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Background + Introduction

Phenology: timing of events.

e.g. flowering, hibernation, migration.

Common garden experiment: comparison of different populations under the exact same environment.
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Presenter
Presentation Notes
(20s) Phenology is the timing of life history events. In the case of trees, we think about when their leaves start to unfold in the spring, and when their leaves change color in fall, etc. 
(20s) Common garden experiments are conducted to compare populations of trees from different geographical origin under the same environmental conditions  to disentangle the effects of environmental and genetic variation on trees’ phenology and/or phenotype.



Background + Introduction

Most studied tree species have the highest fitness at geographical origin.
Fall events (bud set, leaf senescence, etc.): similar trends of adaptive differentiation.
Spring events (budburst, leaf flush, etc.): more substantial phenotypic plasticity.

Increasing interest in predicting local adaptation across different locations.
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Presenter
Presentation Notes
More than 250 years of common garden studies have shown that most studied tree species have the highest fitness at their geographical origin. Across the globe, similar trends of adaptive differentiation in fall events, such as bud set and cold hardiness, have been observed along latitudinal and altitudinal gradients. Spring events, including budburst and leaf flush, however, seem to show more substantial phenotypic plasticity and higher variability, at least in North American contexts. Interest in predicting local adaptation across different locations has grown alongside its implications for climate change forecasting. 


Research questions + Goals

Knowledge gap:

No study has examined the relationship between spring phenology variations observed across
North America and Europe.

We ask:
|s the local adaptation of spring phenology stronger in Europe than in North America?

Do angiosperm and gymnosperms exhibit different degree of clines?

Goals:

(1) Examine if North America and Europe show distinct interannual climate variability relative to
spatial climate variability.

(2) Explore if differences in spring event local adaptation exist across the two continents.

(3) Understand if climate variability explains the similarities/differences in local adaptation.

Goals
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Presentation Notes
(30s) Anecdotally, the spring phenology of trees from European provenances appeared to exhibit stronger clines and less plasticity than in North American studies. While there are abundant common garden experiments in North America and Europe, no study has examined the relationship between the spring phenology variations observed on the two continents. 
 (30s) We ask: 
Is the local adaptation of spring phenology stronger, or occurring on a smaller spatial scale, in Europe than in North America? 
Or is it because there is a divergence between angiosperm and gymnosperm species, since many European studies are on Quercus and Fagus species?
(40s) Using meta-analytic methods, we want to 
(a) examine if North America and Europe show distinct interannual climate variability relative to spatial climate variability.
(b) explore if a difference in spring event local adaptation exists across Europe and North America.
(c) understand if climate variability explains the similarities/differences in local adaptation.




Methods

Methodolo
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Literature review
Assemble dataset
Collect & compare climate data
Modelling




Methods — Literature review

e Timing of spring events (budburst, leaf flush).
 Woody plant species.
e Searched on ISI Web of Science, Google Scholar, and Connected Papers:

ALL FIELDS = (budburst OR leaf out OR spring phenology OR spring events) AND (common garden)
AND (latitude OR latitudinal) AND (local adaptation), yielding 1,067 results.

Methodolo
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Presentation Notes
We searched the literature for common garden experiments that documented the timing of spring events of woody plant species. We searched ISI Web of Science, Google Scholar, and Connected Papers with the following terms:
ALL FIELDS = (budburst OR leafout OR spring phenology OR spring events) AND (common garden) AND (latitude OR latitudinal) AND (local adaptation), which yielded 1,067 publications. 
�


Methods — Assemble dataset

To be included, studies must

(a) focus on European or North American woody plants;
(b) report spring event DOY in calendar days;

(c) report geographic coordinates of provenances and gardens.

