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Timing of
snowmelt

.is avery important |-
determinator of
start of growing
season.

=> How does winter snow depth, timing of snow melt, winter/
summer temperature and moisture affect plant growth and
ecosystem processes ?

=> By manipulating snow cover and observing on the landscape
scale, we can start to investigate these relationships.
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Plant phenology
Growing Season Length
Plant quality & growth

Decagon NDVI
sensors
+ mounted at 2 m
: height
* programmable
(every 4hrs)
« wavelengths 650
nm and 810 nm

GardenWatch

B camera

Tetracam NIR digital camera E#3

« mounted on hillside at
~250 masl|

« fully programmable (4

+ mounted at 2 m
height

images daily) * programmable

« wavelengths approx. equal (every 4hrs)
to TM bands 2, 3, 4 RGB wavelengths




Experimentally increased snow
=> later snowmelt
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Dryas octopetala
~ Cassiope tetragona
Salix polaris
. Saxifraga oppositifolia
Alopecurus borealis
ula arcuata
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iming of development
ickly to climatic factors Salix polaris
24 July 2008 Delay in every aspect of
phenological development
Salix polaris, Vegetative 2007 F Salix polaris, Reproductive 2007
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Similar pattern as snowmelt but responds to treatments. Semenchuk et al 2015
Delay in senescence smaller than delay in snowmelt
Abbandonato et al in prep
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Chlorophyll content of Salix leaves higher in
deeper snow than control plots
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N content of Salix leaves were higher under deep snow
than in control plots
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Lower growth behind fences Mallik et al 2011
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Species respond differently.

£ Thawing Degree Day of snow free
period best relationship to size.

! =>Temperature determines plant
I size.

= Plants that start growing early,
; also stop growing early (periodic
¢ species).

=> Some species responded
positively to deeper snow
(Bistorta, Dryas, Alopecurus,
1 Luzula): increased nutrient
¢ availability.

Rumpf et al 2014
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Later flowering and fewer
flowers behind fences

Cooper et al 2011




Reproduction
Cassiope 2007
% Seed germination # Seeds/ Capsule
'm Seed germination
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Mallik et al 2011

Reproduction

Germination 2008: reduced for seeds
from fence plot plants S conrol

a W Fence

Mean germination per fence (%]

a

Bistorta vivipara

Salixpotaris Luzula arcuata Dryas octopetala

Reproduction

Modeled peak flower abundance (n flowers)
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Cassiope Dryas

Number of flowers 2008, 2009, 20011:

Fewer flowers behind fences in deep snow plots.
Later melt out, shorter time for flower development?

Flower bud primordia affected previous year?

Modeled peak flower abundance (n flowers)
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Cassiope Dryas
However: 2010, 2012: pre L
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Fewer flowers after warm event in win - - r
Snow acting as an protective layer =

Semenchuk et al 2013

shrubby Cassiope,
15-20 cm

Dryas is more compact,
only old sead heads
exposed

Experimentally manipulated snowdepth and melt

Phenology: earlier green ug with early melt if subsequent
warmer temps, late melt delayed early season phenology.

Senescence: some response to snow melt, partly light
controlled.

GSL: species specific: some are periodic species, others just
kept growing..

Growth: related to Thawing Degree Days: generally reduced
growth and higher % BG with later snow melt- BUT deeper
snow => higher nutrients, some species benefitted (eg
Bistorta).

ReFr'oduc‘rive success: generally related to GSL => reduced

lowering and viable seeds with later melt- BUT deep snow
protected flower buds in mild periods with snow melt mid-
winter.




Soil and air temperature (°C)

Water content (%Vol)

Temp difference Mean: 6.5C, Max: 17C
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Behind fences deep snow: warmer and more stable soil temperatures
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Green up Flowering Senescence Seed dispersal

TIMING of phenophase after snowmelt (weeks, sd)

Delay of phenophase due to fence
(# weeks later than control)

* Green-up

* Flowering

*+ Senescence

+ Seed dispersal

DELAY of phenophase due to fence (weeks, sd)

Green up Flowering Senescence Seed dispersal

Length of time needed from
snowmelt to reach phenophase.
Difference (in weeks) due to fence

* Green-up
Flowering

+ Senescence

+ Seed dispersal




ch phenophase (weeks, sd)
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Flowering

Seed dispersal

Change in duration due to fence

+ Length of growing season

(date of senescence-green-up)

- Length of reproductive period

(date of seed dispersal- date of flowering)

Change in DURATION (weeks, sd)
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