reservoir in 2010 (last column).
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Fig. 4.2.9. The values of the F/C coefficient obtained from 116 fish species compositions in open waters of
European reservoirs (lower part) and dependence between percentage proportion of carnivorous fish and FC
(upper chart).

range) with a possible fluctuation ranging from 3 to 10. Fig. 4.2.9. shows that in almost half of the cases the
discovered F/C values exceeded the value of 10 and that there are too many non-piscivorous foraging fish.
This is usually caused by the high harvest of carnivorous fish.

Food provision of carnivorous fish is expressed by the ratio Y/C, where Y indicates the biomass of suit-
able forage fish in terms of size. Optimal values range from 1 to 3, values below 1 represent an excessive
number of carnivorous fish; values above 3 usually represent that a large part of forage fish production is
not assessed by predators.

The demographic status of the population can be expressed by the ratio of juvenile to adult fish, or alter-
natively, by the ratio of age-zero to older fish. Both ratios are dependent on the size selectivity of source
data since there is a prerequisite that the size range should be as large as possible (there are not many
sampling techniques that cover a community from young up to adult fish).

4.2.4. Sex, size and age composition

Information concerning sex ratio is part of the basic information about each fish population. Dissimilar
genders can inhabit different habitats, grow to a different size and play different ecological roles. Female
composition represents an essential parameter for considering the reproductive potential of a population
(chapter 3.6.). Gender is usually easily recognizable in the spawning period with respect to sexually mature
individuals. Outside the spawning period, the gender of most species can be distinguished only from the
anatomical point of view, and therefore, sex composition has not become a regular part of the basic infor-
mation about a fish stock. However, determination of sex composition should be carried out especially in
such cases where destructive fishing methods (gillnets) are used.

Size composition represents other main information about the population (the lower part of Fig.
4.2.10.). It can be acquired in such a way that we measure a large sub-sample of catch (preferably hundreds
of fish) on a measuring board. In order to be able to compare the data, it is necessary to decide whether
the lengths would be determined as standard lengths (to the end of scale cover), fork length (to the end of
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Fig. 4.2.10. Example of length (lower panel) and age (upper panel) composition of roach population in the
Lipno Reservoirin 2010.

the middle caudal fin rays) or total length (includes the entire caudal fin). Size composition provides infor-
mation concerning proportions between small, forage or alternatively trophy individuals in a population.
If interpreted in terms of age composition it also provides very valuable information about population
dynamics (see below for details).

Representativeness of size composition is a very serious issue. The need to know reliable ratios of pro-
portions of individual size groups encounters the size selectivity of catches, which is mentioned in chapter
6.3. For example, size composition from multi-mesh gillnets, according to the European Standard EN 14 757,
belongs to relatively non-selective one, however, small fish sized up to approximately 10 cm are consider-
ably undervalued due to mechanical reasons (Prchalova et al., 2009b). In such a case, when assessing size
composition, we must always keep in mind what groups were under or overvalued. In Fig. 4.2.10,, it is evi-
dent that the first two year-classes were undervalued and their share in roach population was probably
considerably higher than the catch shows.

With respect to the fact that analyses of age composition represent a relatively complicated procedure,
there has been an effort, in more simple cases, to get round age determination by means of size indices.
The most frequently used index is the proportional stock density index (PSD, Anderson and Neumann,
1996; in the past, practically the same calculation was referred to as the A, coefficient; Hol¢ik and Hensel,
1972): PSD = the number of fish satisfying catch limits/total number of fish x 100 in the stock (expressed
as a percentage). This index can also be applied for species that do not naturally reproduce in a reservoir;
therefore, their smallest size is determined by the smallest stocked individuals. As far as fish with natural
reproduction and with all size groups are concerned, the problem to determine the number of fish in the
stock arises (usually it is necessary to define the minimum size limit for inclusion in the total fish number
artificially considering the size selectivity of a sampling method). The usual PSD in American waters ranges
from 30 to 60% (Brouder et al., 2009) and in addition to the basic catch rate, PSD for more valuable catches
of anglers are determined as well (quality, preferred, memorable or even trophy catches).

In addition to length, body weight represents the second main parameter describing size. It is possible
to carry out weight calculations that are similar to length calculations; however, a more common procedure
is to compare length and weight in order to determine the weight condition. The simplest procedure that
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Fig. 4.2.11. An example of comparison of weight characteristics of common bream populations in the
Rimov Reservoir (black triangles and bold lines) and in the Véstonickd Reservoir (Nové Mlyny Il, empty diamonds
and thin lines): Comparison of linear and bilogarithmic expression of the length-weight relationship (left panels), Ful-
ton’s coefficient and relative weight W, These comparisons show better weight condition of fish from the Véstonickd
Reservoir with respect to larger fish.

compares weight with the third power of length (it works on the assumption of three-dimensional weight
growth, the most common relationship is Fulton’s coefficient of condition K. = 100000 * W / L3 where
W represents weight in g and L represents length in mm) is being gradually abandoned because it is not
entirely able to reflect changes in allometry of length and weight with respect to fish of different sizes.
In order to describe the dependence of weight on length, the so-called length-weight relationship is used:
W =a*L? where aand b are regression coefficients determined by non-linear regression of the relationship
between W and L or linear regression of the log-transformed relationship logW = a + b * logL (Fig. 4.2.11.).
The length-weight relationships enable comparison of the average values of the weight condition with
respect to any fish lengths. Nowadays, relative weights W, =W,/ W, * 100, are used for the same purpose
for populations as well as for individual fish (compared weight W, is compared with weight W, which is
obtained for the same length through calculation of the standard length-weight relationship for a given
species). Calculations with lengths and weights that are reached as a standard are elaborated in consider-
able more detail for North American fish (Brouder et al., 2009).

As discussed in chapter 3.6., harmonic age composition represents a common manifestation of an eco-
logically healthy population as it provides evidence of regular population recruitment. Age composition
is usually obtained from size composition by using information concerning age of fish of different sizes.
Information about age is obtained by means of special techniques (scalimetric analyses of scales, reading
slices of otoliths and branchiostegal rays, Devries and Frie, 1996; Isely and Grabowski, 2007). Fig. 4.2.10.
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shows an example of length composition of a population from a valley reservoir and information about
fish age (0+ up to 7+) is attached. If length composition is successfully interpreted as age composition, it
is possible to determine the proportion of individual year-classes and to get an idea about their strengths
(upper part of Fig. 4.2.10.).

4.2.5. Relative abundance and biomass

Considerable progress has been achieved in recent years with respect to monitoring of fish stocks in
Czech waters. This area of science and development is still very new since it is necessary that specification of
the information obtained is brought to such a state that we can reliably interpret the information obtained
and it impacts on fish communities as a whole, as well as on other components of the aquatic ecosystem.
The main method that is used throughout Europe is currently the multi-mesh gillnet, which is used by
most countries for monitoring for the purposes of the Water Framework Directive. Extensive information
databases are thus emerging that have been elaborated in an insufficient and rather qualitative way for
the time being (Caussée, 2012). A CPUE and BPUE database is also being developed for Czech reservoirs
and lakes. This database should be able to assess how a given community is doing in comparison to other
Czech localities. Preliminary comparative analyses have confirmed general influence of trophic conditions
on fish (Peterka et al., 2009). Trophic influence is usually demonstrated within one reservoir by the fact that
the biomass is several times higher in the tributary section, which is directly enriched with nutrients, than
in the lake section (Vasek et al., 2004; Prchalova et al., 2008 and 2009a).

A comparison of different gillnet catches shows that biomass of fish in open waters of reservoirs reacts
most sensitively to trophic conditions. Fig. 4.2.12. states the frequency of BPUE occurrence in biomass class-
es in open waters of reservoirs and lakes. The biggest number of observations is under 50 kg.1000 m2 (the
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Fig. 4.2.12. Lower panel: Numbers of samples that fall within individual BPUE classes and the dependence
approximated by the curve of moving averages. Upper panel: Frequency of individual BPUE classes in lake and
tributary sections of Czech reservoirs. While the most BPUE from lake sections range from 0 to 50 kg.1000 m™2, tri-
butary sections show a peak of BPUE frequency ranging from 50-100 kg.1000 m~.
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most frequent values range from 20 to 30 kg), however, in isolated instances, the BPUE values can exceed
200 kg.1000 m~2. These exceptionally high values are being reached mainly in three Nové Mlyny Reservoirs
situated in southern Moravia, where a large amount of nutrients combine with high temperature and shal-
low waters. Values from tributary sections of some more eutrophic reservoirs sometimes come close to the
BPUE values that are achieved in the Nové Mlyny Reservoirs. The upper panel in Fig. 4.2.12. shows that tribu-
tary sections of reservoirs have a BPUE generally higher than lake sections by several tens of kg.1000 m=.
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4.3, Fish stocking and fishery management (0. Slavik)

The aim of many projects related to fishery management and environmental protection is to determine
the optimum abundance of fish populations. The key question is:“How many fish should there be in a specific
environment and what should their size be?” The answer is very important with respect to rescue and repa-
triation programmes for endangered species and for compensation for environmental damage. However, the
determination of the optimum abundance is also important for the regular management of running waters
that are used by anglers. It is relatively simple to designate what the information about fish stock abundance
is good for. Nevertheless, it is very difficult to define the above-mentioned so-called optimum abundance or
density of a population. Even in a river network that has not been affected by anthropological pressure, habi-
tat diversity, refuge availability and food resources that can be used in the environment, are highly variable
in time. The only solution is to study communities for a long period and to calculate the estimated values on
the basis of the longest available records. The problem is that the data are not available because the relevant
authorities do not carry out such monitoring. The research projects are usually limited only to a few localities
and/or river stretches and besides, it is complicated to ensure the monitoring from the financial point of view
in a time horizon exceeding the regular granting of resources (5 years). In future, a certain solution is offered
by the regular monitoring of the riverine environment for the Water Framework Directive purposes that stip-
ulates a regular 3-6 year interval. This system, however, will be available for use for predictive calculations
within the next 20-25 years. For the time being, it may be recommended to estimate optimum abundance
on the basis of approximate comparisons of similar streams and indirect indicators (ratio of stocked to har-
vested fish). Nonetheless, it is important that these estimations are carried out in the first place (which is in
contradiction with today’s practice) and to proceed on the basis of a single method. In order to facilitate the
understanding of the contradiction between stocking and harvesting of fish, several factors that influence
the resulting state of populations inhabiting running waters can be stated.

4.3.1. Stocking of hatchery-reared fish

The efficiency and success of stocking of hatchery-reared fish can be relatively high if suitable methodi-
cal procedures are followed, however, in general, this method is overrated. The status of fish populations in
the Czech river network corresponds to this fact as well - although there are fish worth tens of millions of the
Czech Crowns being stocked every year, according to the fishery statistics, catches of a considerable part of
attractive species from the fishery point of view (e.g. grayling, brown trout, European perch, etc.) are decreasing
each year. In today’s technical conditions and methodical experience, it is not difficult to reproduce and rear
almost any fish species. After all, nowadays, programmes focused on the rearing of such species as perch or
pikeperch in aquacultures have been implemented with promising prospects and even procedures for feeding
pike with granular food have been tested! To get healthy fish on the menu is thus easier than before. However,
the situation gets more complicated when hatchery-reared fish are stocked in the natural environment. In
hatcheries, fish are protected against predators, they are provided with artificial shelter and food. Fish are able
to gain information about their environment, to learn and to behave on the basis of their acquired experience.
However, hatchery-reared fish are less able to do so, for example, it is more difficult for them to learn to take
in different food (Sundstrom and Johnsson, 2001) and they also take in less food when compared to wild fish
(Sanchezetal.,, 2001). Hatchery-reared fish have a significantly lower ability to avoid predation risk, hence, they
show higher mortality rates than wild fish (Alvarez and Nieceza, 2001; Johnsson et al., 2001). Since reared fish
are spawned artificially, they do not learn (they are not given a chance) the original models of reproductive
behaviour, their manifestations are less noticeable and they are less successful in comparison to wild popula-
tions (Fleming et al., 1996). On the contrary, fish reared in aquacultures become highly aggressive because it
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is the only type of behaviour that is developed when fish are stocked in high densities. The reason is that the
fish's fight for food and space several times a day occurs more frequently than in the nature. If they are stocked
in open waters, hatchery-reared fish are highly aggressive, if it comes to a fight, they drive wild individuals off,
but subsequently, they succumb to their low adaptation abilities. They thus lose the non-aggressive behav-
ioural patterns that are not useful in high densitities of aquaculture (Huntingford, 2004). When compared to
wild fish, hatchery-reared fish are more prone to diseases, they have smaller coloration intensity, they have
shorther fins and they are fatter (Huntingford, 2004). It is recommended to respect these facts and to try to use
technologies that decrease the above-mentioned risks. It is, for example, recommended to stock fish immedi-
ately after being hatched, three-month-old juveniles at maximum, even at the cost of a higher mortality rate.
Next, it can be recommended to use only parents from the first generation coming from wild predecessors.

4.3.2. “Dear enemy” theory, kinship, and familiarity

During the process of fish stocking it is advisable to consider the fact that fish are not stocked into an
empty environment. Occupation of the environment may be partial but it may also be full and it does not
always have to correspond to data that are available to the management. During the fish stocking process,
wild fish undoubtedly come into contact with new hatchery-reared individuals. The contact of both these
groups is thus potentially connected to aggressive behaviour. If the environment is occupied, new indi-
viduals may be affected by the so-called “Dear Enemy” effect (Getty, 1987; Frostman and Sherman, 2004).
It can be briefly described that the effect consists of higher aggression of local fish towards new individuals
than it is applied among local neighbours. In other words, holders of neighbouring territories know each
other, they respect spatial delimitation and if they limit their fights they save energy. If an intruder pen-
etrates their area, the aggression is directed jointly against the intruder. If such a case occurs, the stocked
individual may end up very far from the intended place of stocking.

Fish recognize each other on the basis of kinship, for example, on the ground of scent or visual features
(Brown and Brown, 1993; Brown et al., 1996). This is also important with respect to stocking. Related fish can
support each other under certain conditions, but if the living conditions are unfavourable, related individuals
are more aggressive towards each other than towards non-related individuals. The reason is the same tactics
that is applied within foraging for food or shelter which disqualifies kinship if insufficient resources are avail-
able. However, fish distinguish each other not only on the basis of kinship, but also on the basis of the fact of
whether they know each other, in other words, on the basis of their previous contact and thus their mutual
experience (Brown and Colgan, 1986).This so-called familiarity (e.g. Chivers et al., 1995) can be recognized after
repeated contacts during several days (Griffith and Magurran, 1997). If fish meet repeatedly (they thus know
each other) they are able to take this fact into consideration by means of enhanced transmission of informa-
tion and by co-operation. With regard to fish that know each other, mutual aggression decreases (Johnsson
and Akerman, 1998), common protection against predators is enhanced (Griffiths et al.,, 2004) or food con-
sumption and its foraging is increased (Seppad et al., 2001). As a result of this familiarity, the fish grow faster,
they survive more successfully in time (Hojesjo et al., 1998) and they consume less energy than in contact
with unknown individuals (Slavik et al.,, 2011). The familiarity is such a significant factor that it takes effect not
only among individuals of the same species, but also among different species. It means that individuals of
the same species would give preference to a familiar individual of a different species rather than unfamiliar
individual of the same species (Griffiths and Ward, 2006). Mutual interspecific preference between chubs and
minnows of the same size was even proved in a scale of the whole of Great Britain. Familiarity is strengthened
due to limitations of emigration and immigration possibilities (Griffiths and Magurran, 1997). In other words,
it increases in an environment where fish can meet each other (pools, creeks) and it is lower in an environ-
ment where fish undertake frequent migrations. Nevertheless, for example, with respect to territorial species,

-155-

Fisheries_126-291_2.indd 155 29.5.2015 16:45:47



such as salmonids, the familiarity affects functions even in running waters. Stocking of new hatchery-reared
fish, no matter how needed from the increase of abundance point of view it may be, interrupts the already
established social structure in a population. On the other hand, mutual familiarity strengthens the social envi-
ronment which is manifested by increased growth rates and health and by a decrease in the mortality rate
(Hojesjo et al.,, 1998; Seppa et al., 2001). On that ground, the target method for sustainable development of
fish populations is preferably natural reproduction, rather than fish stocking.

4.3.3. Efficient support of wild fish populations by means of fishery management

It was described in the previous chapters, how difficult it is to define the optimum number of fish in the
riverine environment: the variability of population dynamics is high and the nature of populations is influ-
enced by local conditions of the environment as well as by civilization factors. How should we thus find
the answer to the question: “What should the target population composition be like and how should this
target be achieved?”The solution can be found within two approaches. The first option is to select certain
model stream types in each complete river basin where a fish community can be left to their own natural
development. Regional “standards” can be derived from determined abundance and biomass values and
under these standards management of some species can thus be derived.

The second option, on how to support natural communities, is to enable fish to reproduce naturally. In a
viable population there must be a sufficient number of adult individuals who are able to reproduce. Therefore,
itis recommended that managers inspect their entrusted streams and determine whether juveniles occurred
in populations, as this proves natural reproduction. Next, it is necessary to ensure that not all adult fish of repro-
ductive age and size are harvested. This status should also be determined by means of targeted monitoring.
If such attitude is adopted it is not uncommon to find an appropriate balance. We can draw inspiration from
the neighbouring Austria and Germany. Both countries are visited by Czech anglers, who are annoyed by the
pitiful state of the Czech salmonid grounds, in order to catch large trophy trout and grayling. In these countries,
however, the aim is not to kill fish and their uncompromising consumption, but, first of all, the experience of
discovering and catching wild animals. Austrian as well as German managers record carefully the population
curves and if the fish abundance decreases, they change the management as well as the fishery conditions:
fishing techniques, in favour of enhancement of chances of fish, are limited, the rate is increased and contra-
rily, the number of fish in a catch is decreased, or alternatively, it is forbidden to kill fish. These trends are only
vague, partial and insufficient in the Czech Republic conditions. The drastic decrease in the abundance of, for
example, brown trout and grayling, that have been occurring each year for the past 20 years, corresponds to
that fact. If this trend continues, the collapse of both species populations will take place in several years. Other
negative factors that are described in other chapters of this book contribute obviously to this situation as well.

A certain compromise with regard to the above-mentioned situation represents the stocking of the earli-
est stages of fry (three-month-old fish at a maximum) in open waters under optimum conditions (flow-rate,
temperature, food, stream morphology). It concerns especially native rheophilic and salmonid fish species,
including grayling. However, this way of management must be based on rearing brood fish and not on the
use of wild brood individuals for stock production. The purpose of this method is to complete a fish stock in
a stream stretch to the level which would be achieved with respect to the optimum level and success of natu-
ral reproduction under conditions in a given stream stretch. In other words, by stocking of fish, an insufficient
level of natural reproduction is compensated for (e.g. due to the lack of brood fish, unsuitable conditions for
natural fish spawning or successful incubation of fish eggs). In the case of stocking in the early stages, it can
be assumed that the potential overstocking of a locality exceeding its food and shelter capacity for a given
category will be quickly eliminated by older categories of fish present in a locality. In addition to that, it is pos-
sible to assume good adaptability of stocks that results from their short-term stay in the hatchery conditions.
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4.4, Principles of management in fishing grounds (M. Hladik)

Management inside fishing grounds represents a relatively wide-ranging set of activities and workings
that relate to the care of fish stocks. It includes production and regular stocking of fish, monitoring of fish
stocks, protection of spawning grounds, recording and reporting of potential environmental damages,
cleaning of banks, and last but not least, recreational fishing. Since the Czech and Moravian Anglers Unions
currently represent the dominant entities managing fishing grounds in the Czech Repubilic, the conditions
stipulated within these unions are always specified at the end of each sub-chapter. This chapter focuses
mainly on the management of the riverine fisheries.

4.4.1. Legal aspect of management in fishing grounds

All activities connected with management of fishing grounds as well as fish farming in the Czech Repub-
lic are embedded in the Act No. 99/2004 Coll. on fishpond farming, execution of the fishing right, fishing
warden, protection of marine fisheries resources and amending certain acts (the Act on Fishery, hereinafter
referred to as the Act), and in the Decree No. 197/2004 Coll., implementing the Act (hereinafter referred to
as the Decree). Of course, there are other provisions of related acts that have an impact on this activity as
well. Above all, it is the Act on Water and on amendments to some acts (The Water Act) No. 254/2001 Coll.,
as amended, and the Act No. 114/1992 Coll., on nature and landscape protection.

Fishing grounds are established mainly in the stretches of streams and reservoirs that are in state own-
ership, however, stretches of waters that are in private ownership, such as backwaters, sand pits, flooded
quarries, raceways, smaller reservoirs and ponds with an area of at least 500 m2, can also be established

Fig. 4.4.1. Barbel belong to very valuable sport fish species mainly if caught with fly-fishing equipment. At the

same time, barbel represents a very sensitive indicator of the quality of the natural environment, especially of mor-
phology of watercourses (photo: M. Hladik).
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as fishing grounds or their parts. Fishing grounds are declared by a fishery authority that is in most cases
represented by the Regional Authority. If the fishing ground is situated in the territory of more regions or
in border waters, the fishery authority is represented by the Ministry of Agriculture, if the fishing ground is
situated in a national park, it is the Ministry of the Environment, and if it is situated in a military district, it
is the Ministry of Defence. Boundaries of fishing grounds are usually chosen in order to be clearly evident
in a terrain. Fishing grounds have to be visibly marked at the boundaries and at access roads with tables
including the name and number of the fishing ground and the name of the managing entity. The number
of the fishing ground is assigned by the Ministry of Agriculture. Fishing grounds with and without suitable
conditions for salmonid species are respectively declared as salmonid and non-salmonid grounds. Their
management and recreational fishing rules differ.

