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why seasonality of lakes?

ice cover

winter stratification

4°C

0°C

high nutrients
low oxygen

low nutrients
high oxygen



seasonal changes of a dimictic lake

spring mixis

oxygen renewal

nutrient input



seasonal changes of a dimictic lake

phytoplankton bloomwarm surface - epilimnion
trophic cascades…

cold hypolimnion

summer stratification

high nutrients
oxygen depletion

nutrient depletion
high oxygen



seasonal changes of a dimictic lake

ice cover

winter stratification
autumnal mixis

4°C

0°C

wind



seasonal changes of the biota

Sommer et al. (1986)

eutrophic oligotrophic
• phytoplankton spring 

bloom

• small protists, 
followed by large 
crustaceans

• clear water phase

• phytoplankton
summer bloom

• phytoplankton
autumnal bloom
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seasonal changes of the biota

…what about bacteria?



general opinion

driving forces for planktonic bacteria are…

…physico-chemical conditions (temperature, light, 
oxygen…)



general opinion

driving forces for planktonic bacteria are…

…grazing by bacterivorous                               
protists (mainly HNF)

…viral lysis
→ top-down control

DOM
Fenchel et al. (1988), modified by T. Posch



general opinion

driving forces for planktonic bacteria are…

…nutrient availability
(C, P, N)                                                       

→ bottom-up control

Dissolved
organic
material

Fenchel et al. (1988), modified by T. Posch



seasonality of bacteria

Simon et al. (1998)

HNF: heterotrophic nanoflagellates

limiting resources:
carbon, phosphorus, nitrogen Bacterial 

production

BUT:
bacteria are
regarded as 
„black box“ 

– as one entity!!!



open the „black box“ of bacteria

typical freshwater bacteria
Actinobacteria &
Betaproteobacteria

→ highly abundant

Cytophaga-Flavobacteria

→ less abundant

Alphaproteobacteria
Gammaproteobacteria

→ „rarely“ abundant

Fuchs & Amann (2008)



how to study freshwater bacteria?

• Cloning and sequencing of 16S rRNA genes 
• Fluorescence in situ hybridization (FISH)

Amann et al. (1995)



how to study freshwater bacteria?

• Cloning and sequencing of 16S rRNA genes 
• Fluorescence in situ hybridization (FISH) 
• CARD-FISH: signal amplification → brighter and stable signal
• Biomass evaluation of bacterial phylotypes (image analysis)
• MAR-FISH: incorporation of radiolabeled substrates („activity“) + FISH



…some aims of my PhD thesis

• Seasonality of bacterial phylotypes - cell numbers, 
biomass, and “activity” (amino acid incorporation) 
in Piburger See

• Spatial patterns in the distribution of bacterial 
phylotypes (depth gradient during stratification)

• Identification of the driving forces for the 
establishment of different bacterial phylotypes

→ lack of knowledge



Identification
of the major
effects of 

TOP-DOWN and 
BOTTOM-UP CONTROL

on natural 
bacterioplankton

SEASONAL MONITORING

FIELD EXPERIMENT 
(size fractionation & nutrient enrichment)

LAB STUDY (chemostat experiment)

observation of 
top-down
& bottom-up 
control in nature?

Tri-phasical approach

Salcher et al. (2005) Salcher et al. (2007)
Posch et al. (2007)

Salcher et al. (2008)
Posch et al. (accepted)
Salcher et al. (in prep)



Piburger See is...



Piburger See is...

• ...prealpine lake (915 m a.s.l.)

• …Ötztaler Alps, Tyrol
• …small lake (13 ha, 800 x 300 m) 



Piburger See is...

24.6 m depth

Olzewski tube

…zm: 24.6 m
…dimictic: summer stratification → anoxic 

hypolimnion
…eutrophication in late 1960s
…deep water removal (Olszewski tube) in 1970
…re-oligotrophication → oligo-mesotrophic



seasonal study

1-year survey (Feb 2005 – Feb 2006)

• physico-chemical monitoring

• algal diversity

• numbers of heterotrophic nanoflagellates

• Bacterial diversity, abundances, biomass, and 
activity (cloning & sequencing of 16S rRNA gene, CARD-FISH, 
image analysis, MAR-FISH with 3H-amino acids)



studied phyla / orders

Amann & Fuchs 2008

Actinobacteria

Betaproteobacteria

Cytophaga-Flavobacteria
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Nitrate (NO3)
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environmental conditions

