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Global Implications

Damming of the lower Danube (1970Damming of the lower Danube (1970--1972)1972)

Sediment load and No. of dams 

(Raducu, 2003)

Black Sea DSi concentration

• coastal: inner basin:
decrease to 1/3 DSi depletion
~140  to  60 µM in the Danube
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Regime shift in NW Black Sea 
Phytoplankton

 1960-1970 1980-1990
cell densities
(106 cells l-1)

number of 
blooms 

cell densities 
(106 cells l-1) 

number of 
blooms 

Diatoms 7-21 8 5-300 19 

Dino-
flagellates 

17-51 4 5-810 14 

Prymnesio-
phytes 

- - 220-1000 3 

Eugleno-
phytes 

- - 5-108 6 

Total 
blooms 

 12  42 

 
 Humborg et al. Nature 1997 



siliceous
non-

siliceous
More recent evidence from the Changijang
Dai et al. 2011
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The Si vs. C cycle
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Major dams Baltic Sea Catchment

Effect of hydrological

alterations in 

a) oligothrophic

b) eutrophic rivers

with varying degree

of damming



Tarfalajåkka

Weathering and 
organic matter

Weathering and organic matter

4Na0.5Ca0.5Al1.5Si 2.5O8 + 6H2CO3 + 11H2O →

3Al2Si2O5(OH)4 + 2Na+ + 2Ca2+ + 6HCO3
-+4H4SiO4

Primary mineral plus carbon acid (from soil CO2) →
Secondary mineral plus DSi plus alkalinity

Smedberg et al. HESS 2009

DSi Concentrations in 
Lake Paittas (pristine)



DSi (dissolved silicate) Concentrations in 
Kalix River (unperturbed)
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Only 3% of the headwater areas have been inundated by reservoirs, 
some 10% of the soils and 
some 37% of the deciduous forests along riparian zones have been lost.

Smedberg et al. HESS 2009

Major Element concentration in 
Lake Akka (reservoir)



DSi Concentrations in 
Lule River (dammed)
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Concentrations in μM

River Kalixälven TOC      Ca       K         Mg        Na         DSi    PO4
Headwaters    100    24,5       2,1       9,9        9,2        23,4     0.01

River mouth   400  123,4      18,2      49,7          91,9      96,5    0.20

Unregulated

River Luleälven TOC     Ca          K         Mg          Na         DSi      PO4
Headwaters  100      71.3      10.9       24.4        41.7      12.3       0.01

River mouth    198    73.5      11.5       27.8         64.5    38.5        0.08

Regulated

Humborg et al., GBC 2002

Effect of particle 
trapping in 
eutrophic river 
systems

Humborg et al. 2006 Biogeochemistry

Combind effects of 
hydrological 
alterations and 
particle trapping

Humborg et al. 2006 Biogeochemistry



DSi concentrations in the Baltic Proper
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Conclusion

• Damming/channeling of headwaters leads to 

oligothorophication of entire river systems

• Trapping of particles and algal blooms leads also to lower 

matter fluxes

• About half of the reduction in Si seen in the Baltic Sea is due to 

river damming; ecosystem effects needs to be studied more