Fishing grounds are not owned by anyone and fishing rights cannot be rented. The selected user of a
fishing ground only receives the right to manage it. This right is provided free of charge but comes with
obligations that are prescribed to its user. They include, for example, the requirement to nominate candi-
dates with required qualifications who will become the local fishery manager and his/her deputy (they are
consequently appointed by a relevant fishery authority), to nominate candidates with required qualifica-
tions for fish wardens, to keep annual stock and catch statistics. In addition to that, the user is obliged to
mark the fishing ground as well as protected fish areas correctly in the terrain. The fish stocking plan, i.e.
annual stocking of fish in the prescribed species composition, amount and size, is stipulated in the decision
on granting fishing rights to a given fishing ground (the so-called decree).

A stretch of a stream or other water body is declared a protected fish area if it is important for fish pro-
tection, protection of other aquatic animals, or for fish farming. Protected fish area is declared by a fishery
authority (at its own instigation or at the suggestion of a fishery manager or other entities) and the author-
ity also determines the system of management, e.g. stocking plan and limitations or total ban on fishing.

Fig. 4.4.2. Protected fish areas should be declared also in dam reservoirs in order to protect fish spawning

grounds (the Lipno Valley Reservoir). It is necessary to delimit these grounds also in open waters by buoys (photo:
M. Hladik).
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In case a user of a fishing ground does not sufficiently keep any of the prescribed obligations or if he/
she violates the rules of fishery management, he/she may be given a fine or his/her fishing right may be
revoked. The circumstances and sanctions are also stipulated in the Act and in the Decree. In addition, the
Act and the Decree determine also the requirements related to recreational fishing which is discussed in
detail in chapter 7.

Within the activity of the Czech Anglers Union (CAU) and the Moravian Anglers Union (MAU), the man-
ager of the majority of fishing grounds is the relevant regional board (thus it is the holder of the decree)
and the board also ensures that the functions of the regional manager and his/her deputy (except for the
Central Bohemia board of CAU where the decrees are held to a large extent by local organizations) are
performed. Individual local organizations are authorized to manage selected fishing grounds where they
are responsible for all required activities and they usually also have their own fishery manager. Large valley
reservoirs are in most cases managed directly by the regional boards and the individual local organizations
situated in the vicinity of the reservoir co-operate with the board.

4.4.2. Organization of management in fishing grounds

Stocking of fish

Fishery authority stipulates in the decision on granting the fishing right to a given fishing ground (the
so-called decree) a mandatory stocking plan. The stocking plan is considered to be the minimum required
stocking, but if the prescribed limits are vastly exceeded, it is necessary to give reasons in the decision, and
it should not have a negative impact on the ecosystem of a fishing ground. Fish species not mentioned in
the decree should never be stocked; exceptional cases require prior request for permission from the fish-
ery authority. The amount stocked is usually defined in one size or age category (e.g., advanced fry, one-
year-old juvenile, n-year old fish). If fish are stocked in a different category, recalculation of the stocking
statistics is required. Obligatory recalculations within individual stock categories are stated in the Decree,
Appendix No. 4.

Stocking of fish has three basic targets:

First, it is necessary to support the ecological value of a fishing ground. Stocking supports or substitutes
natural reproduction that is limited or made impossible in many waters due to human activities. This can
also cover the fact that anglers harvest an important part of the parental stock and fish stocking can sub-
stitute its contribution to reproduction.

Second, many fishing grounds are under predation pressure of piscivorous predators that are protected
by law (cormorant, otter, etc.); therefore, it is necessary to substitute the fish caught by these predators.

Third, stocking aims to enrich fishing grounds with fish species that are attractive for anglers (carp, pis-
civorous fish, rainbow trout)

The following documents are usually used to determine fish stocking plans: “Principles for determi-
nation of agricultural indicators, especially stocking of fish within assignment of execution of the fishing
right”and “The methodology for determination of agricultural indicators of fishing grounds”, published by
the Ministry of Agriculture in the 1990s, and “Teaching texts for fishery managers” published by the Czech
Anglers Union in cooperation with the Ministry of Agriculture in 1996. The book “Fishery in open waters”
(Adamek et al., 1995) provides relatively detailed data as well.

The prescribed species’ composition and amount of fish are based on long-term experience in the
breeding capacity of a fishing ground (area, productivity) and its other characteristics such as expected
attendance, type of a fishing ground, level of human-induced influence and, last but not least, financial
considerations. Using previous managerial experience and targets in a given fishing ground, it is possible
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Fig. 4.4.3. Stocking from a raft enables equal fish distribution within the entire fishing ground. A special

ring is adjusted in such a way that is does not rub against the bottom in shallow rapid parts (Vitava ground
24, photo: M. Hladik).

to discuss with the management and to adjust potential fish stocking plans with relevant deputies of the
fishery authority. The long-term data concerning stock and catch records can be used for this purpose;
however, it is also advisable to use the information from scientific fish monitoring carried out by the pub-
lic administration.

As mentioned above, fish can be stocked in different developmental stages, from yolk-sac fry, advanced
fry, one-year-old fish to fish in catch and trophy length. Each species’ideal stocking size or stage depends
on their adaptability to a given fishing ground and on issues of economic return. Each fishing ground has
a different ideal composition and age structure of stocked fish and it is necessary to frequently test new
methods in order to achieve an optimal result.

If we endeavour to support natural fish populations, it is often advisable to stock fish in early develop-
mental stages because they probably have the best chance to adapt to local conditions or, alternatively, to
stock fish of varying sizes. Stocking young fish is also cheaper but high mortality rate should be expected.
Fish of harvestable size are more expensive, almost never reproduce, sometimes migrate away and can
introduce unsuitable genes into the local population. On the other hand, these fish can be easily caught
and represent a higher return on investment for both anglers and fishery managers. It is also necessary to
monitor the health status of stocked fish. Injured fish usually die and the investment rendered worthless.
There is also the risk of bringing in diseases.

A great part of stocked fish is reared at CAU and MAU facilities, be it the breeding facilities belonging to
individual regional boards or local organizations, where not only hatcheries but also rearing facilities and
production fisheries are operated. However, CAU and MAU have also been co-operating with commercial
fish producers for a long time. Part of the local organizations under CAU and MAU concentrate considerably
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Fig. 4.4.4. stocking of advanced fry of grayling represents a promising alternative that could ensure good
fry adaptation to local conditions (the Malse River, photo: M. Hladik).

Fig. 4.4.5. Nase carp are also stocked in streams in the Elbe River basin where they have replaced the ori-

ginal vimba bream, even though they come from the Danube River basin (VItava ground 25, photo: M. Hladik).

-162-

Fisheries_126-291_2.indd 162 29.5.2015 16:45:53



FISHERY MANAGEMENT IN OPEN WATERS

on fish production and they represent significant producers not only of carp, but also of other fish species,
including salmonids and rheophilic species.

Risks associated with stocking of fish

The effort to optimize the Czech waters’management has led to the introduction of a whole range of
non-native fish species into the Czech waters. Introductions were usually justified by the assumption that
the existing community was not able to efficiently use the local food resources. Nonetheless, it has been
repeatedly proved that this assumption was false and the introduction of non-native species could be con-
sidered mainly as commercial intention leading to improvement of recreational fishing conditions. Each
intended introduction should thus be carefully considered.

Rainbow trout (Oncorhynchus mykiss) that do not reproduce naturally in the Czech conditions have been
stocked into many salmonid and non-salmonid fishing grounds. Any negative impact of this introduction
has not been discovered yet, because in open systems, such as rivers, it is very difficult to study the impact
of competitive relations. Due to the stocking of rainbow trout, the attractiveness of fisheries has been con-
siderably increased for anglers, because this species can be reared into a large weight. Rainbow trout are
also sometimes used as a “buffer species”in order to protect native fish species since anglers who want to
catch some fish for the table usually prefer rainbow trout to brown trout (Salmo trutta m. fario) or grayling
(Thymallus thymallus). Brook trout (Salvelinus fontinalis) are stocked together with rainbow trout to a smaller
extent and it is very important for enrichment of river basins and reservoirs that were affected by acidifi-
cation, because brook trout is more resistant than brown trout. These localities are situated mainly in the
northern part of the Czech Republic where brook trout have formed naturally reproductive populations (e.g.
the Bedfichov Reservoir and its tributaries in the Jizerské hory Mountains) and they have replaced brown
trout in the ecosystem. However, they have demonstrably limited the development of native brown trout
populations after the water chemistry was repeatedly enhanced.

Fig. 4.4.6. Brook trout - beautiful colourful and combative fish is a suitable enrichment for some fishing
grounds (Vitava ground 29, photo: M. Hladik).
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The success of stocking of maraena whitefish (Coregonus maraena), for example in the Lipno Reservoir,
is disputable. It was a mistake to stock the hybrids together with solely planktonophagous peled white-
fish (Coregonus peled) and they are very difficult for anglers to catch. The result of this stocking was thus
ambiguous. Nonetheless, whitefish disappeared from the reservoir spontaneously due to natural processes.
It would probably be highly beneficial to stock whitefish in the flooded surface mines situated in northern
Bohemia since the littoral in these water bodies is limited and whitefish, as typical fish colonising pelagial
of oligotrophic waters, would be able to use their food potential.

Danubian salmon (Hucho hucho) was stocked in some rivers (e.g. the VItava and Otava Rivers) with
the aim to enhance the fish stock of salmonid fishing grounds, however, they did not find sufficient food
resources in the Czech rivers. A predator of this type and size is not suitable for the Czech waters exposed
to intensive angling as well as piscivorous predators’ pressure. In addition to that, morphological modifi-
cations occurring in Czech river systems limit the Danubian salmon’s reproduction.

The stocking of brown bullhead (Ameiurus nebulosus) has turned out to be rather unfortunate since they
have showed signs of overabundance in some areas, for example, in the Elbe River valley, they have nega-
tively influenced the native fish stock and they do not represent an attractive fish species from the culinary
and anglers point of view either. Stocking of herbivorous fish species, such as bighead carp (Aristhichthys
nobilis) or silver carp (Hypophthalmichthys molitrix), has had limited success. They could increase the attrac-
tiveness of some fishing grounds as they are seen by anglers as trophy fish. On the other hand, not only
silver carp but also bighead carp are caught very rarely by anglers due to their timidity as well as eating
habits. In some localities, grass carp is able to damage the littoral vegetation that is very important from
the ecological status point of view. These fish species are more useful, to a limited extent, within fishpond
management. Stocking of other rather exotic fish species has not been successful and only in exceptional
locations have they formed independent reproducing populations (largemouth bass Micropterus salmoides,
crappie Lepomis gibbosus, three-spined stickleback Gasterosteus aculeatus).

Some species have accidentally been introduced into Czech waters with other fish species and their
impact on native fish stocks has been definitely negative. Typical examples are gibel carp (Carassius auratus)
and topmouth gudgeon (Pseudorasobra parva). Any stocking of fish from different regions or hatcheries
can result in damage of the native fish gene pool. The artificial reproduction and stocking are considered
to be one of the significant causes that have resulted in the decrease in the natural populations of grayling
and brown trout in Czech waters. It is not connected only with stocking of various hybrids that are able to
reproduce (e.g. hybrids of brown trout, the so-called “Kolowrat” or “Ital”), but it concerns also non-native
selection of genotypes caused by methods of artificial reproduction and consequently, in relocation of fish
within individual river basins. To support natural fish populations, it is necessary to pay close attention to
the genetic origins of stocked fish, not only salmonids.

Documentation of management in fishing grounds

Documentation of the management in fishing grounds provides not only important feedback but it is
also required by the Act.The fishery manager is obliged to document stock and catch statistics and number
of attendances in a given fishing ground. For this purpose there are prescribed forms that are enclosed in
the implementing decree to the Act on Fishery. The documentation must be provided for inspection con-
tinually and must be submitted to the relevant fishery authority annually until the April 30th,

One of the basic obligations of CAU and MAU members is to return the correctly completed fishing
permit and the summary of attendances and catches within 15 days of expiration of its validity (for yearly
permits by January 15t of the following year). The reason is to enable CAU and MAU to process the statis-
tical data in time. In addition, an information system called “Grayling” is currently being established that
also enhances communication between local organizations and regional boards of CAU, especially with
respect to documentation of stock statistics.
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The aim of the management in fishing grounds within CAU and MAU is not to obtain a profit, but to
ensure the best angling conditions at an acceptable price for their members. The costs of the fishing permits
depend usually on the real costs that are connected with the functioning of CAU and with the manage-
ment in a fishing ground. At the same time, this also represents a type of marketing policy, which means
the price that anglers are able to accept and the service that can be provided to them for this price. The
sale of fishing permits is thus proof of their satisfaction. Catch statistics provide some feedback and these
data can be used in order to increase the efficiency of the use of financial resources. The basic information
from the fishery management point of view is the statistics of catches and attendances (a summary of all
catches and attendances attained in a given fishing ground). It illustrates the development of catches, their
decrease or increase in each fishing ground, especially if it is available for more species and longer time
periods (Fig. 4.4.7.). CAU summarises annually the total catches and attendances for individual fish species
in each fishing ground, the detailed daily statistics are evaluated only in exceptional cases (but for example,
in the Vltava 24 fishing ground, it has provided interesting data related to anglers’ behaviour).

The stock-return analysis (the return coefficient, proportion of catches of a given species as % of stocked
amount) is more useful than a simple overview of catches. The return-ratio can be expressed in pieces or in
weight. If a given species does not reproduce in a fishing ground and if it does not occur in a fishing ground
through some unnatural way (escape from another ground or from hatcheries, e.g., during floods), then
the return in pieces is always lower than 100% since anglers never catch all stocked individuals and some
fish will naturally die (disease, predators, etc.), or alternatively, can escape from a fishing ground. The result-
ing value of return in weight depends on the ratio of mortality growth. In practice, it thus depends on the
productivity of a given ground and the period of time the stocked fish will survive despite the angling or
predation pressure. Species that are defined in stocking plans are stocked annually and it is usually difficult
in practice to trace the survival of a concrete portion of stocked fish. The simplest method of reaching the
average return value is to compare stocks and catches within a period of several years. Such average return
is preferably expressed as the moving average calculated for 3-5 years (Fig. 4.4.8.). This gets rid of fluctua-
tions that are caused by different stocking fulfilment and also different angling pressure. The return ratio
differs in individual fishing grounds. If there is much angling pressure, there is also a high return ration, for
example, return of carp ranges around 100%. The return ratio is always lower in rivers and large water areas
than in smaller closed waters with similar angling pressure.

The return ratio as a quality criterion relating to care of a fishing ground recedes into the background in
the modern conception of recreational fishing, however, it represents, at a minimum, an auxiliary indicator
for managing entity. With respect to a large number of fish species that are subjected to protection meas-
ures, for example, grayling and brown trout, the catch statistics cannot be determined and the data concern-
ing a fish stock status can be acquired only on the basis of subjective findings from the angling activity or
by means of control catches or monitoring, or alternatively, on the basis of results of angling competitions.

Support of natural reproduction of fish

With regard to support of the natural reproduction of fish in suitable fishing grounds, organizational as
well as technical measures are being applied. From the organizational point of view, the natural reproduc-
tion can be supported by protection of brood fish by different measures, for example, by imposing a fishing
ban before and during the reproduction period, limitation of fishing methods that cause the biggest harm
to the target species (see chapter 7) or by high size limits. Another option is to declare the places where fish
reproduce or where they gather during migration, e.g. in tributaries, under weirs, etc. as protected fish areas.

Technical measures consist of, for example, construction of fishways on artificial obstacles in streams
that enable fish to migrate to suitable spawning grounds. Next, restoration and conservation of natural
spawning grounds within the scope of longitudinal stream revitalisation are used. In reservoirs, it is possi-
ble to support development of littoral and riparian communities and also to ensure their flooding during
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Fig. 4.4.7. Total catches (pieces, kg — on the main axis) and average weight of caught fish (kg, minor axis) in the

Lipno Valley Reservoir between 1958-2010 (data provided by the South Bohemian Board of CAU).
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Fig. 4.4.8. Total number of stocked fish (pieces and kg on the main axis) and catch return ratio (in % stocks in
pieces and kg on the minor axis) with respect to annual number of stocked carp in the Lipno Reservoir between
1990-2010 (data provided by the South Bohemian Board of CAU).

the reproduction periods by means of suitable management of water level fluctuation. Another option is
to install artificial substrates if natural substrate is missing.

Regulatory and control catches

In case of undesirable development of a fish stock, regulatory steps can be taken, especially using differ-
ent types of nets or electrofishing (see chapter 6). Some reservoirs or ponds may be, in such a case, drained
and all fish can be removed. It is necessary to emphasize that all fishing methods except angling are forbid-
den to be practised in a fishing ground and prior exceptions from the fishery authority must be granted for
all catching methods. An exception to practice the forbidden methods, according to § 13 of the Act can be
granted only to the user of a fishing ground who may authorize another entity to carry out the catching.
The application for an exception must contain the purpose of the intended catch, used methods, dates
(these can be specified before the catch) and also the way in which the sampled fish will be treated. We
should not forget that fish, as wild living animals, do not belong to anyone under the terms of the Czech law
(res nullius), and therefore, they can neither be manipulated nor sampled without the due authorization.

The same conditions must be followed during the control monitoring as well, whether their target is
to gain information about the fish stock’s status in order to enhance fishery management, monitoring
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Fig. 4.4.9. Monitoring of fish population status by electrofishing (the Uhlava River, photo: M. Hladik).

of ecological status according to the Water Framework Directive or monitoring of protected species, the
European significant localities of the Natura 2000 system and other scientific purposes. If we follow the
provisions of the Act rigorously, this obligation applies to all water organisms without exception accord-
ing to § 13 of the Act.

Other activities

Some other activities that are connected to management in fishing grounds must be mentioned. Above
all, it is the correct marking of fishing grounds that must be placed always at the borders and which should
always be placed in access roads as well. The marking of a ground must contain the name and a six-digit
number of the fishing ground, information on whether it is a salmonid or non-salmonid ground and name
of the user or the basic contact data. Within CAU, fishing grounds are marked by standardized signs that
contain the above mentioned data and the CAU logo. Next, it is customary to state also the mostimportant
changes that are distinct from generally valid fishery conditions (see below for details). In fishing grounds
that are attractive for foreign anglers this information is also stated in English as well as in German. The
marking is supplemented in suitable places with information boards that contain a large-format map and
multilingual information about the surrounding fishing grounds. These informational boards were installed
at Lipno Reservoir with information given also in Russian and Dutch.

The care of fishing grounds involves also other essential activities, for example maintenance of ripar-
ian vegetation that is carried out in co-operation with the river authorities, cleaning of banks, mowing of
dams in ponds and reservoirs (it is often stipulated in the lease contract) or technical-safety supervision
at selected reservoirs.
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4.5, Fishery management in non-salmonid fishing grounds (J. Kubecka, D. Boukal, M. Hladik)

The majority of waters where recreational fishing is practised in the Czech Republic (approximately
39 thousand hectares) belong to non-salmonid fishing grounds. These grounds comprise mainly streams
with adjacent tributaries, dams and other artificial reservoirs, ponds, flooded pools and pits that originated
due to extraction of minerals. Even though there are various types of non-salmonid grounds, single fish-
ing rules apply to these grounds and the main game species are cyprinids (mainly carp) and piscivores
(mainly pikeperch and pike).

Fish communities in individual fishing grounds usually include fish from naturally spawning popula-
tions and stocked fish. In most cases, natural reproduction does not cover anglers’demands with respect
to quantity, size structure and species composition and hence more expensive stocking is applied. Stocked
fish usually represent most of the catches and stocking thus represent the main expense of fishery manage-
ment. Stocked fish normally come from production fisheries. In exceptional cases, fish can be transported
from other open waters, where they may represent undesirable or overabundant species.

4.5.1. Limnological basis of management in standing waters

Fish communities in standing waters range between two typical states that differ in the grazing inten-
sity of planktonic communities (see also chapters 3.4., 4.5. and Fig. 4.5.1.). Most Czech standing waters
usually have overabundant non-piscivorous fish (common bream, silver bream, roach, bleak, rudd, gibel
carp, stunted European perch, etc.). Water transparency is low and zooplankton is small during the grow-
ing period in such waters. This state is typical for a relatively wide range of fish biomass (labelled A in Fig.
4.5.1.). Itis probably caused by high fecundity of non-piscivorous species in combination with high fishing
pressure on piscivorous fish. Abundant non-piscivorous fish quickly exhaust their food resources, i.e. zoo-
plankton and benthos. Their growth rate declines considerably and condition factor may also decrease.
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Fig. 4.5.1. Relationship between non-piscivorous fish biomass and zooplankton size structure (according to
Seda et al., 2000). Typical states labelled as A, B and P (see the main text for explanation).
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This applies to naturally reproducing as well as stocked species, including carp (Pivnicka, 1999). The overall
biomass of non-piscivorous species is thus large but composed of many small fish that are of minor value
to consumers. Production of piscivorous fish also decreases since there are few of them. In reservoirs with
an average trophic level, it is thus not important whether 200 or 500 kg of non-piscivorous fish per hectare
are present, because their growth is still slow and larger plankton is nearly absent (Fig. 4.5.1.).

State A is characterized by high fish biomass, slow growth and insufficient amount of large zooplankton.
State B represents an ideal state of biomanipulative fish stock (waters with desirable low algae production,
e.g. drinking water-supply reservoirs) with low fish biomass, fast growing individuals, and abundant large
zooplankton.The intermediate state P represents a convenient compromise for most fishing grounds. Zoo-
plankton size structure is expressed as the proportion of large cladocerans that remain on a 0.7 mm mesh
sieve in total zooplankton biomass (average from June to October). The relationship applies to drinking
water-supply reservoirs and can be shifted to the right under more eutrophic conditions.

Fish communities with smaller non-piscivorous fish biomass (states B and P in Fig. 4.5.1., up to about
100 kg.ha") allow large cladocerans to increase in abundance and since they usually represent the main
food resources in standing waters, fish also grow faster. This biomass range is a convenient target for stand-
ing non-salmonid grounds. It can be achieved mainly by means of effective protection of piscivorous fish
including good conditions for their reproduction. Abundant piscivores can in turn limit the growth of
non-piscivorous fish populations.

