
• Storm hydrograph separation: Draw a storm hydrograph and separate its different 
contributions. Discuss how some of its contributions can induce innundations and 
how this is influenced by catchment impermeabilisation.

• Explain hysteresis loops between discharge and solute concentrations. Elaborate 
on how hysteresis loops inform on solute sources and behaviour.

• Explain how streamwater turbidity, nutrient concentrations and grazing can affect 
ecosystem GPP.

• Why would small streams draining lowland catchment may become particularly 
prone to hypoxia as streamwater temperature increases?

Sample questions



Ecology



Ecological communities, including diverse representatives from all three domains of life 
(archaea, bacteria, eukaryotes) are the engines of ecosystem processes and services

Ecology: Understand and predict the interactions within ecological 
communities and the environment across spatial and temporal scales



vf U = vf C
Vertical uptake velocity Areal uptake flux

Mass transfer limitation 
because of too thick biomass

Uptake length Sw=uh/vf

Sw: travel length (m)
Vf: vertical uptake velocity (m/s) 
U: areal uptake flux (g/m2/s)
u: flow velocity (m/s)
h: water depth (m)

From ‘biogeochemistry’ to ecology



vf U = vf C
Vertical uptake velocity Areal uptake fluxUptake length Sw=uh/vf

From ‘biogeochemistry’ to ecology

Biodiversity, food webs etc



Streams and rivers are among the most biodiverse ecosystems

Fish

Algae
MicrobesInvertebrates



Key to the high biodiversity in streams and rivers
• Hierarchical organisation of stream and river ecosystems
• Environmental heterogeneity (in space and time)

Del Campo et al.



Hierarchical organisation of stream and river ecosystems
Environmental heterogeneity (in space and time)

Del Campo et al.

• Dendritic network structure
• Spanning catchments and biomes
• Spatial isolation
• Connectivity and dispersal
• Metacommunity dynamics



Hierarchical organisation of stream and river ecosystems
Environmental heterogeneity (in space and time)

Del Campo et al.

• Fluvial networks are not static
• They expand and contract
• Flow intermittency
• Further contributing to environmental 

heterogeneity



What is biodiversity?

The distribution of  biodiversity in space 
(and time)

• Alpha-diversity
• Beta-diversity (similarity, dissimilarity)
• Gamma-diversity

• Species diversity
• Genetic diversity
• Functional diversity



Alpha- and beta- diversity change inversely 
downstream across a river network
• Spatial isolation of headwaters at the tips of the 

river network
• Little exchange (dispersion) between 

headwaters
• Downstream systems colleact diversity from 

upstream, hence their elevated local diversity 

Lakes interupt the downstream gradient of beta-
diversity
• Homogenisation reduces beta-diversity 

(elevated similarity)
• Effect decreases downstream



Bacterial diversity is not randomly distributed 
across river networks

• Beta-diversity: Network structure affects community 
composition — highest BCC dissimilarity when channel 
dissimilarity is highest (environmental heterogeneity)

• Alpha-diversity: Headwaters have overall lower local diversity 
than downstream reaches (collection effect)

• Downstream turnover of certain bacterial groups

headwaters downstream

headwaters downstream



Streams and rivers are among the most biodiverse ecosystems



From global-change stressors to 
ecosystem functioning

Is their a role of biodiversity and community 
composition?



Freshwaters: 
Land use change is the dominant direct driver of recent 
biodiversity loss worldwide. 
Pollution ranks second, direct exploitation third; climate 
change and invasive alien species have been significantly 
less important than the top two drivers.

However, ecosystems and their biodiversity are 
increasingly exposed to multiple stressors



A catchment perspective of fluvial ecosystems
Land use change
• Urbanisation
• Deforestation
• Mountain top mining and valley filling





Stream and river biodiversity in space and time



Longitudinal gradients 

• Geomorphology and hydraulics
• Connectivity with land
• Energy subsidies (allochthonous versus autochthonous)
• Ecosystem metabolism
• Biodiversity, community composition

Stream and river biodiversity in space

The River Continuum Context



• Macrozoobenthos communities change downstream 
as a function of varying resource supply

• Depending on channel geomorphology, light 
availability and terrestrial subsidies

• Induces changes in functional diversity as shown by 
functional feeding groups (i.e., grazers, shredders, 
collectors, filterers, predators)

• Linked to ecosystem processes (e.g., GPP)

Stream and river biodiversity in space

The River Continuum Context



A food web along the longitudinal continuum
• Sustained by allochthonous and autochthnous energy
• Grazers and scrapers (feed on microbial biofilms/GPP)
• Shredders (feed on plant material; POM)
• Collectors (feed on suspended particles; FPOM)
• Invertebrate predators
• Vertebrate predators (e.g., fish)

Resources change with seasons



Ecosystem phenology
Seasonal timing of the combined effects of environmental, 
ecological and ecosystem processes.