Methodolo
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Presentation Notes
To be included, studies needed to (a) focus on woody plants originating from either Europe or North America and (b) report spring event DOY in units of calendar days instead of a quantitative scale on a particular day. (c) report locations of provenances and gardens. 
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Publication Provenance

Continent

Hamann et al.,, North America
1998

Rehfeldt, 1994 North America

Bower & Aitken, North America
2008

McKown et al., North America
2013

Mimura & Aitken North America
2007

Kuser, 1980 North America

Farmer, 1993 North America

Hannerz etal., North America
1999

White et al., North America

1979

Guo et al.,, 2021 North America

Garden
Continent

North America

North America

North America

North America

North America

North America

North America

North America

North America

North America

Garden ID

Species

Alnus rubra

Picea

engelmannii

Pinus albicaulis

Populus
trichocarpa

Picea sitchensis

Tsuga
heterophylla

Populus
balsamifera

Tsuga
heterophylla

Pseudotsuga
menziesii

Picea mariana

Species Type

Angiosperm

Gymnosperm

Gymnosperm

Angiosperm

Gymnosperm

Gymnosperm

Angiosperm

Gymnosperm

Gymnosperm

Gymnosperm

# of Provenances Observation

55

103

25

97

17

19

16

Year

1996

n.d.

2003

2010

2003

1978

1985
1986

1987
1998

1962
1963

1965
2015

Spring Event
Definition

Bud burst

Bud burst

Leaf flush

Bud burst

Leaf flush

Bud burst

Bud burst

Bud burst

Bud burst

Bud burst

Bud burst

Fall Event

Yes

Yes

No

Yes

Yes

Yes

No

No

No

No

Fall Event
Definition

Leaf abscission

Leaf cessation

n.a.

Bud set

Bud set

Bud set

n.a.

n.a.

n.a.

n.a.


Presenter
Presentation Notes
We reviewed all returned results and assembled a dataset of spring event dates from these 17 studies, and we used ImageJ to scrape data from figures whenever possible and necessary. 



E Dixit et al., 2020 North America  North America J Pinus ponderosa Gymnosperm 21 2019 Bud burst No n.a.

12 Hawkins & Dhar North America  North America K Betula papyrifera Angiosperm 18 1998 Bud burst No n.a.

2012
L

Studies with provenances and common gardens on different continents
were excluded from our main analysis

16 Rosique- Europe Europe Q* Fraxinus excelsior Angiosperm 42 2013 Leaf flush Yes Leaf senescence
Esplugas, 2021

17 Petkova etal.,  Europe Europe R* Fagus sylvatica  Angiosperm 8 2013 Bud burst Yes Leaf senescence
2017
2016
18 Sogaard etal., Europe Europe S* Picea abies Gymnosperm 9 2004 Bud burst No n.a.
2008
19 GOmory & Paule Europe Europe T* Fagus sylvatica  Angiosperm 32 2007 Bud burst No n.a.
2011
2008
20 Alberto et al., Europe Europe u* Quercus petraea Angiosperm 10 2009 Bud burst No n.a.
2011

V*


Presenter
Presentation Notes
Studies with provenances and common gardens on different continents were excluded from our main analysis, but we document them in our supplements.


# of

Angiosperms |Gymnosperms |Provenances

# of
Common

North American 1 101
Studies
European Studies 7 384

8 485

Gardens

13

19

Fagus sylvatica, Fraxinus excelsior, Picea abies,
Quercus petraea

Alnus rubra, Betula papyrifera, Picea
engelmannii, Picea mariana, Pinus ponderosa,
Picea sitchensis, Pinus albicaulis, Populus
balsamifera, Pseudotsuga menziesii, Populus
trichocarpa, Tsuga heterophylla

*Seven species had fall event (i.e. leaf abscission, leaf coloring) information available.
*mMost common gardens included in this study only had observations of one species.
We focused on estimating species effects because we expected a larger effect from species.

