VI INTERNATIONAL CONFERENCE “WATER & FISH” - ZBORNIK PREDAVANJA 39

BIOMANIPULATION MEASURES ON CZECH
RESERVOIRS AND THEIR PAST AND CURRENT
SUCCESSFULNESS

ZDENEK ADAMEK
University of South Bohemia, Faculty of Fisheries and Protection of Waters,
South Bohemian Research Center of Aquaculture and Biodiversity of Hydrocenoses,
Institute of Aquaculture Laboratory of Pond Agauculture
Husova ti. 458/102, 370 05 Ceské Budéjovice, Czech Republic

MERE BIOMANIPULACIJE NAAKUMULACIJAMA U CESKOJ
I NJIHOVA EFIKASNOST U PROSLOSTI | SADASNJOSTI

Apstrakt

Trud da se pozitivno utice na ekoloske procese i kvalitet voda u jezerima i akumu-
lacijama intervencijama u ribljoj zajednici (ribljem nasadu) svrstava se pod ribarsko
upravljanje sa specijalnom namenom. Upravljanje ribljim nasadom sa specijalnom na-
menom, ¢iji je glavni cilj smanjenje razvoja planktonskih algi, naziva se biomanipula-
cija. Biomanipulacija se zasniva na eliminaciji planktonofagnih vrsta (bodorke, bucova,
deverike, krupatice, crvenperke, Sarana, babuske), bilo direktnim otklanjanjem ovih ne-
zeljenih vrsta bilo njihovim suzbijanjem nasadivanjem predatorskih vrsta. Smanjenje
velike koli¢ine planktonofagnih riba dovodi do smanjenja njihove ishrane zooplankto-
nom, $to za posledicu ima razvoj populacije velikih vrsta zooplanktona (Cladocera iz
roda Daphnia) koji efikasno eliminiSu male planktonske alge iz svih nivoa vode, $to
kasnije dovodi do povecanja bistrine/providnosti vode. Biomanipulacija dakle predstav-
lja ciljani uticaj na nize karike lanca ishrane koriS¢enjem riba, s obzirom da su one hije-
rarhijski visi ucesnici u lancu ishrane (Randék et al. 2013). Stavise, ribe dna se takode
ukljucuju u proces biomanipulacije. One mogu znacajno da ubrzaju proces oslobadanja
hranljivih materija sa sedimenata dna. One naime narusavaju ,,mir* sedimenata dna
(bioturbacija) u potrazi za hranom (Adamek, Marsalek 2013).

Rezultat povecanja biomase predatorskih vrsta omoguéava kontrolu razvoja malih
ciprinidnih vrsta i naziva se “kontrolisani nasad riba”. On se naj¢eSc¢e postize odrzava-
njem odnosa biomase predatorskih i ne predatorskih vrsta izmedu 1:6 1 1:10.

Ipak, u Ceskoj, “kontrolisani nasad riba” se medu reénim vlastima tumaci na po-
jednostavljen nacin - kao regularno oslobadanje karnivornih Zivotinjskih vrsta koje se
hrane ribom, najc¢es$c¢e kao 0+ riba. Rezultati ovakvog ,,kontrolisanog nasada“ nisu za-
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dovoljavajuci. Ipak, Cinjenica je da je koncentracija fosfora, glavne hranljive materije
primarnih proizvodaca (npr. cijanobakterija, algi i makrofita) ¢esto veoma visoka u Ce-
skim akumulacijama. Zbog stalnog prisustva fosfora, troficki nivo povrsinskih voda se
ubrzano povecava stvarajuéi neseljeni razvoj planktonskih algi i cijanobakterija, Sto za
posledicu ima pogorsanje kvaliteta vode.

Neophodno je imati u vidu sledece: efikasnost mera biomanipulacije ima odredena
ogranicenja. Ona najces$¢e zavise od opterecenja hranljivim materijama i morfoligije
(dubine) vodene povrsine. Ukoliko koli¢ina hranljivih materija u akumulaciji prevazi-
lazi odredenu granicu, proces biomanipulacije gubi svoju efikasnost — zna¢ajno i dugo-
ro¢no smanjenje biomase planktonskih algi procesom kontrolisanja ribljeg nasada se ne
moze ocekivati. Stoga, je poznavanje procesa opterecenja hranljivim materijama neop-
hodan uslov za biomanipulacione mere i njihovu odrZivost u odredenim rezervoarima.