Ice cover

...which algae?
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spatio-temporal distribution of algae



spatio-temporal distribution of algae



spatio-temporal distribution of algae



…and heterotrophic flagellates



…Actinobacteria,



…and Betaproteobacteria



0

6

2

8

4

environmental factor - oxygen

0 
2 
4 
6 
8 
10 
12 

Oxygen concentrations (mg l-1)



0

6

2

8

4

environmental factor - oxygen

<1 mg O2 l-1

<0.1 mg O2 l-1

0 
2 
4 
6 
8 
10 
12 

Oxygen concentrations (mg l-1)



environmental factor - oxygen

<1 mg O2 l-1

<0.1 mg O2 l-1



spatial distribution of organisms

<1 mg O2 l-1

<0.1 mg O2 l-1



spatial distribution of organisms

<1 mg O2 l-1

<0.1 mg O2 l-1

...prefer oxic zone



spatial distribution of organisms

<1 mg O2 l-1

<0.1 mg O2 l-1

... what about bacteria??



spatial distribution of organisms

<1 mg O2 l-1

<0.1 mg O2 l-1

Bacterial abundance

Bacterial abundance



spatial distribution of organisms

<1 mg O2 l-1

<0.1 mg O2 l-1

Bacterial biomass

Bacterial biomass



spatial distribution of organisms

<1 mg O2 l-1

<0.1 mg O2 l-1

Bacterial bulk amino acid uptake

bulk amino acid 
incorporation



spatial distribution of organisms

Bacterial bulk amino acid uptake

Bacterial abundance
Bacterial biomass

...bacteria prefer sub- to anoxic zone



spatial distribution of organisms

...which bacteria??

<1 mg O2 l-1

<0.1 mg O2 l-1



spatial distribution of organisms

<1 mg O2 l-1

<0.1 mg O2 l-1



spatial distribution of organisms

<1 mg O2 l-1
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spatial distribution of organisms

<1 mg O2 l-1

<0.1 mg O2 l-1



are such lineages homogeneous?

taxonomic resolution of presented data:
• phyla / oders!!
• might harbour distinct populations with very

different physiology / habitat preference

…one example of finer
taxonomic resolution:

Betaproteobacteria



PIB-34 (24 m April) [AM849445]

PIB-40 (3 m April) [AM849451]

PIB-41 (3 m April) [AM849452]

PIB-49 (24 m April) [AM849460]
Lake Fuchskuhle FukuS35 [AJ290013]
Polynucleobacter necessarius [X93019]

Lake Fuchskuhle FukuN33 [AJ289997]
PIB-27 (3 m April) [AM849438]
Řimov Reservoir 06 [AF361192]
PIB-26 (3 m April) [AM849437]

Mondsee isolate MWH-MoK7 [AJ550673]
Mondsee isolate MWH-MoIso1 [AJ550671]

PIB-28 (9 m May) [AM849439]
PnecB (6)

Toolik Lake TLM02/TLMdgge21 [AF534426]
PIB-16 (9 m May) [AM849427]
PIB-15 (9 m May) [AM849426]
Lake Fuchskuhle FukuS93 [AJ290018]

Alpine Lake Joeri XIII D11 [AJ867932]

Adirondack mountain lake ACK-C30 [U85120]

Crystal Bog Lake CrystalBog022E9 [AY792263]

PIB-36 (24 m April) [AM849447]

PIB-37 (24 m April), PIB-45 (9 m May) [AM849448, AM849451]

PIB-38, 39 (3 m April), PIB-50 (9 m April) [AM849449-50, AM849461]

PIB-46 (9 m May) [AM849457]

PIB-43, 44 (9 m May) [AM849454-55]
Lake Loosdrecht LD28 [Z99999]
PIB-42 (9 m April) [AM849453]

marine group (6)

PIB-54 (24 m April) [AM849464]
PIB-56 (24 m April) [AM849466]

Sedimentary rock MIZ16 [AB179507]
PIB-31 (24 m April) [AM849442]

Mine drainage water LOP-23 [DQ241389]
Subsurface water EV818SWSAP84 [DQ337096]
Oil-polluted soil M22_Pitesti [DQ378242]

Uranium mill tailings Gitt-KF-149 [AJ532688]
TCE and cis-DCE contaminated groundwater HTCC349 [AY429717]
Wastewater treatment pool SXAU019 [AY863077]

