Acidifikace a zotavovani jezer

o Atmosféricka depozice a acidifikace povrchovych vod

« Cerné jezero — historie acidifikace na Sumavé

e Dlouhodobé zmeny diverzity v sumavskych jezerech

e Jedinecny plankton sumavskych jezer

e Klicova role hliniku pro dostupnost fosforu a plankton
e Plesneé jezero — dostupnost fosforu a zotaveni planktonu
» Plesné jezero — model acidifikace a zotaveni

e Soucasne zotavovani sumavskych jezer

e Vapneni ... neni reseni

» Teoreticke predpoklady biologického zotavovani




Atmosféricka acidifikace
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Acidifikace povrchovych vod
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Figure 1. Map of southeastern Canada showing the location of provinces, smelters 5.01
and the 6 lakes mentioned in the text {(provincial abbreviations: Newfoundland = ) R
NF, Nova Scotia = NS, New Brunswick = NB, Quebec = QC, and Ontario = ON). Red 4.5:;2@2:?..-#'
coloration in the inset map denotes terrain that is sensitive to acidic deposition 4.0 : . .
based on bedrock and soil characteristics (7). i 78 83 88 93 08
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Table 1. Emissions of sulphur dioxide by regions: Current
legislation (CLE) and maximum technically feasible reduction
(MFR) scenarios. Million tonnes $SO,. Emissions from biomass
burning, international shipping and aircraft are not included.

Emissions

CLE scenario

MFR scenario

Region 1990|2000 2010|2020 2030 2010|2020 (2030
Western Europe 179 79 38 31 29 14 13| 12
Central and Easterm Eur. | 111 59| 41 26 23 08| 06| 06
Newly Independent States | 195 111 78| 60 63 18 17| 17
Centrally Planned Asia’ 2200 284 309 311 284 67| 66| 64
South Asia 48| 76| MO 173 225 19 26| 33
Pacific OECD 27 26| 28, 21 15 08 05 05

Other Pacific Asia 51 43| 54 69 87 15 18] 20
MNorth America 244 185 164 159 175 29 32| 33
Latin Am. and Canbbean| 67| 62| 68 &8 &3 18] 18| 17
M. East and N. Africa 31 500 35 28 24 08| 07 07
Sub-Saharan Africa 48| 54| 49 2 58 13 13 13
World Total 122

TIncluding China.

ITASA 2005




Table 2. Emissions of nitrogen oxides by regions:. Current
legislation (CLE) and maximum technically feasible reduction
(MFR) scenarios. Million tonnes NO,. Emissions from biomass
burning, international shipping and aircraft are not included.

T Including China.

Emissions| CLE scenario MFR scenario
Region 1990(2000| 2010|2020 ( 2030 (2010|2020 (2030
Western Europe 141 108 75| 60 61 28 30| 31
Central and Eastemn Eur. A5 28] 200 1.7 18] 08 06| 07
Newly Independent States | 112 72| 67| 59| 67| 15 16| 18
Centrally Planned Asia’ T8 123 138 150 162 37| 42| 45
South Asia 31 54| 78| 97 1Mel 199 24| 29
Facific OECD A7 37| 34| 32 28] 12 11 10
Other Pacific Asia 35| be| 58| 69 82 168 20| 24
MNorth Amenca 234 199 183 208 222 57| 63| 68
Latin Am. and Canbbean| 55 64| 60| 58 63 13| 15 17
M. East and N. Afnca 26| 33| 26| 28 31 07 08 08
Sub-Saharan Africa 26| 37 37| 48| 67 11 12| 14
World Total 81 81 77| 82 92| 22| 25| 27

-, _»y

ITASA 2005




Figure 3. Percentage of forest area receiving acid deposition above the critical loads for acidification. For the emission
levels in the year 2000 (left), and for two projected emission levels for 2020: CLE (centre) and MTFR (right).
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Figure 4. Percentage of total ecosystems receiving nitrogen deposition above the critical loads for eutrophication. For
the emission levels in the year 2000 (left), and for two projected emission levels for 2020: CLE (centre) and MTFR (right).
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Critical loads for acid deposition in Europe

http://www.acidrain.org/cl_acid.htm
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1. Hydrobiologicky vyzkum Sumavskych jezer — od 1871

e zooplankton — redukce, vyhynuti, zotaveni
e ryby — plvodni stav, introdukce, vyhynuti
e barva vody & prthlednost

e jezerni chemismus — citlivé mekké vody

e fytoplankton — slozeni, biomasa

Pléckensteinsee und Seewand

napr. prlizkum a tézba rud sklarn pastva tezba dreva
lesni hopodarske plany, stavt ’ a,l
vysazovani ryb atd. 3 - |

