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Rappel : La Sélection Naturelle et la Valeur Adaptative des individus

Darwin (1859) « The origin of species by the mean of Natural Selection »

Natural selection, in a nutshell:

Variabilité individuelle
- morph0|0gique Yum! Green beetles! Our favorite!
- physiologique ‘
- comportementale

Variabilité des performances
- survie
- reproduction

3

..generations later...

Compétition pour les ressources « struggle for life »: les individus les plus
performants survivent mieux et se reproduisent mieux

E<

..generations later...

Une partie au moins des traits expliquant les performances individuelles
est transmise aux descendants (caractéres héréditaires)

Filtre de la Sélection Naturelle : les individus les plus performants
produisent plus de descendants eux-mémes porteurs des caracteres

« performants » eoties e Mourisheg, Soected against, and brown

Augmente 'adaptation des individus a leur environnement
Diminue la variabilité dans la population



Théorie de la Sélection Naturelle = explication unificatrice de la plupart des
phénomenes relatifs au Vivant

Théorie Néodarwinienne de L'Evolution

Les caractéristiques morphologiques, physiologiques, comportementales, ... sont
fixées génétiqguement (au moins en partie) : la sélection naturelle agit sur les
individus mais ce qui change au cours de |'évolution c’est la fréquence relative des
genes dans une population.

« Les individus ne sont que les véhicules temporaire
et mortels des genes qui eux « survivent » et sont
transmis aux générations suivantes (Dawkins « Le

the

géne égoiste »,1976)
selfish
gene

N
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Ce que Darwin a observé aux Galapagos




Ce que Darwin a observé aux Galapagos

Adaptive radiation in Galapagos finches
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(Camarhynchus pauper)
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...et ce qu’il aurait pu observer a Madagascar
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...et ce qu’il aurait pu observer a Madagascar
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Les vangidés



La spécialisation alimentaire comme moteur de diversification

frugivorie

v



Mécanisme de I'Evolution diversifiante : Deux espéces exploitant une méme
ressource vont avoir tendance a diverger de facon a limiter la compétition
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Taille des proies - isolement progressif -> spéciation -> radiation



Isolement insulaire et isolement écologique

Galapagoés
N

3
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Aux Galapagos, I'isolement des iles a favorisé A Madagascar la diversité des
la radiation habitats a favorisé la radiation



Plan

- Petit rappel sur le processus de la sélection naturelle selon Darwin
- Version actualisée de la théorie: “le gene égoiste” selon Dawkins
- Ce que Darwin a observé aux Galapagos...
- ...et ce qu’il aurait pu voir a Madagascar
- La radiation adaptative des Vangidés
- La compétition pour les ressources: moteur essentiel de la radiation
- Isolement insulaire et isolement écologique
- Une science en perpétuelle évolution: nouvelles découvertes sur les vangidés
- autres exemples de radiations adaptatives

- Le paradoxe du dimorphisme sexuel et la sélection sexuelle
- Le paradoxe des comportements “altruistes” et la sélection de parentele

- Conclusion: les Vangidés comme “support péi” des théories Darwinienne et
néodarwinnienne de I'évolution du vivant



T Mol Evol (2001 53:3046
DOL 1001007/5002300010190

o MOLECU
e EVOLUTION

& Bpringer-Verlag Hew York b 3

Extreme Endemic Radiation of the Malagasy Vangas (Aves: Passeriformes)
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Abstract. Phylogenetic relationships of the famuly
Vangidze and representatives of several other passen-
form families were inferved from 882 base positions of
mitochendrial DINA sequences of 125 and 165 rEINA
genes. Results indicated the monophyly of the Vangidae,
which meludes the genus Tplas, ntherto often placed in
the family Pyvenonotidae. Our results alse revealad the
Malagasy endenme Newtonia, @ genus never previcusly
assizned to the Vangidae, to be a mamber of this family.
These razults suzgest the coowmrence of an extensive i
st radiation of this family within Madagascar, and that
the extant ngh diversity of this fammly 15 not the result of
multipla colomzations from cutside. The extremelv high
maorpholegical and ecological drversification of the fam-
ily seems to have been enhanced through the use and
ultimate occupancy of vacant mches m this 1sland.