Sediment 5-51 [DQ833477]
Radioactive waste groundwater S15B-MN125 [AJ583175]

Methylophilus methylotrophus [L15475]
Methylobacillus flagellatus KT [CP000284]
Methylovorus mays [AY486132]

Waste-gas biofilter BIfci36 [AJ318116]

PIB-29, 30, 32, 33, 35, 52, 55 (24 m April) [AM849440-41, 43-44, 46, 63, 65]

PIB-57 (9 m May) [AM849467]

Lake Gossenköllesee GKS16 [AJ224987]

Antarctic isolate R-8875 [AJ440994]

PIB-25 (9 m May) [AM849436]

PIB-18 (9 m May) [AM849429]

PIB-24 (9 m May) [AM849435]

PIB-13 (3 m April) [AM849424]

PIB-22 (3 m April) [AM849433]

Řimov reservoir 08 [AF361193]

PIB-23 (9 m April) [AM849434]

Lake Fuchskuhle FukuN55 [AJ289999]
PIB-21 (3 m April) [AM849432]

Lake Gossenköllesee GKS2-122 [AJ290026]

Lake Stechlin ST11-17 [DQ501328]

Acidovorax sp. GPTSA100-27 [DQ854967]
Lake Fuchskuhle FNE11-10 [DQ501302]
PIB-17 (24 m April) [AM849428]

PIB-48 (9 m April) [AM849459]

PIB-14 (9 m April) [AM849425]
Rhodoferax fermentans [D16211]
PIB-47 (9 m April) [AM849458]

Lake Fryxell R-7724 [AJ440986]

PIB-19 (9 m April) [AM849430]
Crater Lake isolate HTCC528 [AY584576]

Antarctic bacterium ANTLV1_B06 [DQ521474]

Glacial ice isolate CanDirty12 [AF479324]
PIB-20 (9 m May) [AM849431]
Yangtze River isolate MWH-JaK3 [AJ550657]

0.10
Nitrosomonas europaea ATCC 19718 [BX321856]

PIB-51 (3 m April) [AM849462]

beta I

beta II

beta III

beta IVa

beta IVb

phylogeny

4 clone libraries of 
16S rRNA gene



PIB-34 (24 m April) [AM849445]

PIB-40 (3 m April) [AM849451]

PIB-41 (3 m April) [AM849452]

PIB-49 (24 m April) [AM849460]
Lake Fuchskuhle FukuS35 [AJ290013]
Polynucleobacter necessarius [X93019]

Lake Fuchskuhle FukuN33 [AJ289997]
PIB-27 (3 m April) [AM849438]
Řimov Reservoir 06 [AF361192]
PIB-26 (3 m April) [AM849437]

Mondsee isolate MWH-MoK7 [AJ550673]
Mondsee isolate MWH-MoIso1 [AJ550671]

PIB-28 (9 m May) [AM849439]
PnecB (6)

Toolik Lake TLM02/TLMdgge21 [AF534426]
PIB-16 (9 m May) [AM849427]
PIB-15 (9 m May) [AM849426]
Lake Fuchskuhle FukuS93 [AJ290018]

Alpine Lake Joeri XIII D11 [AJ867932]

Adirondack mountain lake ACK-C30 [U85120]

Crystal Bog Lake CrystalBog022E9 [AY792263]

PIB-36 (24 m April) [AM849447]

PIB-37 (24 m April), PIB-45 (9 m May) [AM849448, AM849451]

PIB-38, 39 (3 m April), PIB-50 (9 m April) [AM849449-50, AM849461]

PIB-46 (9 m May) [AM849457]

PIB-43, 44 (9 m May) [AM849454-55]
Lake Loosdrecht LD28 [Z99999]
PIB-42 (9 m April) [AM849453]

marine group (6)

PIB-54 (24 m April) [AM849464]
PIB-56 (24 m April) [AM849466]

Sedimentary rock MIZ16 [AB179507]
PIB-31 (24 m April) [AM849442]

Mine drainage water LOP-23 [DQ241389]
Subsurface water EV818SWSAP84 [DQ337096]
Oil-polluted soil M22_Pitesti [DQ378242]

Uranium mill tailings Gitt-KF-149 [AJ532688]
TCE and cis-DCE contaminated groundwater HTCC349 [AY429717]
Wastewater treatment pool SXAU019 [AY863077]

