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Phylogeographic history

Gladenkov et al.  (2002). A refined age for the earliest opening of Bering strait. Palaeogeogr / climatol / ecol.
Rothman et al. (2017). A phylogeographic investigation of the genus Laminaria … J Phycol
Starko et al. (2019). A comprehensive kelp phylogeny sheds light on the evolution ... Mol Phylogenetics Evol.

Speciation in Atlantic
~5.3 mio yrs BP after 

opening of Bering strait



3

Phylogeographic history

Hoarau et al. (2007). Glacial refugia and recolonization pathways in the brown seaweed Fucus serratus. Mol Ecol.
Robuchon et al. (2014). Contrasting genetic diversity patterns in two sister kelp species … Mol Ecol.
Bolton & Lüning (1982). Optimal growth and maximal survival temperatures … Mar Biol
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Vorführender
Präsentationsnotizen
English channel - La mancheBelieved to contain a high genetic diversity for many temperate seaweeds



4Raybaud et al. (2013). Decline in Kelp in West Europe and Climate. PLoS ONE

Global warming leads to range
shifts of kelp forests.

Vorführender
Präsentationsnotizen
Raybaud: colours = probability of L.dig. occurrence averaged over 3 warming scenarios, northward shift based on ecological niche modelling, local extinctions moving further northward
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Marine heatwaves

SST: 2000-2016 vs. 1982-1998

Marine heatwave frequency

Oliver et al. (2018). Longer and more frequent marine heatwaves over the past century. Nat Commun.
Wernberg et al. (2016). Climate-driven regime shift of a temperate marine ecosystem. Science

Marine heatwaves threaten
trailing edge kelp populations.
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Local adaptation in L. digitata

King et al. (2019). Evidence for different thermal ecotypes in range centre and trailing edge … JEMBE

Local thermal adaptation
between central and trailing

edge populations.central trailing edge

1 h at

Vorführender
Präsentationsnotizen
Trailing edge: warm edge, patchy distributions and suboptimal conditions^hsp70 mRNA expression after 1h heat shock in L.dig. Discs collected from the field
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Local plasticity for heat tolerance?

Do populations of Laminaria 
digitata differ in short-term 

heat tolerance?

Can population genetic
characteristics be connected
to physiological responses?

W W

Vorführender
Präsentationsnotizen
More applied scenario – longer time frame + physiology – what are the outcomes of regulation?
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Sampling locations
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Vorführender
Präsentationsnotizen
IN SUMMERCovering the entire latitudinal distribution and thermal regimes of L. digitata
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Experimental design

n=30

n=5

Physiology and
population genetics

Vorführender
Präsentationsnotizen
Parameters: growth, photosynthesis, storage compounds, pigments
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Vorführender
Präsentationsnotizen
Excluding Bodo due to logistic contraints
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SPT
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BOD
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ROS

QUI

Two isolated populations

Inbreeding in SPT,
Differentiation in HLG?

FIS: 0.13 ± 0.05 *
Ne: 17 ± 4
AR: 3.5 ± 0.4
He: 0.44 ± 0.07

FIS: 0.04 ± 0.03
Ne: 120 ± 4
AR: 2.6 ± 0.4
He: 0.31 ± 0.08 

mean ± SD, 
n=5, ANOVA

Vorführender
Präsentationsnotizen
FIS: inbreeding coefficientNe: effective population size, number of ind. contributing to pop.AR: allelic richness standardized for equal sample sizeHe: expected heterozygosity based on number and abundance of alleles under HWESPT: significant deviation from random mating (but not the highest), but tiny eff. pop. size -> inbreeding?Meanwhile HLG: lowest diversity characteristics of all populations, but seemingly local adaptation
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Recovery

5 days at 23°C harmful for
all populations.
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Synthesis: local plasticity
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Relevance

Bolton & Lüning (1982). Optimal growth and maximal survival temperatures … Mar Biol
Assis et al. (2018). Projected climate changes threaten ancient refugia of kelp … Global Change Biol

Loss of southern refugia
&

dispersal of “northern“ 
genotypes?
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Vorführender
Präsentationsnotizen
Slightly plastic response in accordance with geography, local adaptation, but no change in LTFixed thermal limits, as already described in sporos from unilinear stock culturesSo, projected loss of southern habitats seems still plausible, esp. Quiberon with mean max. T of 21°CGain (green) on Spitsbergen