Key words: 125 (BNA — 165 +ENA — Phylogeny
— Passeriformes — Oseines — Vangidae — Madagas-
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Intraduction

The island of Madagascar lies 400 km off the southeast-
em coast of Aftiea and has been isolated from Afnea and
all other landmasses since at least the end of the Creta-
ceons, some 30 MY bp. (Smuth et 2l 1994). The avi-
fauma of Madagascar, characterizad by a high frequency

Correspondence fo: 5. Vamagichi: e-mail: yamagici zool kyote-u.ac jp

of endemie taxa (32%) (Langrand 19900, clearly raflects
this long 1sc0lation. The endemuc famuly Vangidae sensu
lato consists of 15 species in seme 10 zenera (Lanzrand
19%0; Goodman et al. 1997) and shews striking scologi-
cal and morphological drversifications.

The maz-famlial diversity in gross and especially bl
mophology (Fig. 1) 15 so great as to have led to senous
taxonomic and plvlegenstic confiusion (Table 1). Prior to
1932, when Delacowr recognized “Vangidas” endemc to
Madagascar, the members of the vangas had been as-
signad to other families, such as the Laniidas. Howave
Delacour (1932) did not include Fhprozirta and Dulas as
vangid genera, but placed them m the Sittidae and Pye-
nonotidas, respectively. Fand (1936) establizhed the
family Vangidae, and alse assigned Ivlas to the Pye-
nonotidas, while recogmzing the Euryeerotidae and Hy-
posittidae monotypic with Ewryceros and Hypesirta, re-
spectively. In succassive editors of Peter's Chacklist of
Buds of the Werld, the Vangidas consisted of 12 species,
although Hypesitta and Twlar were considerad to be
members of the Partdae and Pyenonotidae, respectively
(Fand 1%60a; Fand and Deiznan 1960; Snow 1967, Wat-
son et al 1986). On the other hand, Dorst (1960c)
lumped both Hypesitta and s mio the Vangidas.
However, because Dorst (1960a, b, ¢), who argued for
the morphological affinsty of vangzas, did not note which
spectes were compared, and failad to meoiporats repre-
sentatives of other familiss, recent authers suspected
Tylas to be a member of the Pyenonotidae or of the
Oriolidae, and not the Vangidas (eg., Howard and
Meoorve 1991; Appert 1994, respectively).

Recently, in ns impublished dissertation, Sclmlenberg
(1995} demonstratad a possible nen-monephyly of the

i! 1 (4] ]. Q g ¥ Bl Farr (3008) 4, 477480
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The phylogenetic affinities
of Crossley’s babbler
(Mystacornis crossleyi):
adding a new niche to the
vanga radiation of
Madagascar
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Crossley's babbler (Mystacornis crosslew) is a
passerine endemic o Madagascar. Traditonally,
it has been classified as a babbler { Timaliidae),
although affinities with warblers and wvangas
have been suggested. We investigared the phylo-
genetic affinitdes of Crossley’s babbler using
sequence dawm from two nuclear inmrons (myo-
globin intron 2 and p-fibrinogen intron 5) and
one mitochondrial gene (ND2). We present for
the first tme (to our knowledge) a molecular
phylogeny that confidently places this enigmatic
apecies within the vangas (Vangidae). The
inclusion of Crosdey's babbler within the vangas
adds another foraging niche—gleaning small
invertebrates from the ground—wn this already
large adapuive radiadon of songbirds.

