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• sub-humid climate and water deficit (P ≤ PET)

• abundance of wetlands and high DOC concentrations

• differences in surficial geology 
(very thick, coarse to fine glacial deposits)

Boreal Plains:
Research Questions:

o How variable are the DOC export and DOM 
composition in the Boreal Plains streams?

o What drives the spatial and temporal variability in 
stream DOM on the Boreal Plains? And are the drivers 
similar to other boreal regions? 

Methods:
o 15 streams were sampled frequently in 2018-2020

o major ions, DOC concentration and DOM optical 
properties (absorbance and fluorescence) were 
measured in all samples

o landscape characteristics for each stream catchment 
determined in ArcGIS using remote sensing and 
geologic survey datasets

STREAM DOM COMPOSITION ACROSS SCALES: THE BOREAL PLAINS EXAMPLE
Julia Orlova1, David Olefeldt1, Kevin J. Devito2, Suzanne E. Tank2, Monica B. Emelko3, Fariba Amiri3, Alyssa K. Bourgeois3,4, Jim M. 
Buttle5, Erin Cherlet1, Chad W. Cuss6, William C. Floyd4,7, David E. Foster8, Ryan H.S. Hutchins9, Rob Jamieson8 Mark S. Johnson10, 
Hannah J. McSorley4,10, Uldis Silins1, Lauren M. Thompson1, Christopher Williams1

1 Department of Renewable Resources, University of Alberta, Edmonton, AB, 2 Department of Biological Sciences, University of Alberta, Edmonton, AB, 3 Department of Civil & Environmental Engineering, University of Waterloo, Waterloo, ON, 4 Coastal Hydrology Research Lab, Vancouver Island 
University, Nanaimo, BC, 5 School of the Environment, Trent University, Peterborough, ON, 6 School of Science and the Environment, Memorial University of Newfoundland, Corner Brook, NL, 7 Ministry of Forests, Government of British Columbia, Nanaimo, BC, 8 Department of Civil and Resource 
Engineering Dalhousie University, Halifax, NS, 9 Department of Earth and Environmental Sciences, University of Waterloo, Waterloo, ON, 10 Institute for Resources, Environment, and Sustainability, University of British Columbia, Vancouver, BC

This work was generously supported by:

Key Findings:
o There were statistically and ecologically significant differences 

in stream DOM composition across sites located in different 
Canadian ecozones. 

o These differences in DOM composition were assessed using 
different analytical techniques. The simple and inexpensive UV-
VIS absorbance and fluorescence spectroscopy described 
variations in DOM among the sites similar to several more 
complex and expensive techniques. 

o The presence of lakes, wetlands and climate were important 
predictors of DOM composition. Land disturbances (wildfires or 
forest harvesting) did not come out at the driver at this scale.  

1. Stream DOM Composition across Canada

2. Zooming in on the Boreal Plains 3. Aquatic Transformations of Stream DOM

Special thanks to Julie Grant for the Boreal Plains figure.

Surficial geology:
Coarse outwash
Hummocky moraine
Clay plain

Land cover:
Upland
Wetland Wildfire extent

4. Conclusions

Research Question:
o Is stream DOM bio- and photolabile? Which process is more important, and 

where and when does the most labile DOM occur?  

Methods:
o laboratory incubations were conducted using water samples from 5 streams 

collected over 2020-2022

o changes in DOC and DIC concentrations and DOM optical properties 
(absorbance and fluorescence) were measured

There are some spatial differences in the concentrations of major ions, DOC, TDN among the
Boreal Plains streams (based on the dominant surficial geology). When comparing DOM
composition, the differences are less clear, except for lake-dominated streams (S4, S13, S1).

In the Boreal Plains streams, variations in
DOM composition are best explained by the
presence of lakes in the catchment and
water temperature / day of the year, based
on Random Forest analysis.

o DOM concentrations and composition in the Boreal Plains streams were highly 
variable over time, but spatial differences were small. Lakes and seasonal 
changes in temperature were the main drivers of this variability. This is 
different from the results of the Canada-wide site comparison (except for the 
lake control) and the results from other boreal regions.

o Photodegradation was the main DOM transformation and removal pathway in 
all Boreal Plains streams and during all seasons.   

o Climate warming may change soil and water temperature, which was 
identified as the driver of stream DOM concentration and composition on the 
Boreal Plains, thus affecting the export of terrestrial DOM to streams.

o For drinking water treatment, DOM in headwater streams may not be 
representative of raw water due to photochemical transformation of DOM 
during storage.

Stream:
S2 S4
S8 S15
REC
Water Storage Reservoir

before incubation
after incubation

Experiment Type:
photodegradation
biodegradation

Biodegradation was assessed by 
incubating samples in the dark for 
10, 28 and 60 days. Absorbance 
(A254) typically showed little change 
during these incubations.

Photodegradation was assessed by 
exposing samples to artificial 
sunlight in a solar simulator for 1 
and 3 days. There was a 
pronounced change in A254 during 
the irradiation experiments.  

Redearth Creek (REC) is a water source for the
hamlet of Red Earth Creek. Water from this creek
is stored in the reservoir prior to treatment. As a
result of photodegradation, stream DOM
composition becomes similar to that in the water
storage reservoir. This means that DOM in water
withdrawn from REC may be substantially altered
during storage, and may not represent DOM in
REC by the time it is treated.

Random Forest analysis on revealed 3 groups of drivers of DOM composition.

Variable Importance

0 200 400 600 800

Lakes

Electric…

Runoff

Wetlands

pH

Catchment area

Day of year

Coarse outwash

Clay plain

Temperature

Hummocky…

0 100 200

Temperature

Day of year

Lakes

Clay plain

Runoff

Electric conductivity

Catchment area

pH

Wetlands

Coarse outwash

Hummocky moraine

Variable Importance

Variable Importance