It is relatively difficult to determine both fish biomass and the biomass of cladocerans and total zoo-
plankton during the season. Average length of cladoceran shells can in practice serve as a proxy measure.
The intermediate state P in Fig. 4.5.1.is characterized by an average length of around 1 mm. Average length
smaller than 0.8 mm indicate overabundance of non-piscivorous fish (state A).

In sum, it may be desirable even in receational fishing grounds to decrease the biomass of coarse fish
by means of increased protection of piscivorous fish and recommended focus on non-piscivorous fish. The
most effective, eco-friendly method is to harvest planktivorous fish, i.e. mainly cyprinids, that are usually
overabundant in fishing grounds. Small cyprinids are not too popular to eat in the Czech Republic, but their
use should be supported. Last but not least, anglers targeting piscivorous fish should realize that, for each
harvested piscivore, they should harvest several times larger biomass of non-piscivorous fish.

4.5.2. Current fishery management in non-salmonid grounds

Most management actions concern “commercially interesting” species (carp, piscivorous fish and so-
called herbivorous species). However, these species usually represent minority stocks (see chapters 3.5.
and 4.3.) dominated by less valuable coarse species (common bream, silver bream, bleak, roach, European
perch, etc.) that reproduce well in Czech standing waters. The main non-piscivorous commercial species
(mainly carp, herbivorous fish and recently, for example, sturgeon) require special conditions to reproduce
naturally and very rarely become overabundant in fishing grounds. They are usually stocked by local man-
agers or escape from other fishing grounds or hatcheries. Their stocking size usually exceeds the minimum
size limit so they can be harvested immediately.

Common carp has provided the largest volume of stocked fish in all but very few non-salmonid fish-
ing grounds for several decades. Carp is by far the most important harvested fish in these grounds. Some
1250000 carp with a total weight of over 3000 tonnes (74% of weight of all catches within Moravian Anglers
Union, MAU, 78% of weight of all catches in Czech Anglers Union, CAU) are annually harvested in CAU and
MAU fishing grounds. Given the traditional method of rearing in fishponds, carp is most accessible and, at
the same time, cheaper to stock in autumn, but spring stocking is practised in many fishing grounds as well.
In this way, potential losses in the winter season are reduced, mainly in smaller reservoirs, ponds and rivers.
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Conversely, most fish are stocked in the autumn in valley reservoirs since they provide suitable conditions for
overwintering. Trophy fish are often stocked in fishing grounds where a maximum size limit, usually 70 cm
(so-called K70), has been introduced. Usually 50-100 three-year-old fish per hectare are stocked in rivers. In
standing waters, the number of stocked fish is usually higher (see below for details).

Fishery managers occasionally declare a short-term ban on carp fishing immediately after stocking in
order to allow them to adapt, although this restriction is usually not necessary. On the other hand, it is true
that stocked fish of harvestable size disappear rather fast since they are caught very quickly. The dilemma
of prolonged or short residence times of stocked carp in a fishing ground depends on local growth oppor-
tunities and mortality risks. If losses due to mortality are higher than production due to growth, it is of no
use to protect the stocked fish (e.g. by imposing a higher size limit). The average individual weight of carp
catches in the Czech Republic that is over 2 kg represents a good compromise of these processes.

Biomass return statistics represent a good indicator of the ratio of production to losses. In carp, anglers
usually catch a similar amount of fish that was stocked (see Boukal et al., 2012). The ratio of stocked to
caught fish biomass remain relatively constant over years even if the amount of stocked and caught carp
increased considerably in most reservoirs during the last 20 to 40 years, in some places up to 10 times.
However, there are also exceptions. For example, conditions for carp are unfavourable in three valley res-
ervoirs on the Vitava river (the Vrané, Kamyk and Stéchovice Reservoirs) located immediately downstream
of large reservoirs (Slapy and Orlik). Water in these three reservoirs is rather cold and usually with depleted
oxygen because the reservoirs are supplied with cold water from the hypolimnion. Anglers catch only about
50-85% of the total weight of stocked carp at these reservoirs in the long run, and the ratio was only 25-35%
in the 1970s and 1980s. On the other hand, some fishing grounds, especially the Nové Mlyny and Musovska
Reservoirs on the Dyje River, offer an ideal environment for carp due to their high trophic level, warm and
shallow water, and anglers catch one-and-half to twice the total weight of stocked carp over a long period
in these reservoirs. These conditions are rather unique and exceed even carp catches in the Vranovska and
Orlik Reservoirs, two reservoirs of the Dyje and Vltava Cascade with the highest trophic level, where the
total catch has been about one third higher than the total weight of stocked carp over a long time period.

Large floods have become a significant phenomenon in recent years. They influence not only the riverine
environment but also fish stocks. In addition to the impact on natural populations, strong flow can carry
away stocked fish from upstream fishing grounds, ponds and hatcheries and leave them lower downstream.
The millennial floods in the summer of 2002 influenced the overall results of selected fishing grounds in a
substantial way as they brought roughly 30-250 tonnes of carp into each reservoir of the Vitava Cascade
between Hnévkovice and Slapy and, in some places, catches during the 2002-2003 period increased up
to 10 times (Boukal et al., 2012).

Individual reservoirs also differ in the residence time of the stocked fish. Statistical analyses of long-term
data show that in ponds and smaller reservoirs, most carp are caught same or following year after stocking.
A significant part of stocked carp probably survives for 2-3 years only in larger reservoirs (e.g., Lipno, Orlik,
Slapy and Nové Mlyny). Some stocked fish can of course survive for a longer period, but their numbers are
low compared to those that are caught during the first years. The differences in residence time of stocked
fish are caused mainly by the reservoir size and amount of stocked fish. Carp are stocked at densities of
100-1000 kg.ha™! per year in small reservoirs below 100 ha in size. Such amount of fish is very attractive for
anglers and, moreover, the fish cannot escape the anglers in such relatively small habitats. On the other
hand, the stocked amount is only about 5-50 kg.ha™! per year in large reservoirs with an area of several
hundred to thousands of hectares.The stocked fish can disperse more easily in a large area and do not rep-
resent such an easy catch (Boukal et al., 2012).

Carp as well as other fish species that are not able to reproduce naturally have been naturalized in the
Czech waters over a long period, but they are not native and not required in the ecosystem. Their contribu-
tion to the ecological quality of a given water body is not significant and they usually cause its deterioration.
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Stocking of carp and herbivorous species can, for example, come into conflict with demands on high water
quality and presence of aquatic vegetation and may thus negatively impact other aquatic organisms such
as amphibians, shellfish, dragonflies and other invertebrates. Other interests (conservation, angling oppor-
tunities, biomass production or suppression) thus have priority over the presence of these fish species. A
specific situation occurs only in some waters where grass carp is used as a biomeliorative species.

Carp dominate catches in non-salmonid grounds to such an extent that if we want to compare catches
of other species, it is useful to remove carp catches first (Fig. 4.5.2.). Among the remaining species, catches
of common bream predominate in biomass (almost 25% of weight of remaining catches). Common bream
represents the majority of present fish biomass in many standing waters and it would be desirable utilize
instead use it, at least partially. Fish biomass in many waters, however, is locked in the bodies of large bream
since they have low mortality and grow very little. In addition to that, catches of bream have decreased in
recent years, which is probably not caused by the decrease in their populations but by the loss of anglers’
interest in their meat. Stocking of bream in standing waters should thus be carried out only in well-justi-
fied cases if they cannot reproduce or the parental stock is heavily endangered, e.g. in some cascade and
energy reservoirs with strong water level fluctuations (Fig. 4.5.3.).

Common bream, roach and other cyprinid species, often generally known as “white fish’, and, for exam-
ple, European perch are stocked in different size categories, often on the basis of the current market offer.
Their stocking has become important in many riverine grounds and when the pressure of piscivorous
predators, especially cormorants, is growing, it is even necessary. The availability of stocks varies. Usually,
these are accessory fish species whose stocking has been rather low in recent years. It also bears the risks of
diseases, which means that it is preferable to support natural reproduction of these fish in fishing grounds.
Lack of littoral vegetation can be amended by installing artificial spawning grounds for cyprinid species
that consists mainly of branches of conifers. Progress in this matter could be very important for fish stocks
in some valley reservoirs (e.g. the Lipno Reservoir), where littoral vegetation disappeared due to changes
in water level management and the reservoir aging; this has considerably limited the reproduction and
growth of fry of all phytophilous fish species.

24.7

Fig. 4.5.2. Average long-time (1990-2010) weight composition of catches in all non-salmonid grounds in
CAU and MAU combined after exclusion of carp catches. The percentage of total catches (without carp) is given
above each column.
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Fig. 4.5.3. Dry fish eggs caused by water level manipulation (photo: FISHECU archive).

Two popular piscivorous fish — pike and pikeperch - come next on the list of most caught fish species
in non-salmonid grounds. Pike are popular due to their attractiveness, widespread distribution, intense
stocking and also because they are easy to catch. Without stocking, this species would disappear from
many waters that have a limited amount of submerged vegetation since natural spawning of pike strongly
depends on the presence of flooded vegetation. In small vegetated waters, their spawning is usually more
than sufficient and stocking is not needed. In larger reservoirs, pike development can be supported by
suitable manipulation of the water level, e.g., by targeted flooding of the littoral areas.

Pike are either stocked in a traditional way as advanced young pike, i.e. before they become fully canni-
balistic, or as yolk-sac fry. Relatively high losses of the latter stage should be expected. Young pike should be
distributed along to littoral areas of the entire fishing ground to prevent losses due to cannibalism (usually
one young pike is stocked in suitable shallower parts with shelters within 5-10 m of the shoreline). One- to
two-year-old fish at an affordable price have been introduced onto the market in recent years and these
fish can be used to support catches in some fishing grounds (Fig. 4.5.4.).

Pikeperch populations have also been supported by stocking in many places. However, unlike pike, this
species is able to reproduce naturally even in the relatively hostile conditions of reservoirs and mining lakes.
Natural reproduction is supported also by parental care for eggs and the ability to reproduce in deeper
waters that are protected against water level fluctuation. Stocking of pikeperch, in contrast to stocking of
pike, is often problematic. Pikeperch are very sensitive to manipulation and they show high mortality rates
after stocking. They are stocked mainly in the stage of advanced fry (in at lengths of 3-4 cm), or yearling
(at lengths of 7-14 cm). The price of the latter stage is excessive and its stocking is therefore rather rare.
The approximate annual stocking densities range between 50-100 individual pikeperch yearling (Pp1).ha‘1
in standing waters; they are less in suitable bream zone areas of rivers. It is advisable to limit stocking in
fishing grounds where sufficient natural reproduction has been proved and it is better to support natural
reproduction by means of installing spawning nests. They are made of sedge bults or artificial grass and
positioned at depths of 1.5-2 m. It is possible to leave occupied nests in a fishing ground or to transport
them into suitable ponds and use them for fry rearing.
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Fig. 4.5.4. pike stock in a special boat for transporting live fish (photo: FISHECU archive).

The following commonly caught group of fish, so-called other fish, comprises commercially less valua-
ble species and it was decided long time ago that it is not necessary to keep separate statistics for individual
species. This category usually includes “white fish”, i.e. smaller cyprinid species, such as roach, rudd and
bleak. Their less than 8% share of the total catches without carp is not too significant and has been gradu-
ally decreasing in recent years. This decrease, similarly to bream, does not manifest itself as a decrease in
fish in fishing grounds, but it is rather because people are getting wealthier and thier interest in small fish
has been decreasing since their filleting or other use is more laborious.

Grass carp comes next at 7% of catches. Catches of this species rose in the 1990s and stabilized after-
wards. This species is usually stocked as a biomeliorative consumer of soft aquatic vegetation. It can be
useful in very shallow ponds and pools that would otherwise disappear due to sedimentation. However,
most Czech open waters have too litle aquatic vegetation in the littoral areas and grass carp stocking can
be counterproductive. Despite the fact that grass carp are very attractive for anglers due to their combat-
iveness and quality meat, it is always advisable to carefully consider their further stocking.

Catches of European catfish, a species with highly mixed reputation, come next after grass carp. Cat-
fish have adapted very well to the conditions in Czech fishing grounds and reproduce successfully in many
places. It is also the largest Czech fish that for many anglers represents a supreme trophy fish. For others,
on the other hand, they represent a dangerous predator decimating other valuable species and their food.
Catfish represent a challenge even for professionals since it is not easy to clarify their role and importance
in the ecosystem. In most cases, the rumours concerning catfish predation are exaggerated - this species is
strictly territorial and does not reach high population densities. However, truly large catfish can considerably
reduce other fish populations, especially those of tench, carp, pike and pikeperch (Vagner, 2010). It is hence
forbidden to stock catfish in some fishing grounds. If stocked, catfish are released in several sizes (advanced
catfish, yearling, two-year-old stock) in densities ranging between 10-50 catfish yearling (Ca1).ha‘1 peryear.
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A group of other valuable species include mainly riverine species (barbel, vimba bream, nase carp,
burbot and salmonid species). Their individual proportions represent 1% or less but together they rep-
resent over 5% of total weight of catches excluding carp. Nevertheless, catches of these species have been
decreasing despite conservation programmes and increased stocking. “Catch and release” strategy that
has become increasingly popular in recent years may also be partly responsible because it influences the
records (released fish are not entered into the daily recording sheet) and consequently leads to biased
information on the status of local fish communities. Rheophilic species, such as barbel, nase carp, vimba
bream, asp, chub and minnow are stocked in most cases in the yearling stage and they are reared on com-
bined feed in ground ponds, which means that their adaptability after they are stocked does not cause any
troubles. Burbot are probably the only species in the Czech Republic that are stocked mainly in the yolk sac
fry stage given their high fecundity. Yolk-sac fry are however characterized by huge losses and stocking of
older categories has been applied mor often in recent time.

Recent catches of Crucian carp have been represented mainly by the non-native gibel carp, since native
Crucian carp have been loosing their habitats and are now classified as endangered. Gibel carp is consid-
ered to be a nuisance species in Czech waters and their harvest is recommended. Other species with bio-
mass proportion of around 3% in the total catch excluding carp are European perch, ide, chub and eel.
Catches of these species have been declining as well. This is especially disturbing in eel that is on a steep
decline throughout Europe as a consequence of the construction of migration obstacles, diseases and
mortality of migrating adults. Eel are stocked as glass eel that are transported from estuaries of western
and northern Europe and have been partly raised on supplementary feeding in recent years, which has
probably decreased their subsequent mortality rate. Stocking of eel is subsidized in river basins without
any major dam reservoirs since eel represents an endangered species that is protected by European Union.
Conversely, stocking of eel in river basins of reservoir cascades has been abandoned due to the fact that
migrating adult eel are killed by the turbines of hydroelectric plants.

The remaining species whose weight proportion in catches excluding carp exceed 1% include tench
with stable catches and a standard stocking programme (usually stocked as two-year-old fish, 50 ind.ha
in standing waters and 10-20 ind.ha™ in suitable riverine grounds) and asp with slightly increasing catches
due to the stablisment of successful rearing up to the yearling stage.
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4.6. Fishery management in salmonid fishing grounds (7. Randdk)

Salmonid fishing grounds are situated in upper streams, in suitable stretches under dam reservoirs
and also in some smaller colder reservoirs located at higher altitudes mostly. Fishery authorities designate
Salmonid fishing grounds, under current legislation, in those localities where the occurrence of salmonid
species and grayling is expected. Fish species inhabiting these grounds require high quality water and a
relatively low water temperature. Their reproduction is usually dependent on gravel substrates. Typical
representatives are brown trout (Salmo trutta) (Fig. 4.6.1.), European grayling (Thymallus thymallus) (Fig.
4.6.2.), burbot (Lota lota), bullhead (Cottus gobio), common minnow (Phoxinus phoxinus) and also non-na-
tive salmonid species that were introduced in the past and that have been regularly stocked, rainbow trout
(Oncorhynchus mykiss) and brook trout (Salvelinus fontinalis). The method of fishery management and rec-
reational fishing in salmonid grounds considerably influence the composition of a fish stock.

It is important to note that the upper stretches represent probably the most significant sections of the
Czech streams from a biodiversity protection and support point of view. Upper streams are the least influ-
enced by anthropogenic activities and in several cases, these stretches can be characterized by purely
natural or close-to-natural conditions (Fig. 4.6.3.). Hence, there are definite preconditions for stable popu-
lations of native fish species with a sufficient level of their natural reproduction. Fishery management in
these natural localities should primarily support development of populations of native species. All fishery
management interventions must be carried out in the most responsible manner and on the basis of proper
knowledge of the given issue.

Fishery management in these grounds is currently conducted in compliance with the conditions stipu-
lated in the Decision of the competent fishery authority on declaration of a fishing ground, i.e., the effort
to fulfil stocking plans defined in these decisions has been exerted as well. Stocking plans usually emerged
on a theoretical level and, in the course of time, were updated on the basis of proposals of fishing grounds’
users or directly by the fishery authorities. At present, it is obvious that with respect to support of native
fish species — mainly brown trout and grayling - the stocking plans for the major part of salmonid grounds
have not been defined in an optimal manner. On the other hand, there are salmonid grounds where fishery
management focused on biodiversity support lacks any purpose. The paradox is that this group includes
the fishing grounds that have been considered until only recently as the most significant grounds. These
grounds are the stretches of streams situated under dam reservoirs and sometimes they are labelled as
secondary salmonid grounds. These stretches of streams were characterized by rich fish stocks of salmonid
species and grayling unfortunately only until the predation pressure of flocks of great cormorant increased.
Nonetheless, it should be noted that large fish stocks of salmonid species in these grounds were reached
mainly due to stocking. In these stretches, there is usually only a low level of natural reproduction. Slavik
and Bartos (1997) discovered, for example, that only 1 to 2 species reproduced in the cold water flowing
under the Vltava Cascade up to the confluence with the Berounka River. These are thus mainly degraded
stretches of streams where fishery management should be aimed at something else rather than biodiversity
support. Basically, the same applies to salmonid reservoirs that were created as a result of human activity,
or to stretches of streams that were heavily damaged from a morphological point of view.
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Fig. 4.6.1. Brown trout (photo: T. Randdk).

Fig. 4.6.2. European grayling (photo: T. Randadk).
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Fig. 4.6.3. The upper Vitava River above the Lipno Valley Reservoir belongs to the most ecologically valu-

able salmonid grounds in the Czech territory (photo: T. Randdk).

4.6.1. Methods of current fishery management in salmonid waters

Fishery management in salmonid waters has been historically connected with production and stocking
of fish. Breeding of brown trout and grayling, that is based on artificial reproduction and breeding of
stocks, has been a tradition in Bohemia as well as in Moravia for more than one hundred years (Pokorny et
al., 2003). Professor A. Fri¢ laid the foundations for artificial reproduction of salmonid species in the Czech
Republic. Artificial spawning and fish egg incubation were carried out as late as the 1950s. Fry were usually
stocked directly in open waters. After 1950, when a united organization of sport fishery was established and
the number of people interested in recreational fishing grew considerably, the demands on production of
fish stocks increased. A system of “rearing brooks” was established which has been ensuring the majority
of production of brown trout stock even today. Progress in breeding of grayling was achieved mainly after
1960 when rearing of yearling in smaller ponds was successful. Since then, grayling have spread practically
into all suitable streams in the territory of the Czech Republic due to artificial stocking (Lusk et al., 1987).
Concurrently with the spread of grayling, their catches by anglers increased several fold. Fish totalling 5871
with a weight of 2082 kg were caught in Bohemia and Moravia in 1960, the catches reached the level of
89232 fish and 27632 kg in 1982 (Barus et al, 1995; Pokorny a Koufil, 1999). As a consequence of the estab-
lishment of artificial breeding of grayling and stocking of reared fish, grayling have spread considerably
even in Poland (Leszek and Ciesla, 2000) and in Slovakia (Pavlik, 2000).

Current fishery management in salmonid grounds is still substantially based on traditional procedures
that originated at the beginning of the second half of the 20t century. The key procedures, with respect to
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traditional care of salmonid populations, are often based on exploitation of brood fish, usually in absolute
numbers for a given locality, their transport frequently beyond the native river basin and intensive stock-
ing of fish. Brood fish for artificial reproduction are usually captured in the periods immediately preceding
their spawning. Brood fish are thus often injured and can subsequently die. In addition, natural spawning
in their native stream is also eliminated. Harsanyi and Aschenbrenner (2002) stated, for example, that with
respect to catching brood grayling immediately before spawning, their transport, hormonal induction of
ovulation, their own spawning and release back to the stream, the post-spawning mortality of these fish
thus reaches up to 100%. The high mortality of brood grayling after artificial spawning was also observed
by Randak (2006).

Artificial reproduction of brown trout is usually carried out with the dry method which consists in
group stripping of females into a dry bowl and by fertilization of eggs with milt from several males. The
stripping technique of grayling is basically similar to stripping of brown trout. Anaesthetic and anti-fungal
baths of brood fish are used to a large extent. Since ovulation does not occur relatively frequently in part of
the female population due to various influences (water temperature, stress, etc.) and the stripping period
is thus very long due to the uneven maturing of females (it takes up to several weeks), hormonal stimula-
tion is sometimes used in order to increase the number of ovulating females (Lusk et al., 1987; Kouril et al.,
1987a,b; Randak, 2002).

The most frequent method of stripping, where sperm of many males are stripped onto large amounts
of eggs (from up to dozens of females), so-called polysperm fertilization, has proved to be inadequate with
respect to preservation of the genetic variability of offspring. Recent studies have shown that polysperm
fertilization causes competition between sperm and most eggs are fertilized by only a small number of
males that were originally used for stripping (Kaspar et al., 2008).

