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Pervasive hybridization
throughout the evolutionary
history of the Balearic shearwater

mitigates Inbreeding depression
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Avoids relying on single markers for inferring evolutionary relationships
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Figure by: Jeremy Yoder
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Avoids relying on single markers for inferring evolutionary relationships

Complex inferences on demographic history or gene flow B
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Avoids relying on single markers for inferring evolutionary relationships

Complex inferences on demographic history or gene flow

Detection of genes under selection

Oed p-vithst




MINISTERE '
DE LA TRANSITION w
ECOLOGIQUE _

ET DE LA COHESION

DES TERRITOIRES

Liberté o I B
Egalité
Fraternité

OFFICE FRANCAIS _
DE LA BIODIVERSITE

Avoids relying on single markers for inferring evolutionary relationships

Complex inferences on demographic history or gene flow

0.35+
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Bottleneck stage
Bertorelle et al. 2022
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What did we know before working with whole genomes?

1) Divergent mtDNA
_9_4_|:PmGB1

PmGBS8
— Pm2
95 |Pmil P. mauretanicus

99 Pmd

PmS
Pm3
Py2
Pyl

100 |PyS
Py3 P. yelkouan

PykGB1
[ Py4
PykGBS

Ppuffinus

0.005 Genovart et al. (2005)
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The evolutionary hystory of Balearic shearwaters

What did we know before working with whole genomes?

1) Divergent mtDNA
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2) Different morphology &
migratory behaviour
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What did we know before working with whole genomes?

1) Divergent mtDNA 2) Different morphology & 3) No genomic
migratory behaviour differentiation

P. mauretanicus

Ferrer Obiol et al. Sootan
(2023) o
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What did we know before working with whole genomes?

1) Divergent mtDNA

“Menorcan shearwaters”

~ 400 breeding pairs

Intermediate
morphology and
migratory behaviour

Both mtDNA haplotypes

2) Different morphology &

3) No genomic

DE LA BIODIVERSITE

4) Hybrid population
in Menorca?

migratory behaviour differentiation
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@ “Menorcan shearwaters”
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Photo by: Arnoud B. van
den Berg

10°W 0°

10°E 30°E 40°E



EX
MINISTERE

DE LA TRANSITION

ECOLOGIQUE

ET DE LA COHESION
DES TERRITOIRES
Liberté

Place the evolutionary history of Mediterranean
Puffinus in an accurate spatiotemporal context

Characterize the history and extent of gene flow
between P. mauretanicus and P. yelkouan

Identify candidate genes that might be driving
morphological/migratory differentiation between both
shearwaters

Evaluate whether demographic collapse has caused
a rise in homozygosity and genetic load in P.
mauretanicus
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Place the evolutionary history of Mediterranean

46°N

Puffinus in an accurate spatiotemporal context P. yelkouan (n = 6)
44°N Menorca (n =7) 30,000 pp.
400 pp. g . o
Characterize the history and extent of gene flow AT
. AN ®
between P. mauretanicus and P. yelkouan son| [Mallorca (n=12)| Y
900 pp. ‘
. . . L 38°N // \\
Identify candidate genes that might be driving y
. . . .. 36°N e
morphological/migratory differentiation between both T ¢
Shearwate rs 34°N 1,400 pp. Cab;z?ég. =3)
10°W 55W 0° 5°E 10°E 15°E 20°E

Evaluate whether demographic collapse has caused
a rise in homozygosity and genetic load in P.
mauretanicus

+ 2 individuals of P. puffinus
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1) Very weak differentiation
between species



MINISTE l
MINISTERE

DE LA TRANSITION w
ECOLOGIQUE _
%5’5&.(??%‘?&?'5” OFB
oo 1) Very weak differentiation
02 ‘ Mallorca between species
o P. yelkouan
.CQ‘ “
I H m
HRGE I B .
Py ® o - 2) Strong population structure
f o Menorca ' '
E Cabrera In P. mauretanicus
18
) Jo2
Pitilises
0.4
02 01 Lo 0T, 02 03
+" PC1 (6.33%)

IIIIIIIIIII



MiNi &
MINISTERE

DE LA TRANSITION w
ECOLOGIQUE _
ES TERRITOIRES. OFB
oo 1) Very weak differentiation
02 ‘ Mallorca between species
o P. yelkouan
.CQ‘ “
S I
P90 8 .
Py ® o - 2) Strong population structure
S Menor ' '
; 2, Cabrera enorca In P. mauretanicus
18
) Jo2
o 3) “Menorcan shearwaters”
0 Pitiises are P. yelkouan
02 01 Lo 0T, 02 03
+" PC1 (6.33%)

-
----------



EN
MINISTERE

DE LA TRANSITION
ECOLOGIQUE

ET DE LA COHESION

DES TERRITOIRES o F B
Beme e rrancas ]
Fraternité . DELABIODIVERSITE

Divergence time between species
Genome-wide Pitilises
data 20 ka @® Mallorca
(13 - 30 ka) |72 Cabrera

P. yelkouan

P. puffinus

T T T T T T
25 2 15 1 0.5 0

* Glacial Maxima shown in blue
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Divergence time between

