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L’unité de recherches INRA-URFM

“Ecologie des Foréts Méediterraneennes”

En 2017, 50 personnes, dont : I
16 chercheurs/ingénieurs, :
18 techniciens,

7/ etudiants en these

S




INRA-URFM : des approches expérimentales et de
modelisation pour comprendre et anticiper la

dynamique des foréts mediterranéennes

Ecologie fonctionnelle et . "
dynamique des communautés = i

Biologie des populations et
évolution

http://www6.paca.inra.fr/ecologie des forets mediterraneennes 3



Conservation biology and

conservation genetics

Conservation biology (genetics) Is the scientific study of
the (genetic) phenomena that affect the maintenance,
loss, and restoration of biological diversity.

Conservation genetics aims at using genetic theory and
technigues to minimize the risk of extinction of
threatened (populations or) species.



Conservation and conservation

genetics

Conservation genetics:

Understand general ecological and evolutionary
processes using threatened populations as models
Aid management of small populations and threatened
species

Resolve taxonomic uncertainties

Delineate management units

~orensics analyses

Frankham, Ballou, Briscoe (2010)
« Introduction to Conservation Genetics »



Conserving genetics Is not just
concerned with threatened taxa

Published “conservation genetic*”’ items in each vear
y

(Web ot Science search period: 1981 - 2016)




Conservation genetics is a (small)

fleld of research within conservation
science

“Conservation genetic*: 3,131 records.
ECOLOGY (1,036)

GENETICS HEREDITY (1,050)
BIODIVERSITY CONSERVATION (799)

@ Conservation genetic
0O Conservation

(Web of science search period: 1956 - 2016)



And yet, biodiversity iIs more than

just species...

«[...] Ja1 longtemps pense qu’il y avait
des especes constantes dans la nature, et
qu’elles étaient constituces par les
Individus qui appartiennent a chacune
d’elles.

Maintenant, je suis convaincu que ]’étais
dans ’erreur a cet ¢gard, et qu’iln’y a
réellement dans la nature que des
Individus. »

(JB Lamarck « Recherches sur I’organisation
des corps vivants », 1802) :




And yet... gene conservation is a

global priority (FAO 2014)

“Conserving forest genetic resources (FGR) is vital,
as they are unique and irreplaceable resources for the future”

The strategic priorities of the FAO Global Plan
of Action (2014) address national, regional and
global levels in four priority areas:

1. Improving the availability of, and access to, DE

information on FGR
2. Conservation of FGR (in situ and ex situ)
3. Sustainable use, development and Bl oo B

management Of FGR FORTHECONSERVATJ&E,;E&EAINABLEUSE u
4. Policies, institutions and capacity-building.




And yet... gene conservation is a

global priority (IUCN 2016)

“The genetic diversity of trees iIs a key component in forest

biodiversity .... (and it has a central role) in the resilience

and adaptation of forest ecosystems to... climate change.”
1. Promote forest genetic diversity conservation
2. Integrate genetic diversity conservation into
conservation goals of protected areas

3. Recognize a protected area protection status
to forest genetic conservation units

4. Facilitate forest gene conservation

5. Work with FAO GPA-FGR

WCC-2016-Rec-104-EN

Integrating autochthonous forest genetic diversity into protected area conservation
objectives




The challenge: conserve and foster processes

that maintain genetic diversity

« Tout ce qui existe dans
l'univers est le fruit du
hasard et de la nécessité »

(attribué a Démocrite, Veme
siecle avant JC : cité par J.
Monod dans « Le hasard et la
nécessité », 1970)




The challenge: conserve and foster processes
that maintain genetic diversity

Low
differentiation high
diversity

Genetic diversity = the fuel for evolution
and adaptation 12




The goals of in situ gene conservation

A strategy for safeguarding keystone or emblematic species and
resources against natural and man-made ecological catastrophes

Allowing local adaptation
to occur under diverse
and changing selection
pressures =>
Conservation units (CU)

Sampling all the genetic
diversity of a species
within its entire
distribution range
Netwaork of CUs

SR
& %}ﬁm _S‘f»%‘“‘sv L.

Chﬁﬂ:ate«:c’hange mduced Ables alba dieback

__in the French Maritime Alps
13



How to correctly sample the genetic diversity of

a species? Considering evolutionary history

ESU : Evolutionary Significant Unit (Moritz 1994)

= group of populations deriving from a common ancestor
(lineage) and significantly different from other lineages within the
species

= signature of long term evolutionary history (mt/copDNA).