Rearing of yearling and two-year-old stock of brown trout is conducted in the Czech environment
mainly in extensive conditions, i.e., by rearing of stocks in natural streams. Only a small number of fish
breeders conduct rearing in controlled conditions. Most frequently fry are stocked in rearing brooks after
digesting 2/3 of yolk sac or shortly after the initiation of feeding. Rearing brooks are stocked with fry for
a period of 1 or 2 years. A considerable amount of quality brown trout stocks were produced by means
of this system in the past (Kavalec, 1989). At present, this system is losing ground. The rearing method of
brown trout stocks, where hatchery-reared three-month-old juveniles are stocked, has been implemented
in some brooks (Nieslanik, 2005). The author states that, as far as this system is concerned, it is possible to
stock approximately only a fifth of the amount of three-month-old juveniles (with a size of 4.5-6 cm) into
rearing brooks, in comparison to the amount of stocked fry. The return percentage two-year-old fish ranges
around 50%. The sizes of yearling and two-year-old fish, reared under such conditions, are approximately
10-15% larger in comparison with the classic system. It is thus possible that yearling are already stocked
in fishing grounds.

Nowadays, technologies of rearing of brown trout stocks in hatcheries have been gradually developing.
Rearing of brown trout in controlled conditions with the use of complete feeding mixtures is considerably
more demanding than rearing of rainbow trout. High quality water and a proper temperature are essen-
tial and the water temperature should not exceed 18 °Cin the long term even during the hottest months.
Trough systems, concrete channels and storage tanks are used most frequently. Ground ponds seem to be
unsuitable mainly from a veterinary point of view (Randak, 2006).

Rearing of fry and stocks of grayling is conducted within the Czech conditions in a more intensive man-
ner when compared to rearing of brown trout. Within 3-5 days from hatching, the fry are stocked in rearing
reservoirs with a sufficient amount of natural food (plankton), or are fed in troughs. In the past, it was necessary
to use zooplankton for feeding during the first rearing stages which was subsequently replaced with feeding
mixtures (Carlstein, 1997). At present, mixtures enabling successful rearing of grayling fry even without the use
of natural feed can be found on the market. Rearing of grayling fry is conducted by two methods - extensively
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Fig. 4.6.4. Circular reservoirs for rearing of grayling (photo: T. Randdk).

in ponds with the use of natural feed, or with extra feeding, and intensively by means of feeding mixtures in
the conditions of hatcheries. In this case, trough systems, circular reservoirs (Fig. 4.6.4.), or ground and trench
ponds or concrete channels are used (Lusk et al., 1987; Pokorny et al., 2003; Randék, 2006).

The produced stocks, usually one- to two-year old, are stocked in open waters in such amounts, if pos-
sible, that correspond to stocking plans. The question is, however, to what extent do these amounts and
stocked size categories correspond to the current conditions and needs of localities that are being stocked.
Producing stock by means of extensive methods is, however, more and more expensive and it has ceased
to be effective even due to the considerable decrease in the rearing capacity of brooks. At the same time,
it is still more and more difficult to ensure sufficient numbers of brood fish that are required for stripping
by means of their capturing from open waters.

4.6.2. The causes of decrease in brown trout and grayling populations

The gradual degradation of the structure of fish communities has been taking place in the Czech sal-
monid grounds since approximately the 1990s, which have manifested mainly in a sharp decrease in the
native species — brown trout and especially grayling. Simultaneously, the catches of these species have
decreased as well (Fig. 4.6.5.and 4.6.6.). Recorded catches of anglers can be considered, to a certain extent,
as an indicator of the population status (Lusk et al., 2003).
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Fig. 4.6.5. Catches of brown trout in salmonid grounds in the CAU during 1990-2011. (Source: The Czech
Anglers Union - Board; www.rybsvaz.cz).
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Fig. 4.6.6. Catches of grayling in salmonid grounds in the CAU during 1990-2011. (Source: The Czech Anglers
Union - Board; www.rybsvaz.cz).

Such trend has been caused by many reasons. Successful natural reproduction is crucial for the devel-
opment of wild populations of salmonid species that ensures the preservation of genetic diversity
as well as the stability of these populations. Successful natural reproduction is dependent on the pres-
ence of a sufficient number of brood fish in a given stream. The number of brood fish (and fish in general)
in a given locality is affected mainly by a wide range of factors that are often acting in concert. The most
important factors are stream segmentation, hydrological conditions, predation pressure of piscivo-
rous predators, water contamination, recreational fishing and fishery management.

Stream segmentation

Salmonid species prosper best not only in natural streams that contain a sufficient amount of shelters
but also in places suitable for spawning (gravel beds) and subsequently for fry development (shallower
zones with a slow flow-rate, backwaters, etc.). A sufficient number of shelters represents, especially for
brown trout, a limiting factor, as far as the population size is concerned. The decrease in abundance of
native salmonid species can be explained by the construction of artificial obstacles, by limitation of their
migration possibilities (Harcup et al., 1984; Ovidio et al., 1998; Slavik et al., 2009) and also by the decrease
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in suitable habitats in stream beds (Harsanyi and Aschenbrenner, 2002). The decrease in habitats is caused
by the construction of sewerage systems, shortening of streams, embedding of stream beds and loss of
communication with side tributaries, vanishing of shallow riparian zones that are suitable for fry, fortifica-
tion of banks and excessive off-takes of water for hydroelectrical stations and the water industry (Cowx and
Welcome, 1998; Turek et al., 2009). As a result of stream bed modifications, sheltering capacities for fish are
thus being reduced, reproduction areas are being devastated and excessive off-takes of water limit even
the living space of populations (Fig. 4.6.7.). At the same time, water is getting warmer, which is not favour-
able to the salmonid species. Harsényi and Aschenbrenner (2002) consider thoughtless modifications of
streams, during which side river tributaries that serve as natural refugia for juveniles are removed, to be the
most crucial reason for the decrease in the grayling’s status in running waters. According to these authors,
the presence of these refugia in salmonid streams is essential for the successful evolution of grayling fry,
which represents the basis of natural restoration of their populations.

Fig. 4.6.7. Common destruction method of a river bed as part of the so-called anti-flood modifications
(photo: T. Randdk).
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Hydrological conditions

At present, fish populations in streams have also been negatively influenced by the considerable fluc-
tuation of flow-rates throughout the year and frequent long-term occurrence of the minimum flow-rate
limits in streams (Slavik et al., 2004; Rogers et al., 2005). This fact relates to extensive land amelioration and
to unsuitable farming in headwaters, as a consequence of which the strengthening and washes of arable
land have been occurring. Next, it is also connected to the constantly increasing proportions of built-up
areas in the landscape. Global climate change should also be taken account of. These factors have caused
that the landscape has been losing its ability to retain water. Water drains away quickly which is also sup-
ported by the above-mentioned water stream bed modifications. All these factors have resulted in very low
flow-rates during the dry parts of the year. Since mainly brown trout are territorial fish that protect their
home range, the population size is directly dependent on the number of territories in the stream during
the period of the minimum flow-rates. In this respect, it is necessary to mention also the negative impact
of small hydroelectrical power stations in salmonid grounds. In the stretches where the flow-rate is consid-
erably decreased due to off-take of water for the use of a power station, the amount of fish considerably
decreases. Their migration in the longitudinal profile of a stream is also complicated.

The impact of stream segmentation and flow-rates on populations of brown trout and bullhead was
documented in a field study that was conducted by Turek et al. (2009) in a small stream in western Bohemia.
Although the flow-rate value Q. is only 0.06 m3.s”, a small hydroelectrical power station (SHPS) was built
on this stream. Inflow to this plant is in the form of a piped channel that draws water from the brook. The
users of the SHPS have kept the defined minimum flow-rate in the brook. The total length of the monitored
stretch of the stream was 850 m. With respect to this stretch, fish populations were assessed by means of
electrofishing in 3 sub-sections (Fig. 4.6.8.) that differed from the morphological (A, B) or flow-rate (B, C)
point of view. The A-stretch (Fig. 4.6.8.A.) was paved without any natural shelters available for fish, although
this stretch was not influenced by the water off-take for the SHPS. The B-stretch (Fig. 4.6.8.B.) showed natural
features, high segmentation and it was not influenced by the water off-take for the SHPS either. Although
the C-stretch (Fig. 4.6.8.C.) showed the same morphological features as the B-stretch, it was, however, influ-
enced by the water off-take for the SHPS.

A B C
Fig. 4.6.8. The monitored stretches of the small stream — paved bed (A); uninfluenced stretch (B); stretch that
was influenced by the water off-take for the SHPS (C) (photo: T. Randdk).
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Fig. 4.6.9. Comparison of the abundance and biomass of fish stock in stretches of a small stream that dif-
fer from the morphological and flow-rate point of view (stretch A — paved bed, stretch B — uninfluenced stretch,
stretch C - stretch that was influenced by the water off-take for the SHPS).

As can be seen in the Fig. 4.6.9., the abundance and biomass of fish, which occur in the human-influ-
enced stretches, were several times lower in comparison with the uninfluenced stretch. It demonstrates
how important it is for fish populations to preserve natural or close-to-natural conditions of the stream
and to preserve natural flow-rates.

Piscivorous predators

The most significant fish predators in the Czech salmonid waters are: great cormorant (Phalacrocorax
carbo), otter (Lutra lutra) and grey heron (Ardea cinerea). In connection with the disruption of diversity and
environment complexity, the pressure of these predators increases as well, which is mainly evident in streams
where improper fishery management is applied. Many authors consider the pressure of piscivorous preda-
tors to be a significant factor that causes a decrease in salmonid species in the Czech waters. Spurny (2003)
described the strong predation pressure exerted by great cormorant and their impact on fish communities
in the Dyje and Becva Rivers. Mare$ and Haban (2003) analysed the impact of the disproportionate occur-
rence of otter and cormorant on fishery management in fishing grounds of the MAU. Cech and Vejiik (2011)
assessed the impact of cormorant on fish populations in the localities of the Vitava River. The biggest losses
due to fish predators’ pressure occur in salmonid waters during the winter months when rearing ponds freeze
over, as these ponds represent the most important feeding base for predators. At present, migrating flocks of
cormorant cause serious problems since they are able to virtually fish out the attacked localities within a short
time. Predators endanger especially fish inhabiting streams with low sheltering capacity as well as stocked
fish that have not yet managed to adapt to new conditions (Cech and Cech, 2000; 2008).

Water contamination

Contamination of water with organic substances, that often resulted in the past in the deaths of fish
due to oxygen deficits or ammoniac poisoning, belong no longer to the main reasons of the decrease in
salmonid species in the Czech streams. This is caused due to the areal construction of sewage treatment
plants. The paradox is that due to the lower supply of organic substances into streams, their trophic status
have been decreasing, which can influence fish populations to a considerable extent (Harsanyi and Aschen-
brenner, 2002). A significant factor that influences fish and other aquatic organisms in some localities is the
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Fig. 4.6.10. Increased foam formation signalizing the presence of detergent in the water (photo: T. Randadk).

contamination of the water with extraneous substances with a potential impact on exposed organisms that
come mainly from municipal waste waters (Fig. 4.6.10.). From this point of view, the problematic stretches
of streams are mainly those that are situated under sewage treatment plants (STP) where, in addition to
that, the water flowing out from the STP is insufficiently diluted (Li et al., 2011). These streams are often
used for the production of brown trout stocks or for catching of brood fish intended for artificial spawning.
The reproduction of fish has considerably deteriorated in some localities due to the contamination of the
aquatic environment which was also observed during the performance of spawning of brood fish caught
in these localities (Kolafova et al., 2005).

Recreational fishing (angling)

Recreational fishing has obviously become one of the key factors that negatively influences the popula-
tions of salmonid species inhabiting fishing grounds. A large part of fishing grounds has been influenced by
very strong fishing pressure. The techniques and materials that are used in the sphere of recreational fishing
are still being improved and made more effective. Unfortunately, by means of these techniques, very large
numbers of fish are being caught, including smaller fish. It has been proven that an average fly angler is able
to catch up to a high percentage of fish occurring in a given stretch, including yearlings, in a smaller stream
during one session. Even if the fishing method of “catch and release” is practised, several percent of the
caught fish is usually injured and they consequently die (Rysley and Zydlewski, 2010). It means that with the
increasing number of re-capturing of a given fish, its chance to mature and thus to involve itself in the natural
reproduction process decreases. The numbers of re-captures are again closely connected to the intensity of
fishing pressure. The impact of recreational fishing on fish populations is undoubtedly influenced also by the
stipulated fishing rules, i.e., mainly in the closed season, the minimum catch size, limits defining the number
of killed fish, methods of fishing, conditions for the maximum careful manipulation of caught fish released
back, time-limited wading, etc.). Meka (2004) proved that the rate of fish injury during recreational fishing
considerably depends on the type of hook used, the size of the fish and the angler’s experience.
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Fishery management

The method of fishery management influences to a significant extent the status of fish populations in sal-
monid grounds. The current situation in this sphere was mentioned above. The intensive use of wild brood
fish for the purpose of artificial reproduction represents an area of great concern. The crucial issue here is
that there are not enough brood fish in a major part of the localities even to ensure a sufficient level of natural
reproduction. This applies not only to brown trout but even more so to grayling. Brood fish are usually cap-
tured in the pre-spawning period. In order to obtain the required amounts of spawned eggs, electrofishing
is still being performed in longer and longer stretches of the rivers including the most significant stretches
from a natural reproduction point of view. In some parts of the country, the numbers of fry for stocking are
still insufficient; hence stocks are often imported from other regions or even from abroad.

In addition to that, due to the rearing of stocks in brooks, the natural development of fish populations
in these streams has also been disturbed. This can influence also the quality of populations in streams of a
higher order where these brooks empty into.

Non-native fish species, such as rainbow trout and brook trout (Fig. 4.6.11.,4.6.12.) have been stocked into
salmonid waters in increasing amounts, since their stocks are more affordable than brown trout and grayling
stocks. The impact of such stocking on native populations has been speculated about; nonetheless, the fish that
are usually stocked in a catch size and aimed at generating an interest in recreational fishing, are usually caught
in a very short period of time and hence no considerable influence on wild populations has been assumed.
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Fig. 4.6.11. Catches of rainbow trout in salmonid grounds in the CAU between 1990-2011. (Source: The Czech
Anglers Union - the Board; www.rybsvaz.cz).
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Fig. 4.6.12. Catches of brook trout in salmonid grounds in the CAU between 1990-2011 (Source: The Czech
Anglers Union — the Board; www.rybsvaz.cz).
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On the other hand, overstocking with brown trout can also cause serious problems in some localities,
which can result in the destruction of the territorial structure of wild individuals, slow growth and loss of
the optimal size structure of population. Overstocking is usually carried out in good faith and most often
by stocking two-year-old and older stocks into fishing grounds where natural reproduction functions well,
and basically where no such stocking is required. Subsequently, negative interactions between individu-
als and competition for territory or feed occur which weakens native as well as stocked individuals. In the
case of the stocking of two-year-old and older stocks, it is virtually impossible to regulate the numbers by
means of cannibalism and thus formation of a certain balance corresponding to sheltering and feed capac-
ity of a stream. It thus creates possibilities for fish predators, non-natural fish migrations, or deaths due to
exhaustion and deterioration of physical condition of fish.

As a consequence of the insufficient number of brood fish in the Czech streams, the production of stock
material of brown trout and grayling does not cover the demands of entities that manage salmonid waters. In
order to fulfil stocking plans, it is common to transport or purchase stocks from afar and even abroad. Stocks
reared in hatcheries are being used more and more often. It often includes even various hybrids. Stocking of
non-native, mainly hatchery-reared stocks, represents very serious risks for the stability of native popula-
tions. Transport of stocks from afar, stocking of genetically different lines (e.g. Italian, Kolowrat orimports from
abroad) have unfortunately become common practice these days. Stocking plans using intensively reared
fish have been often criticised in the world due to their contradictory results and their purposefulness have
been disputed mainly due to the low survival and bad results of stocked fish reproduction (LAbee-Lund, 1991;
Einum and Fleming, 2001). Assessments of the adaptability of hatchery-reared stock in natural conditions and
assessments of the impact of these stock on native populations have been elaborated on from the middle of
the last century (Fleming and Petersson, 2001; Turek et al., 2010a,b). In the majority of works that have been
published until today, authors stated that the survival and growth of hatchery-reared stocked fish is lower in
comparison to wild fish (Arias et al., 1995). The low survival of stocked fish is usually connected with the origin
of reared fish (Lachance and Magnan, 1990), unsuitable behaviour in foraging for food and low competitive-
ness (Ersbak and Haase, 1983; Bachman, 1984). Mutual interactions can occur among hatchery-reared stocked
fish and wild fish. It can be, for example, competition (McMichael et al., 1997, 1999), predation (Sholes and
Hallock, 1979), behavioural anomalies (Sundstrém et al., 2003) and due to various pathogenic interactions
(Coutant, 1998). It has been also argued that introduced genetically non-adaptable material may consider-
ably influence native populations (Saunders, 1991; Waples, 1991).

The past as well as current fishery management in salmonid grounds have been imperfect in many
aspects. It has even been often counter-productive from the biodiversity support point of view. The above-
mentioned factors do not manifest within populations of salmonid species immediately. Individual impacts
can accumulate for several years until they become fully evident. As soon as the population status exceeds
a critical limit, it starts to collapse. However, it is very difficult to predict such limit.

4.6.3. Stabilization and support of native salmonid species in salmonid grounds

With respect to support of salmonid populations in salmonid waters, we must endeavour to identify and
subsequently eliminate, to a maximum extent, negative factors which influence concrete fishing grounds.
Unfortunately, it is very difficult to influence a considerable part of these factors, with regard to the salmonid
grounds’ users. Nevertheless, it is necessary to exert the maximum pressure leading to limitation of need-
less interventions which influence stream segmentation in a negative way, require functioning permeabil-
ity of artificial barriers, permanently supervise users of hydroelectrical power stations, attempt to change
legislation in the sphere of protection of fish predators, localize and eliminate sources of pollution, etc.
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Alterations of angling rules

It is possible to consider alterations of angling rules that focus on greater protection of size catego-
ries of brown trout and grayling as these are key for natural reproduction. The minimum catch lengths
should exceed 30 cm with respect to both species which would enable fish to engage in natural reproduc-
tion several times. Additionally, stricter limits defining the number of kept pieces (daily and seasonal)
should be established. Fish designated for consumption of anglers should be mainly rainbow trout and
brook trout. It must be realised that even if caught fish are handled with the maximum care, the mortal-
ity rate of such released fish is several percent. It should be commonplace to use barbless hooks which
significantly decrease injuries in caught fish when loosening the hook. Greater emphasis should be laid on
careful handling of caught fish, with those released back into the water in particular. These fish should
be released from the hook into the water, in no case should they be scooped up with a landing net. If it is
necessary to hold the fish in ones hands, then it is essential to moisten them. These simple acts can con-
siderably decrease fish injury and hence the mortality of caught fish released back in the stream. Another
measure is to protect important spawning grounds by means of declaring a ban on wading in the peri-
od of spawning and egg incubation. Education of anglers with a focus not only on interpretation of rules
but also on fishing ethics issues is essential as well. As far as fishing ethics is concerned, it is necessary to
appeal to anglers to focus on catch-size fish and not to catch juveniles only for fun or individuals who are
getting ready for spawning.

New approaches within fishery management

Fishery management in salmonid grounds provides significant scope for solving the situation and it
should focus not only on the interests of fishery users of salmonid grounds, but also on the effective sup-
port of biodiversity. The strategy of fishery management must be based, above all, on the nature of a
given ground.

Fishing grounds with an occurrence of stable native populations of brown trout and grayling based
on their effective natural reproduction cannot be expected for various reasons (e.g., secondary salmonid
grounds under dam reservoirs, channelized streams and reservoirs). In such grounds it is more effec-
tive to direct the method of fishery management towards the support of recreational fishing. These
grounds are suitable for increased stocking of rainbow trout and brook trout, or hatchery-reared stocks of
brown trout and grayling. Fish should be stocked in catch-sizes several times a year and in amounts that
correspond to fishing pressure from an economic point of view. The attractiveness of these grounds can
be considerably increased by stocking trophy fish.

In fishing grounds where an occurrence of native fish species populations, including their natural repro-
duction, is expected but where these grounds have been influenced by anthropogenic activities, fishery
management should support development of native species populations and at the same time, sus-
tain also their attractiveness for sport anglers, by means of limited stocking of rainbow trout and brook
trout in catch-sizes. This group comprises the majority of salmonid grounds in the Czech Republic. In these
grounds, maximum support is required for the occurrence and natural reproduction of brown trout and
grayling, by means of the method of fishery management and establishing of the fishing rules. In case of
an insufficient level of natural reproduction of these species, it is suitable to support them by means of
stocking quality stock material. Declaration of protected fish areas in suitable stretches of these grounds
represents also a very efficient measure.

Even in the territory of the Czech Republic there are still localities that can be considered particularly
valuable fishing grounds from the ecological point of view. These grounds are, in particular, natural
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upper streams with prospering populations of brown trout and grayling. In most cases, they are the stretch-
es of streams that belong to national parks and protected landscape areas. No fishery interventions,
including e.g., catching of brood fish and stocking of fish, should take place in these streams and their
tributaries. With respect to angling fishing rules, the ban on keeping native salmonid species should be
valid and fishing pressure should be limited by a reduced number of fishing licences issued.

Support of wild populations of brown trout and grayling by stocking of fish

Stocking of fish represents one of the options to support wild populations in an efficient way, in particu-
lar, in the localities where natural reproduction does not function in an optimal way. However, the stocks
must be distinguished by high adaptability to conditions of the stocking locality and their genetic
qualities must not differ substantially from the genetic qualities of the wild populations where they
are to be stocked into. Quality brood fish bearing the required genetic qualities represent a prerequisite
for production of such stocks. At the same time, however, obtaining quality stock should not be based only
on the use of wild brood fish for artificial spawning.