Keywords: Mysacornis eroadevi; Aves; Vangidae;
adaprive radiaton; Madagascar, molecular phyogeny

1. INTRODUCTION
Madagascar is the fourth largest island in the waorld,
situared 400 km off the cast coast of Africa. Madagas-
car onginared as part of Gondwanaland, bur broke
off in the Lawe Jurasic (se 160-150 Myr ago). It
remained connected o India undl ca 90-85 Myr ago
when India rified away and started w drift north-
wards; hence, since the Late Cretaceous, Madagascar
has been izolared from other contnents [Wells 200%).
The presem-day bhioa of Madagascar has been
gready influenced by this long solatdon. As with other
Malagasy vertebrares, mest birds appear vo have arrived
on Madagascar via dispersal from Africa in e Cen-
ozoie (Yoder & MNowak 2006). The long isolation of
Bleciranic mpplemenary material i availible az hapWdx doiorg!
101088 /rs] 3048 0343 or Wa b fournals rovabiocsery ong.

Recomed & Angust 2008
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Madagascar has, in combinaton with relaively few
digpersals, resulted in an avifauna thar i characrerized
by a comparably low species richness coupled with high
endemism (Langrand 1990; Hawkine & Goodman
2003). OF the 209 spedes of birds regulady breeding
on Madagascar, approximarely 50 per cent are ende-
mic. For songbirds (Passerformes), this estmare i
even greater, with 55 of the approximarely 69 species
(B0%) being endemic (Hawking & Goodman 200%).
Furthermore, these 69 spedes predominandy belong vo
ane of rwo large endemic radiatdons, the Bernieridas
and the Vangidae.

The Vangidae represent the larger of these mwao
radiations with ar least 17 species; bur the taxonomic
circumseription of this clade remains uncertain and
may inclide more than 20 species (Schulenberg
2003E). This clade represents one of the more Famous
examples of adaptive radiarions, along with the
Galapages finches and Hawaiian honeyoreepers, and
shows a remarkable morphological diversification,
particularly in bill size and shape. Most of the
variation in bill morphology relates 1w fomging ecol
ogy. The vangas are primanly insectivorous, but some
species ako feed on fruits and a few spedes regularly
take vertebrare prey (Schulenberg Z003E). The vangas
have a wide range of foraging straregies, induding
gleaning off foliage and branches (Calialiens), trunk
gleaning (Hapesing), sallies o foliage and branches
(Leproprerus and Menga), in the air (Pewdobiad and o
the ground (Scherka), and probing of wunks (Falaska)
(Schulenberg 2003E),

The Bernieridae consist of ar least 10 species of
warbler-like birds previously classified as members of
severdl different passerine groups (Cibaois e al, 2001),
including bulbulk, babblers and warblers. The taxe-
nomic deimitatdon of this dade & poody understood
and may indude a few additonal species currently of
uncertain phylogenetic affinity (Schulenberg 20034).
All species currently assigned to this clade glean for
imsects but segregate W some extent by dier and
by the exploiration of different feeding smrata
(Schulenberg 20034). The clade also shows vardation
in body size and hill shapes, although nor as
pronounced s in the vangss (Schulenberg 20034,
Onher groups of songhirds on Madagascar have
seemingly not undergone the same ype of adaprive
radiations as the vangas and Bernieridac and am
represented by only one or two species.

Cromley's babbler (Mysrasornis sosslnd) i endemic
o Madagascar and the only member of the genums
Mssmesmis, Tt is primardy terrestrial and diswibured in
the humid forests of the easvern part of the island. It &
fairly common where suitable habitar remains, from
sea Jevel up o 1BO0 m (Dee 1986). As with several of
the other endemic songbirds on Madagascar, Cross-
ley's babbler has, as the name implies, waditdonally
been considered o be a babbler (Timalidae).
However, recent molecular sudies have shown that
the ather ‘babbles’ hawe erroneowsly been placed in
thar dade. Irsread, the oxylabes (Dxylabe madapaear-
denestt and Crssloa senthaphris) and wedge-tailed Jery
(" Neonizis' fTavowiridis) belong o the Bernieridae
(Cibois e af. 20017, a clade which in nrn appears 1o
be dosey relared o the acmcoephaline'megalurine
warblers in Sylvioidea (semsu srice; Johanson er al
2008), and the jeries [(Neowids tmdla, Navsdcl sirdis

