These are the ancestral lands of the Cree, Saulteaux,

Dakota, Lakota, and Nakota peoples and are the homeland of the Metis.

We respect and honour the Treaties that were made on all territories.
We acknowledge the harms and mistakes of the past, and we are
committed to move forward in partnership with Indigenous Nations in
the spirit of Truth, reconciliation and collaboration.

We sincerely thank all treaty people for sharing the land.
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Focus on lakes of the Northern Great Plains and
Boreal Plains Ecozones




Current status of southern lakes

Causes of modern conditions

Looking forward

Current status of southern lakes

Causes of modern conditions
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What is the current status of grassland lakes?

Survey ~100 lakes following drought (2003) and pluvial (2013) intervals

Plang et al. 2018. Pham et al. 2009.
Org. Geochem. Limnol. Oceanogr.
117: 43-55 54:101-118

10/18/2023



Some lakes are easier to sample than others...

Evaporation is much greater than precipitation (net negative moisture)

Lake water is derived from snow after droughts and rain after wet
periods (source varies with climate)

Many lakes are closed basin (no surface outflow)

Lake level and chemistry varies naturally among years
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All grassland lakes are alkaline (high pH)

8.8 9.2

pH in
2013

Finlay et al. 2015. Haig 2018 PhD
Nature 519: 215-218

Many grassland lakes are saline (> 3 g total salts/L)
(particularly in the western half of Saskatchewan)

2013

20 T

15 - saline

number of lakes
=
o
T

saltier than
the ocean
<>

0.1 1.0 10.0
Chaplin Lake total dissolved solids (g/L)

Haig 2018 PhD
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chlorophyll (pg/L)

total phosphorus (ug/L)

Grassland lakes have low transparency
relative to northern or eastern lakes
% transparency|
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Haig 2018 PhD
Low transparency is due to abundant algae, nutrients, suspended
sediments, and (possibly) dissolved organic matter
total algae nutrients dissolved organic matter
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Toxic algae are present in most grasslands lakes

>42% above WHO threshold
~4% acute human health risk

toxins in August 2013

WHO

Hayes et al. 2020
Limnol Oceanogr Lett 5: 393-402

G Current status of southern lakes

a Causes of modern conditions
° Looking forward
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Long term research on the Qu'Appelle River system (1994-present)

Last Mountain

Diefenbaker
Eyebrow
Pasqua
Echo
Buffalo Mission Katepwa
Pound
Pelican

Crooked
Round —>

Wascana

Physics and Chemistry Biology
¢ Dissolved compounds * Invertebrates
* Organic nutrients Every 2 weeks e Cladocerans
* Inorganic nutrients during May-Sept ¢ Copepods

» Oxygen since 1994 * Algae
» Water clarity and colour e Types of algae
e Sediments * Toxicity of algae
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Modern Qu’Appelle lakes have poor water quality

Annie
(Anabaena)
grey-green

Fanny
(Aphanizomenon)
grass blade

Mike
(Microcystis)
paint

All are
Cyanobacteria
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Water quality started to decline with the onset

of widespread farming

- a. Headwater lakes 15 b. Downstream effluent-influenced lakes
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Effects of farming appear greatest in eastern grasslands
(but more study is needed)
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Pham et al. 2008. Limnol. Oceanogr. 53: 728-742
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Water quality degradation has accelerated

,r since 1950
c 152 Headwater lakes 15 b. Downstream effluent-influenced lakes
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Some acceleration is due to urban pollution
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+ i

------ Wascana Creek
______ Qu'Appelle River

Scums of algae have increased since 1900 due to urban pollution
with nitrogen

I 600

400

Greenness
(cyanobacteria and algae)

200

5 10 15
Degree of nitrogen pollution——

Leavitt et al. 2006. Limnol. Oceanogr. 51: 2262-2277.
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Experiments show that urban pollution degrades Qu’'Appelle water

natural add
water nitrogen
only

add add both
phosphorus
only

Regina’s wastewater upgrade showed than removing N
has improved water quality in regional streams

10/18/2023
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New wastewater treatment to remove N
decreased suspended algae and toxic cyanobacteria.

abundance downstream (+ effluent)
abundance upstream (- effluent)

How have the lakes responded?