MU : Management Unit (Palsbgll et al 2007)

= group of populations that differs from another by significant
differences in genetic markers (reduced gene flow)

= signature of short term evolutionary history (nDNA ou SSRs)

See also work by JC Avise, R Lande, DH Reed & R Frankham, OA
Ryder, P Taberlet, RS Wapples, ... "



Considering evolutionary history (demography):

an example of data availability in Pinus pinaster

Bucci et al. (Mol. Ecol.) 2007

3 lineages and 8 genetic
groups from 16 (most

common) haplotypes at 5
cpSSR loci (h, = 0.825).
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Testing population adaptive properties in
addition to different evolutionary histories

)] 7))
7)) 7))
Q Q
c c
" — =]
[ -
c c
© ©
QD Q
= =

The definition of local adaptation (Kawecki & Ebert 2004). The fitnesses ot the northern and
southern populations show a genotype by environment interaction. In (a) each has highest
absolute and relative fitness at its local site, in (b) both have highest absolute fitness in the
south, but each has highest relative fitness at its local site.

Savolainen et al. (AREES) 2007



Populations have different adaptive properties in
addition to different evolutionary histories

Budburst, Quercus petraea A strong link between geographic
IS e origin and bud break date in the
L 3
g 30| o European sessile oak Q. petraea
” ot ¢ (4 common garden experiments)
E 25 _. ‘ r‘. . CE'i.I'E'."CLJS _.'JE'I."E]E'G
g 20 'ﬁ g » ¢ E
g e ] %I B
2 451 : ® s P
& * a’g“
- . .
L e
44 48 48 S50 B2 M Hb
Latitude (°N)
Ducousso et al. (AFS) 1996




Considering adaptive properties in the
evolutionary history of populations and species

A strong link
between
geographic origin,
bud-break date and
susceptibility to
late frost damage
In walnut (Juglans
regia) in 3
common gardens
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Fady et al. (NeFo) 2003
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Phenotypic plasticity is widespread within
forest tree species

13 Year height (

Genotypes have an optimum phenotype
which they are capable of modifying
when the environment changes

[h®]

o

o
|

0—

500 1000 1500 2000 2500 3000

Rehfeldt et al. (GCB) 2002 Degree-days>5°C




Populations can evolve and adapt rapidly

Cedrus atlantica introduced in France during 19t century

A

Total height

- Algérie 2
Algérie 1
Algérie 3

Natural selection and population admixture:
==> an efficient mechanism for adapting to a new environment, &~
usable by forestry (assisted gene flow, in situ conservation) 20

France

3 génerations

Fallour-Rubio et al. (JEB) 2009
Lefevre et al. (in prep)

»

Survival




How to correctly sample the genetic diversity of
a species? Considering adaptation in addition to

demography and evolutionary history

R QR
o

.

Gy
it

':5: Looking for surrogates of
Ny .. ] adaptation and drift:

: environmental gradients
. and geographic structure

S

ressssasnenes XX
sesssssssesnsnss so e
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Lesica & Allendorf (1995)
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How to correctly sample the genetic diversity of
a species? Considering adaptation in addition to
demography and evolutionary history

Adaptive molecular or
phenotypic difference Allendorf & Luikart (2007)

Combining
phylogeography with
High tycc(;nser\{entgion common garden data
priority (populations . :
highly distinct) (conservation genetics)
¢ /
Low 7t Looking for signatures
priority o y of selection and
ylogeographic or : :
T e — i demographlc events in
(mutation/drift) genomic data

(conservation genomics)
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Funk et al. (2012) 22



Integrating approaches for a science-based

sustainable in situ conservation strategy

How to create a good network?
From Moritz et al. 1995

Socio-economic factors

|

Reproduction
Genetic Network .Of / biology
information conservation . :
(allelic units (CU) « Behavioral biology
frequencies, T
differentiation) / \ Morphology
Abiotic factors (climate, Habitat, community

geography, etc) factors

23



One example of genetic resource conservation
network in France: Abies alba

An ancient common origin for western lineages
At least 2 Quaternary western lineages (Pyrenees + Alps) => 2 ESUs
At least 2 genetlc clusters Wlthln the Alps => 2 MUs

Abies alba

* ok ok ok ok ok ok kkkkkkx Allemagne 1
XKk Kk Kk Kk kKK

* Kk Kk ok ok ok Kk kkkkkkkkkk*k*k  Suisse 3
* *
* Xk XK kKKK kkkxKkxkkxkx*  Allemagne 2
be % % % * *
* Kkkxkkhkxkkkxkkkxkkk*k*k**  France 1
* *
* kK Kk Kk Xk kxkkkkxkkk*x*  France 2