3. Paleolimnologie §

&
B £
o

napr. pylove analyzy, rozswkov H”‘Cﬁ“e“
tezké kovy, organicke- antvatd




Grof3er Arbersee, Reversal .

(present lakewater pH ~6)

diatom-inferred pH
from the lake sediment
(Steinberg et al. 1998)

46 48 5 52 54 56
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Cerné jezero 1871 — 2003
historie (nejen) jedné acidifikace
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Historicky vyskyt (vysazovani) ryb
v jednotlivych Ssumavskych jezerech
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Historicky vyskyt napadnych druhu korysu v zooplanktonu

jednotlivych sumavskych jezer

Bosmina longispina
Ceriodaphnia quadrangula
Daphnia longispina (D. rosea)
Holopedium gibberum
Polyphemus pediculus
Acanthodiaptomus denticornis
Cyclops abyssorum
Heterocope saliens

PREZIVAJICI 1 0 0 1 1
VYHYNULY 7 3 3 3
NEPRITOMNY

PALEOLIMNOGICKY OVEREN V SEDIMENTECH

I?nes na
Sumave:
NE
ANO
ANO
ANO
ANO
NE
ANO
ANO




Historicky vyskyt jepic a posSvatek v makrozoobentosu
jednotlivych sumavskych jezer (50. l1éta 20. stol.)

Siphlonurus lacustris
Siphlonurus alternatus
Ameletus inopinatus
Cloeon dipterum
Leptophlebia vespertina
Amphinemura triangularis
Protonemura aubetti
Protonemura montana + P. hrabei
Nemoura cinerea
Nemurella picteti

Leuctra aurita

Leuctra autumnalis
Leuctra digitata

Leuctra fusca

Leuctra handlirschi
Leuctra nigra

PREZIVAJICI 5 3 5 2 G
VYHYNULY 7 6 1 12 2

NEPRITOMNY

o
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Nanoplankton biomass (ug C I'") in acidified lakes in the Bohemian Forest (September 1999)
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Vertikalni profily heterotrofni biomasy (pg C I'1)
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Typické slozeni planktonu ve trech sumavskych jezerech

r\7s

(primer kveten—zari 1998 — epilimnion)
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Sezonni slozeni planktonu v Prasilském jezere
(kvéten—z

Cladoceran biomass (ug I C)
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Klicova role hliniku pro dostupnost fosforu,

strukturu a dynamiku planktonu
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Plesné jezero:
(hladina)

relativné vysoky prisun P
pritoky (RRP > 20 ug/l)

extrémni celorocni P limitace planktonu
(RRP < 1 pg/l)

\

aktivni extracelul. fosfatazy




Plesné jezero:
(hladina) C—
-
relativné vysoky prisun P

pritoky (RRP > 20 ug/l)
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Zotaveni planktonu v sumavskych jezerech ?

Proc ma biologické zotaveni zpozdeéeni ?
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Plesné jezero:

model acidifikace
(MAGIC: 1850 — 2050)
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Plesné jezero:

model acidifikace
(MAGIC: 1850 — 2050)

Majer et al. 2003

e soucasna limitace CO,?
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Plesné jezero:

model acidifikace
(MAGIC: 1850 — 2050)

a zotaveni planktonu
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Plesné jezero 23. zari 2004:
repatriace zooplanktonu z Prasilskeho jezera
(Daphnia longispinat ¥t




Zotavovani ekosystému Plesného jezera

- Fytoplankton — narCist biomasy

e Zooplankton — narUst poctu virnikl

 Zotavovani planktonu je zjevne funkci koncentrace Al,

e jez zavisi (i) na poklesu atm. depozice S a N (hystereze),

(ii) inverzné na atm. teploté (Vesely et al. 2003),
a (i) na rozvoji kiirovcové kalamity ! B

e Klirovcova kalamita miize zpomalit/zastavit
zotavovani planktonu (jarni tani/michani)




= Natural recovery
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Vapnit acidifikovana povodi?

