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Lake restoration methods (to combat eutrophication)
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Commonly used methods:

Hypolimnetic oxygenation
Sediment oxidation with nitrate (Riplox)
Addition iron

Addition calcium carbonate
Allumnium addition*
Phoslock addition*
Hypolimnetic withdrawal
Artificial circulation

Water level increase

Water level decrease
Sediment dredging
Sediment covering

Fish elimniation (rotenon)
Fish removal (biomanipulation)*
Stocking of piscivores

M acr ophyte introduction
Macrophyte protection
Macrophyte harvest
Stocking of fish herbivores

I ntroduction of zebra mussel
Barley straw addition

Bold: methods used in Denmark
Viethods investigated in CLEAR
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Fish species in Denmark

48 species (10 introduced) in Denmark, but 4 species dominate:

Good guys Bad guys




good guy

Carp are the worst!!!!
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bad guy!!
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What has been achieved ?




Submerged macrophytes and lake
ecosystems
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(1) Remove nutrients for growth (5) Refuges for small perch and small pikes
@ Refuges far zooplankton .@. Stabilize sediment, reduce resuspension

(3} Improve conditions for macro filtraters (7)) Enchance denitrification

r::_;j Favourize small perch over small roach ’@ May have allelopathic effects




Kranswieren in de Veluwerandmeren
Stoneworts (Chara spp.) in the Veluwe lakes

Weluwemeer




Huizhou, West L ake
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Long term problems
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Totalfosfor (mg P I'1)

Reduced loading and concentration of TP in
Danish lakes
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Makes it more complicated to extract the effects of fish removal
contra the effect of reduced loading and internal P loading




Presentation of data
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TPand TN
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Fish (bream CPUE; weight and nhumber)
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Fish (roach CPUE; weight and number)
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Zooplankton biomass
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Biovolume of main phytoplankton classes
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Probability of permanent effects

Probability of permanent effects
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Fig. 1. Long-term changes in Secchi depth. chla. TP and TN in three shallow Danish lakes, where at least 50% of the
zooplanktivorous fish stock was removed within 1-2 vears. The changes are relative and shown as the ratio of the value the current
vear to the pre-manipulation value. The pre-manipulation value is the mean of 1-4 years before the fish removal (= yvear () and
based on summer means. The lakes are: Lake Arreskov (meandepth 19 m. area 317 ha, TP (vear0) 0-:235 mg P L ", year | = 1992,
submerged macrophytes reached a maximum of 60% in year 6); Lake Engelsholm (mean depth 2-6 m, area 44 ha, TP (year
0)0:197 mg P L', vear 1 = 1993, submerged macrophytes largely absent throughout the period): Lake Vieng (mean depth 12 m.
area 16 ha. TP (year 0) 0-124 mg P L', year 1 = 1987, for macrophytes see Fig. 2).



Lake Vaeng - fish removal

180,000 (2.5 t) roach and bream removed
from 1986-88

(= 50% of the total fish biomass)

& Area: 16 ha
. Mean depth: 1.2 m

< Max. depth: 1.8 m




Fish biomass in Lake Vaeng before and
after removal
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Chilorophyll, Secchi depth, TP and TN
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Fish and submerged macrophytes

250 400
Roach Total
350
200 —
- —~  300-
IS 3
€  150- = &
= 3
£ = 200 —
L Ll
W 100+ S 150-
S 5
100
50
50
0 0
100 100
Perch '
[1<10cm
80 m 80 -
— M >10cm g»—a
3 g3
S 60 - S c 604
3 1B}
£ ol
-t
= 40 - £S5 40
o O .o
20 = 20—
O_A-_I_-_-_l_I_I_IJ_I_LLI_I_LI_I, 0-

86 88 90 92 94 96 98 00 02 04 86 88 90 92 94 96 98 00 02 04




Seasonality of TP when going from clear to
turbid conditions (absolute units)
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Reasons for failures (fish removal)

o Insufficient loading reduction

e Rapid return of zooplanktivorous fish, particularly roach
 Invertebrate predators (Neomysis/Leptodora)

 High resuspension of loose sediment

e Internal P loading from a sediment pool

o Instability due to low macrophyte coverage



Biomanipulation suuuuucks.......

not fully --repeated measures



Lake restoration — several talks this week

Removal of sediment

the bad guys

Fish removal —j
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Alum addition

Lake Year
Lyngby So 1974
Sonderby S¢ | 2001
Kollelev Mose | 2003
Frederiksborg | 2005
Slotssg

Nordborg S | 2006

Principle: Al isadded to increase the sor ption of phosphorusin
the sediment and decrease the internal loading of phosphorus

Fra Hedesel skabet



Different methods of Al adding. Here after
a small boat




TP and PO4-P in Lake Sgnderby before and after Al
addition in Oct. 2001
]

Fra: Jonas Hansen (Fyns amt)



_ Surface water of Lake
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Allied attack (Moss et al)

Eutrophication and climate change
goes hand in hand — synergitsic
effects



Length breeding and growing seasons
Annual reproductive investment
Reproductive events per yvear
r-strategists

Reproductive lifespan
Age and size at maturity

Longevity
K-strategists

Latitude

Temperature




Lago Maggiore
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cold water
low nutrient taxa
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L ake Sgbygard, Denmark
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Danish lake in balance Degraded Danish lake @ Warm lake

fish eating e L]
fish

Nutrients

Jeppesen et al, 2010



Many small fish
Few piscivores
fish

Then life is bad
for the large

aphne

Zoopies are
small animals
with long arms
that graze algae.

{Romi Burls)
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SALGA and ECOFRAME-lakes

=

Kosten et al , GCB, Jan 2012




Moving baseline or compensation needed?

s

) stress 2

stress 1

change

—

| |
2000 AD 2200



Time for a change
in behaviour.—step

down 0.5- l,ﬂopm
level......




Reduce the external
loading, reduce

the external loading,
reduce the external
loading,

reduce irrigation,
reduce irrigation
etc....
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Why think
about clear
water when
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Holland in 2157

A comple re-naturalisation

The WFD authorities will be veeeeeery happy
less modifed water bodies in EU.............
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