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Small streams depend on:

Shading (lower summer temperatures, less algae)

Organic matter and terrestrial invertebrate inputs

Bank stability

Large wood inputs

Nutrient uptake by streamside plants

Etc.



Erosion

Nutrients

Peak flows

Sediment

Contaminants

A syndrome of changes
Sunlight
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Good for:

Erosion control

Temperature control

Nutrient uptake

Native Pollinators

Wildlife habitat



Vulnerability of source streams

High degree of coupling with 

surrounding landscape

Isolated 

Easily channelized 

Loss of important inputs (organic 

matter)

Increased erosion and nutrient 

transport

Changes to flows, their quantity, timing 

and quality

Increased summer temperatures
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1. Different ecosystem 

processes

2. Unique habitat

3. Ecosystem services 

4. Vulnerabilities

Differences of “small” 

streams from bigger streams



Vulnerability of species’ populations and 

communities in headwaters and springs –

and recovery within a catchment 
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Headwaters contribute to the 

fluvial network in additive 

and non-additive ways

Rare, but large magnitude 

disturbances
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Subsidies to downstream 

along the fluvial network

e.g., up to 1000 salmonids 

could be supported by 

invertebrates and organic 

matter from fishless streams



Headwater subsidies
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Shifts in riparian vegetation 

(early seral stages) can 

influence stream productivity

Nutritional value

Physical differences

Timing

Size and interaction with 

physical retention
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Streams receive 

and integrate all 

the influences from 

the landscape

Effects of Land 

Use and Land 

Cover (LULC)



“Trimming the tribs” 

Team: 

John Richardson (UBC), Dan Moore 

(UBC), Antoine Morin (UOttawa), Jim 

Buttle (Trent), Les Stanfield (expert 

emeritus) and Laura DelGuidice (TRCA)

Field work began March / April 2015

2 post-doctoral fellows,1 PhD student, 

and a Research Associate

Project from Oct 2014 to September 2017

How many branches can be lost 

before we can detect that a stream 

network no longer functions properly?



Spatially explicit catchment processes

Light

Radiation 

input

Groundwater 

inputs

Sediment

flux

Dissolved 

organic 

carbon 

Particulate 

organic 

carbon 

inputs

Pathogen 

sources

Nutrient

fluxes

Run-off 

generation

SWAT models, empirical measures



Downstream

Quantity

Timing

Flood hazard

Drought

Waterborne 

pathogens

Sediment & 

turbidity (flood 

hazard, microbial 

treatment)

Threats to downstream from headwater management

Nutrients
(microbial growth, algal 

growth)

Temperature 
(microbial growth rates, 

ecological processes, 

evaporation)



Is it better to protect the source or the receiving area of a 

catchment?
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Is it better to protect the source or the receiving area of a 

catchment?



Is it better to protect the source or the receiving area of a 

catchment?



Different ways of protecting fishless source streams in 

Washington State, USA

Current Forest Practices Rules
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Cumulative effects may 

not be additive

Strong non-linearities

Large scaling 

uncertainties with 

specific links

Challenges

We know very little 

about recovery 

after harvesting



Stream G looking upstream ~5 years after harvesting of the upslope forest.  This stream 

received a 10 m reserve on each side.  Notice the amount of light reaching into the 

reserve, but the stream receives a large amount of shading from the shrub layer



Cumulative effects may not be additive

Strong non-linearities

Some difficulties linking particular 

tributaries to downstream effects

Large scaling 

uncertainties with 

specific links
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Synchronization (or 

desynchronization) of 

hydrologic processes 

in network systems. 

Figure adapted from Ziemer and Lisle (1998).

Potential for lag times in 

responses on multiple 

time scales
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Figure adapted from Montgomery and Buffington (1998).

Synchronization of 

sediment movement 

in network systems. 

Shaded area shows 

sedimentation 

caused by 

landslides and 

debris flows. 

Accumulated 

sediments from 

headwater systems 

may alter the 

formation of braided 

and side channels. 



Biophysical 

processes

(thermal 

budgets, nutrient 

inputs, sediment 

inputs)

Outputs 

(temperature, 

discharge, 

nutrients, 

sediment, 

pathogens)

Users

Cumulative effects

Land use & intensity

Policy

Influence of hotspots 

(heterogeneity)

Catchment Processes 

(spatially explicit)
Measures Consequences 

for Water 

Security

Climate 

and 

climate 

change
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Conclusions

Potential for cumulative effects

May need to reassign riparian protection measures to 

protect receiving waters

Small streams the source to the catchment – impacts 

change inputs (organic, nutrients, sediment), 

disturbance regimes, flows, and recovery potential 