* * K b K *

* K Kk * Kk Kk kxkkkkxk*kkk*x*  France 3

*

AKhk kA kAR A XA kA hk kA Kk Ak kK Suisse l
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*
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i
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****#v*******‘k\k*****‘k**********\k****\k****\k*** Pyrenees

Fady et aI(Forest Genetics) 1999 . Llepelt et al. (Rev. PaleoBot. Palynol.) 2009




One example of genetic resource conservation
network in France: Abies alba

Reézions de provenance du Sapin pecting

Little analytical work
from provenance trials
available / no data from

genomic tools yet

14 regions of provenance :
an estimator of ecological
structuration in France

=> At least 14 CUs
(emphasizing local
adaptation) in France

25




The actual and current network of FGR
conservation of Abies alba in France

In practice, a combined approach:
ESU + MU + ecological structure + marginal populations =
21 CUs off|C|aIIy reglstered

ntoux (84) — a

marginal. population
i Sy 0




Is the spatial and ecological coverage of the

W JUL Lu H.M.mu T M (I} U I JJJM m L ML uﬂU

I ‘|HHWWWHH | ”fHHHW‘T‘W_H‘|W\ i,

voﬂscow
- JHAUT S
L/«RU " . BAVN K § ooyt - ESPL oy ' C},EL’_LFEvSP\U SN dq v
y, ‘1 _; SEDRN L e N ASTLA AR (N ANSI=08

Abies alba network sufficient in the Pyrenees?

A significant geographic structure, 2 evolutionary lineages (10
NSSRs), a clear transitional admixed zone at lineage boundary

Scotti Saintagne et al. (in prep)



The current network of FGR conservation of
Abies alba in France: gaps to fill!




What must a Conservation Unit guarantee?

Ongoing local adaptation
under natural selection must
be maintained

Management must:

==> maintain reproduction
and seedling recruitment;
==> maintain high adult
density to avoid drift /
Inbreeding during
reproduction;

==> prevent unwanted gene

':?(:Q‘L\Jergus petraca CU . nqrth-easternFEan A need for monitoring

S R e O T g = ¥
\ o BB el T oot e i B L

AS



How must a Conservation Unit be managed? A
legally binding charter

g\ < waan Central zone
CRGF / 142t > Autochthonous forest
-ty _ o > 500 seed trees minimum
/a7 g : > 60 seed trees/ ha
L /& e 4 > Natural regeneration only
BING 457 (potentially assisted using
local seeds)
Buffer zone
458 > No introduction of
o T * hybridogenous exotic
gl inlwo/ >\R°me species / populations
| > Regeneration after the
central zone

{ Control of game species, wild
 fire protection, monitoring, etc.

Fagus sylvatica CU in north-eastern France



The French register of conservation units for
widely occurring species

Abies alba: 21 CUs & clgique Fangion
~ 3500 ha = h | kuk

F. sylvatica: 28 CUs % ¥ 9
~ 3950 ha e Y -9 7
Pinus pinaster: 4 CUs s g 99

~ 980 ha

Picea abies: 15 CUs

~ 3500 ha

Populus nigra: 3 Cus

~ 1300 ha

Q. petraea: 20 CUs e
~ 2400 ha K v?"baZ i .
Ulmus laevis: 3 CUs

~ 770 ha

Sy J / Andorre 4

ot
hlla d lid Saragosse

http://agriculture.gouv. fr/Ia-pollthue nationale-de- conservatlon-
des-ressources-genetiques-forestieres 31




In situ conservation of forest genetic resources

(FGR): the pan-European dimension

http://www.euforgen.org/

A major political player: Euforgen
- Created in 1994 under Forest Europe EUFORGEN
- Secretariat in Rome (ltaly) at Bioversity International

- Promote and streamline national FGR conservation
strategies at European level

- Facilitate implementation of practical gene conservation

- Raise awareness on FGR conservation of forest habitat
managers and policy makers.

32



Euforgen Phase V (2015-2019)

Working groups:
(1) Conservation strategy,
(2) Conservation of FGR in the context of climate change,

(3) Decision cascade tool for identification and management
of forest tree populations under threat,

(4) Genetic monitoring,

(5) Use and transfer of forest reproductive material (FRM),
(6) Guidelines for better integrating genetic aspects into FRM,
(7) Policies for conservation,

(8) Global genetic diversity indicator

33



Fagus sylvatica

This distribution map, showing the natural distribation area of Pinus nigra was compiled by members of the EUFORGEN Networks

Citation: Distribution map of Black pine (Pnus nigra ) EUFORGEN 2000, www eutorgen org