A considerable increase in the number of brood fish can be achieved by their rearing in controlled
conditions. Rearing of brood brown trout and grayling is elaborated on in Randék et al. (2009a,b).

When establishing brood stocks that are to be reared in hatcheries, it is best to start with native wild
populations which occur in a given area. Breeding facilities designed for rearing brown trout and grayling
should have a strong all-year round supply of high quality water, the temperature of which should not
exceed 18 °C with respect to brown trout and 20 °C with respect to grayling. A natural locality, serving as a
source of wild brood fish, should be situated close to such facility. Conditions in this locality should enable
effective sampling of these fish (at least in the autumn season). Protected fish areas (PFA), where pressure
of recreational fishing is eliminated, are suitable localities. When establishing the PFA, it is necessary to opt
for stretches that correspond to natural streams as much as possible and that are loaded with industrial
and municipal waste waters as little as possible. Migration possibilities should be preserved throughout
the entire PFA. PFAs should, in this respect, communicate with the adjacent stretches of streams. The size
of these areas should enable the occurrence of several hundreds of brood fish at a minimum. No selective
measures are recommended to be carried out within the PFA’s populations. Brood fish populations in these
areas should be completed only by means of natural reproduction. In order to ensure efficient natural
reproduction, it is necessary to leave part of the brood stock in the PFA (30% minimum) when catching
brood fish. It is recommended to release young brood fish in their first spawning season back into the river.
Native wild populations of brown trout and grayling inhabiting these localities should serve as parental
populations for establishing populations that will be further reared in controlled conditions. Offspring of
reared fish should not be stocked in the PFAs and their tributaries.

In order for considerable phenotype and genetic changes, with respect to reared brood fish and con-
sequently their offspring, to not occur as a result of the long-term (several generations) effect of hatchery
conditions (Fleming and Einum, 1997; Einum and Fleming, 2001; Verspoor, 1998), it is necessary to rear
brood stock from offspring of wild fish that were obtained from the above-mentioned stretches of open
waters (e.g., PFA), that have not been influenced by the stocking of reared offspring. If only the first genera-
tion of reared fish is used for production of stock material, it can be supposed that the qualities of paren-
tal populations will be preserved at a maximum level. In order to preserve native qualities with respect to
the offspring to the maximum, it is also advisable to breed only females and to fertilize their eggs with the
sperm of wild males (e.g., from PFA).

-191-

Fisheries_126-291_2.indd 191 29.5.2015 16:46:15



Culture of brown trout brood fish (Randak et al., 2009a)

Rearing of brood brown trout in controlled conditions should be realised already from the fry phase.
Each generation of farmed fish should be reared from the offspring of wild fish. The technology of rearing
fry, young breeding fish and brood fish must be adapted to the quality of the water that supplies rearing
reservoirs. If reservoirs are supplied from a stream with fish, i.e,, there is a real risk of pathogen transmis-
sion, it is not recommended to use ground ponds for rearing of brown trout. In such a case, strong flow-
through reservoirs with a solid bottom and with the volume of several dozens of m3 have proven useful.

Rearing of fry and yearling

Once the fry has hatched, the so-called dwell time in rearing follows with the fry lying at the bottom of
incubation apparatus and feeding on the nutrients contained in the yolk sac. This period is finished after
digestion of approximately 1/2-2/3 of the yolk-sac and the fry starts to swim. The duration of such dwell
time usually ranges around 150 to 200 of day degrees (°D) (sum of the day degrees = total of average day-
time water temperatures within a defined period). The feeding of fry can be started at the end of this stage
(approximately after 3 weeks), directly on the apparatus.

At the beginning of the subsequent “active rearing period’, when fry show considerable motional activ-
ity and progressive transformation from endogenous to exogenous nutrition, such fry have to be relocated
into shallow troughs and then the feeding stage commences. The initial fish stock density in troughs ranges
between 30 to 50 pieces.1"!. During the feeding stage and also other rearing stages, only complete feeding
mixtures are recommended. The size of granules during the start of feeding should be around 0.5-0.6 mm.
The feeding granules should not be floating on the surface, but should be slowly sinking. During the start of
feeding, it is optimal to practise hand feeding in smaller rations at high frequency (6-10 times per day) over
the entire trough surface. Later, when the fish start feeding readily, it is possible to apply automatic feeding
devices (e.g., controlled with a timer), preferably 2 devices per 1 trough. At the beginning, a low water column
(approximately 10 cm) is recommended to be preserved within troughs. The use of plankton increases the risk
of disease importation in the stock and slows down the custom for feeding on the feed mix. Only in excep-
tional and short-term cases it is possible to use plankton if problems with feeding mixtures intake occur with
fry at the start of feeding. If this occurs, it is advisable to combine the natural feed with the feeding mixture,
i.e.,, combined rations of both. Losses of up to 20% are experienced at the initial stage of rearing.

After 4-6 weeks of the initial rearing, the fry are relocated into larger reservoirs where the rearing process
continues up to the yearling stage. Usually, rectangular troughs or circular pools are used. The size of stock
depends mainly on the size of the reservoirs and oxygen content in the water. The rate of oxygen content
in water at the outlet parts of rearing reservoirs should not drop below 60%. Rearing reservoirs can be fitted
with aerating or oxygen supply devices to allow for adequate increase in the stock density. Depending on
the growth rate, the fish are divided into several reservoirs in the course of rearing. The course of fry rear-
ing stage should be associated with a preventive inspection of the fry with a focus on parasitic infections
and strict attention to the clean environment (i.e., removal of feed leftovers, faeces and deceased fish). The
establishment of a habit for consumption of granulated feeding mixtures at the very initial stage of evolu-
tion of the fry of grayling provides for further continuation with its rearing in controlled conditions and for
obtaining the required brood stock in the final stage. In addition to that, it is not necessary to gain plank-
ton, which is sometimes problematic. The procedure enables regular feed intake in corresponding rations
and the risk of parasitic infection transmission is also eliminated to a great extent. The total losses during
the rearing of yearling are usually up to 30%.
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Rearing of young breeding fish and brood fish

The technology of rearing young breeding fish (1-3 years old) and brood fish has to be adapted to the
quality of the water supplying the rearing reservoirs. If the reservoirs are supplied from streams with fish, i.e.,
there is a potential risk of pathogen transmission, it is not recommended to use ground ponds for rearing
brown trout. Flow-through reservoirs with a high flow and a hard bottom (e.g., concrete storage tanks, trench
ponds, channels, flumes, etc.) have proved to be suitable in such cases. If there is a source of good quality
water with no fish stock available, it is possible to use also ground ponds. It is optimal to keep particular age
categories (one to two-year, two to three-year-old, brood fish) in separate reservoirs. Three-year-old fish can
already be placed together with brood stock. The oxygen saturation should not fall below 60% in the outlets.

Young breeding fish prosper very well in flow-through reservoirs with a water volume up to 10 m3. The
stocking rate of yearling is about 100-300 pcs.m™. After one year of rearing, it is appropriate to reduce
the stocking rate of two-year-old fish to 30-50 pcs.m™. At the same time, the fish should be re-sorted and
smaller individuals placed among younger fish categories. In no case is it recommended to carry out any
selection, except for removing ill or morphologically deformed individuals. Fish which appear to be “out-
siders” in fish farm conditions can bear important genetic characteristic for survival in natural conditions.
The losses during the rearing of young breeding fish are usually about 10%.

Fig. 4.6.13. Brown trout brood stock reared in controlled conditions within the local organization of the
CAU Husinec (photo: T. Randdk).

-193-

Fisheries_126-291_2.indd 193 29.5.2015 16:46:17



The brood stock (Fig. 4.6.13.) can be reared in the flow-through reservoirs holding several dozens of
cubic metres of water. The stocking rate is about 10 pcs.m™3. The losses during the brood stock rearing are
between 10-30% per year, the highest being in the post- spawning period.

If a source of wild males is available (e.g., from PFA) for fertilizing stripped eggs from reared females, it is
advisable to remove most of the males before placing young breeding fish with the brood stock. This selec-
tion should be done in autumn when the males are easily distinguishable (Tab. 4.6.1.). Only a few (usually
10-20) males are left in each reservoir with the brood stock. The presence of males in the reservoir prob-
ably improves the maturing of females. In the spawning period, males tend to fight each other if there are
more of them in the reservoir. Injured fish are a source of bacterial and fungal infections which can spread
to other fish weakened by the stripping. If there is no source of wild males available, it is necessary to rear
them in controlled conditions in sufficient numbers. In this instance, the selection is avoided and males
are kept in the reservoirs together with females. The old (large) males can become very aggressive, so they
should be removed from the rear. Additionally, it is necessary to monitor carefully the health condition of
the fish, especially in the post-spawning period, remove all the individuals with high levels of fungal infec-
tion in time and, if required, treat them accordingly in a bath or with antibiotics. It is not recommended to
keep males separately from females as they tend to fight more and injuries can cause high and very often
total losses of the stock.

It is recommended to use only high quality rainbow trout compound feed during the rearing of young
breeding fish and brood stocks. Younger categories are fed with less intensive feed with lower fat content
and brood fish with specially designed feed for this category. The daily rations should be at the lower end
of the rations recommended for the rainbow trout by the manufacturer of the feed. The size of the granules
should be appropriate to the size of fish. The granules should not be floating on the surface, but should be
slowly sinking. It is possible to use either hand feeding or automatic feeding devices. Feeding with natural
or substitute food (e.g., spleen) throughout the entire course of rearing is not recommended.

Artificial reproduction

Artificial spawning of reared fish is usually carried out in the same periods as the spawning of the par-
ent population of wild fish. Fish populations (wild, reared) must be manipulated separately, in order not
to mix them. Sexual dimorphism is clearly apparent in the spawning period (Tab. 4.6.1., Fig. 4.6.14.). It is
not required to use hormonal stimulation during the artificial spawning itself. Anaesthetic can be used as
a suitable means which eliminates injuries of larger-sized brood fish (Kolarova et al., 2007). It is advisable
to bath fish for a short time in a potassium permanganate solution immediately after artificial spawning
(Koldfova and Svobodova, 2009) and then to release the fish back into the environment where they were
taken from. Eggs of reared females should be fertilized with the sperm of wild males. The quality of genital
products of reared brood fish, fertilization, hatching rate and viability of offspring is usually comparable to
the parameters that are determined for native wild populations (Randak et al., 2006).

For artificial spawning of brown trout, considering the conditions in the majority of the Czech trout
hatcheries, the procedure defined below can be recommended. This procedure enables the preservation
of the genetic variability of the gained offspring to the maximum extent.

Egg fertilization should preferably be carried out with the dry method where the eggs are stripped
directly into the dry bowl together with ovarian liquid. The eggs can also be stripped to the sieve where
the ovarian fluid is left to drip off and the eggs are then carefully moved into a dry plastic container. Each
female should be stripped separately, i.e., eggs from each female are stripped into one dry bowl or sieve.
The quality of the stripped eggs should be then visually inspected for the presence of blood, clumps of
eggs, white eggs or evidently damaged or low quality eggs. If the eggs appear to be of good quality, they
are then transferred into a larger container that is intended for gathering eggs from a given stripping.
The containers must be covered with a damp cloth and the eggs should never be exposed to sun rays
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Tab. 4.6.1. Overview of external morphologic characteristics with significant sexual dimorphism, i.e. typi-
cal for particular gender of mature fish.

Sign Male Female

enlarged abdomen indistinctive distinct

stimulation of abdomen releases sperm (milt) of white colour eggs — just before spawning
colour of abdomen dark pale

urogenital orifice slit shaped oval, swollen

maxilla extends beyond eye up to the eye

lower jaw hooked (older males) straight

front part of upper jaw (rostrum) straight (sharp) rounded

body colour (“wedding dress”) distinct less distinct

during the entire process (not even during the stripping). The temperature must not differ considerably
in comparison to the water temperature where the eggs will be incubated and it is important to prevent
the eggs from getting into contact with the water, as the presence of water in the eggs before fertilization
significantly decreases their fertilization success rate. When all the females are stripped, the eggs are care-
fully mixed (homogenized) and then they are divided into smaller bowls. The number of these bowls is
dependent on the number of males who are available for the eggs’ fertilization. In order to fertilize eggs
in each individual bowl, 2-3 different males are always required. Sperm (milt) is added directly onto the
spawned eggs and, similarly to fish eggs, the sperm should be protected from any contact with the water.
The genital products are then mixed, and water is added to activate gametes and initiate the process of
fertilization. The fish eggs are then carefully mixed again. To prevent excessive dilution of the milt which
could result in lower fertility, the water level in the container should not be higher than 1-2 cm above the
eggs. After that, the bowls are left to stand for about 3-5 minutes for the process of fertilization to finish.
Subsequently, the eggs from individual bowls are poured together again into one bigger bowl, they are
carefully rinsed several times in the same water which was used for fertilization and then they are placed
into incubation apparatus. The most suitable incubation device is the classic Riickel-Vacek apparatus or
trough inserts. The eggs in the apparatus should be placed in one layer only. The capacity of one incuba-
tion apparatus is thus around 8-10000 eggs. Incubation eggs are very sensitive to shaking, manipulation
and light until they reach the stage of eyed eggs (220-300 °D from fertilization). The water temperature
during the incubation should not exceed 10 °C. The length of the incubation period depends on the water
temperature, usually between 350-500 °D. For establishing brood stock, approximately 100 fertilized eggs
per future brood female are needed. The optimum number of brood stock is at least 100-200 females. Thus
for brood stock of 100 females, approximately 10000 fertilized eggs should be available. These eggs should
come from as many parents as possible (minimum of 20-30 pairs).

In the course of the first stripping of a given reared fish brood it is advisable to remove the majority of
males from the rear. In order to preserve the variability of reared populations, it is not recommended, except
for potential elimination of sick fish, to perform any other intentional selections within the reared stocks. In
order to estimate the future egg production from reared stock, the following parameters are considered:
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Fig. 4.6.14. sexual dimorphism of reared brown trout brood fish of the Sumava Mountains’ population (top
—male, bottom - female, photo: T. Randdk).

« absolute fertility (number of stripped eggs per female) approximately 1000 eggs

- relative fertility (number of eggs per kg of female weight) 1500-2000 pcs.kg™' of female weight

+ 40-60% of females mature in their third year, the rest of the fish mature later. Males usually mature

one year earlier than females, therefore, they can be taken out from the rear in their 2" or 34 year.

Reared fish usually live longer (about 5-8 years) than fish in the wild nature. Reared fish thus grow big-
ger and have more eggs than in natural conditions. The weight of females used for artificial spawning is in
most cases between 300-1000 g. A fish usually undertakes 3-5 artificial spawnings during its life in the rear.
The post-spawning mortality of the reared brood fish (15t and 2" stripping) is minimal. The fish reared for
longer periods can develop morphological (e.g., reduced fins) or behavioural (e.g., loss of shyness, reactions
to feeding) changes as an adaptation of the organism to the new environment and impact of unnatural
conditions. However, these changes are not likely to be transferred to the offspring since they are not usually
genetically fixed. Within a study that compared reproduction indicators, fertilization, the hatching rate and
biological quality of eggs between reared and wild brood stocks of a similar origin, no significant differences
were discovered within groups of similar-sized individuals (Randak et al., 2006). A very useful tool for fish
identification can be tagging, usually by means of chips or coloured tags (e.g., VIE, VIA - see chapter 4.10.).

Rearing of grayling brood fish (Randék et al., 2009b)

If brood grayling are to be caught from open waters, it is better to catch the spawners from streams
during the autumn period (e.g., during the catching of brown trout brood fish) and to keep them in
suitable reservoirs over the winter period. For the purpose of keeping caught brood fish until spring
spawning, it is possible to use, e.g., ground and trench ponds, channels and storage tanks. However,
larger flow-through ponds are more suitable (usually up to 1 ha) that are supplied with quality water, a
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sufficient water column (1-3 m) where fish can find natural feed. In the spring season (usually at the turn
of March and April) when fish start to migrate to inlets, the reservoirs are harvested and fish are relo-
cated to smaller manipulation reservoirs that are situated close to the hatchery. If optimum temperature
conditions (10-12 °C) are achieved, it is not necessary to use hormonal stimulation. If the temperatures
fluctuate considerably, it is advisable to use such stimulation, in order to increase the number of ovulat-
ing females and to concentrate the artificial spawning into a shorter time period. The fish are regularly
monitored and the matured individuals are stripped. Usually, the majority of fish is stripped during 2
to 3 spawnings, which are usually conducted within 4-7 days. The fish must be handled with the maxi-
mum care. Anaesthetic can be used for stripped fish (Kolafova et al., 2007). Its application decreases fish
injuries and increases the percentage of successfully stripped females. In order to further decrease the
post-spawning mortality, the intramuscular or intraperitoneal application of antibiotics appears to be
successful. Spawning should be followed by the application of a short bath in potassium permanganate
(Kolafova and Svobodova, 2009). The fish are returned back into the water stream as soon as possible
after the artificial spawning. The post-spawning mortality of brood fish, in this case, is comparable to the
post-spawning mortality of fish during natural spawning and it enables their re-use during other seasons.
The quality of eggs obtained is very good and proven by the high fertilisation rate (usually 70-90%),
resulting in the higher effectiveness of the entire breeding process.

A very significant increase in the number of brood fish can be achieved through their rearing. The rear-
ing of brood fish can be conducted in extensive as well as controlled conditions. In order to establish brood
stocks that are to be reared in controlled conditions, a similar procedure such as with brown trout is con-
ducted. It is most suitable to base the rearing on native wild fish inhabiting the local area.

Rearing of fry and yearling under controlled conditions

Once the fry has hatched, the so-called dwell time in rearing follows, with the fry lying at the bottom
of the incubation apparatus and feeding on the nutrients contained in the yolk sac. This period is com-
pleted after digestion of approximately 2/3 of the yolk sac and then the fry starts to swim. The duration of
such dwell time usually ranges around 40-60 °D (4-6 days). The feeding of fry can be started at the end of
this stage, directly in the apparatus, or the fry can be stocked for the purpose of extensive rearing on its
natural feed.

As far as extensive and semi-intensive rearing is concerned, the fry is stocked immediately after its initial
swimming even with the remaining part of the yolk sack, or after the initial feeding on troughs, into pre-
pared ponds or reservoirs of a pond type (a natural swimming pool, fire protection reservoirs, etc.) that are
abundant with a sufficient amount of natural feed of optimal size (fine plankton). These reservoirs should
be filled approximately 10-14 days prior to the stocking. Ideally, they should have a sufficient supply of
clear water and a firm bottom free of any thick layer of sediments. It is recommended to apply a reason-
able amount of organic fertiliser within (e.g., compost, litter), prior to the filling of the pond which sup-
ports development of natural feed for the fish. The water temperature may exceed 20 °C during the first
year of rearing. The optimum size of such reservoirs is 0.5-1.5 ha in the case of extensive rearing without
any extra feeding, and up to 0.5 ha in the case of semi-intensive rearing with extra feeding of the stock.
The size of brood stock is dependent on the size of fish stocked (fry, fattened fry), the quantity of natural
feed and the intensity of potential fattening as well as requirements related to the size of fish caught. The
initial stock sizes range usually from 1 fish.m2 in purely extensive conditions up to 50 fish.m2 in the semi-
intensive culture of three-month-old juveniles. It is necessary to monitor the level of occurrence and size
of plankton and if there are any reductions, fattening using complete feeding mixtures must be initiated.
The installation of automatic feeding devices at the inlet part of the keeping reservoir is advisable. The
rate of losses associated with the above-mentioned methods of keeping usually ranges around 30-70%
during the growing season.
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As far as the intensive rearing is concerned, the starting stage of the subsequent rearing period, the
so-called active rearing period, when the fry shows significant motional activity and change their diet
from endogenic to exogenic, the fry must be transferred into shallow troughs and the start of feeding
commences. The initial stock ranges usually between 50 to 100 fish.I"". During the start of feeding and
other stages of rearing, it is recommended that complete feeding mixtures are used. The feed for rain-
bow trout with lower fat content, made by renowned producers, have proved to be suitable. The size
of the granules used at the start of feeding should be less than 0.3 mm. Ideally, hand feeding in smaller
portions at a high frequency (6-10 times per day) over the whole area of the trough should be practised
during the early feeding. Later, when the fish readily take the food, it is possible to use automatic feeders
(e.g. operated by a clock), preferably two feeders per trough. The feed rations should be at the lower end
of the rations recommended for the rainbow trout by the manufacturers of the compound feeds. The
size of the granules should be adequate to the size of the reared fish (according to the manufacturers’
catalogues). At the beginning, the water column in the troughs should be kept low (approximately 10
cm). In case the fry struggles to accept the feeding mix, it is necessary to use live or frozen plankton of
optimal size. The use of plankton increases the risk of disease importation into the stock and slows down
the establishment of the custom of feeding on the feed mix, however, in some cases its use is required in
order to prevent the mortality of the fry due to starvation. If plankton is used, it is advisable to combine
the natural feed with the feeding mixture, i.e. combined rations of both. The losses are usually less than
20% at the initial stage of rearing.

After 3-4 weeks of initial rearing, the fry (of a usual size of approximately 3 cm) are transported into
larger reservoirs (or to ponds or reservoirs of a pond type - see above) where the rearing process gener-
ally continues up to the yearling stage. For intensive rearing, troughs or circular pools are used mostly.
The size of stocks depends mainly on the size of the reservoirs and the water oxygen content. The rate of
oxygen content in the water at the outlet parts of the rearing reservoirs should not drop below 60%. To
ensure optimal growth, with regard to the significant temperature tolerance of grayling during their first
year of life, such reservoirs should be supplied with water of a higher temperature. During the summer
months, the water temperature can reach the level of 25 °C on condition that strict adherence to hygiene
requirements and sufficient oxygen content of the water (oxygen content at the outlet exceeding 60%)
are observed. It is possible to use aerating or oxygen supply devices, which enable adequate increas-
es in the quantity within the stock. During the rearing stage, the fish are divided into more reservoirs,
depending on the growth rate. In the course of fry rearing, it is very important to carry out preventive
inspections of the fry with a focus on parasitic infections and strict attention to a clean environment.