16



So far, there has been little effect on water clarity,
In part due to climate-induced increases surface blooms

Last Mountain

Leavitt et al. In prep.

Hayes et al. 2020. Limnol Oceanogr Lett 5: 393-402
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Preliminary satellite data tells a similar story (but for more lakes)

Last Mountain

Diefenbaker Buffalo Pound Pasqua

Wascana

Echo Mission Katepwa Crooked Round
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Climate I Local Weather

Lake conditions | Water flow

Few directional
changes over 30 yr

Greenness

Large differences

among lakes

Some cycles
(climate; El Nifo)

Cyanobacteria Water Clarity

1995 1998 2001 2004 2007 2010
—— Buffalo Pound —m— Crooked —u— Diefenbaker

~--@-- Katepwa ~--@--Last Mountain ----@--- Wascana
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Many factors affect water quality

(but which are most important?)

Greenness Water Clarity
Nutrients
Tem pe rature
Surface scum Cyanobacteria

»

% increase from current

Global warming will increase algal abundance (greenness) and
surface blooms (toxic algae) in SK lakes
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Reductions in nutrient inputs will improve water quality

if changes are large enough

% change from current

60 —
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Changes in river flow will have only minor impacts on water quality

a mTotal Algae
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o 0 el | . . —

.10 ™ \Vater Clarity
a0 1% 25% 50% 150% 200%

change from current flow (% current)

Substantial improvement requires 1000% increase in flow
This is more than the river channel can hold
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G Current status of southern lakes
e Causes of modern conditions

° Looking forward

Fertilizer Climate change

Wetland drainage

Invasive species
Potash Fracking

10/18/2023
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Moderate climate models predict 3-5°C increases

Canadian wheat production has doubled since 1960 but
is still below potential yield

production

potential

yield
actual/ fertilizer
T

yield
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Wheat production has increased as a function of fertilizer
application

10/18/2023
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Millennium
Ecosystem
Assessment
2005

Crop fertilizer application will nearly double by 2050.

Most of this will be as urea.

Urea is the main global nitrogen fertilizer,
Saskatchewan leads Canada in urea use

10/18/2023
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Urea degrades prairie wetlands and lakes

6001 + urea reference

400+

200+

0 I &
Gushulak et al.

In prep. 150 175 200 225 150 175 200 225
Day of year

Chlorophyll (pg/L)

Proposed water management policy will likely
reduce water quality
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For over a year, the Water Security Agency and SK Agriculture have been
developing a policy to increase wetland drainage in farmed land of
Saskatchewan

is reasonable as written but is misapplied

10/18/2023
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climate change
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Permanent wetland area

As presented, WSA wetland estimates do not include most
historical variation nor the expected effects of global warming

< I
< »

2001 2005 2010 2015 2020
year

Data from MODIS Satellite imagery; similar patterns for Sentinel satellites

WSA eliminated “no net loss” option with no discussion
and using misleading pretenses

10/18/2023
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WSA is only considering how MUCH wetland can be drained

Policy will concentrate drainage in areas with most farm pollution

10/18/2023
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Water runs downhill — drainage will carry nutrients
and pollutants to rivers and lakes

10/18/2023
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Photo: G. McCullough
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Thank you

Toxic cyanobacteria blooms have been getting worse in past 30 years

Now — lighter lines

2016

2012

2009

""""""""""""""" 2006
Past — darker lines
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Synchrony among lakes varies with geographic position

lake-to-lake
correlation, r

Diefenbaker, Buffalo Pound
and Wascana vary independently.

Fishing lakes are coherent (Echo, Mission,
Katepwa. Pasqua can vary with Buffalo Pound.

- Katepwa, Crooked and Round form a uniform group.

coherentr=1 asynchronous r=0

How people and climate affect lakes
Irradiance Precipitation

Heat \

Particles
Dissolved

// substances
Wind
\ .
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Preliminary satellite image analysis suggests that there was sudden
change in the Qu’Appelle River system ca. 1990
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Urea promotes growth of all algae and cyanobacteria
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Gushulak et al.
In prep.

Excess production reduces deepwater oxygen
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