This jourmal i@ 2008 The Royal Sociey
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Chez des poissons
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Figure 1.4, Convergent evolution of selected cichlids from Lake Malawi and Lake Tanganyika (after Kocher
et al. 1993). (A) Six pairs of morphologically similar cichlids: Tanganyikan fish are on the left. The specific

.

features shared are: (1) rasping jaw morphology; (2) fusiform body, associated with piscivory; (3) fleshy P d I H

lips; (4) mbuna habit, associated with algal grazing on rocky substrates; (5) nuchal hump; and (6) hori- O I S S O n S e S a CS S u I S S e s
zontal striping. (B) An unrooted mtDNA phylogeny shows that similar forms have evolved independently

ineach lake.

Cichlidae des lacs est-africains



Chez des mammiferes
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Exemple des céphalophes (ongulés forestiers, Cephalophus spp., 17 especes en Afrique)

Forét claire de Forét dense de Végétation de Forét Forét
basse altitude basse altitude montagne marécageuse  galerie

Lisieres

C. silvicultor (68 kg)
C. spadix (55 kg)

C. dorsalis (22 kg)

C. callipygus (20kg)
C. nigrifrons (17 kg)
C. harveyi (15 kg)

C. rubidus (15 kg)

C. leucogaster (13 kg)
C. rufilatus (13 kg)
C. natalensis (13 kg)
C. adersi (8 kg)

C. monticola (5 kg)




Chez des oiseaux

Drépanidae des iles Hawaii
Partage des ressources chez les
sternes




Ecological Speciation in South
Atlantic Island Finches

Peter G. leafl,i' Paulette Bloomer,™ Coleen L. Mur!.mle:.l,1 Tyron J. Grant,” Wayne Dﬂ]ﬁlnu

Examples of sympatric spedation in natura are rare and hotly debated. We dascribe the parallel
spedation of finches on two small islands in the Tristan da Cunha archipelagoin the South Atlantic
Ocean. Nesospira buntings are a classic example of a simple adaptive radiation, with two spacias
on sach island: an abundant small-billed dietary generalist and a scarce larga-billed spadafist,
Their morphological diversity closely matchas the available spectrum of seed sizes, and ganatic
evidence suggests that they evolved indapendently on each island. Speciation i complate on the
smaller island, where there is a single habifat with strongly bimodal seed size abundance, but is
incompleta on the largar island, where a greater diversity of habitats has resulted in threa lineages.

Owr study suggests that the buntings have undergone parallel acological speciation,

uring much of the 20 century, spocis-
Dlim among sexaslly reproducing orgs-

nisms was asmuned o require an allopatric
phase, when the incipient spocies were isolated
{ =30 Ower the past decade, maodels have boen
developod sugpesting that speciation can ooour
through natural or sexal selection in parapary
or sympatry, with partial or complele overlap be-
twoen populstions (4. Initial segrepation is
driven by froquency-dependent disnuptive selec-
tiom, in which individual finess is determined by
the compasition of the population throwgh com-
petition. This is termed adaptive speciation to
stress the imporance of biclegical ineractions
{4, although adsptive procsses ako may nein-
foroe segregation in allopatrically derived lincages
{7, 8). Ecological spociation is a similar prooess,
wherehy neproductive isolation results from
diverpgent aclection for diferent environments o
miches, but it makes no assumptions about e
initial spatial stucture of populations (7). Tt alse
prodics the independent evelution of convergent
coomonphs in similar envirments (7).

There is nuch debaie about adaptive sympat-
ric spociation (2, 5, , 9), with recent theoreticsl
studics sugpesting that spociation throwgh com-
petitive ineractions is cither unlikely (9 or plas
sille only wmder far more restricive conditions
thean originally progsosed (F, ). In sexouslly repoo-
ducing oqanisms, assortative mating is neossary
to reduce gene flow betwoen lineapes, alhough
the numiber of loci affocting & trait under seloction
may also play a role (8). In empirical sudics it is
difficult o exchde fhe possibility of initial allo-

"Percy FitrPavick lngitte, Deprtment of Scence and
Techmologebatima Research Foundalion Centre of Ex-
cellence, Univeaity of Cape Town, Rondeboich THOL,
Sooth M. Molecolr Edogy and Bolofion Pro-
gramme, Department of Gemetics, Univesity o Preforiy,
Presoria 0002, South Afrfica.

