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Ecology under lake ice

Abstract

Winter conditions ar idly changing in temperate ecosystems, particularly for those that experi-
ence periods of sno: ice cover. Relatively little is known of winter ecology in these systems,
due to a historical research focus on summer “growing seasons’. We executed the first global quan-
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“changes in snow depth, in combination  “...attenuation of solar radiation by snow
with reductions in black-ice growth, are ~ and ice can reduce primary production to
projected to affect the effectiveness of negligible levels.”

snow loading, slushing, and ultimately
white-ice growth” “It is hypothesized that oxygen production

can be accelerated by increasing radiation

“The relative increase in white-ice in the  receipts through modification of albedo,

high northern latitudes sometimes exceeds  cover thickness, cover composition or a
300%” combination of all three.”




~_ IBlack ice — translucent

* High transmittance umvf?fim

* Low albedo CALGARY

* Requires quick freeze and consistent
temperatures

* Sometimes referred to as congelation ice
White ice — opaque
* Low transmittance

* Medium-high albedo
* Results from freeze-thaw and slushing

Show

* Very low
transmittance

* High albedo

* Deposited
directly onice
surface

* Weight can cause
slushing and
creation of white ice

Snow
Slush

White ice

Black ice
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Factors limiting phytoplankton growth CALGARY
(adapted from McCombie 1952)

Parameter

* Light

* Wavelengths e Albedo
* Intensity * Transmittance
e Duration * Filtering

* Temperature * Insolation

Biogeochemistry Extrusion of salts

Prevention of allochthonous
materials entering

Nutrients




Better understanding of the interaction between surface cover and
under-ice processes is needed

Projected changes in environmental conditions in the northern mid-
latitudes

Controlled experiments help to understand relationships
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Sample Collection

Dissolved oxygen sensors -
deployed at multiple ;
depths

Grab water column
samples analyzed for
chlorophyll-a

Solar radiation
measurements

Incoming
Reflected
Surface

Under-ice

Multisonde profiles
recorded

Biogeochemistry




PAR (umol/sfim2)

Difference in PAR (umol/s/im2)

Under-ice PAR with varying surface cover manipulations

Dashed line indicates initial manipulation day
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Control (red)

* Had a very mild winter

* Lots of freeze-thaw
cycles

* Very similar in light
transmission (and
appearance) to white
ice treatment

White ice (blue)

* Created by slushing
snow

e Similar light properties
to control for this year

* Some transmission

Snow-on-ice (orange)

* Notably lower
transmission than
control or white ice
treatment

* Limited PAR for under-
ice biological activity

- Cantral

Feb

' PAR, between control and snow-on-ice
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Chlorophyll-a

* Significant difference between snow-on and snow-removed -
CALGARY

* No-snow values comparable to other literature — max of 155 pg/L in winter

* Noticeable colour shift between in control pond
* Snow covered — green to red
* No snow - green
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2 Pond 1 - No snow

@ Pond 2 - Snow (control)

100cm from bottom - Winter 2015-16
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50cm from bottom - Winter 2015-16
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10cm from bottom - Winter 2015-16
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25 Jan 2016

18 Jan 2016

11 Jan 2016

- alLuer gl




2 Pond 1 - No snow

o Pond 2 - Snow (control)

50cm from bottom - Winter 2016-17
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Factors affecting phytoplankton growth

(adapted from McCombie 1952)

Parameter

* Light
* Wavelengths e Albedo
* Intensity * Transmittance
e Duration * Filtering

* Temperature * Insolation

Biogeochemistry Extrusion of salts

Nutrients




Conclusions
Biological activity is
occurring under-ice
Surface cover controls |
under-ice activity and |s
expected to change @
under future projected
climate conditions

Influence of carbonon

under-ice activity
relatively unknown

Single spot sampling

would not detect some

diurnal fluctuations

* More continuous
monitoring needed




Relevance to lake
management

* Inter-seasonal
relationships

* Shallow systems in
particular

* Especially when combined
with eutrophication

* Potential of building
predictive model for
timing of algal blooms

* More data required




Future Work
Evaluating relationship of
productivity to
biogeochemistry under-ice

Assessing the influence of
DOC in under-ice
productivity using
experimental mesocosms

Determining connection
between winter surface
cover conditions and ice-
off biological activity (ie.
Algal blooms)

Integration of additional
data sources (citizen
science?)
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Specific projects ENEERRY

* Nakamun Lake
Research
program with
AEP — EMSD

* Historical data
analysis linking
ice conditions /
timing and
bloom
prevalence /
timing

Nakamun Lake — Facebook
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Questions T

* Any questions?

 Want to discuss further?
david.barrett@ucalgary.ca
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