15

The special case of Helgoland

Assis et al. (2018). Projected climate changes threaten ancient refugia of kelp … Global Change Biol
Bartsch et al. (2013). Prevailing sea surface temperatures inhibit summer reproduction … J Phycol

Sep 2003 Sep 2004

Future loss of
this and other

“southern“ 
populations?
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Transgenerational plasticity

environment

pe
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ce parent

F1 F1

Galloway, (2005). Adaptive transgenerational plasticity in plants … Front Plant Sci.
Mousseau & Fox, (1998). The adaptive significance of maternal effects. Trends Ecol Evolut.

TGP: interactive effects of parental and offspring
environment on offspring phenotype

G x E

Adaptive TGP: beneficial parental effects in 
predictable environments

Vorführender
Präsentationsnotizen
WGP: direct impact of environment on phenotype based on genotypeTGP changes reaction normTGP without variation of genetic code! Epigenetic mechanisms, energy transferBest studied: gene silencing by DNA methylationAdaptive: if the environment can be predicted, TGP can be beneficial



17Salinas et al. (2013). Non-genetic inheritance and changing environments. Non-Genetic Inheritance

Prevalence of TGP

Ecdysozoa

Chordata

Plantae

Vorführender
Präsentationsnotizen
Salinas: mostly terrestrial organismsRecent work in marine environment – animalsWhat about kelp forest key species?
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TGP in macroalgae?

Does adaptive TGP prime kelp offspring for higher 
temperatures across life cycle stages?

environment

pe
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or
m
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ce parent

F1 ?
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Kelp life cycle
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Experimental design

5 °C 15 °C

F0

F1

Gameto-
genesis

Rearing

Experi-
ment

2-3 
wk

3-4 
mo

12 
d

5 genetic lines

Hypothesis:
Adaptive TGP for parental gametogenesis temperature.

Vorführender
Präsentationsnotizen
Temperatures at lower and upper end of the optimum – no heatwave tempFull-factorial design5 strains from different parental sporesTGP: interaction of G with E and or LE x L: acclimation, WGP
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Field material: Reaction norm

Field 
meristems

grow faster at 
15 °C

Mean ± SD, n=20

***

***

TGP experiment

Vorführender
Präsentationsnotizen
Absolute area growth of meristematic discs over 3 seasonsGenerally 15 °C preferred
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TGP: Growth

TGP:
Beneficial

effect of 5 °C 
gametogenesis

on growth.

****

Mean ± SD, n=4 for 5 genetic lines
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Vorführender
Präsentationsnotizen
Explain plot3-way interaction: gametogenesis influences acclimation from early to exp. tempGametogenesis at 5 -> better performance in continuous environment3.8 mm / d * sporo vs. 3.1 mm in G5 x 5 x 5 vs. G15Only sig. Difference in late temp in G5 x E15 – not always better in 15 °C
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Synthesis: TGP

C C

N N

TGP: Beneficial growth effects following cold parental treatment.
No adaptive TGP regarding warm temperature.

P P

Vorführender
Präsentationsnotizen
Field sporos generally grow better at 15 °CIf gametogenesis occurs at 5 °C, growth is improved in a constant environmentWith different effects in storage / nutrients / fluorescenceNot adaptive TGP, but positive effect of 5 °C
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Relevance

Bartsch et al. (2013). Prevailing sea surface temperatures inhibit summer reproduction of the ... J. Phycol.
Martins et al. (2017). Interactions of daylength, temperature and nutrients affect thresholds ... Bot. Mar.
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Vorführender
Präsentationsnotizen
HLG T amplitude: 4 -18 °CFertility in summer and autumn (Bartsch 2013)Recruitment likely during autumn – springIf T rises -> young sporophytes might grow slower+ Martins (2017): fewer sporophytes recruited in 15 vs. 5 °C-> negative feedback mechanism – problem for population persistence?Field studies!Warm populations might be harmed, Cold populations might benefit
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Conclusion
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Laminaria digitata thermal response

1. Fixed thermal 
limits with slight

local differentiation
2. TGP in favour of
cold reproduction
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