Sediment 5-51 [DQ833477]
Radioactive waste groundwater S15B-MN125 [AJ583175]

Methylophilus methylotrophus [L15475]
Methylobacillus flagellatus KT [CP000284]
Methylovorus mays [AY486132]

Waste-gas biofilter BIfci36 [AJ318116]

PIB-29, 30, 32, 33, 35, 52, 55 (24 m April) [AM849440-41, 43-44, 46, 63, 65]

PIB-57 (9 m May) [AM849467]

Lake Gossenköllesee GKS16 [AJ224987]

Antarctic isolate R-8875 [AJ440994]

PIB-25 (9 m May) [AM849436]

PIB-18 (9 m May) [AM849429]

PIB-24 (9 m May) [AM849435]

PIB-13 (3 m April) [AM849424]

PIB-22 (3 m April) [AM849433]

Řimov reservoir 08 [AF361193]

PIB-23 (9 m April) [AM849434]

Lake Fuchskuhle FukuN55 [AJ289999]
PIB-21 (3 m April) [AM849432]

Lake Gossenköllesee GKS2-122 [AJ290026]

Lake Stechlin ST11-17 [DQ501328]

Acidovorax sp. GPTSA100-27 [DQ854967]
Lake Fuchskuhle FNE11-10 [DQ501302]
PIB-17 (24 m April) [AM849428]

PIB-48 (9 m April) [AM849459]

PIB-14 (9 m April) [AM849425]
Rhodoferax fermentans [D16211]
PIB-47 (9 m April) [AM849458]

Lake Fryxell R-7724 [AJ440986]

PIB-19 (9 m April) [AM849430]
Crater Lake isolate HTCC528 [AY584576]

Antarctic bacterium ANTLV1_B06 [DQ521474]

Glacial ice isolate CanDirty12 [AF479324]
PIB-20 (9 m May) [AM849431]
Yangtze River isolate MWH-JaK3 [AJ550657]

0.10
Nitrosomonas europaea ATCC 19718 [BX321856]

PIB-51 (3 m April) [AM849462]

beta I

beta II

beta III

beta IVa

beta IVb

phylogeny

ubiquitous
freshwater
lineages
(Glöckner et 
al. 2000)

4 clone libraries of 
16S rRNA gene



PIB-34 (24 m April) [AM849445]

PIB-40 (3 m April) [AM849451]

PIB-41 (3 m April) [AM849452]

PIB-49 (24 m April) [AM849460]
Lake Fuchskuhle FukuS35 [AJ290013]
Polynucleobacter necessarius [X93019]

Lake Fuchskuhle FukuN33 [AJ289997]
PIB-27 (3 m April) [AM849438]
Řimov Reservoir 06 [AF361192]
PIB-26 (3 m April) [AM849437]

Mondsee isolate MWH-MoK7 [AJ550673]
Mondsee isolate MWH-MoIso1 [AJ550671]

PIB-28 (9 m May) [AM849439]
PnecB (6)

Toolik Lake TLM02/TLMdgge21 [AF534426]
PIB-16 (9 m May) [AM849427]
PIB-15 (9 m May) [AM849426]
Lake Fuchskuhle FukuS93 [AJ290018]

Alpine Lake Joeri XIII D11 [AJ867932]

Adirondack mountain lake ACK-C30 [U85120]

Crystal Bog Lake CrystalBog022E9 [AY792263]

PIB-36 (24 m April) [AM849447]

PIB-37 (24 m April), PIB-45 (9 m May) [AM849448, AM849451]

PIB-38, 39 (3 m April), PIB-50 (9 m April) [AM849449-50, AM849461]

PIB-46 (9 m May) [AM849457]

PIB-43, 44 (9 m May) [AM849454-55]
Lake Loosdrecht LD28 [Z99999]
PIB-42 (9 m April) [AM849453]

marine group (6)

PIB-54 (24 m April) [AM849464]
PIB-56 (24 m April) [AM849466]

Sedimentary rock MIZ16 [AB179507]
PIB-31 (24 m April) [AM849442]

Mine drainage water LOP-23 [DQ241389]
Subsurface water EV818SWSAP84 [DQ337096]
Oil-polluted soil M22_Pitesti [DQ378242]

Uranium mill tailings Gitt-KF-149 [AJ532688]
TCE and cis-DCE contaminated groundwater HTCC349 [AY429717]
Wastewater treatment pool SXAU019 [AY863077]

