
Maison de la Riviere

06 May 08:30 departure – return 14:00

The bus will be waiting Av. Piccard, vis-à-vis from Négoce

Check weather please and show up dressed accordingly

Bring your lunch box



River Continuum Concept
Spatial heterogeneity and 

community metabolism Food webs

Ecosystem metabolism



Ecosystem metabolism as the sum of the production and 

respiration of all organisms with an ecosystem, regulating 

major ecosystem carbon fluxes

Integrates metabolic fluxes with carbon and nutrient 

dynamics in stream and river ecosystems



Limnology & Oceanography 1956



Most streams and rivers consume more organic carbon (respiration; 

ER) than they produce (primary production; GPP)

They are net heterotrophic, that means ER > GPP (NEP < 0)



Streams and rivers belong to the 

most heterotrophic ecosystems



Annual regimes of river metabolism 

show their higher heterotrophy 

(ER>>GPP) compared to terrestrial 

ecosystems



Diel Oxygen Curves

• Gross Primary Production

• Ecosystem Respiration

• Gas exchange with atmosphere driven by diffusion

Production of oxygen

Consumption of oxygen



• Dissolved oxygen (O)

• Dissolved oxygen (at saturation)

• GPP, ER

• Depth (z)

• Gas exchange rate (K), depends on turbulence 
(slope, roughness, flow velocity)

Estimating whole-ecosystem metabolism



Productive stream Unproductive stream

Time series of dissolved oxygen to daily GPP and ER 



Heavily shaded, frequently flooded

Large river, clear summer peaks, 

winter lows (phytoplankton?)

Urban river

Little seasonality



Controls on ecosystem 

metabolism

• Light and nutrients 

• Temperature

• Flow-induced abrasion and 

erosion of biomass



What drives annual regimes of 

ecosystem metabolism?



Net autotrophy

Net heterotrophy

Autotrophy (GPP > ER)

• Spring: algal blooms, little 

canopy, enough light

• Net sinks for atmospheric CO2

What drives annual regimes of 

ecosystem metabolism?



Autotrophy (GPP > ER)

• Net sinks for atmospheric CO2

• Spring: algal blooms draw down CO2

Transient sink for CO2



• Seasonal patterns (light, temperature…)

• Event-driven patterns (scouring…)



• Photosynthetic active radiation and 

inhibition (see also lakes) of 

photosynthesis rates

• Higher biomass prior to the storm 

resulting in higher GPP



Ecosystem metabolism

From stream reaches to the network



Using machine learning to predict annual 

regimes of the drivers of GPP and ER at 

network scale



• Predicting annual regimes of GPP, ER 

and NEP at network scale

• According to the RCC, more 

heterotrophy (i.e., more negative NEP) 

in the headwaters

• Why would this be so?



• Pronounced heterotrophy in the headwaters

• Pronounced spring peak of GPP in the lower 

reaches, shaping network metabolism



Ecosystem metabolism and restoration



• From an incised channel to a wider 

channel with floodplains

• Implications for hydraulic geometry

Restoration and stream metabolism



Restoration changes the relationship between 

discharge and water depthbefore after



Control reach Treatment reach



GPP, ER as difference between 

treatment (restored) and control (non 

restored)

Restoration of the channel 

geomorphology increases ecosystem 

metabolism, both for ER and GPP.

Restored reach with 

higher rates

Restored reach with 

higher rates



Restoring a stream by 

constructing a wastewater 

treatment plant

before

after



WWTP:

• Immediate effect on ammonium concentration

• Gradual effect on DOM concentration

Ammonium 

Dissolved organic matter



GPP summer peaks decreased

ER decreased over the entire year

Less heterotrophic ecosystem

Gas exchange rate increased (absence 

of algal mats and increasing 

turbulence)

Improved aeration

Higher fish biodiversity



Ecosystem engineers and metabolism



• Nutrient and organic 

matter amendment

• with marine-derived 

C N P

Ecosystem engineering and 

subsidies

• Resuspension of fine sediments

• Bedform alteration





Salmon spawning and biomass 

stimulate stream ecosystem 

metabolism



• Nutrient concentrations increase 

with salmon spawning (e.g., 

through increased mortality)

• Promote GPP and ER



~90% sediment 

export

~60% P 

export

~30% N export

Bioturbation and excretion increase downstream 

nutrient and particle export from headwaters — 

downstream impacts, but…..



• Mineral particles aggregate with salmon-

derived OM

• Organo-mineral complexes settle

• Enter the sediments via advective transport 

(links back to sediment clogging)

• “Fertilize” the sedimentary environment

• Supports primary production

• Subsidizes the stream food web

• Provides energy/nutrient to juvenile salmon



Helfield & Naiman.  2006. Ecosystems 9:167-180

Adding salmon carcasses:  

• Evidence of marine derived nitrogen (MDN) 

incorporated into the stream food web

• Based in stable isotope signatures

Marine derived nitrogen enters the stream food 

web?



• Marine subsidies of headwater food 

webs

• Subsidizing terrestrial food webs

• Stimulating vegetation adjacent to 

streams and rivers

Upstream longitudinal connectivity

Lateral connectivity (aquatic/terrestrestrial)



2015, PNAS

• Migrating salmons convey nutrients from 

the ocean to the headwater streams

• Anadromous fish important nutrient 

(notably phosphorus) conveyors from the 

ocean to the headwaters

Imagine all the dams that inhibit the 

migration of salmon and other fish to 

spawn, ‘engineer’ and fertilize headwaters 

with marine or lake-derived matter and 
nutrients….



Breaking the continuum

• Ecosystem health

• Economy, fisheries, social structures

All connected

…metabolism and nutrient cycling
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