Methodolo



Presenter
Presentation Notes
These remaining 17 publications capture 7 angiosperm and 8 gymnosperm species from 19 common gardens, encompassing data from 384 North American provenances and 101 European provenances with observations from 1962 to 2019. Seven species had fall event information available. 
It is worth noting that most common gardens included in this study only had observations of one species. Therefore, it is difficult for a model to interpret if variations across gardens are due to the species or the garden’s location and climate. We thus focused on estimating species effects because we expect a larger effect from species. 
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F B,NG PICEEN Rehfeldt 1994 ©  B,NG PICEEN Rehfeldt 1994
¥r NG PINUAL Bower and Aitken 2008 ©  C,NG PINUAL Bower and Altken 2008
F D,NA POPUTR McKown et al. 2013 ©  D,NAPOPUTR McKown et al. 2013
¥7 D,NG PICEST Mimura & Aitken 2007 ©  D,NG PICESI Mimura & Aitken 2007
*  ENG TSUGHE Kuser 1980 ©  E/NG TSUGHE Kuser 1980
J F,NAPOPUBA Farmer 1993 ©  FNAPOPUBA Farmer 1993
% G,NG TSUGHE Hannerz et al. 1999 *  GNG TSUGHE Hannerz et al. 1999
F H,NG PSEUME White et al. 1979 ©  H,NG PSEUME White et al. 1979
H ING PICEMA Guo et al 2021 © ING PICEMA Guo et al 2021
¥ J,NG PINUPO Dixit et al 2020 ©  3,NG PINUPO Dixit et al 2020
Fr K,NA BETUPA Hawkins & Dhar 2012 K ©  K,NABETUPA Hawkins & Dhar 2012 K
# LA BETUPA Hawkins & Dhar 2012 L ©  L,NA BETUPA Hawkins & Dhar 2012 L
J M,NA BETUPA Hawkins & Dhar 2012 M ©  M,NABETUPA Hawkins & Dhar 2012 M
H Q¥EA FRAXEX Rosique-Esplugas 2021 ©  Q¥,EA FRAXEX Rosique-Esplugas 2021
% R*EAFAGUSY Petkova et al 2017 ©  R¥EAFAGUSY Petkova et al 2017
K S*G PICEAB Sogaard et al. 2008 ©  5*,EG PICEAB Sogaard et al. 2008
Yo T*EA FAGUSY Gomory & Paule 2011 ©  T*EAFAGUSY Gomory & Paule 2011
S U*/EA QUEPET Alberto et al 2011 Garden U ®  U*,EA QUEPET Alberto et al 2011 Garden U
¥ V*EA QUEPET Alberto et al 2011 Garden V. ©  V/*EA QUEPET Alberto et al 2011 Garden V
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Methods — Collect & compare climate data

Coarse metrics:
* Provenance/common garden latitude.
 Mean annual temperature (MAT).
Climate WNA (Wang et al., 2012), Climate Information Tool (FAO, 2022)

Latitude and MAT ultimately represent how similar the climates are between the provenances and
gardens in times that matter for the events.

——)> We estimated climate overlap in relevant months (March to May) to further test how much
climate similarity, between provenance and common garden, predicts local adaptation.

* Extracted gridded daily climate data (2011-2020)
E-OBS, Daymet package in R

e Calculated climate overlap percentage and standard deviation
 Overlap package in R

Methodolo


Presenter
Presentation Notes
Coarse metrics we worked with included provenance/garden latitudes and mean annual temperature (MAT). We estimated MAT for each provenance and common garden using ClimateWNA (Wang et al., 2012) and Climate Information Tool (FAO, 2022) with the coordinates and elevation information given in original publications. 
We hope that coarse metrics such as latitude and MAT ultimately represent how similar the climates are between the provenances and gardens in times that matter for the events. If climates are very similar, then we would expect similar timings. [We could add more here someday.]
To this end, we estimated climate overlap in relevant months to further test how much climate similarity, between provenance and common garden, predicts local adaptation: For spring events, we considered overlap across March to May. 
We extracted gridded daily climate data over the past 10 years (2011-2020) using E-OBS the Daymet package in R for European and North American provenances and gardens respectively.
Five out of 485 provenances were outside of the range of Daymet.
We used the Overlap package in R and calculated the percentage and standard deviation of climate overlap of daily climate in spring months (March to May) of each provenance from 2011-to 2020 in relation to the corresponding common gardens.


