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INTRODUCTION

* Global climate warming causes shift in phenology

» consequences for plant fitness, demography

- community composition = biodiversity & ecosystem functioning
* Forest understorey herb layer

» ecological significance: harbours 80% vascular plant diversity
» functional role: tree regeneration, nutrient cycling, water dynamics, ...

» However: often neglected when assessing impacts of climate change on forests
* Tree canopy affects understorey environment

» Light availability

. . €= rorest management
» Microclimate — buffered temperatures
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EXPERIMENTAL DESIGN

PASTFORWARD FORMICA

Established in | 2016 2019
Warming Open-top chambers Heat lamps
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EXPERIMENTAL DESIGN

* Phenological monitoring

» February — October 2021

» 9 forest understorey species
» Counting number of open flowers, inflorescences or raceme per tray 2-3x/week
- Phenology variables: onset, peak, end and duration of flowering

* Microclimate data

» TOMST TMS-4 Dataloggers (1 per plot; 15min. intervals)

=» Daily mean air temperature in spring
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STUDY SPECIES

PASTFORWARD

PASTFORWARD

P -

FORMICA

o »

Ficaria verna Galium odoratum Vinca minor Carex sylvatica Allium ursinum

Hyacinthoides non- Polygonatum Anemone nemorosa Geum urbanum
scripta multiflorum
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EFFECT SIZE OF WARMING TREATMENT
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TEMPERATURE SENSITIVITY

First flowering date Flowering peak
Overall _;__*z*_ | _;'_* |
V. minor ® E E ¢
F. verna g E — i
P. multiflorum — E B E
-§ H. non-scripta &~ : -~ Warming with
§ G. urbanum ——a— — i _‘;_ . ® oOTcC
G. odoratum - : —0—5 A amp
C. sylvatica ¢ i E _z_i
A. nemorosa — _‘_' _ ; _::'i_
A. ursinum =1 E @ E
20 5 -0 5 0 5 -20 0 20 40
Sensitivity FFD (Adays per °C) Sensitivity FP (Adays per °C)

In general, there is an advance of FFD & FP. Some species are much more responsive to changes in
temperature (= indicator species?).
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TEMPERATURE SENSITIVITY

First flowering date Flowering peak
Overall _‘__*z*_ | _;'_* E
V. minor ® E E ¢
F. verna g E — i
P. multiflorum — E B E
-§ H. non-scripta &~ i = i Warming with
551_ G. urbanum ——a— — i _‘;_ : ® oTC
G. odoratum - : —O—E A amp
C. sylvatica ¢ i E _z_i
A. nemorosa — _‘_' _ ; _::'i_
A. ursinum =1 E @ E
20 15 10 5 0 5 20 0 20 40
Sensitivity FFD (Adays per °C) Sensitivity FP (Adays per °C)

Possible indication of non-linear responses to warming.
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TEMPERATURE SENSITIVITY

First flowering date

Overall T : : , :
: Comparison with previous research
V. minor . i
F. verna ¢ : Overall sensitivity European forest wildflowers:
, P multifiorum —— l -3.6 (£0.2) days °C! (willems et al. 2022)
-g H. non-scripta “E E
551_ G. urbanum === E
G. odoratum . ' Sensitivity H. non-scripta: -6.2(+1.2) days °C™!
) ° i (Jonsson & Fox 2019)
C. sylvatica i
A. nemorosa e - Response to macroclimate warming #
A. ursinum L E microclimate warming
-20 -15 -10 -5 0 5

Sensitivity FFD (Adays per °C)
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TEMPERATURE SENSITIVITY

Last flowering date Flowering season length
Overall ";E _'L__’_
V. minor i ® i ®
F.verna | —— E * E
P. multiflorum — E —O-i—
-é H. non-scripta +i i —— Warming with
L% G. urbanum —‘é— . — —i" — - ® OTC
G. odoratum A E :l A amp
C. sylvatica .‘,E_._ _‘:_ v
A. nemorosa _:.__i_ _4.__._
A. ursinum T E -+-
25 0 25 50 20 -10 0 10 20
Sensitivity LFD (Adays per °C) Sensitivity FSL (Adays per °C)

In general, LFD appears less sensitive to climate warming. Together with advancing FFD leads to

prolonged flowering season. Otherwise, with uniform shift FSL remains unchanged
10
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HEAT ACCUMULATION

First flowering date Flowering peak Last flowering date
FFD FP LFD

V. minor —E'O— —:0— +

F. verna 0: :’ ‘:°'

P. multiflorum io i‘ i—:-
< H. non-scripta 53 ;0 0%
o G.urbanum — A= — — — = — == — i

A G. odoratum '5-0— -:'0- —0:-
C. sylvatica _Lf _L? — i -'.E-

A. nemorosa qi_ _:I_ . — ;::h_ -

A. ursinum i‘i &*i *’z'*i
—lOIOOO (I) —IOE)OO CI) —1OE)OO (I)

AGDH (cumulative)

Warming with ® OTC A Lamp
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INFLUENCE OF ILLUMINATION

First flowering date Flowering peak
—_—— . —.—
F. verna ~— —— _ .
- ! o ) Warming with
Frr——— 1 i 1
H. non-scripta —_— . - \ ® OTC
......... e v mr e ! R T T
" G urbanum | ceeeiiiaa.. Ak R e s eare e A Lamp
Q o} E —_— E
O G. odoratum ° . ——
& - Treatment
C. sylvatica mam -, ® Warming
A. nemorosa e | — Light addition
oA g ! . : ® Warming x Light
A. ursinum R ; :
-20 -10 0 10 20 -10 0 10 20 30
AFFD (days) AFP (days)

In general, only an additive effect of illumination: reduction of the magnitude of the phenological

advance.
12
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INFLUENCE OF ILLUMINATION

F. verna
H. non-scripta
G. urbanum

G. odoratum

Species

C. sylvatica
A. nemorosa

A. ursinum

Last flowering date Flowering season length
*x —— E —_—i— E
—— 0 ——
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' —e— -
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ALFD (days) AFSL (days)

Warming with

® OTC
A |amp

Treatment

® Warming
Light addition
® Warming x Light
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CONCLUSION

* Forest understorey flowering phenology is affected by climate warming
* Responses to temperature may be non-linear (Jochner et al. 2016)
* Earlier phenophases are more sensitive (Stuble et al. 2021)
=» Prolonged flowering
* Interspecific variability in responses and their intraspecific variation

» Might lead to altered community organization after prolonged period
* Higher light availability reduces magnitude of the warming-induced advance

* Very sensitive species could be proposed as indicators of biological responses to

climate change

* Important to study forest flowering phenology in relation to microclimate

15
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