Porast trofickog potencijala vode do eutrofije (ili cak hipertrofije) je najéesée vezan
za — bogate naslage fosfora u sedimentima zajedno sa stalnim odsustvom kiseonika
u hipolimnionu, i sa viskom prinosom iz spoljnih izvora (dotok). Kada se radi o du-
bokim akumulacijama sa razlicitim temperaturnim nivoima, spoljni unos ne treba da
prelazi vrednost od 0.6 — 0.8g ukupnog fosfora po m? akumulacije godi$nje (Benndorf
et al., 2002), ukoliko je cilj procesa biomanipulacije postizanje znac¢ajnog poboljsanja
kvaliteta vode. Kada je re¢ o plitkim akumulacijama i jezerima, maksimalna godisnja
vrednost unosa iz spoljnih izvora moze da iznosi do 2 g ukupnog fosfora po m? povr-
Sine akumulacije (Jeppesen et al., 1990). Ukoliko je spoljni unos hranljivih materija
nizi od predloZzene grani¢ne vrednosti, a nivo ukupnog fosfora ipak visok, onda se
radi o sistemu sa visokim unutrasnjim opterecenjem koje se ostvaruje oslobadanjem
fosfora iz nataloZenih sedimenata. Ukoliko proces biomanipulacije u plitkim jezerima
(sa prosecnom dubinom od < 3 — 5 m) vodi do znacajnog poboljsanja kvaliteta vode,
prose¢na godi$nja koncentracija fosfora ne sme da prelazi 100 - 250 mg.m= (Jeppe-
sen and Sammalkorpi, 2002). Granicna koncentracija ukupnog fosfora koja je vezana
za efikasnost biomanipulacije u dubokim slojevitim jezerima i ribnjacima (prosecne
dubine od > 5 — 10 m) jos§ uvek nije jasno definisana direktnim nau¢nim studijama.
Ipak, pretpostavlja se da je grani¢na vrednost koja odgovara prosec¢noj godi$njoj kon-
centraciji ukupnog fosfora izmedu 20 i 50 mg.m™ (Jeppesen and Sammalkorpi, 2002;
Mehner et al., 2004). Ukoliko se ova granica koncentracije fosfora prevazide, pored
biomanipulacije neophodno je ukljuciti i neke druge, kompleksnije mere koje su deo
revitaliziraju¢eg procesa.

Glavni koraci uspesnog procesa revitalizacije mogu se podeliti u tri kategorije —
(1) smanjenje spoljnjeg opterecenja, (ii) smanjenje unutrasnjeg opterecenja i (iii) mere
upravljanja.

Smanjenje spoljnjeg opterecenja je verovatno najvazniji korak koji mora da prethodi
svim ostalim merama. U suprotnom, ceo proces je uzaludan. Ovaj korak ukljucuje iz-
gradnju postrojenja za preradu vode — ona otklanjaju fosfor i azot (tercijarni tretman) u
slivu akumulacije; zatim preventivne protiv erozivne i protiv poplavne mere i talozenje
fosfora na ulazu. Smanjenje unutra$njeg opterecenja sastoji se od (makar delimi¢ne)
drenaze vode, zatim nanosenja kre¢njaka na suvo dno, (makar ograni¢enog) otklanjanja
sedimenata, i taloZenja nutrijenata i cijanobakterija.

Ova druga mera se takode moze tumaciti kao mera upravljanja, koja takode uklju-
¢uje aeraciju hipolimniona koji se vezuje za destratifikaciju jezera, smanjenje biomase
riba koje se hrane planktonima i vrsta koje se hrane faunom dna (narocito bodorke i
deverike). Ovo se najbolje postize u sezoni mresta. Mera upravljanja takode ukljusuje
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mere biomanipulacije (sa vrha ka dnu, top-down) 1 prikupljanje biomase cijanobakterija
sa vodenih povrSina.

Sto je Siri spektar primenjenih mera, vece su Sanse za uspeh u poboljsanju kvaliteta
vode u akumulaciji/vodenoj povrsini. Ipak, treba imati u vidu da su najefikasnije mere
manipulacije lancima ishrane i revitalizacija akumulacije/rezervoara koje se postizu tek
posle smanjenja spoljasnjeg opterecenja fosforom ispod odredene granice.