Rearing of young breeding fish and brood fish

Rearing of young breeding fish under extensive conditions can be conducted using suitable reser-
voirs of the pond type, channels, etc. The main source of nutrition comes from the natural feed. Rearing
of brood fish in such reservoir can be implemented starting with yearlings preferably; however, such envi-
ronment can be stocked also with two-year-old fish. The brood stocks should be reared under extensive
or semi-intensive conditions, i.e., to establish the habit for feeding on their natural feed. The quality of
genital products of brood grayling reared under extensive conditions is mostly good. The disadvantage
of extensive rearing of brood fish is the low quantity within the stock, i.e., relatively low number of brood
fish reared per unit of area of the reservoirs used (usually 100-300 pcs.ha'), depending on the specific
area’s productivity. This system allows for rearing of young breeding fish and brood fish together and the
purpose of artificial reproduction will be served with selection within the pre-spawning period focused
on brood fish with sufficient production of genital products.

Semi-intensive rearing of young breeding and brood fish in ponds is a very effective method. A pond
suitable for rearing of brood fish should be sized between 0.5 and 1.5 ha. Its depth should not exceed

-198-

Fisheries_126-291_2.indd 198 29.5.2015 16:46:18



FISHERY MANAGEMENT IN OPEN WATERS

1 m over the entire water surface, with one part deeper to allow for successful wintering of reared fish.
The necessary prerequisite for this method is the supply of water by means of a sufficient inlet of quality
water, ideally from a brook or river. The temperature of the water inside the ponds should not exceed
the level of 22 °C during the summer months. Suitable areas include ponds with a sandy or gravely bot-
tom. Muddy ponds are not suitable for grayling farming. These environments can be provided with
some water plants as these create suitable conditions for the evolution of maggots of water insects
that represent an important part of the natural feed for grayling. The development of natural feed can
be further supported with the supply of a sufficient amount of fertiliser into the pond. Ponds located
close to urban areas are advantageous since it is possible to partially eliminate the impact of piscivo-
rous predators. Their negative impact can be also reduced by fencing off the pond and stretching wire
or meshwork barriers above the water surface. The stock of brood fish should include 300-500 pcs.ha™.
Both genders are reared together. Brood grayling are fed mainly with natural feed, but they may also
be provided with extra feeding in the form of complete granulated mixtures. It is advisable to cease the
extra feeding in the autumn (in the second half up to the end of October), since excessive fattening of
brood fish decreases the quality of genital products. In spring, the fish are provided with extra feeding
as late as in the post-spawning period when they are returned back to the pond. The losses that occur
mainly in the post-spawning period range between 20 to 40% per year.

Intensive rearing of young breeding and brood fish can be conducted in ground ponds, concrete stor-
age tanks, circular tanks or trench ponds with a water volume of tens to hundreds of m3. One of the essen-
tial prerequisites is a sufficient inlet of quality water, the temperature of which should not exceed the
level of 22 °C during the hottest months. Water of a permanently low temperature is not suitable either,
since such conditions prevent the fast growth of the fish. Individual age groups (one to two-year-old
and two to three-year old brood fish) should be reared in separate reservoirs for optimal results. Three-
year-old fish can be included within the brood stock. Yearlings can be stocked in quantities of around
100-300 pcs.m3, two-year-old fish usually between 30-80 pcs.m™ and brood fish should be stocked in
the amount of 5-15 pcs.m3. Males and females can be reared together. The rate of oxygen saturation at
the outlet from the reservoir should not drop below 60% in the long run. Maximum care must be taken
when handling the fish. Losses during the rearing of young breeding fish range around 20% per year
and these occur throughout the whole year, the rearing of brood fish then suffers a 20-40% mortality
rate, especially in the post-spawning period. The post spawn period requires very strict adherence to
hygiene principles with timely removal of deceased individuals. Any massive losses should be consulted
with a veterinary expert and recommended treatment measures should be applied (baths, antibiotics
application, etc.). Feeding of fish during this rearing method must be conducted solely with complete
feeding mixtures usually for rainbow trout with the lowest fat content (e.g., 55% proteins, 15% fat). The
most convenient practice is to provide feed by means of automatic feeding devices; however, the fish
can be fed manually too. It is recommended to stop feeding the brood fish during October, in order to
enable absorption of fat stored within the abdominal cavity as a result of feeding with fabricated mix-
tures that will improve the quality of the fertilising ability of genital products.

Artificial reproduction

In the Czech environment, the reproduction of grayling usually takes place during April to May. The
water temperature belongs to the main factors affecting the fish maturing process. The optimum water
temperature in this period is approximately 10 °C. Any long-term decrease of a temperature below 6 °C
would basically stop the maturing process. Artificial reproduction of fish must be performed in such manner
that the maximum potential genetic variability of the offspring gained is ensured. The following method
of artificial reproduction of grayling, with respect to conditions within the majority of the Czech grayling
hatcheries can be recommended:
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Fig. 4.6.15. Artificial spawning of grayling female (photo: T. Randdk).

The most convenient method for fertilisation of eggs is the dry process, when the eggs are stripped
into a dry bowl together with the ovarian fluid, or a sieve (Fig. 4.6.15.), where the ovarian fluid is left to drip
off and the eggs are then carefully moved in a dry plastic container. The process of stripping is similar to
the stripping of brown trout. Sexual dimorphism is clearly visible during the spawning period (Tab. 4.6.2.).

The initiation of the fertilisation process can be started using a physiological solution replacing the
water (0.9% water solution of sodium chloride), which, in the experience of some fish breeders, increas-
es the percentage of fertilised eggs. The eggs should be mixed using a suitable tool, e.g., clean spatula
or scoop (plastic, rubber or wooden); it should not be done by hand. The application of anaesthesia is
convenient for fish that are subject to spawning (Kolafova et al., 2007) and after that, a short bath in a
potassium permanganate solution is recommended (permanganate) (Kolarova and Svobodov4, 2009).
The stripped brood fish are returned back into the natural water streams as soon as possible after the
disinfectant bath. The establishment of brood stock requires approximately 200 fertilised eggs per future
brood female. An optimum brood stock should comprise at least 100-200 females. If we are to establish
a brood stock comprising 100 females and 100 males, we will need approximately 20000 fertilised eggs.
These eggs should be obtained from the largest variety of parental fish as possible (at least 20-30 cou-
ples). With respect to grayling, males are not removed from the farming. The most convenient facilities
for the eggs’incubation comprise Kannengieter’s vessels. Every such vessel is made of two parts, where-
as the volume of the internal part is usually 1 to 1.5 litres. Such vessel can be used for the incubation of
approximately 20000 eggs. There are also larger versions of these vessels available, while the incubation
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capacity increases in proportion with the vessel size. Prior to the development of eye points (usually
80-90 °D), the eggs are relatively sensitive to vibrations; therefore, such vessels must be provided with
a minimum flow-through only. The eggs are also sensitive to light. Prior to completion of the incuba-
tion process, the eggs are relocated from the incubation vessels in the classic Riickel-Vacek apparatus
with openings sized approximately 1 to 1.5 mm or even on trough inserts. The temperature of the water
used for the incubation should optimally be 10-12 °C. The duration of the incubation period depends
on the water temperature and ranges between 150-200 °D. Preventive baths of eggs can be conducted
during the incubation process (Kolafova and Svobodova, 2009). The fertilisation rate of eggs from wild
fish ranges around 70-90%. Hatching of fry occurs in the Riickel-Vacek apparatus or trough inserts. This
process requires setting the apparatus on the lower flow option and increases the flow-through due to
the greater demand for oxygen among the stock and requires the careful removal of the egg casings.

Table 4.6.2. Overview of external morphological signs with significant sexual dimorphism of grayling, i.e. condi-
tions typical for individual genders during the fish maturity period.

Sign Male Female

enlarged abdominal cavity dull significant

abdomen stimulation releases white sperm “milt” eggs, prior to the very spawning

urogenital orifice slit-shaped oval, swollen

dorsal fin large flag-shaped, sharp end, smaller, with rounded end, less
colourful coloured

body colour “wedding dress” contrast to dark purple less significant

The parameters for estimating future egg production from reared stock are as follows:

- absolute fertility (number of stripped eggs per female) approximately 1500-3000 eggs

- relative fertility (number of eggs per kg of female weight) 8000-15000 pcs.kg™’

« 40-60% of females mature in their third year, the rest of the fish mature later. Males usually mature
one year earlier than females

Farmed fish usually live longer (usually 4-7 years), compared to the situation under natural condi-
tions. Due to that fact that they grow into larger sizes they thus produce more eggs than is usual for
wild individuals. The weight of females used for artificial spawning ranges mostly between 200-600 g.
The number of spawnings completed within the life period of the reared fish generally ranges between
2 to 4. The marking of fish is a very practical instrument for identification purposes. These marks can be
applied if the size of the fish complies with requirements related to the specific marking methods, most
conveniently during the winter months when the fish are the least sensitive to handling. The spawning
period is not suitable for the application of such markings and any such activity would increase the post-
spawning mortality to a significant extent. The marking should include the use of anaesthetic.

The introduction of the above-mentioned procedures within the brood fish rearing is a prereq-
uisite for the increase and stabilization of the production of brown trout and grayling fry. Estab-

lishment of a regional hatchery system using the local populations will enable the withdrawal

-201 -

Fisheries_126-291_2.indd 201 29.5.2015 16:46:19



from stocking of non-native populations sourced from other regions or abroad. The breeding of
brood fish and adherence to the above-mentioned principles will allow for compliance with the
long-term sustainability and stability of the production of quality fry showing characteristics of
wild populations to the maximum extent. There will be a simultaneous reduction in mass using of
wild brood fish obtained from open waters resulting in support of their essential natural repro-
duction. The rearing of brown trout and grayling fry and their stocking into open waters is elaborated
on in chapter 4.8.1.
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4.7. Food-web manipulation by fish stock management (M. Vasek, Z. Addmek, J. Kubecka)

4.7.1. Biomanipulation

The effort to positively influence the ecological processes and water quality in lakes and reservoirs through
interventions in a fish community (fish stock) is the subject of food-web manipulation. Fish stock manage-
ment, whose main objective is to reduce the development of planktonic algae, is called biomanipulation.
The biomanipulation principle consists in elimination of populations of planktonophagous species (roach,
bleak, common bream, silver bream, rudd, common carp, gibel carp), be it by direct removal of these undesir-
able fish or by their suppression by means of stocking of piscivorous fish. The reduction of the abundance of
planktonophagous fish leads to limitation of their predation pressure on zooplankton, subsequently, it allows
for development of populations of large species of filtering zooplankton (caldocerans of the Daphnia genus)
that effectively eliminate small planktonic algae from the water column, which ultimately leads to increased
water transparency. Biomanipulation thus represents targeted influencing of lower components of the food
chain through fish, as they represent a hierarchically higher link of the food chain (Fig. 4.7.1.).

The fact that fish stocks are able to control the species and size composition of zooplankton and phy-
toplankton communities as well as their amount, was first discovered by Hrbacek (1962). Subsequently, in
the 1970s to 1990s, the manipulation with fish stocks and their impact on the structure and functioning of
aquatic ecosystems has become the subject of many scientific studies. The research intensity of this issue
has been motivated by a practical desire to reduce the impact of anthropogenic eutrophication (unde-
sirable development of planktonic algae and cyanobacteria caused by the surplus of nutrients in the envi-
ronment due to human activity). At this time, a methodological guide was published called “Managed fish
stocks in valley reservoirs” (Lusk et al., 1983), which contains an overview of the importance, creation and
use of controlled fish stocks in dam reservoirs. Later, researchers corrected some earlier opinions and, in
particular, they defined more accurately the conditions under which biomanipulation is the most effective.
Those interested in this issue can find the current synthesis of biomanipulation, for example, in the studies
of Hansson et al. (1998) and Mehner et al. (2002, 2004). In the Czech Republic, biomanipulation measures
have been implemented, to a varying degree, primarily in water-supply reservoirs that accumulate raw
drinking water. Recently, however, interest in using the biomanipulation potential for improving the water
quality also in recreational reservoirs and ponds has increased.

4.7.2. Nutrient loading and limits of successful biomanipulation

The key nutrient limiting the development of primary producers (i.e., cyanobacteria, algae and macro-
phytes), within the conditions of most reservoirs and lakes of the temperate climate zone, is phosphorus.
Phosphorus is thus a nutrient that determines the biological production potential of surface waters by
means of its availability. Due to excessive input of phosphorus, the trophic state of surface waters sharp-
ly increases causing an undesirable development of planktonic algae and cyanobacteria, which finally
results in deterioration of the water quality. Depending on the availability of nutrients and the extent of
the primary production, water reservoirs are divided into four basic types. Oligotrophic reservoirs have
the lowest trophic status (< 10 mg of total phosphorus per m3) possessing a low primary production,
high transparency (> 6 m) with relatively low fish biomass (10-30 kg.ha™"). These are always deep reser-
voirs, located mostly in mountainous areas. Mesotrophic reservoirs show a medium to large amount of
nutrients (10-30 mg of total phosphorus per m3), lower transparency (6-3 m) and fish biomass generally
ranges between 50-100 kg.ha™'. Eutrophic reservoirs have a large amount of nutrients (35-100 mg of total
phosphorus per m3), low transparency (3—1.5 m) and fish biomass usually exceeds 100 kg.ha™'. Reservoirs
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Fig. 4.7.1. simplified diagram of effect of piscivorous and planktonophagous fish on lower links in the food
chain (planktonic crustaceans and algae). The intensity of grazing pressure is presented by the thickness of the
arrows. Left: an undesirable state with a large amount of planktonophagous fish and strong phytoplankton-caused
water turbidity. Right: a desirable state (low amount of planktonophagous fish, well developed large filtering zooplan-
kton and weak phytoplankton-caused water turbidity) which is the goal of biomanipulation interventions (adapted
according to Addmek et al., 2010).
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with a very large amount of nutrients (> 100 mg of total phosphorus per m3) and large production of
organic matter are known as hypertrophic. These are often shallow reservoirs with quite low transpar-
ency (< 1.5 m) fish biomass of which can amount up to several hundreds of kg per hectare of surface or,
on the contrary, it can be very low due to fish mortality resulting from extreme fluctuations in the oxygen
and free ammonia concentrations and extremely high pH values.

The need to reduce the development of planktonic algae and cyanobacteria arises especially in eutrophic
water-supply reservoirs where large biomass of phytoplankton causes significant problems in the treatment
of raw water into tap water. One of the possible mechanisms of regulation of phytoplankton biomass is bio-
manipulation. However, it is necessary to realize that the efficiency of biomanipulation measures has certain
boundaries that are defined mainly by the supply of nutrients or nutrient loading and depth of the reservoir. If
the nutrient loading of the water reservoir exceeds a certain limit, the biomanipulation loses its effectiveness
- a significant and long-term reduction of planktonic algae biomass through controlled fish stock is hardly
to be expected. Knowledge of the nutrient loading is therefore a necessary prerequisite for deciding on the
possibility and suitability of conducting biomanipulation efforts in a particular water reservoir.

The term external nutrient loading means the input of phosphorus from a river basin to a reservoir through
the inflow. With respect to deep, thermally stratified reservoirs, this external loading should not exceed the
value of 0.6-0.8 g of total phosphorus per m? of the reservoir’s surface per year (Benndorf et al., 2002) if the
biomanipulation measures are supposed to show significant improvements of water quality. With regard to
shallow reservoirs and lakes, the maximum annual value of external loading may amount up to 2 g of the
total phosphorus per m? of the reservoir’s surface (Jeppesen et al.,, 1990). If the external loading of a reservoir
exceeds the limit value, firstly, it is necessary to reduce the input of phosphorus into the reservoir through
measures in the river basin (improving treatment of municipal waste waters, anti-erosion protection of agri-
cultural land, revitalization of streams in river basins, improving retention efficiency of pre-reservoirs) and only
then it is useful to perform biomanipulation. If it is not possible to significantly reduce the excessive nutrient
input from a river basin, the quantity of phytoplankton in deep eutrophic reservoirs can be regulated by means
of artificial destratification of the water column. The principle of this technology consists in mixing the entire
water column when the phytoplankton is being moved into the deep layers, where its growth is effectively
hindered by the lack of light — phosphorus ceases to be a limiting source for algae and it is replaced by sunlight.

If the external nutrient loading is lower than the recommended limit value, yet the concentration of total
phosphorus in the reservoir water is high, then it is a system with a large internal nutrient loading that is pre-
sented by releasing of phosphorus from the accumulated sediment. If the biomanipulation effort itself in shal-
low lakes (average depth of < 3-5 m) is to lead to a significant improvement in the water quality, the average
annual concentration of total phosphorus should not exceed 100-250 mg.m-3 (Jeppesen and Sammalkorpi,
2002). The threshold concentration of total phosphorus in relation to the effectiveness of biomanipulation
in deep stratified lakes and reservoirs (average depth of > 5-10 m) has not yet been clearly defined by direct
scientific studies, and the limit value corresponding to average annual concentration of total phosphorus of
20-50 mg.m3 is assumed (Jeppesen and Sammalkorpi, 2002; Mehner et al., 2004). If the phosphorus limit con-
centration is exceeded, it is necessary to supplement the biomanipulation with other approaches, e.g., to extract
the sediments, apply chemical treatment (in shallow reservoirs) and/or aerate hypolimnion (in deep reservoirs).

4.7.3. Fish stock status

Knowledge of the current state of fish stock in a water reservoir is an important prerequisite for effec-
tive planning and implementation of biomanipulation measures. Reliable information on the abundance,
biomass and species composition of a fish stock is indispensable. These basic parameters of fish stock are
determined by control surveys by means of mass fishing gears. Approaches leading to determination of
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status and abundance of fish stock are described in chapter 4.2., or they can be found in the guide called
“Methods of fish stock monitoring in reservoirs and lakes” (Kubecka et al., 2010).

In terms of water quality, it is desirable that the biomass of non-piscivorous fish (planktonophagous and
benthophagous species) in reservoirs and lakes does not exceed the value of 50 kg.ha™! (Seda et al., 2000;
Mehner et al., 2004). The relationship between non-piscivorous fish biomass and the size composition of
zooplankton is stated in chapter 4.5. A reduction of non-piscivorous fish biomass to the value of 50 kg.ha™' or
lower is a critical requirement for the development of large filtering zooplankton and the resulting improve-
ment of the water quality (reduction of phytoplankton biomass and increase of transparency). A reduction
of a non-piscivorous fish stock to a value between 50-100 kg.ha™! may lead to positive changes in the water
quality, but these are usually only short-term changes. If the biomass of undesirable fish in a reservoir is not
reduced below 100 kg.ha!, an improvement of the water quality cannot be expected.

4.7.4. Methods of fish stock management

Management of a fish stock in order to eliminate biomass of undesirable species is based primarily on
reduction fishing of planktonophagous and benthophagous fish and on stocking of piscivorous fish. The
intensity and speed of elimination of undesirable fish stocks are key factors that determine the effective-
ness of biomanipulation. In order to significantly enhance the water quality, it is necessary to reduce the
biomass of undesirable fish below 50 kg.ha™!, preferably within one to three years (Mehner et al., 2004).
Reduction fishing conducted in the long-term, but with an insufficient intensity, cannot fundamentally
reverse the negative conditions in a reservoir ecosystem. In larger reservoirs with undesirable fish stocks
significantly exceeding the limit of 50 kg.ha™, it is not feasible to make a rapid reduction of non-piscivorous
fish biomass only by means of stocking of piscivorous fish. In such case, firstly, it is necessary to dramati-
cally restrict the biomass of planktonophagous and benthophagous fish by means of various methods of
massive fish stock reduction.

Itis possible to apply reduction fishing by means of seine nets within the reservoir shoreline devoided
of obstacles. Beach seining is the most effective during the spawning period (outside the spawning period
in large waters especially at night). In the reproduction season, electrofishing of cyprinid fish on spawning
grounds is also effective. Mass fishing gears, such as pelagic trawls or purse seines are indispensable for
intensive removal of abundant undesirable fish from the pelagial of deep reservoirs (Fig. 4.7.2.). Catches
of migratory and spawning fish into traps and fyke nets represent another suitable method of fish remov-
al. The use of traps (Fig. 6.2.10. in chapter 6.2.) is very effective for removal of European perch (Seda and
Kubecka, 1997). A large proportion (up to 20% of the stock) of non-piscivorous fish of many species can be
captured by a fyke net system installed across the entire reservoir tributary zone (Fig. 4.7.3. and 4.7.4.). Liv-
ing fish captured during regulatory fishing (e.g.,, common bream) can be used for stocking in other water
bodies (Fig. 4.7.5.). Dead fresh fish, chilled or frozen, can be offered as food to zoos. If the biomanipulation
measures are to be conducted in a reservoir that serves for recreational fishing, it is desirable to allow for
all-year-round fishing of non-piscivorous fish (including common carp) without any length and weight
limits. Stocking of non-piscivorous fish (including common carp, tench and herbivorous species) into the
reservoirs, where the fish stock management aimed at enhancing the water quality is carried out, is unde-
sirable (see chapter 4.7.5.).

The undesirable fish populations can be completely removed only in drainable reservoirs, for example,
recreational ponds used by the public as so-called natural bathing waters. This is not usually possible with
respect to water-supply dam reservoirs since these reservoirs are rarely drained. It can be performed, for
example, only if the dam is to be repaired. It is also possible to remove the entire fish stock by means of
specific fish poisons (piscicides). The most known is rotenone (organic substance obtained by extraction
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from the roots and stems of tropical and subtropical plants of Lonchocarpus and Derris genera), formerly
widely used to control the overabundant pest fish especially in the USA. In the Czech Republic, however,
poisoning of fish stocks is not acceptable for legal and ethical reasons, and in case of water-supply reservoirs
also for practical feasibility reasons. Another form of regulation of fish stock density is manipulation with
water level. Before spawning of cyprinid fish, it is useful to inundate, for a short time period, the shoreline
terrestrial vegetation onto which these fish (mainly phytophilous and phytolitophilous species) preferably
spawn and subsequently, to reduce the water level so that the spawned eggs remain dry and die, or become
food for invertebrates, aquatic birds and mammals living around the reservoir shoreline.