Methods — Modelling

One predictor:

Spring event DOY ~ (Provenance latitude| Species)

Spring event DOY ~ (MAT| species)

Spring event DOY ~ (Climate overlap percentage| Species)

Spring event DOY ~ (Climate overlap standard deviation| species)
Fall event DOY ~ (Provenance latitude| Species)

Fall event DOY ~ (MAT| Species)

Fall event DOY ~ (Climate overlap percentage| Species)

Fall event DOY ~ (Climate overlap standard deviation| species)

Two predictors:
Spring event DOY ~ ((Climate overlap percentage * Climate overlap standard deviation) | Species)

Fall event DOY ~ ((Climate overlap percentage * Climate overlap standard deviation) | Species)

Methodolo
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Presentation Notes
We used hierarchical Bayesian models where we partially pooled by species. We then estimated effects of continent and species type (angiosperm VS gymnosperm) from posterior estimates, in relation to single predictors (including provenance latitude, MAT) and two predictors (climate overlap percentage and standard deviation).
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Presentation Notes
1. Our models show that spring events are not related to provenance latitude in North America, and weakly in Europe.
2. In contrast, fall events advance strongly with provenance latitude, meaning fall events are earlier at higher (more northern) latitudes. 


Results — How it relates to continents?
Spring

A
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Presentation Notes
This relationship, however, is observed mostly in North America where fall events advance 4.24 days per degree we move north. In Europe, such relationship is weak (advance 0.46 days per degree we move north).


Results — How it relates to leaf types?

A

Spring

Angiosperm and gymnosperm trees both do not show a strong relationship with provenance latitude.
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Presentation Notes
Effects of latitude on spring events and fall events are similar across angiosperms and gymnosperms.
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Results — Event DOY™ Provenance MAT
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'mperature across gardens. This lack of effect may be

explained by the similar spring climate of most provenances and gardens, but also suggests diverging latitudinal
patterns in each continent.
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Presenter
Presentation Notes
3. Spring events are not related to provenance mean annual temperature in Europe or North America.
4. In contrast, fall events advance strongly with provenance mean annual temperature, meaning fall events are earlier where provenance mean annual temperature is lower (higher, more northern latitudes). 
�


Results — How it relates to continents?
Spring
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Presentation Notes
This relationship is observed mostly in North America where fall events advance 6.42 days when the MAT gets one degree celsius lower. In Europe, such relationship is weak (advance 0.64 days when the MAT gets one degree celsius lower).



Results — How it relates to leaf types?
Spring

6.2439
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Presentation Notes
Effects of MAT on spring events weakly diverge: suggesting spring events get earlier as MAT increases in angiosperms and delay as MAT increases in gymnosperms (except for Pseudotsuga menziesii).�Fall events delay in warmer locations for both leaf types, but slightly more strongly for gymnosperms.
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Results — How it relates to continents?
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Results – How it relates to continents?



Results — How it relates to leaf types?
Spring

m Angiosperm /.\
/-\ N A



Presenter
Presentation Notes
Very weak effects of climate overlap on spring events, nearly identical similar across angiosperms and gymnosperms.�Fall events diverge as climate overlap declines for both angiosperms and gymnosperms, but slightly more strongly for gymnosperms.
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The closer a garden is to a provenance, the more overlap in temperature. The higher the percentage overlap, the

less difference in spring event timing, with a stronger relationship observed in Europe.
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Our analysis confirmed that the closer a provenance is to a garden, the more overlap in climate. The higher the climate overlap percentage, the less difference in spring event timing, with a stronger relationship observed in Europe.



Discussions

Stronger plasticity in spring events than fall

Our results show that spring events are highly plastic, and thus may shift with warming, but data on more species and
greater information on important factors, such as their geographic location in relation to their origins and elevation,
are needed for forecasting.

Background Goals Methodolo Results Discussion
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Local adaptation in fall events appear to be much stronger in North America than in Europe.
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Presentation Notes
In contrast to spring events, we found strong latitudinal clines in fall events across both continents, with local adaptation appearing much stronger in North America than in Europe. 
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