Sediment 5-51 [DQ833477]
Radioactive waste groundwater S15B-MN125 [AJ583175]

Methylophilus methylotrophus [L15475]
Methylobacillus flagellatus KT [CP000284]
Methylovorus mays [AY486132]

Waste-gas biofilter BIfci36 [AJ318116]

PIB-29, 30, 32, 33, 35, 52, 55 (24 m April) [AM849440-41, 43-44, 46, 63, 65]

PIB-57 (9 m May) [AM849467]

Lake Gossenköllesee GKS16 [AJ224987]

Antarctic isolate R-8875 [AJ440994]

PIB-25 (9 m May) [AM849436]

PIB-18 (9 m May) [AM849429]

PIB-24 (9 m May) [AM849435]

PIB-13 (3 m April) [AM849424]

PIB-22 (3 m April) [AM849433]

Řimov reservoir 08 [AF361193]

PIB-23 (9 m April) [AM849434]

Lake Fuchskuhle FukuN55 [AJ289999]
PIB-21 (3 m April) [AM849432]

Lake Gossenköllesee GKS2-122 [AJ290026]

Lake Stechlin ST11-17 [DQ501328]

Acidovorax sp. GPTSA100-27 [DQ854967]
Lake Fuchskuhle FNE11-10 [DQ501302]
PIB-17 (24 m April) [AM849428]

PIB-48 (9 m April) [AM849459]

PIB-14 (9 m April) [AM849425]
Rhodoferax fermentans [D16211]
PIB-47 (9 m April) [AM849458]

Lake Fryxell R-7724 [AJ440986]

PIB-19 (9 m April) [AM849430]
Crater Lake isolate HTCC528 [AY584576]

Antarctic bacterium ANTLV1_B06 [DQ521474]

Glacial ice isolate CanDirty12 [AF479324]
PIB-20 (9 m May) [AM849431]
Yangtze River isolate MWH-JaK3 [AJ550657]

0.10
Nitrosomonas europaea ATCC 19718 [BX321856]

PIB-51 (3 m April) [AM849462]

beta I

beta II

beta III

beta IVa

beta IVb

phylogeny

„new freshwater“ 
lineage

ubiquitous
freshwater
lineages
(Glöckner et 
al. 2000)

...no sequences  
from freshwater 
...all from anoxic 

24 m depth!

4 clone libraries of 
16S rRNA gene



PIB-57 (9 m May) [AM849467]

Lake Gossenköllesee GKS16 [AJ224987]

Antarctic isolate R-8875 [AJ440994]

PIB-25 (9 m May) [AM849436]

PIB-18 (9 m May) [AM849429]

PIB-24 (9 m May) [AM849435]

PIB-13 (3 m April) [AM849424]

PIB-22 (3 m April) [AM849433]

Řimov reservoir 08 [AF361193]

PIB-23 (9 m April) [AM849434]

Lake Fuchskuhle FukuN55 [AJ289999]
PIB-21 (3 m April) [AM849432]

Lake Gossenköllesee GKS2-122 [AJ290026]

Lake Stechlin ST11-17 [DQ501328]

Acidovorax sp. GPTSA100-27 [DQ854967]
Lake Fuchskuhle FNE11-10 [DQ501302]
PIB-17 (24 m April) [AM849428]

PIB-48 (9 m April) [AM849459]

PIB-14 (9 m April) [AM849425]
Rhodoferax fermentans [D16211]
PIB-47 (9 m April) [AM849458]

Lake Fryxell R-7724 [AJ440986]

PIB-19 (9 m April) [AM849430]
Crater Lake isolate HTCC528 [AY584576]

Antarctic bacterium ANTLV1_B06 [DQ521474]

Glacial ice isolate CanDirty12 [AF479324]
PIB-20 (9 m May) [AM849431]
Yangtze River isolate MWH-JaK3 [AJ550657]

PIB-34 (24 m April) [AM849445]

PIB-40 (3 m April) [AM849451]

PIB-41 (3 m April) [AM849452]

PIB-49 (24 m April) [AM849460]
Lake Fuchskuhle FukuS35 [AJ290013]
Polynucleobacter necessarius [X93019]

Lake Fuchskuhle FukuN33 [AJ289997]
PIB-27 (3 m April) [AM849438]
Řimov Reservoir 06 [AF361192]
PIB-26 (3 m April) [AM849437]