In a reservoir in which the biomass of planktonophagous and benthophagous fish was reduced by
means of reduction fishing to the level close to the critical value of 50 kg.ha™, it is important to maintain
this favourable status through stocking and protection of piscivorous fish. To enable the piscivorous fish
to effectively control the production of undesirable species and keep their abundance at a low level, the
proportion of piscivorous fish (pike, pikeperch, asp, catfish and large individuals of European perch) in the
total biomass of adult fish in a reservoir should range between 25-40% (Mehner et al., 2004). The increase
in the proportion of piscivorous fish in a fish community can be achieved by intensive stocking and effec-
tive protection. Deep reservoirs and large shallow reservoirs are preferably stocked with pikeperch and asp
(Fig. 4.7.6.) which efficiently prey on small planktonophagous fish in the pelagial. An important additional
component of stocking represents catfish that are due to their size able to consume also large adults of
roach and common bream. Especially in the case of small shallow reservoirs with submerged vegetation,
pike is stocked as the main species and the most effective piscivorous fish. Pike are also an important pis-
civorous fish in the shoreline zone of deep reservoirs and their stocking in this type of water should be
supported as well.

Advanced pike fry are stocked in spring, most preferably immediately after the larvae of cyprinid fish
have hatched, as these represent suitable food for young pike. The size of stocked pike fry should be as
uniform as possible in order to prevent mutual cannibalism. Usual densities of advanced pike stocking are 1
specimen per 5-10 m of a suitable shoreline with appropriate shelters. Pikeperch and asp are stocked most
often at the yearling stage. Sometimes, advanced pikeperch fry are stocked as well. However, such fry are
very sensitive to transport, handling and potential starvation, therefore, the considerable mortality rate of
stock must be taken into account. Advanced pikeperch should be stocked only when they have a sufficient
size advantage over their potential prey (ideally, twice the length of the body). In such case, stocking of
advanced fry can be the most effective method from an economical point of view; however, the presence
of potential predators, mainly perch, must be considered. If an abundant perch population occurs in a res-
ervoir, older fish (two-year and older) should be stocked, since these fish are already characterized by a low
natural mortality rate. However, it can be very difficult to obtain the older stock of predators, because the
producers may not have sufficient amounts available and also the price of each stock fish is several times
higher. The amount of stocked predators in the stage of advanced fry or yearling should annually amount
to at least tens, but preferably hundreds to thousands of fish per hectare of the water body surface. Never-
theless, itis necessary to take the reservoir conditions and the fish community characteristics into account.
The framework range of stocking densities for the Czech reservoirs have been defined by Lusk and Vostra-
dovsky (1978), however, in order to ensure effective biomanipulation impact, it is necessary to stock more
than 5 kg of piscivorous fish per hectare and year (Seda et al., 2000). Transportation of piscivorous fish stock
to the destination should be carried out with the required technical equipment (transport boxes provided
with aeration). Pikeperch, asp and larger catfish can be stocked together in two or three places in a reser-
voir. Pike stock and catfish yearlings should be stocked separately or in group of few individuals along the
entire reservoir shoreline. Distribution of the stock is conducted by means of a motorboat.

Salmonid fish communities in reservoirs are to be provided with a specific management regime.
Salmonid species were present in the early stages of the fish community development of many reservoirs
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Fig. 4.7.2. Night catch by trawling from the pelagial of the Rimov Reservoir. Common bream predominate
in the catch (photo: FISHECU).

Fig. 4.7.3. The system of two large fyke nets installed across the inflow zone at the Rimov Reservoir. With
respect to the dimensions of the chamber and the size of catches, it was necessary to build scaffolding in order

to set and manipulate each trap (photo: FISHECU).
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Fig. 4.7.5. perforated storage boat represents a useful tool for keeping fish from reduction fishing alive
(photo: FISHECU).

-212-

Fisheries_126-291_2.indd 212 29.5.2015 16:46:26



FISHERY MANAGEMENT IN OPEN WATERS

Fig. 4.7.6. Asp (top) and pikeperch (bottom) are often stocked into drinking water-supply reservoirs to supp-
ress small planktonophagous fish (photo: J. Peterka).
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(see chapter 3.5.) and it was attempted to stock many reservoirs with a considerable proportion of sal-
monid species. The main effective biomanipulation elements are brown trout, rainbow trout and alterna-
tively brook trout. If brown trout of the lake type represent a considerable part of a salmonid population,
then such population resembles mountain lakes of salmonid type that are common in neighbouring
countries (Kubecka and Peterka, 2009); a large part of the community is potentially represented by pis-
civorous salmonid fish. At the same time, they serve as a source of high value brood fish (Piecuch et al.,
2007). Hrbacek et al. (1986) documented the positive impact of such community on the water quality
in the Hubenov drinking water-supply reservoir. The recommended stocking density ranged between
200-500 of one- to two-year-old trout per ha (Lusk and Vostradovsky, 1978). In practice, the density is
more likely to range around 100 ind.ha'. Nevertheless, it has been proved that also trout inhabiting dam
reservoirs can feed, from an essential part, on the largest individuals of filtering zooplankton, as was the
case for example in the Opatovice Reservoir after its filling, where Daphnia longispina represented up
to 15% of the brown trout diet (Losos, 1976). However, the predation pressure of salmonid populations
upon cladocerans is usually incomparable with, for example, feeding pressure of abundant cyprinid pop-
ulations, and zooplankton in reservoirs with salmonid stocks contain a considerably greater proportion
of large individuals of caldocerans (Hrbéacek et al., 1986). The majority of fish communities that were for-
merly salmonid dominated has degraded throughout time to other types, as described in chapter 3.5. It
was mainly caused by the introduction of ecologically aggressive fish species (Adamek et al., 1995) that
were not native to the reservoir (for example, bait fish of legal or illegal anglers, contamination with unde-
sirable species from ponds and other waters within salmonid reservoir drainage areas, or alternatively,
as a result of inappropriate stocking). The primary task of fishery management is to protect salmonid
reservoirs. Salmonid reservoirs in the Czech territory are not located at extremely high altitudes (usually
500-750 m a.s.l.) and the species that are common in lower altitudes (perch, ruffe, pike, pikeperch, roach,
etc.) can cause considerable damage to the salmonid community or can become serious competitors to
salmonid species. Another very important preventive measure is to protect salmonid species from illegal
fishing (poaching), or from bird or mammalian predators. To date, there has been only little information
concerning the status of salmonid communities in Czech dam reservoirs. They have probably survived
in the Moravka Reservoir in the Beskydy Mountains (Piecuch et al., 2007), in acidified reservoirs in the
Jizera Mountains (Kubecka et al., 1998) and in the Ore Mountains (Peterka et al., 2009). They deserve the
maximum protection and supporting measures since they represent the harmonization of maximum
ecological potential with a highly beneficial impact on the water quality.

4.7.5. Supporting biomanipulation measures

Successful biomanipulation in shallow reservoirs is accompanied by the development of submerged
macrophytes as a result of increased water transparency. Submerged macrophytes develop also in shore-
line zone of deep reservoirs that have low water level fluctuation. Overgrowth of the bottom that was
previously blank with submerged plants is considered as a positive result of biomanipulation since the
plants significantly contribute to the sustainability and further improvement of water quality, that was
previously achieved by reducing the undesirable fish stock (Hansson et al., 1998; Jeppesen and Sam-
malkorpi, 2002). Submerged plants absorb during the growing season an essential part of phosphorus,
which decreases the growth and development of planktonic algae. In addition to that, macrophytes sta-
bilize the sediment surface, thus prevent resuspension of sediment particles which results in an increase
of water transparency. With increasing water transparency, macrophytes penetrate to lower depths which
further enhance their positive impact on water quality. Furthermore, submerged vegetation is a pre-
ferred habitat of piscivorous fish, especially pike and large European perch, and thus creates suitable
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conditions for their increased abundance and predation pressure on undesirable fish species. As sub-
merged plants represent a stabilization factor of the aquatic ecosystem, it is necessary to protect and
support their initial development.

For this reason, it is not desirable to stock grass carp into reservoirs where biomanipulation measures
have been applied, as grass carp are efficient consumers of submerged macrophytes. Stocking of benthop-
hagous fish (common carp, tench and common bream) is not desirable either. These species are unsuitable
not only because they consume large amounts of zooplankton, apart from benthic fauna, but also because
they disturb the sediment during their search for benthic food (the so-called bioturbation) by which they
support nutrient release into water (Adamek and Marsalek, 2013). Moreover, they complicate attachment
and growth of submerged macrophytes due to their permanent disturbance of the bottom surface. Some
authors have recommended using filtering herbivorous species - bighead and silver carp - in order to
decrease the amount of phytoplankton in drinking water-supply reservoirs. It must be added that these
large cyprinid fish are suitable mainly for regulation of water blooms (colonial algae and cyanobacteria) in
hypertrophic reservoirs and lakes, especially in tropical areas, where large species of filtering zooplankton
are not naturally present (Xie and Liu, 2001). Bighead and silver carp are not, however, suitable for bioma-
nipulation of reservoirs in the temperate zone (Radke and Kahl, 2002). These species are not only able to
effectively consume small phytoplankton but also they feed partially on zooplankton as well. The high stock
densities of these fish cause elimination of filtering zooplankton, the result of which may be an increase in
biomass of planktonic algae.

Excessive development of submerged vegetation in shallow lakes and reservoirs that are used as natu-
ral bathing sites can be considered as undesirable. In that case, the extent of submerged macrophytes can
be controlled by means of special harvesting tools and machines. The biomeliorative abilities of grass carp
can also be taken into account. However, such option has to be carefully considered. Overabundant grass
carp stock is able to eliminate the entire submerged aquatic vegetation, which usually causes the release
of nutrients that are bound in plants, and the ecosystem of the reservoir would return back to the initial
status characterized by high phytoplankton biomass and low water transparency. To determine the opti-
mum abundance of grass carp stock, that would keep a sufficient amount of submerged macrophytes, have
proved to be very difficult in practice. Moreover, overabundant grass carp stock cannot be easily reduced
in non-drainable reservoirs.

A sharp increase in the abundance of undesirable species fry can represent a negative secondary phe-
nomenon resulting from biomanipulation interventions, which usually occurs during the first years after
the considerable decrease in the amount of planktonophagous and benthophagous fish due to reduc-
tion fishing. The cause of this phenomenon is the enhanced growth and survival of the early ontoge-
netic stages of fish as a consequence of decreased food competition with adult fish. A sufficient amount
of predators can prevent the repeated increase in density of undesirable fish populations, therefore, it
is advisable to add suitable predators into the biomanipulated systems. The amount of piscivorous fish
should be increased, as needed, by their stocking as well as efficient protection. In Czech drinking water-
supply reservoirs recreational fishing is forbidden. Nevertheless, these waters attract the attention of
poachers mainly due to the easy availability of piscivorous fish. Especially pikeperch and pike are vul-
nerable to prohibited fishing. It is therefore very important that administrators of drinking water-supply
reservoirs, in co-operation with the police, ensure the most rigorous protection of managed fish stocks.
In the case of biomanipulated reservoirs that are used for recreational fishing, it is necessary to continu-
ously monitor and flexibly control the fishing for piscivorous fish by suitable means (e.g., increasing the
size limits, introducing the “catch and release” regime, restricting the attendance number) in such a way
that their excessive exploitation is prevented.
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4.7.6. Biomelioration

The most important biomelioration measure is the elimination of macrophytes, which means, not
only submerged (“soft”) but also emerged (“hard”) littoral vegetation. In open waters that are not subject
to aquaculture fish production, the role of aquatic macrophytes, from the ecosystem functioning point of
view, is generally positive, even though assessment of the optimum intensity of overgrowing has differed
- the highest fish species diversity was determined in medium overgrown (31-70% of surface), the highest
fish density in heavily overgrown (> 70%) and the highest mean individual weight of fish in poorly over-
grown (1-30%) reservoirs (Randall et al., 1996). Reservoirs with no macrophytes showed the lowest species
diversity as well as fish density; however, the mean individual weight of fish was only slightly smaller than
the maximum values found in reservoirs with macrophyte beds, which proves that macrophyte habitats
are used mainly by younger fish as their nursery areas.

Submerged aquatic plants also represent important substrate for the development of phytophilous food
invertebrates (midge fly, mayfly and dragonfly larvae, aquatic beetles, some caldocerans, etc.) and they
enhance the living conditions for ambushing piscivorous fish (pike). The main negative factors of excessive
development of submerged macrophytes in open waters are the decrease of light and heat penetration.
Overgrowing of littoral with emerged (“hard”) flora is considered to be the factor that decreases the pro-
duction per unit of the reservoir surface, but, at the same time, that increases the biodiversity. The positive
feature of adequate overgrowing (up to 1 m in breadth) of shoreline parts with hard vegetation is the pro-
tection of banks against erosion caused by waves. The littoral with hard macrophytes is often distinguished
by specific fauna and it provides shelters for fish fry and phytophilous species.

The most significant biological method of reducing or eliminating “soft” as well as“hard” aquatic plants is
stocking of grass carp. Biomass ranging around 50 kg.ha™' is sufficient to eliminate submerged and floating
plants (duckweed) as well as filamentous algae within one growing season. However, it is necessary that
grass carp is present in the reservoir from the beginning of the growing season since it is required that they
have the possibility to control the development of plant growth already during its initial phase. It cannot
be assumed, for example, that grass carp can eliminate duckweed in a reservoir, the water surface of which
is already completely covered by this plant. In order to eliminate emerged hard vegetation during one to
two seasons, the biomass amounting to 100 kg.ha™" is required, while the long-term control of vegetation
development with no total elimination can be conducted by the biomass of up to 50 kg.ha™! of grass carp.

Biomelioration measure can also be conducted through the use of molluscophagous fish that ensure
elimination of molluscs, especially snails (Lymnaea in particular) which are intermediate hosts of parasitic
trematodes or overabundant bivalves — zebra mussel, Dreissena polymorpha, whose colonies can plug the
inflow and outflow devices. This method, however, is in the research phase so far, as far as the use of typical
molluscophagous black carp Mylopharyngodon piceus is concerned (Adamek, 1998), however, its stocking
as a new non-native species into natural water bodies is in contradiction with current legislation.
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4.8. Breeding of stocks for open waters and their stocking (J. Andreji, P. Dvordk, T. Randdk, J. Turek)

4.8.1. Brown trout (Salmo trutta m. fario) and European grayling (Thymallus
thymallus)

The rearing of brown trout stocks can be conducted by intensive as well as extensive methods, or alterna-
tively, by a combination of both methods (Randak, 2006). If the extensive method is applied, fry are stocked
into rearing brooks during the period of transformation to exogenous nutrition or after the start of feeding. In
practice, a method based on intensive rearing of fry during the first 2-3 months of life and their subsequent
stocking into rearing brooks, has also been applied. This method considerably decreases the fry losses during
the first months of life. When rearing brooks and reservoirs are stocked, it is necessary to choose the optimum
size of stock for a given locality that depends mainly on the trophic status of the environment, stream mor-
phology, hydrological regime (especially flow-rate minimums during the summer period), etc. Rearing brooks
are very often relocated, which results in high losses of stocked fish and useless waste of fish for stocking that
is often in short supply. If brooks are used for rearing stocks, it is advisable to use only parts of these streams
(e.g., lower halves) in order to preserve the genetic variability of native populations. The natural development
of local fish populations based on natural reproduction should be taking place in the upper parts.

When rearing capillaries are stocked, it is necessary to stock fry equally along the entire length of the
rearing part of the stream. Before the stocking itself, it is very important to pay maximum attention to the
acclimatization of the fish to the temperature conditions in the stream. One- to two-year-old stocks are
produced in rearing brooks conditions. With respect to extensive rearing of grayling, the fry are stocked
into reservoirs of pond types during the period of transformation to exogenous nutrition or after initiation
of early feeding. The reservoirs are to contain a sufficient amount of natural feed, or alternatively, it is pos-
sible to provide the stock with extra feeding in the form of granular feeding mixtures. One- to two-year-old
stocks are produced under these conditions.

With respect to the intensive method, the brown trout and grayling fry are fed granular feeding mixtures
in high stocking density in special reservoirs. During the first several weeks of rearing, shallow plastic troughs
are usually used, later on, trough systems, circular reservoirs or ponds, storage tanks, etc. are used instead. The
rearing is usually terminated at the stage of yearling or two-year-old juvenile and fish are stocked into open
waters, or alternatively, these reared fish are used for subsequent rearing until the brood fish stage is reached.

The above-mentioned methods of production of the brown trout and grayling fry are disadvantageous
for the many reasons already stated in chapter 4.6. It must be noted that the main purpose of the stocking
of fish of these species is to support wild populations. The above-described methods that have been used
until the present, have not often fulfilled the purpose, and in many cases, they have seemed to be utterly
counter-productive in this respect. On the basis of the current level of knowledge, it is possible to recommend
a method that can potentially and realistically support disrupted wild populations. As far as brown trout are
concerned, it can be stocking of fry, obtained mainly from spawning of reared brood fish in regional hatcher-
ies, directly into fishing grounds. It is ideal to stock yolk-sac fry or fattened fry (4 to 6 weeks). As far as grayling
are concerned, it can be stocking of three-month-old juveniles (approximately of the size of 5 cm) reared most
preferably under extensive or semi-intensive methods in pond conditions. The fry should also come mainly
from reared brood fish. The use of reared brood fish for artificial spawning considerably reduces the use of
wild brood fish for such purposes; therefore, it supports natural spawning. If such a method is applied, it is
not necessary to cultivate the brooks, which will create conditions for potential restoration of self-sufficient
populations in these small streams that have been traditionally cultivated until now. If brood stocks that origi-
nate from local populations are reared, genetic contamination due to fry import from other regions does not
occur.The fish that are stocked into fishing grounds are influenced by the conditions of the artificial rearing to
a minimum level and they have the potential to adapt easily in natural streams. If a sufficient level of natural
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reproduction and successful fish eggs incubation do not occur in a stream as a consequence of small num-
ber of brood fish or other negative factors, stocking of fry, or three-month-old juveniles, will complete the
population of these fish in a given locality. These fish cannot, virtually, overstock the locality. If the “rearing
capacity” of a given fish category in a stream is exceeded as a result of their stocking, it is less difficult for a
fish population itself to eliminate the redundant individuals. The same cannot be expected if the locality was
overstocked with older fish. If there are enough brood fish in a steam and their successful natural repro-
duction is taking place there, then it is pointless to stock fish in support of these populations and it
introduces rather negative effects.

Stocking of brown trout and grayling into salmonid grounds must be conducted in the most reasonable
and responsible manner. It is necessary to become acquainted with the local conditions as well as the results
of management in a given stream in past seasons. The competent manager should be aware of the facts of
what the structure of fish populations in a given fishing ground look like, whether the stocked fish species
reproduce naturally, and in addition to that, he/she should be acquainted with the hydrological conditions,
stream segmentation, possibilities and status of pollution, the fishing pressure, impact of fish predators, etc.
As soon as all the above-mentioned information is known, it can be decided on an efficient method of how
to support populations inhabiting a given stream by means of stocking of reared fish. At present, the vol-
umes of fish that are stocked into fishing grounds are based on the so-called stocking plans that have been
established by the relevant fishery authorities. The manager of a fishing ground is obliged to stock annually
defined numbers of individual fish species. However, the size categories of stocked fish, their origin, method
and time of stocking, can be considerably influenced by the fishery manager. As far as the selection of stocks’
origin is concerned, fish reared from offspring of local brood fish populations should be chosen. If possible, it
is better to use stocks that have been as little influenced by the breeding conditions as possible, so that they
can adapt easier to the natural stream conditions. It is recommended to opt for stocking of early fish catego-
ries, or older stocks reared by the extensive method.

If fish for stocking are reared by the extensive method (rearing brooks and ponds) with a natural diet,
they show greater ability, once stocked into fishing grounds, to adapt to new conditions, in comparison with
stocks of the same origin reared in hatcheries (Turek et al., 2012). In case of extensively reared stocks, it is rec-
ommended to stock older (e.g., two-year-old) fish in order to achieve a higher survival rate. If stocks are reared
in hatcheries, their adaptation ability to the natural conditions is lower and it decreases with the increasing
duration of the stay of the fish under such conditions. In order to provide realistic and efficient support to
wild populations, it is advisable, in the case of hatchery-reared fish, to stock as young categories as possible
(yearling at maximum). Older categories should be stocked as legally-sized and only with the purpose to be
subsequently caught by anglers. The optimum time for stocking fish is the spring months (April, May), after
the snow-waters have receded and a sufficient amount of natural feed is available. Three-month-old grayling
should be stocked in the summer months. Autumn stocking of fish into fishing grounds should be conducted
only within two-year cycles of management in some rearing brooks. During the second winter, considerable
losses in fish stock occur in such streams. These losses are caused by the relatively large size of the fish, the
low flow-rates in the winter months and insufficient number of shelters for the fish which are consequently
exposed to fish predators. Some streams can also freeze over. The size of stocks bred in rearing brooks does
not change considerably throughout the winter months, i.e., it is possible to stock fish that will be of similar
size in autumn as well as in spring of the following year. These fish thus have a better chance in larger streams
to survive the winter period than fish kept in cramped conditions in a rearing capillary.