Frst published onine on 26 March 2005
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These Technical Guidelines are intended to assist those who cherish the valuable ltalian stone
pine genepool and its inheritance, through conserving valuable seed sources or use in practical
forestry. The focus is on conserving the genetic diversity of the species at the European scale.
‘The recommendations provided in this module should be regarded as a commonly agreed basis
to be complemented and further developed in local, national or regional conditions. The
Guidelines are based on the available knowledge of the species and on widely accepted

methods for the conservation of forest genetic resources.

alian stone pine (Pinus pinea L)
is the only representative of the
Section Pinea, subgenus Pinus.
tree 10-25 m tall, it has long
horizontally ~ spreading  or
ascending branches that give its
adult crown a characteristic
umbrella-like shape.
Twigs are glabrous, first
areen, then greyish; buds
are approx. 1 cm long,
with brown ~ scales.
Needles are bright
green, stiff and bom
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They persist for 2-3
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4). Needles are
10-15 cm long
with an acute apex
and stomata on
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In situ conservation of forest genetic resources
(FGR): the pan-European dimension
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In situ conservation of forest genetic resources
(FGR): the pan-European dimension

. by Metzger et al. (GEB) {;*;7%
oution map of European beech (Fagus sylvatica) and Its gene 2013 EUFG|S@J

rvation units (red dots).
A tool for identifying gaps in pan-European strategies, raising
awareness on conservation needs, particularly at range margigs




An Integrated FGR conservation and
sustainable use program for Salzmann
pine in France

Nz 7

"y ‘.' — | YES
' A

Fundlng

2009 - 2017 (500 KEuros HT, excluding permanent staff) !
Partners : ‘

!

INRA Avignon - ONF LR Montpellier - ONF CGAF Orléans — Peplnlere ONF
Cadarache |

B8 CRGF A

| COMMISSION DES RESSOURCES
4 . GENETIQUES FORESTIERES



Biogeography of black pine

Pinus nigra

EUFORGEN

EUFORGEN Secretariat
cfo Bioversity Intemational
‘ia dei Tre Denari, 472/a
00057 Maccarese (Fiumicino)
Rome, Italy

Tel. (+39)066118251

Fax: (+39)0661979661
euf_secretariat@cgiar.org
More information

and other maps at
www.euforgen.org

T

This distribution map, showing the natural distribution area of Pinus nigra was compiled by members of the EUFORGEN Networks

and was published in: Isajev, V., B. Fady, H. Semerci and V. Andonovski. 2004. EUFORGEN Technical Guidelines for genetic conservation and use of
European black pine (Pinus nigra). International Plant Genetic Resources Institute, Rome, Italy. 6 pages

—— e— KM
First published online on 26 March 2005 - Updated on 30 July 2008 0 250 500 1,000




Resolving taxonomic uncertainties
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EUFORGEN

FUFORGEN Secretariat
c/o Bioversity International
via dei Tre Denari, 472/a
10057 Maccarese (Fiumicino)
Rome, Italy

Tel. (+39)066118251

Fax: (+39)0661979%661
euf_secretariat@cgiar.org
More information

and other maps at:
www.euforgen.org

Geography and taxonomy of black pine

Pinus nigra

V -
_P. n. mauretanica,

| | P. n. salzmanni, P

‘ P. n. laricio,

| P. n. nigra,,

(i P. n. dalmatica,

—

This distribution map, showing the natural distribution area of Pinus nigra was compiled by members of the EUFORGEN Networks
and was published in: Isajev, V., B. Fady, H. Semerci and V. Andonovski. 2004. EUFORGEN Technical Guidelines for genetic conservation and use of
European black pine (Pinus nigra). International Plant Genetic Resources Institute, Rome, Italy. 6 pages

—— e— KM
First published online on 26 March 2005 - Updated on 30 July 2008 0 250 500 1,000



Geography and taxonomy of black pine in
France: marginal populations




Uniqueness, risks and protection needs

« Wild fires and climate change: risks on habitat (loss)
* Hybridization: potential risk (benefit?) for genetic
resources

- Priority habitat under Habitats directive (D. 92/43 CEE of
21 May 1992) : « Endemic (sub-) Mediterranean black pine
forests : Salzmann pine ».

- European, national and regional issue: conservation and
sustainable use within the national and regional biodiversity
strategies.

42
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A landmark Salzmann pine forest in France: St Guilhem le Désert
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The objectives of the « Salzmann » project:

- ex situ collection of autochthonous pines
- Design of an in situ conservation network

Finding autochthonous Salzmann pines in France.
Sampling grafts for ex-situ conservation in clonal plantations.

