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Climate change impacts on water
quality and aquatic communities

Janice Brahney, Utah State University



The Great Climate Change Experiment

Emergent consequences of climate change

1. Habitat Changes/Community Reorganization
2. Wildfire
3. Glacier Loss



Transition to Drier Climatic States Might not be Smooth
Direct and Indirect effects
on Water Quality
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Black water cascaded down Cameron Falls in Waterton Lakes National Park in Alberta after a 2018 wildfire denuded the landscape.

The Wettest Place in North Americals
Calgar Burning

Extreme drought is causing Canada’s only rainforest to dry up, and

now it's on fire.

Summer 2018



Wildfire as Experiment Okanagan Mountain Park
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Increased flow can bring
substantial amounts of

sediments from the
burned landscape
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AR Effects of wildfire on stream temperatures in the
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Fig. 1. Temperature logger sites (asterisks) and 2000 burn severity in the southern Bitterroot River basin,
Montana. Red, orange and yellow indicate areas of high, medium and low burn severity. White indicates arcas
that did not burn.
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Stream Water Quality Concerns
Linger Long After the Smoke Clears

Leaming from Front Range Wildfires

Chuck Rhoades, U.S. Forest Service, Rocky Mountain Research Station,
Susan Miller, Freelance Science Writer,
Tim Coving, Department of Ecosysten: Science and Sustaimability, Colorado State University,
Alex Chow, Department of Forestry and Environmental Conservation, Clemson University,
Frank McCormick, US. Forest Service, Rocky Mountain Research Station

- Nutrient concentrations remained elevated
through the study period (5 years)

- Varied by catchment slope — lower slopes
showed effects longer (Hauer et al. 1998)

Mitrate « M {mg L'}
e
=

firate - M fmg L)

R

Pre-fire| | Unburmed (n = 3)

2002 2003 2004 2005 2006 2007

Low Extent n=3)

I L] 1
202 2003 2004 2005 2006 2007




1000.00

900.00

800.00

700.00

600.00

500.00

o
b
<
>
Q
O
O

400.00

300.00

200.00

100.00

0.00
2/23/2004 3/14/2004 4/3/2004 4/23/2004 5/13/2004 6/2/2004 6/22/2004 7/12/2004

Date




0.03

1 ¥
— Glacierized (a)
— Non-glacierized

00251 » Date On/Off

0.02

T T T T T T T
— Glacierized {+)]
= {5 Raw
== {5 smoothed |

Scaled Stream Yeild
ecillewaet vs. Kuskanax 2005
=]
]
Lal

0.0Ls - |\

oo b |

0,005 |- |

L] <] 100 150 200 250 300 50 40

Important late summer

Brahney et al. 2017, Hyd. Proc.




Climate Stations S
\ Glacier Observation Sites
k\\_,J\. o Groundwater Obs. Wells \ ; mb_\\\

N ) Rapid retreat of glaciers

Glaciers g

uuuuuuuuuuu

S - el IR ANY - Cumulative loss of 25-40 m.w.e

‘\_,,\ Columbia Basin

V. - Many already gone or will be

Bn
Ny
,
W

......

% gone by end of century

| )
{

AN
ﬂap[a (Yoho)
t
\,

(9
I

- 8,
Jllecillewaet’

o
|

i\ 5 “Upper West

Up erEast\
% Columbia 3 5

Columbia & -10 -

15 -

West -
& Columbia

Cumulative Net Mass Balance (m)
o
=

\\S

r
East }
.4 Columbia {;

B~
o

Y 1960 1970 1980 1990 2000 2010 2020
!

Dy Year

I N
Brahney et al. 2017 Demuth, 2013

=] !
{

-

o

’ Lower
? "~ Columbia
| :




Glacier contribution
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Space-for-time Transitional: < 5% (remnant ice)
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Recently-

lost glaciers
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Space-for-time
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Changing habitats

- Changes in the character of many lakes
- Longer growing season -> Greater production
- New Lakes (156) + expansion (5.2km?)

% Organic (Sediment)

Brahney et al. unpublished




Retreat of glaciers = changing water chemistry in lakes
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Retreat of glaciers = changing water chemistry in lakes

Conductivity NO; TP DOC
0.95
0.66
15.06
11.37 AB B AB B
B B 0.08 0.02 3.48 1.71 AB B
Glacierized Transitional Snowfed Glacierized Transitional Snowfed Glacierized Transitional Snowfed Glacierized Transitional Snowfed
Turbidity US Rocky Mountains
2.5
: E i Melting Alpine Glaciers Enrich
Eﬂq L] - - - -
_ : High-Elevation Lakes with Reactive
"5 1.5 Nitrogen
B B g ']
0.25 0.07 — 1.0 JASMINE E. SAROS,*' KEVIN C. ROSE,*!
e DAVID W. CLOW,*®
Glacierized Transitional Snowfed B 1 " VERLIN C. STEPHENS.®
0.5= . ANDREA B. NURSE,'
. HEATHER A. ARNETT,'
JIEFFERY R. STOMNE.,"
04 = CRAIG E. WILLIAMSON,Y AND
ALEXANDER P. WOLFE™*

Indat Laka Irnbat Lake
(n=5) (n=12}) (n=8) (m=14)

GSF SF

Brahney et al. unpublished



Retreat of glaciers = changing water chemistry in lakes

NO; Turbidity DOC TP
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Retreat of glaciers = warmer waters
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Retreat of glaciers = warmer waters

British Columbia Rivers (June - July)
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Retreat of glaciers = warmer waters

British Columbia Rivers (August - October)
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Retreat of glaciers = changing water chemistry in rivers
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Retreat of glaciers = changing community composition

Epilithic diatom populations
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Earlier glacial and snow melt effects on community composition 15
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Earlier glacial and snow melt effects on community composition

FDC (%)
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Earlier glacial and snow melt effects on community composition
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Photosynthetic overflow




Earlier glacial and snow melt effects on community composition

FLOW
PHOTOPERIOD

HISTORICAL EARLIER MELT



Earlier glacial and snow melt effects on community composition

Lower late summer flow
Increased transparency
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Earlier glacial and snow melt effects on community composition

Non- Transitional Glacierized
Glacierized )@ : p <0.05
Didymo 4 1 0
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Brahney et al. in review
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- Increase the space for time study (53 sites)
- Experimental flumes
- High frequency study




Earlier glacial and snow melt effects on community

composition

MS Student (1)

- Glaciated rivers had reduced didymo blooms
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Earlier glacial and snow melt effects on community

composition
MS Student (1)

- Glac flour/DOC suppress didymo
- Blooms initiated at peak photo
when P & Turb decrease
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Earlier glacial and snow melt effects on community
composition

MS Student (1)
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- Blooms initiated at peak photo
when P & Turb decrease
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Earlier glacial and snow melt effects on community
composition

MS Student (2) (with Phaedra Budy)
- Change in macroinvertebrates?
- Impacts to Trout, Char, Sculpin?




Earlier glacial and snow melt effects on community Energy-flow Food Web

Bull Trout

composition Bear Creek (Didymo)

MS Student (2) (with Phaedra Budy)
- Similar to other studies, different macroinverts
- No impact on diet of fish condition
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