Abstract

The effort to positively influence ecological processes and water quality in lakes
and reservoirs through interventions in a fish community (fish stock) is the subject of
special-purpose fishery management. Special-purpose management of fish stock, whose
main objective is to reduce the development of planktonic algae, is called biomanipu-
lation. The biomanipulation principle consists in elimination of populations of plankto-
nophagous species (roach, bleak, common bream, silver bream, rudd, common carp,
gibel carp), be it by direct removal of these undesirable fish or by their suppression by
means of stocking of predatory fish. Reducing the abundance of planktonophagous fish
leads to limitation of their grazing pressure on zooplankton, subsequently, it allows the
development of populations of large species of filtering zooplankton (cladocerans of
the Daphnia genus) that effectively eliminate small planktonic algae from the water
column, which is supposed to lead ultimately to increased water transparency. Bioma-
nipulation thus represents targeted influencing of lower components of the food chain
through fish, as they represent hierarchically higher component of the food chain (Ran-
dak et al. 2013). More appropriately, also benthivorous fish have been also included into
subject of biomanipulation efforts as they may contribute considerably to the release of
nutrients from bottom sediments due to their disturbance (bioturbation) when searching
for food (Adamek, MarsSalek 2013).

The result of an effort for increased biomass of predatory fish enabling the control
of development of small cyprinid species is denoted as a “controlled fish stock”, usually
consisting in keeping the ratio between predatory and non-predatory fish biomass ran-
ging between 1:6 and 1:10.

In the Czech Republic, however, the ,,controlled fish stock is understood by the ri-
ver authorities in a quite simplified way, just as a regular release of piscivorous species,
mostly as a 0+ fish. Thus, as frequently proved, these measures did not bring results as
expected. Nevertheless, as a matter of fact, the concentration of phosphorus as a key
nutrient driving the development of the primary producers (i.e. cyanobacteria, algae and
macrophytes), is usually very high in all Czech reservoirs. Due to excessive intake of
phosphorus, the trophic level of surface waters sharply increases causing an undesirable
development of planktonic algae and cyanobacteria, which finally results in deteriora-
tion of water quality.

It is necessary to realize that the efficiency of biomanipulation measures has certain
limits that are defined mainly by supply of nutrients (or nutrient load) and morphology
(depth) of the reservoir. If the nutrient load of a reservoir exceeds a certain limit, the bi-
omanipulation loses its effectiveness — a significant and long-term reduction of plankto-
nic 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 concrete water reservoir.

An increase of water trophic potential to eutrophy (or even hypertrophy) is usually
associated with two main issues - rich deposits of phosphorus in sediments along with
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a regular occurrence of anoxic conditions in the hypolimnion, and with high loading
from external sources (inflow). With respect to deep, thermally stratified reservoirs, this
external load should not exceed the value of 0.6 — 0.8 g of total phosphorus per m? of
the reservoir 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 load may amount up to 2
g of the total phosphorus per m? of the reservoir surface (Jeppesen et al., 1990). If the
external nutrient loading is lower than the recommended limit value and yet, the con-
centration of total phosphorus in the reservoir water is high, then it is a system with a
large internal load that is presented by releasing of phosphorus from the accumulated
sediments. If biomanipulation effort itself in shallow lakes (average depth of <3 —5 m)
is to lead to significant improvement in water quality, the average annual concentration
of total phosphorus should not exceed 100 - 250 mg.m3 (Jeppesen and Sammalkorpi,
2002). The limit 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 been clearly defined by direct scientific studies yet, the limit value corresponding to
average annual concentration of total phosphorus of 20 - 50 mg.m? is assumed (Jeppe-
sen and Sammalkorpi, 2002; Mehner et al., 2004). If this phosphorus limit concentration
is exceeded, it is necessary to supplement the biomanipulation measures with other,
more complex approaches which are included in revitalisation campaigns.

The principal steps of a successful revitalisation project can be split up into three
categories — (i) external loading reduction, (ii) internal loading reduction and (iii) ma-
nagement measures.

The reduction of external loading is probably the most important step which must
come before any other measures are applied otherwise the whole effort is useless. It
covers above all the construction of efficient water treatment plants preferably with
phosphorus and nitrogen removal (tertiary treatment) in the reservoir catchment area,
preventive anti-erosive and anti-flooding arrangements, and phosphorus precipitation
on the inlet. The internal loading reduction consist in (at least partial) reservoir draining,
subsequent liming of dry bottom, (at least limited) sediment removal, and nutrients and
cyanobacteria precipitation. The latter can be considered also as a part of management
measures which include also the aeration of hypolimnion associated with lake destratifi-
cation, reduction of planktivorous and benthivorous fish (roach and bream in particular)
biomass, most efficiently during the spawning season, biomanipulation (top-down) me-
asures and cyanobacterial biomass harvesting from the water surface.

The wider spectrum of applied measures, the better chance for a success in the im-
provement of reservoir water quality. However, be in other way, it must be kept in mind,
that the best effectiveness of foodweb manipulations and reservoir revitalisation may be
obtained after reduction of external P loading below a certain threshold.
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