Povodi Audna,

Figure 4. Accumulated number of sensitive taxa recorded in limed and unlimed sites
in River Audna.
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Figure 5, Accumulated number of tolerant taxa recorded in limed and unlimed sites
in River Audna.
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Figure 1. The River
Audna watershed
showing the
situation of limed
sites (K) and
unlimed sites (R).
¥ = Lime dosage
pump.
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Vapnit acidifikovana povodi?

Povodi Audna,

Norsko

Raddum & Fjellheim
2003

Figure 1. The River
Audna watershed
showing the
situation of limed
sites (K) and
unlimed sites (R).
¥ = Lime dosage
pump.

Taxa B5 86 RY B3 B9 BD 9] 92 93 84 BF 96 97 98 90 (i
Diura nanseni e -
Isoperla spp.

Hydropsyche spp. m— S =S S

Apatania spp.

Siphlonurus lacustris

Pisidium spp.

Heptagenia sulphurea
Baetis rhodani

anras s manars

Lepidostoma hirfum
Crenobia alpina
Caenis hovaria
Capmia sp.
Wermaldia sp.

H. dalecalia
Lymnaea peregra
Ameletus inopinatus

Erpobdslla octoculata "L’I pl né“ zotaveni trva IO 1 5 Iet !

Cloeon dipterum
Otomesostoma auditiviim

Low or scattered cooitence, = orecantn 50% of suitable limed habitats, SN recorded in 100% of smitable lmed habitats




Prekazky navratu/zotaveni planktonu

e ekologicka stechiometrie — nepriznivy C:P

o ekologicky odpor (resistance) — bezobratli predatori

NN

e schopnost sireni

Probability
establishment

e Alleeho efekt

5
g2
o8
o5

o

Mumber colonizers




Prekazky navratu/zotaveni planktonu

e ekologicka stechiometrie — nepriznivy C:P
» ekologicky odpor (resistance) — bezobratli predatori

NN

e schopnost Sireni

7 v 1\

A4
)

’ \'aa ’ \4
o AlIEEeNO erTeKt — 11 [TICT] [NOK 11 11 TTICT dl |




Predikcni modely biologického zotaveni

Figure 1. First conceptual framework of the processes in the ecological recovery of
a species from historical acidification. Yellow boxes indicate actions of management
agencies. Blue boxes reflect questions managers must answer about key ecological
processes which influence recovery. Negative answers highlight bottlenecks to
recovery, which may require management interventions to speed recovery (see Fig. 2).
The framework begins with an assumption of a particular S deposition rate producing
a particular water quality. This assumption is relaxed in Figure 2.

Choose species
Jr ‘ Monitor or predict water quality
Select recovery targets
1 : N
Identify lethal water quality thresholds =&}

¥ Is water quality OK
for the species?

o
L)

[ Are colonists available?

[T~

Run dispersal model |+ [ﬁm‘: #3 > minimum viable population sizei;l
T

" l Are there community-level confounding factors? J
/ \\‘i

Run population growth models

Modify population growth models

&

& compare with recovery tarpets




Predikcni modely biologického zotaveni

Figure 2. Second conceptual framework of the recovery process. This framework
highlights the interactions between ecology, research, and management, i.e.
respectively, the ecological processes in recovery, the models needed to predict
changes in process rates, and the potential management intervention that may be
considered. Arrows principally indicate the flow of effects including feedbacks, e.g.
colonization influences the probability of establishment, and species once estab-
lished may in turn alter habitats. Arrows also represent the flow of information, when
linked with models.
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Predikcni modely vs. realita

Figure 4. Mean (+ 2 standard errors) proportion of ‘successful’ breeding
of Common Loon pairs observed on 292 Ontario lakes, 1987 through
1999, The red line represents a significant downward slope of modeled
success, The observed and modeled patterns differ slightly because
modeled values take into account the variation in average lake area and
pH resuliting from annual differences in the set of lakes actually survey-
ed (e.g. low pH lakes predominated in the 1996 sample set).
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