Mondsee isolate MWH-MoK7 [AJ550673]
Mondsee isolate MWH-MoIso1 [AJ550671]

PIB-28 (9 m May) [AM849439]
PnecB (6)

Toolik Lake TLM02/TLMdgge21 [AF534426]
PIB-16 (9 m May) [AM849427]
PIB-15 (9 m May) [AM849426]
Lake Fuchskuhle FukuS93 [AJ290018]

Alpine Lake Joeri XIII D11 [AJ867932]

Adirondack mountain lake ACK-C30 [U85120]

Crystal Bog Lake CrystalBog022E9 [AY792263]

PIB-36 (24 m April) [AM849447]

PIB-37 (24 m April), PIB-45 (9 m May) [AM849448, AM849451]

PIB-38, 39 (3 m April), PIB-50 (9 m April) [AM849449-50, AM849461]

PIB-46 (9 m May) [AM849457]

PIB-43, 44 (9 m May) [AM849454-55]
Lake Loosdrecht LD28 [Z99999]
PIB-42 (9 m April) [AM849453]

marine group (6)

PIB-54 (24 m April) [AM849464]
PIB-56 (24 m April) [AM849466]

Sedimentary rock MIZ16 [AB179507]
PIB-31 (24 m April) [AM849442]

Mine drainage water LOP-23 [DQ241389]
Subsurface water EV818SWSAP84 [DQ337096]
Oil-polluted soil M22_Pitesti [DQ378242]

Uranium mill tailings Gitt-KF-149 [AJ532688]
TCE and cis-DCE contaminated groundwater HTCC349 [AY429717]
Wastewater treatment pool SXAU019 [AY863077]

Sediment 5-51 [DQ833477]
Radioactive waste groundwater S15B-MN125 [AJ583175]

Methylophilus methylotrophus [L15475]
Methylobacillus flagellatus KT [CP000284]
Methylovorus mays [AY486132]

Waste-gas biofilter BIfci36 [AJ318116]

PIB-29, 30, 32, 33, 35, 52, 55 (24 m April) [AM849440-41, 43-44, 46, 63, 65]

0.10
Nitrosomonas europaea ATCC 19718 [BX321856]

PIB-51 (3 m April) [AM849462]

beta I

beta II

beta III

beta IVa

beta IVb
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*1 Simek et al. 2001; *2 Burkert et al. 2003; *3 Wu & Hahn 2006; *4 Friedrich et al. 2003 
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abundant throughout the whole
water column

very effective in amino acid
uptake (>80% of all beta I)



3 m

0

1

2

3

4

5

0

30

60

90abundance
AA uptake

24 m

fe
b 

05 m
ar ap

r
m

ay
ju

ne ju
ly

au
g

oc
t

no
v

ja
n 

06 fe
b

0

1

2

3

4

5

0

30

60

90

9 m

B
ac

te
ria

l a
bu

nd
an

ce
 (1

05  c
el

ls
 m

l-1
)

0

1

2

3

4

5

0

30

60

90

18 m

0

1

2

3

4

5

%
 o

f c
el

ls
 a

ss
im

ila
tin

g 
am

in
o 

ac
id

s

0

30

60

90

beta II (Bet2-870)

B
ac

te
ria

la
bu

nd
an

ce
(1

05
ce

lls
m

l-1
)

%
 o

f c
el

ls
as

si
m

ila
tin

g
am

in
o

ac
id

s

spatio-temporal distribution
beta II – genus



3 m

0

1

2

3

4

5

0

30

60

90abundance
AA uptake

24 m

fe
b 

05 m
ar ap

r
m

ay
ju

ne ju
ly

au
g

oc
t

no
v

ja
n 

06 fe
b

0

1

2

3

4

5

0

30

60

90

9 m

B
ac

te
ria

l a
bu

nd
an

ce
 (1

05  c
el

ls
 m

l-1
)

0

1

2

3

4

5

0

30

60

90

18 m

0

1

2

3

4

5

%
 o

f c
el

ls
 a

ss
im

ila
tin

g 
am

in
o 

ac
id

s

0

30

60

90

beta II (Bet2-870)

B
ac

te
ria

la
bu

nd
an

ce
(1

05
ce

lls
m

l-1
)