Sampling (leaves and seeds) for the study of genetic

diversity:

- Evolutionary history, unigueness of populations for
conservation

- Contemporary gene flow and mating system

- Candidate genes of adaptive significance

49



Retracing the evolutionary history of
Salzmann pine within the black pine complex

EUFORGEN

EUFORGEN Secretariat
c/o Bioversity International
Via dei Tre Denari, 472/a
00057 Maccarese (Fiumicino)
Rome, Italy

Tel. (+39)066118251

Fax: (+39)0661979661
euf_secretariat@cgiar.org
More information

and other maps at:
www.euforgen.org

Pinus nigra

This distribution map, showing the natural distribution area of Pinus nigra was compiled by members of the EUFORGEN Networks
and was published in: Isajev, V., B. Fady, H. Semerci and V. Andonovski. 2004. EUFORGEN Technical Guidelines for genetic conservation and use of
European black pine (Pinus nigra). International Plant Genetic Resources Institute, Rome, Italy. 6 pages

[ ——
First published online on 26 March 2005 - Updated on 30 July 2008 0 250 500 1,000



The DNA barcode approach: black pines are
a homogeneous genetic group

DNA barcodes: trnH, matK, rbcl, Coxl, Nad5-4

P n. pallasiana

P n. salzmanmii

P n. nigra

P n. dalmatica

P n. laricio

P. pinea

Supermatrice, Génes candidats, Maximum de vraisemblance

Pn. salzmannii Pn. laricio Pn. nigra Pn. dalmatica Pn. pallasiana



The genetic structure of black pines: 7 main

lineages... but strong gene flow

STRUCTURE Bayesian
clustering with admixture

(14 nSSRs, 18 populations,
216 indivividuals);

K from 2 to 18, 10 iteractions

Hybrid black pine?

T Jtlhmlrjllllumm

Algérie Maroc Espagne France France Italie Italie  Autriche Serbie Roumanie Serbie Croatie Croatie Ukraine Ukraine Turquie Turquie Chxpre

Giovannelli et al., 2017; in prep




Retracing the evolutionary history of
Salzmann pine within the black pine complex

_ _—
‘ P. n. mauretanica

Pinus nigra

. salzmannii

EUFORGEN
. laricio

. higra

. dalmatica

. pallasiana

2. | | “‘ . N. caramanica
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Finding autochthonous Salzmann pines in —+—
France

' L ‘ ’
)
™,
\ Sampling objectives for ex situ conservation:
Ardeche : 200 adult individuals

Conflent

¢ Col d’Uglas : 50 adult individuals

Gorges du Tarn : 50 adult individuals

Saint Guilhem le Désert : 300 adult individuals
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Finding autochthonous Salzmann pines in
France




Finding autochthonous Salzmann pines in
France

Wood cores from a
Idate tree: age is the _
ractical “guaranty” of
autochthony
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Sampling for grafting and genetic monitoring

Sampling requires strong
field experience. It is time-
consuming and expensive
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Sampling for grafting and

genetic monitoring
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Ing for grafting an
genetic monitoring
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Grafting: a high performance cloning technique

with uneven success rates for old material

Success rate in 2008: 8%
(20 genotypes out of 244)

Success rate in 2009: 53% - &, e S
(139 genotypes out of 260) -

Success rate in 2016: 92%
(741 genotypes out of 800)

Objective: 800 genotypes
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de attention
est portée a cette
espece menacée

Une pouponniere
our les pins de Salzmann

=» 4 000 greffons ont été
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les 800 lndlwdu
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REGION

Dimanche 16 2

Hérault L'ONF au chevet des
derniers pins de Salzmann
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Montpellier Un
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Conservation of genetic diversity of forest trees

(FGR): the next steps?

1. Improving the availability of, and access to, information on
FGR (marginal populations, “hybrids” and threatened species)
2. Conservation of FGR (in situ and ex situ)

3. Sustainable use, development and management of FGR Q\/%

4. Policies, institutions and capacity-building.

1. Promote and facilitate forest genetic diversity conservation
2. Integrate genetic diversity conservation into conservation goals

of protected areas
3. Recognize a protected area protection status to forest genetic

conservation units




A need to think beyond species for a

better conservation of processes...

«[...] Ja1 longtemps pense qu’il y avait
des especes constantes dans la nature, et
qu’elles étaient constituées par les
Individus qui appartiennent a chacune
d’elles.

Maintenant, je suis convaincu que j’¢etais
dans |’erreur a cet égard, et qu’iln’y a
réellement dans la nature que des
Individus. »

(JB Lamarck 1802)
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¥ Conservation de la diversité génétique chez les
arbres forestiers : une nécessite pour l'utilisation
durable des ressources forestieres !
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