Genome-wide Pitilises
data

20 ka ® Mallorca
(13-30 ka) =

Cabrera
Menorca

P. yelkouan

P. puffinus

T T T T T T
25 2 15 1 0.5 0

* Glacial Maxima shown in blue

==============

species

Glacial Maxima — Isolation
46°N;

42°N

38°N

34°N
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i . Glacial Maxima — Isolation
Genome-wide Pitiiises N
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Mitochondrial 550 ka
haplotypes

data (350 - 765 ka)

P. yelkouan
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P. puffinus

25 2 15 1 0.5 0

Ti M
* Glacial Maxima shown in blue ime (Ma)
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Interglacial periods ——Hybridization

P. mauretanicus
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* Glacial Maxima shown in blue
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Genome-wide

data
20 ka
(13-30ka) "=~
25 2 15 05 0
Mitochondrial 550 ka
data (350 - 765 ka)

25 2

* Glacial Maxima shown in blue
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Demographic history and hybridization

Relative sea level
0 -30 -60 -90

(114-169 ka)

100 6,601
(5,076-8,126)

47 ka
”””””””””””””””””””””” (44-51 ka)
164 6,436
(113-224) (4,963-7,901)
10
6.1ka

(2.60-3.27)
—

—_—
9.21 mig/gen

(8.86-9.57)

Yelkouan shearwater Balearic shearwater

» Isolation associated to bottlenecks during LGM

» Interglacial expansions cause widespread
hybridization through secondary contact
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Demographic history and hybridization

Relative sea level

0 -30 -60 -90

___________________________________________________ 142 ka
(114-169 ka)
100 6,601
(5,076-8,126)
77777777777777777777777777777777777777777777 47 ka
(44-51 ka)
164 6,436
5 (113-224) (4,963-7,901)
Q
£ 10
= 6.1ka

(2.60-3.27)
—

—_—
9.21 mig/gen

(8.86-9.57)

Yelkouan shearwater Balearic shearwater

Isolation associated to bottlenecks during LGM

Interglacial expansions cause widespread
hybridization through secondary contact

!

No fixed differences out of the 1.2x10° base

pairs of the genome!
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Demographic history and hybridization

Relative sea level
0 -30 -60 -90

(114-169 ka)

100 6,601
(5,076-8,126)

Time (ka)

47 ka
”””””””””””””””””””””” (44-51 ka)
164 6,436
(113-224) (4,963-7,901)
10
6.1ka

(2.60-3.27)
——

—_—
9.21 mig/gen

(8.86-9.57)

Yelkouan shearwater Balearic shearwater
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Isolation associated to bottlenecks during LGM

Interglacial expansions cause widespread
hybridization through secondary contact

Hybridization most extensive in Menorca and Cabrera

Mallo,-Ca P ftiL'iseS Cabrera Menorca ~ ye/kouan
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Genes driving differentiation in Mediterranean Puffinus

08 _ ; : « Few differentiated genomic regions —

y ; " potentially under divergent selection
:°

0.2

0.0
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Genes driving differentiation in Mediterranean
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Puffinus

* Few differentiated genomic regions —
potentially under divergent selection
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Few differentiated genomic regions —
potentially under divergent selection

TAT — a promising candidate to underlie
differences in migratory strategy

e Involved in pre-migratory hyperphagia

in passerines
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TAT — a promising candidate to underlie

&% % differences in migratory strategy
0.2 :
0.0 H1 haplotypes h HO haplotypes
0.6 PN
0.4 . &
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0 200 400 600
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Footprints of inbreeding

* No significant differences
across Mediterranean populations 00021 %00 :
1

 Most deleterious mutations are 00018
shared between species _
0.0015
0.0012
MED  MEN CAB MAL PIT

N
I=}
o
51"

w
=3
o

Heterozygosity
8

# phyloP deleterious mutations

o
o

MED MEN CAB MAL PIT

. Homozygous Heterozygous
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Footprints of inbreeding

* No significant differences
across Mediterranean populations 0.0021 500

* Most deleterious mutations are o00te
shared between species :
Hybridization mitigates inbreeding
in the Balearic shearwater by 00012
introducing genetic diversity

N
o
o

Heterozygosity
# phyloP deleterious mutations
8 g

o
o

MED MEN CAB MAL PIT
. Homozygous Heterozygous
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100007 <> Current projections > extinction before inbreeding risk
<> Bycatch reduction - stable heterozygosity
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‘ Delayed bycatch reduction +
hybridization - no risk of inbreeding
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Very weak genomic differentiation  between Balearic and Yelkouan shearwaters
Menorcan shearwaters are a population of Yelkouan shearwater

Glacial maxima have caused repeated events of bottlenecks/differentiation, while interglacial
periods have caused population expansions/hybridization.

Hybridization is currently pervasive, and most extensive in Menorca and Cabrera.

Hybridization has allowed the exchange of genes that might grant adaptive potential in front of
climate change.

Hybridization has prevented inbreeding in the Balearic shearwater.

Conservation plans should contemplate the protection of hybrid colonies  to guarantee genetic
diversity in face of future bottlenecks if measures to reduce bycatch are delayed.
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