%
 o

f c
el

ls
as

si
m

ila
tin

g
am

in
o

ac
id

s

pronounced seasonality
in 18 & 24 m depth

spatio-temporal distribution
beta II – genus



fe
b 

05 m
ar

ap
ril

m
ay

ju
ne ju
ly

au
g

oc
t

no
v

ja
n 

06 fe
bO

xy
ge

n 
co

nc
en

tra
tio

ns
 (m

g 
l-1

)

0

1

2

3

4

5

6

O
xy

ge
n

co
nc

en
tra

tio
n

(m
g 

l-1
)

3 m

0

1

2

3

4

5

0

30

60

90abundance
AA uptake

24 m

fe
b 

05 m
ar ap

r
m

ay
ju

ne ju
ly

au
g

oc
t

no
v

ja
n 

06 fe
b

0

1

2

3

4

5

0

30

60

90

9 m

B
ac

te
ria

l a
bu

nd
an

ce
 (1

05  c
el

ls
 m

l-1
)

0

1

2

3

4

5

0

30

60

90

18 m

0

1

2

3

4

5

%
 o

f c
el

ls
 a

ss
im

ila
tin

g 
am

in
o 

ac
id

s

0

30

60

90

beta II (Bet2-870)

B
ac

te
ria

la
bu

nd
an

ce
(1

05
ce

lls
m

l-1
)

%
 o

f c
el

ls
as

si
m

ila
tin

g
am

in
o

ac
id

s

pronounced seasonality
in 18 & 24 m depth

spatio-temporal distribution
beta II – genus



fe
b 

05 m
ar

ap
ril

m
ay

ju
ne ju
ly

au
g

oc
t

no
v

ja
n 

06 fe
bO

xy
ge

n 
co

nc
en

tra
tio

ns
 (m

g 
l-1

)

0

1

2

3

4

5

6

O
xy

ge
n

co
nc

en
tra

tio
n

(m
g 

l-1
)

3 m

0

1

2

3

4

5

0

30

60

90abundance
AA uptake

24 m

fe
b 

05 m
ar ap

r
m

ay
ju

ne ju
ly

au
g

oc
t

no
v

ja
n 

06 fe
b

0

1

2

3

4

5

0

30

60

90

9 m

B
ac

te
ria

l a
bu

nd
an

ce
 (1

05  c
el

ls
 m

l-1
)

0

1

2

3

4

5

0

30

60

90

18 m

0

1

2

3

4

5

%
 o

f c
el

ls
 a

ss
im

ila
tin

g 
am

in
o 

ac
id

s

0

30

60

90

beta II (Bet2-870)

B
ac

te
ria

la
bu

nd
an

ce
(1

05
ce

lls
m

l-1
)

%
 o

f c
el

ls
as

si
m

ila
tin

g
am

in
o

ac
id

s

pronounced seasonality
in 18 & 24 m depth

→ oxygen depletion!

spatio-temporal distribution
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most of anaerobic 
beta II belong to 
one species!
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summary….

…pronounced seasonality of bacteria

…even more pronounced spatial patterns

…driving forces for the establishment of different 
bacterial populations…



TOP-DOWN & BOTTOM-UP

…Actinobacteria seem to be less
affected by grazing

…Betaproteobacteria seem to be
highly vulnerable to grazing by
HNF

→ experimentally confirmed

…Actinobacteria profit from
Asterionella bloom (adapted to 
special exudates?)

DOM
Fenchel et al. (1988), modified by T. Posch

DOM



OXYGEN CONCENTRATION...

...bacteria are most abundant in sub- to anoxic 
zone 
– cell numbers 
– biomass
– amino acid incorporation (“activity”)

...mainly Cytophaga-Flavobacteria (anoxic)

...& Betaproteobacteria (suboxic)



BETAPROTEOBACTERIA
…inhomogeneous order which differs in spatio-

temporal distribution

…some bacteria were abundant in whole water 
column

…others had their maximum in anoxic hypolimnion

…even 2 closely related species differed completely

…spatio-temporal niche separation triggered mainly 
by oxygen concentrations
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ongoing research

another driving force for planktonic bacteria might be…

…competition for
limiting nutrients

Com
pe

tit
io

n

Competition

DOM
Fenchel et al. (1988), modified by T. Posch

- between different bacteria
- between bacteria and algae 
- between bacteria and mixotrophic protists

SNF-project:
Competition as driving force for 
bacterioplankton successions in Lake 
Zurich (SNF 3100A0-117765)
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…thank you for your attention…

The end…
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