Example:
• Solar radiation and temperature (seasonality)
• Ecosystem GPP
• Resource availability
• Consumers (e.g., macrozoobenthos and fish) diversity 

have adapted their life histories to seasonality

‘Encoded’ in the biota’s adaptive strategies
 (e.g., life history) (Consequences: see Lytle and Poff; Sabo et al.)

Stream and river biodiversity in time



• Climate-induced hydrological extremes 
(droughts, floods)

• Seasonal shifts (temperature, leaf shedding)
• Altered flow regimes (e.g., damming and 

hydropeaking)

Perturbing stream and river ecosystem 
phenology

Stream and river biodiversity in time



Homogenisation of stream biodiversity

Glacier shrinkage impacts downstream ecosystems
• Temperature
• Turbidity and light availability
• Channel stability
• Resource availability

Stream and river biodiversity in time



Glacier shrinkage impacts downstream macrozoobenthos 
biodiversity patterns
• Overall loss and homogenisation owing to increasing similarity across 

communities (that is, from one to the next glacier)
• Increasing local (alpha) diversity attributed to upstream migration
• Increasing regional (gamma) diversity

Homogenisation of stream biodiversity
Stream and river biodiversity in time

(various specialists)

(generalists prevail)

Communities become 
more similar 



A food web along the longitudinal continuum
• Sustained by allochthonous and autochthnous energy
• Grazers and scrapers (feed on microbial biofilms/GPP)
• Shredders (feed on plant material; POM)
• Collectors (feed on suspended particles; FPOM)
• Invertebrate predators
• Vertebrate predators (e.g., fish)

Why do we need to understand food webs?

a. Ecosystem degradation and biodiversity loss
b. Bioaccumulation
c. Energetics (see paper by Sabo et al.)



Ecosystem degradation and biodiversity loss
Macrozoobenthos as ‘indicator species’

• Macrozoobenthos communities are used to assess ecosystem 
health/integrity

• Land use affects sediment environment and resource structure, thereby 
macrozoobenthos diversity and community composition

• Impacts on ecosystem processes



Ecosystem degradation and biodiversity loss
Bioaccumulation of pharmaceuticals

• Over 60 pharmaceutical compounds detected in
aquatic invertebrates and riparian spiders in
streams near Melbourne.

• Antidepressants and antibiotics!
• Anthropogenic imprint on aquatic food webs
• Impacts poorly understood – antibiotic resistance!



• Over 60 pharmaceutical compounds detected in
aquatic invertebrates and riparian spiders in six
streams near Melbourne.

• Similar concentrations in aquatic invertebrate
larvae and riparian predators suggest direct
trophic transfer via emerging adult insects to
riparian predators that consume them.

• Transfer from used waters to aquatic biomass to
terrestrial predators…

• What is the next step?

Aquatic prey Terrestrial predator

Ecosystem degradation and biodiversity loss
Bioaccumulation of pharmaceuticals



• As representative vertebrate predators feeding
on aquatic invertebrates, platypus and brown
trout could consume some drug classes such
as antidepressants at as much as one-half of a
recommended therapeutic dose for humans
based on their estimated prey consumption
rates

• Yet the consequences for fish and wildlife of this
chronic exposure are unknown

• Who eats trout?



The beauty of the life in streams and rivers



• Filter and gather particles from the water
• Exposed to the flow
• Trade-off between hydraulic stress and resource supply

Caddisfliy larvae (Trichoptera)
The beauty of the life in streams and rivers



Ecohydraulics and the adaptive traits of benthic 
organisms in streams

Stream organisms experience complex flow fields around their 
bodies

Hydraulic constraints on life in streams

Trade-offs between
• Diffusive transport of gases and solutes through boundary 

layer
• Erosion through lift forces

Biota have developed adaptive traits to respond to hydraulic 
constraints
• Compressed body shape to remain within the laminar flow
• Various anchoring mechanisms



Harrison et a. 2007 Geology

• Different species occupy and exploit 
different hydraulic niches in streams

• Promotes taxonomic and functional 
diversity

• Impacts for ecosystem processes (i.e., 
OM degradation)

Hydraulic niches contribute to the high biodiversity in 
stream ecosystems



Hydropeaking affects hydraulics and invertebrate communities

Possible mitigation measures: 
Buffering volume

Annual flow regime Daily fluctuations

unregulated

regulated



• Export of invertebrate biomass
• Reduces invertebrate biodiversity

Hydropeaking affects hydraulics and invertebrate communities



It is not all good with our streams and rivers!