During the stocking of fish into fishing grounds itself, it is necessary to stock trout equally along the entire
length of the part of stream, while it is of course advisable to choose natural habitats with sufficient sheltering
possibilities. With respect to grayling, groups of fish of several dozens of individuals should be stocked within
one place into suitable parts of a stream. Before initiation of stocking, fish must be adapted to the tempera-
ture conditions of a given locality.
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FISHERY MANAGEMENT IN OPEN WATERS

4.8.2. Rainbow trout (Oncorhynchus mykiss) and brook trout (Salvelinus fontinalis)

The volume of rainbow trout (Fig. 4.6.11.) and brook trout (Fig. 4.6.12.) that is stocked into fishing grounds
have been constantly increasing. This is due to their high popularity with anglers as well as affordable price.
Stocks of both species are produced solely by means of intensive technologies using granular feed (Pokorny
etal, 2003). They are stocked into fishing grounds usually as legally-sized in the length exceeding 25 cm and
they are designated for fast catching. The demand for trophy fish with the weight of up to several kg has also
been rising. For the majority of organizations, the most advantageous solution is to purchase stocks from large
producers and to stock them into fishing grounds. Rearing of own stocks is profitable with organizations that
have their own hatchery focusing on salmonid species production as well as source of quality water. The water
temperature should not exceed 20 °C for a long period of time in the growing season. The technologies that
are used for both species are virtually the same.

The fry are obtained by means of artificial spawning of brood fish reared under intensive methods in
controlled conditions. Incubation of eggs is conducted in horizontal hatching apparatus (Rickel-Vacek) or in
incubation bottles. Incubation periods range between 300-400 °D with respect to both species. Feeding of
fry is initiated when the fry has absorbed about 2/3 of yolk sac. The start of feeding of both species is usual-
ly conducted in laminated troughs with the use of start-feeding mixtures. The fish density may reach up to
100000 pcs per m3 at the start of feeding and it is gradually brought down to approximately 20000 pcs per m3.
The initial feeding should be conducted manually in 5-8 day rations ad libitum.The granules used should be
sinking slowly. As soon as the habit for consumption of granular feed is established, automatic feeding devic-
es can be used. Strict adherence to the hygiene rules is necessary during the rearing process of fry (removal
of deceased individuals and feeding leftovers) and the parameters determining the water quality should be
monitored. The main important factor is that the content of the dissolved oxygen in the water that should
not drop below 6 mg.I"" at the reservoir outlet. As soon as the fry reach a length of approximately 5 cm and
a weight of around 2-5 g, they are stocked into larger reservoirs for further rearing. Such rearing is conduct-
ed in concrete or plastic reservoirs. Larger fish (of a weight of 10 g and above) can also be reared in earthen
ponds.They are fed solely with pellet dry feed made by renowned manufacturers and the size of the granules
should correspond to the current age (size) of fish. The feeding rations are recommended by manufacturers

Fig. 4.8.1. Rainbow trout is very popular with anglers (photo: T. Randadk).

-221-

Fisheries_126-291_2.indd 221 29.5.2015 16:46:30



with respect to the conditions. Stocks that are reared in troughs can initially amount to 5000 pcs.m?3, however,
they should be proportionately decreased throughout the rearing to reach the final number of approximately
50-100 pcs.m?3 with regard to commercial fish with a weight between 200-350 g. Too low stocking density
leads to reduced feed intake due to the wariness of the fish. Again, it is important to adhere to zoo-hygiene
requirements, to monitor the content of the oxygen in water and if the content drops below 6 mg.I"! at the
reservoir outlet, the feeding rations should be reduced or skipped completely. The same rules apply for rear-
ing in earthen ponds, however, stocks of all age categories should be at a level of 1/3-1/2 of stocks in con-
crete troughs. Aeration, fencing and roofing of reservoirs are advantageous during both rearing methods.

Stocking of fish into fishing grounds is usually conducted with regard to anglers's requirements and it is usu-
ally carried out immediately before the beginning of the fishing season. The purpose of stocking is not in this
case to support wild populations. These fish represent non-native species that were introduced in the past from
the North America. Fish are stocked in catch-lengths and there has been an effort for their maximum return in
the form of anglers’ catches. It is not useful to stock these species in running fishing grounds sooner than one
week before the start of fishing. If the increased number of fish stock stayed longer in a fishing ground, it could
increase the risk of high losses induced by predators as well as downstream migration. Interactions with native
fish stock of a ground represent a very negative phenomenon as well. Usually, spatial and food competition
occurs. Such problem is thus minimized if the fishing season is taking place as anglers usually catch the major-
ity of stocked fish very quickly. The selected grounds can be stocked continuously throughout the entire fishing
season. Stocking of trophy individuals enhances the attractiveness of a fishing ground even more.

4.8.3. Asp (Aspius aspius)

Brood fish are gained most often by being caught from open waters during migration to spawning grounds
or directly in spawning grounds. Artificial spawning can be, if necessary, conducted directly in the terrain after
the catch, or the brood fish are transported to a hatchery and the stripping is carried out over there. Brood fish
can also be reared in pond conditions (Targonska et al., 2008). Artificial spawning is conducted at a water tem-
perature between 11-14 °C (Kujawa et al., 1997). Brood fish are usually not hormonally stimulated; if required,
carp pituitary can be used, or it can be combined with choriongonadotropin (HCG) in two doses, or synthetic
preparations Ovopel or Ovaprim (Kujawa et al., 1997) in one or two doses. Stripping of males is conducted
only after urine has been removed by stimulating the abdomen, and with respect to high dilution of sperm
with urine, it is advisable to remove the sperm with a suction unit into an immobilisation solution. In order
for the fish manipulation to be carried out easier, it is recommended to conduct the stripping with the use of
2-phenoxyethanol anaesthetics. The relative fertility of females ranges around 27500-108000 pcs.kg™. The
eggs are sticky, of yellowish colour and their size is on average 1.5 mm. Desticking of eggs is conducted by
their rinsing several times in water or by classical methods that are used in carp (by milk, clay or talk). Incuba-
tion is taking place in Zug jars at a temperature between 14-19 °C (Kujawa et al., 2010). Fry are hatched after
6-8 days, depending on the water temperature, their size reaches on average to 8-9 mm and they absorb
the yolk sac for the following 7-10 days. After sac fry start to swim, they are stocked for subsequent rearing.

Rearing of fry is conducted within monoculture in pond or controlled conditions. In the former case, after
the sac fry start to swim, they are stocked into small ponds in an amount of 100000 pcs.ha™ As,. Rearing
takes place until the autumn and reared fry As, reach a size of 8-12 cm while the losses amount up to 40%.
Rearing in controlled conditions within recirculation systems is conducted in rearing reservoirs at a water
temperature of 23-25 °C usually for 3 weeks. At the initial stage of rearing, fry are fed by Artemia nauplii, later
on, artificial feeding is used. The initial stock in these reservoirs is 40-200 pcs.I"! and reared fry usually reach
a size of approximately 2-2.5 cm. Losses during the rearing amount up to 35%, depending on the stocking
density and feed provided (Turkowski et al., 2008; Kujawa et al., 2010).
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Fig. 4.8.2. Asp - the only genuine Czech piscivorous cyprinid fish (photo: T. Randdk).

4.8.4. Pikeperch (Sander lucioperca)

The reproduction of pikeperch is conducted by natural, semi-artificial or artificial spawning (Steffens et al.,
1996). Natural spawning is the least used method of pikeperch reproduction that is realised either in mono-
culture (similar to the Old Bohemian method with respect to carp) or in polyculture with carp, where 1-5 pairs
of brood fish are stocked to C, or C, per hectare (Fig. 4.8.4.). In such a way, 1000-5000 pcs of Pp, with an indi-
vidual weight of 10-20 g can be obtained until autumn (Citek et al.,, 1993; Steffens et al, 1996; Stranai, 2000).

Semi-artificial spawning is normally conducted in storage tanks or small ponds onto nests (mats) made of
roots of sedge, willow or alder tree, or alternatively, also synthetic materials, that are prepared beforehand.
Brood fish are stocked into storage tanks at a temperature between 10-14 °C in the ratio of 19 : 1 per nest,
while the area of 5-10 m? per pair (Stranai, 2000) must be taken into account, in some cases it can be even up
to 20-30 m? (Horvéth et al., 2002). The spawning itself occurs within a few days after stocking of the fish with
the male consequently protecting the nest with spawned eggs. Brood fish are not usually hormonally stimu-
lated, or the hormonal preparation is given only to females, in order to synchronize the spawning (Horvéth
et al,, 2002; Zakes et al.,, 2004). Nests with eggs are carried to a hatchery at the eye points stage, or directly
to the locality where rearing of fry will be taking place (Citek et al., 1993; Strafai, 2000; Horvéth et al., 2002).

Artificial spawning of pikeperch is conducted in a hatchery at a water temperature of 11-16 °C which comes
after an anaesthetic of a clove oil solution, 2-phenoxyethanol, MS-222 or Propiscin preparation has been applied
(Meddour et al., 2005). Before the artificial spawning itself, brood fish are hormonally stimulated by means of
carp pituitary, or alternatively, in combination with choriongonadotropin or synthetic preparations (Ovopel,
Ovurelin, Lecirelin), in one or two doses (Horvath et al., 2002; Musil and Koufil, 2006). The relative fertility of the
female reaches 100000-250000 pcs.kg™' and the average size of unswollen eggs is usually between 0.6-1.3 mm.
The eggs are greyish-green and sticky. Desticking is conducted by means of suspension of clay, talk, milk, the
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Fig. 4.8.3. Sexual dimorphism of pikeperch - female on top, male at the bottom. Males have darkly pigmented

abdomen and pectoral, pelvic and anal fins at the spawning period (photo: J. Andreji).

modified Woynarovich method or by a tannic acid solution only (Steffens et al., 1996; Musil and Koufil, 2006).
The eggs are incubated in Zug jars at a temperature of 12-17 °C and hatching of fry within 3-7 days, depend-
ing on the water temperature. Hatched fry are about 4-5 mm large and they absorb the yolk sac for 7-10 days.

Fry are reared in natural or controlled conditions, most often in monoculture up to the size of advanced
fry (Pp,). The eggs at the stage of eye points or yolk sac fry obtained from artificial spawning are stocked for
rearing. In the former case, eggs in an amount of 20000-100000 pcs of Pp,, per 100 m? are stocked into suit-
able ponds. After 3-5 weeks of rearing, advanced fry Pp, reach a size of 1.5-3 cm and the losses during the
rearing do not usually exceed 50-60%. In the second case, up to 300 pcs of Pp, per meter are stocked into
trench ponds. Rearing takes place for 3-4 weeks and the reared fry Pp, grow up to a size of 2-3 cm.The losses
range between 50-70% (Lusk and Kr¢al, 1988; Citek et al., 1993; Stranai, 2000). An alternative to the previous
method can be rearing of sac fry of pikeperch in suitable ponds where about 100000 pcs.ha™ of Pp, for 4-5
weeks are stocked. Advanced fry grow up to the size of 4-7 cm and the losses amount to 50% (Steffens et al.,
1996; Molnar et al., 2004). Rearing of sac fry in controlled conditions is conducted in flow-through reservoirs of
different shapes at a water temperature of 18-26 °C for 5 weeks. At this stage of rearing, fry are fed by natural
food (Artemia nauplii) or commercially produced artificial feeds. The initial stock Pp,, of 25-100 pcs.I"! reduces
down to 6-15 pcs.I! in the course of rearing (when the total body length achieves approximately 10 mm, i.e.
approximately after two weeks). Advanced fry Pp, reach a size of 4-4.5 cm at the end of rearing and the total
losses during the rearing range usually between 55-80%, depending on the feeding technique and type of
feed (Ostaszewska et al., 2005; Skudlarek and Zakes, 2007).

Rearing of older age categories is conducted again either in natural or controlled conditions. Advanced
pikeperch are stocked into ponds usually in monoculture in an amount of 5000-30000 pcs.ha™. It is recom-
mended to add brood “prey fish” whose fry serve as pikeperch’s food. The losses usually do not exceed 50%
until the end of the growing season (Citek et al., 1993; Strafai, 2000). Rearing of two- to three-year-old stocks
in natural conditions is conducted in stock-ponds or in main ponds solely in polyculture with carp C, or C,,.
The amount of 50-150 pcs.ha™ of Pp,, or alternatively, 50-75 pcs.ha™ of Pp, are stocked for rearing (Citek et
al., 1993; Stranai, 2000).
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Individual technologies of rearing of older pikeperch stock in controlled conditions, depending on the
stocking density, light regime or provided diet, are elaborated on in the study, for example, of Molnar et al.
(2004) and Zakes et al. (2006).

4.8.5. Common bream (Abramis brama)

Brood fish are obtained either by being caught from open waters or by rearing in the pond environment.
Reproduction of bream is conducted either by semi-artificial or artificial spawning. With respect to semi-artifi-
cial spawning, small ponds or storage tanks are stocked with brood fish in an amount of 10 pcs per 100 m2in
aratio of 29 : 33. These reservoirs should be partially grassed over, or more precisely, nests are placed inside
in order that brood fish can spawn onto them. Brood fish are not hormonally stimulated during this method.
Obtained eggs at the stage of eye points are relocated to the rearing pond or incubation and initial rearing
are conducted together with brood fish.

One alternative to such reproduction method is to obtain eggs during the natural spawning of bream from
open waters. It consists in installation of spawning nests during this period and afterwards; they are relocated
to rearing ponds once the eggs are spawned onto them (Stranai, 1996, 2010).

The second method of bream reproduction is artificial spawning. Such spawning is conducted in a
hatchery at a temperature of around 20 °C. Fish are hormonally stimulated with carp pituitary, or in com-
bination with choriongonadotropin (HCG), or synthetic preparations (Ovopel) in two, or respectively, one
dose. Anaesthesia by 2-phenoxyethanol should precede this. The relative fertility of female ranges between
90000-150000 pcs.kg™. The eggs are yellowish, sticky and their average size reaches 1.5-1.8 mm. Destick-
ing is carried out by means of milk or clay suspension. The eggs are incubated in Zug jars at a temperature

Fig. 4.8.4. Common bream (photo: T. Randdk).
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of 20-21 °C (Kucharczyk et al., 1999). Hatching begins after 4-5 days, hatched fry is approximately 7 mm
large and yolk sac is absorbed within 6-8 days, depending on a water temperature (Tiliukiené&, 2005). Fry
that have already started to swim are stocked for subsequent rearing.

Fry can be reared in natural conditions on the basis of natural food, or they can be provided with extra
feeding (cereal meal mostly) in fry ponds that are stocked with 50000100000 pcs.ha™ of Fb,, for the entire
growing season. Losses during rearing reach up to 90% (Stranai, 1996, 2010). Yolk sac fry can also be reared
in cages until the stage of advanced fry over the period of approximately 6 weeks at a water temperature of
17-21°C and the initial stock of 5000 pcs.m™3 Fb,. Reared fry Fb, grow up to the size of around 2 cm at the end
of rearing (Ziliukien&, 2005). Rearing in controlled conditions is conducted at a water temperature of 25-28 °C
over three weeks. Feeding of fry during this rearing method is based on natural food most often (cultivations
of Ciliata, Artemia nauplii, assorted zooplankton), artificial feeding is provided only to a small extent. Losses
during the rearing do not exceed 10% (Kucharczyk et al., 1999).

The most common method for obtaining bream stock is the purchase from pond aquacultures, or it is pos-
sible to use fish caught during regulatory catches in reservoirs.

4.8.6. Gudgeon (Gobio gobio)

Reproduction of common gudgeon is conducted in Czech conditions mainly by artificial spawning. Such
spawning takes place in a hatchery at a water temperature of 16-19 °C. Before the artificial spawning itself,
gudgeon female are hormonally stimulated with carp pituitary or synthetic preparations (Ovopel, Kobarelin or
Lecirelin) in two, or respectively, one dose (Koufil et al., 2008). It is usually not necessary to hormonally stimulate
males. Milt are obtained in a classical way by stimulating the abdominal part, however, gudgeons should be
turned upside down. Released drops of milt are suctioned with a syringe and they are immediately used for ferti-
lization of spawned eggs. The most suitable anaesthetic preparations are clove oil or 2-phenoxyethanol. Relative
fertility can be as high as 65000-120000 eggs per kg of a female’s weight. The eggs are sticky, greyish and their
size is approximately 1.1-1.3 mm. Desticking of eggs is conducted by means of suspension of talk or milk or alca-
lase enzyme (Palikova and Krejci, 2006; Kouil et al., 2008). The eggs are incubated in small incubation jars with a
volume of 0.3-1 litre at a water temperature of 18-24 °C. Hatching begins after 3-4 days, depending on a water
temperature (Kouil et al., 2008). Once the fry have hatched, their sizes range between 3-4 mm and yolk sac is
absorbed for approximately 2-3 days. At the beginning of the larval period, fry are stocked for subsequent rearing.

Fig. 4.8.5. Gudgeon has recently joined the group of popular fish for stocking into fishing grounds (photo:
J. Andreji).
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Gudgeon for stocking are obtained most often from natural spawning of brood fish in a pond. For this
purpose, smaller ponds with sand or gravel bottoms, or storage tanks with gravel bottoms, are suitable.
Hatched fry are reared throughout the entire growing season in ponds together with brood fish (similar
to the Old Bohemian breeding method of carp). During rearing, gudgeon fry can be provided with extra
cereal meal or sieved granular feed. In autumn, fry with an individual weight between 1-3 g are caught
(Kouril et al., 2008).

Gudgeon fry can also be reared in controlled conditions of hatcheries for about one month. Kestemont
and Awadss (1989) decribe the rearing method in more detail.

4.8.7. lde (Leuciscus idus)

Brood fish can be obtained by being caught from open waters directly in spawning grounds where, if
necessary, they are immediately stripped, or it can be conducted after their transportation to a hatchery.
Brood ide tolerate manipulation, transport as well as preparation for stripping very well. They mature suc-
cessfully in flow-through ponds and they can be overwintered with other species of cyprinid fish (Stranai,
1996). Based on this experience, brood fish reared in pond conditions have been used in the majority of
cases (Hamackova et al., 2008a).

Ide reproduction is secured solely by artificial spawning in a hatchery at a water temperature of 12-15 °C.
It is advisable to hormonally stimulate brood fish before the stripping itself. Carp pituitary or synthetic
preparations Ovopel or Supergestran can be used for this purpose. Hormonal preparations are applied
to females in one or two doses, depending on the preparation used. This issue is elaborated on in the
study of Koufil and Haméackova (1998). Males are usually not required to be hormonally stimulated. It is
recommended to conduct the artificial spawning with anaesthesia to allow for easier manipulation with
brood fish and elimination of risks of injury or deformation. Clove oil or 2-phenoxyethanol are the most
suitable methods. The relative fertility of females usually equals 130000-150000 pcs.kg™! and an average
size of unswollen eggs ranges from 1.9 to 2.3 mm. The eggs are yellowish, slightly transparent and sticky.
Desticking of eggs is conducted in milk or talk suspension for 30 minutes. The eggs are incubated in Zug
(Weiss) jars at a temperature between 15-18 °C. Hatching occurs after 6-9 days, depending on the water
temperature. Hatched fry reach a length of 6.5-7.0 mm and yolk sac is absorbed for approximately 5 days.
Once the air bladder has been filled, fry are ready to be stocked into open waters or for subsequent rearing.

Fry are reared mostly in pond conditions. Small and shallow reservoirs and ponds with an area of up to
0.5 ha and a depth of up to 1 m are suitable. If reared in monoculture, an amount of 500000 pcs of Id, are
stocked per 1 ha, depending on the pond quality. If reared with extra feeding, it is possible to triple the stock.
However, it is more suitable to rear ide fry in polyculture with carp, or alternatively, tench. In such case, carp
stock C, in an amount of up to 500 pcs.ha™ are stocked with ide (Haméckova et al., 2008a).

Extra feeding can be provided in the form of cereal meal, breadcrumbs from old rolls or granular feeding
mixtures (Stranai, 1996; Hamackova et al., 2008a). Losses during the rearing until autumn range from 60 to
80%. Rearing of ide sac fry until the stage of advanced fry (Id,) in trench ponds is also possible. Such rearing
is conducted for 2-3 months and the initial stock is about 300-500 pcs of sac fry per 1 m2. Advanced fry Id,
grow to the size of 30-50 mm and the losses throughout the rearing are 40-60%. Yolk sac ide fry can also
be reared in controlled conditions over 3-4 weeks. Small flow-through reservoirs are suitable for rearing
into which 50-100 pcs of sac fry per 1 litre are stocked. Fry are fed with natural food (Artemia nauplii) or
it can also be combined with artificial feeding. If a sufficient amount of quality feed is ensured, it is possi-
ble to increase the stock up to 200-300 pcs.I" Id,, while the losses during rearing range between 10-20%
(Turkowski et al., 2008). Rearing of older age categories is not conducted on purpose, if required, ide can
be stocked to carp C, as a supplementary fish.
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4.8.8. Chub (Squalius cephalus)

Brood fish are in most cases obtained from open waters directly in spawning grounds where, if necessary,
fish are stripped directly by the water, or after relocation to a hatchery. Brood fish can be also obtained from
own rearing in the farm environment (Stranai, 1996; Kucharczyk et al., 2008). Artificial spawning is conduct-
ed in a hatchery at a water temperature of 15-20 °C (Stranai, 1996). Brood fish are hormonally stimulated
beforehand with carp pituitary, choriongonadotropin or synthetic preparations (Ovopel, Ovaprim) in two,
or respectively, one dose (Stranai, 1996; Hliwa et al., 2009). All operations during the artificial spawning
are conducted in general anaesthesia with the use of 2-phenoxyethanol preparation. The relative fertility
of females ranges between 50000-65000 eggs per kg of weight and the average size of unswollen eggs is
about 1.6-2.0 mm. The eggs are sticky and olive-green. Desticking of eggs is conducted by repeated rins-
ing in water. The eggs are incubated in Zug or Chassé jars at a temperature of 16-19 °C. Hatching of fry
begins after 3-5 days, depending on the water t