*To whon comespmdence thoold be addreied E-maik
Pater Ryan ot acta

patric scgregation and subssquent dispersal (7).
The most plausible examples are found in host
spocific insocts and freslwwater fish (4, 10, 1.

Among binds, the specialization of brood pars-
sitic spocies on different hosts may lead to
sympatric spociation (12, but respurce spocial-
ization is not known to drive spociation, with
intraspocific competition being redwoed furough
azxas] dimomphism of, maowe rancly, throegh troph-
ic palymosphism (13, 140,

[land finches have bom espocially influen-
tial in the development of evolutionary theory
(15, 14). Lack's classic study of Darwin's finches
{1 movided strong suppont for te allopatric
masde] of speciation, Altowsh recent sudies have
shown that hybridization and infrogression ane
important in the evoletion of Darwin's finches
{I7-19) and that compefitive inicractions min-
foroe spocies differences in sympatry (8, the
initial development of momphoegical diversity is
still considened to have occwrmed in isolation (13).
However, the large number of islands and finch
spocics makes it difficult o infer evolutionary
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Un exemple “encore plus péi” de radiation en cours: le zZ’oiseau blanc de La Réunion

Zosterops borbonica borbonica

Forme grise a flancs roux
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La sélection sexuelle

- Présentation du probléme Situation paradoxale :

La Sélection naturelle conduit a une meilleure
adaptation des individus a leur environnement

Dimorphisme sexuel parfois tres important
Les mdles ont parfois des comportements ou des parures
extrémement handicapantes, vis-a-vis des prédateurs Nature scenes we rarely see




Les males et les femelles sont soumis a des pressions sélectives
différentes (Darwin 1871)

Sélection sexuelle : sélection favorisant les traits qui maximisent la

faculté individuelle a se reproduire. Les males et les femelles étant

soumis a des pressions sélectives différentes, les traits sélectionnés
seront différents entre les 2 sexes.

Attirer et s’accaparer un partenaire du sexe opposé
Réaliser (éventuellement) les soins parentaux

Caracteres sexuels secondaires




Démystifier la reproduction sexuée !

Interacti érative entre deu vidus de sexe
opposé pour la pro ' escendants et pour
« perpétuer » l'espe

La SN favorise les individus qui produisent le maximum de descendants au
moindre co(t

Interaction entre deux individus de sexe opposé, chacun cherchant a maximiser sa propre
valeur adaptative, y compris en exploitant 'autre

Conflit d’intérét entre les
males et les femelles




- Anisogamie : définition et conséquences zQ

“ko OS?

Spermatozoide Ovule :
Petit Gros
« sans » réserve ‘ Riche en reserve
mobile Peu mobile
Males : Femelles:
Peuvent produire énormément de gametes Ont une production en gameétes limitée
Le codt énergétique par gameéte est faible Codt énergétique par gamete plus élevé
Possibilités de reproduction potentiellement énormes Reproduction dépend des capacités de stockage des

réserves



Taux potentiel de reproduction (TPR) : quantité maximale théorique de
descendants qu’un individu va pouvoir produire, compte tenu du nombre de
gametes qu’il produit

TPRA >> TPRQ

Sexe ratio : N&' / NQ

Sexe ratio opérationnel : N & préts a se reproduire / N @ prétes a se reproduire

Déséquilibré en faveur des males

Les femelles sont limitées par les ressources
les males sont limités par le nombre de femelles
réceptives

Intense compétition entre les males pour
I’acces aux femelles




Anisogamie —— > Codt énergétique de la production des gameétes #

, Investissement tres différents entre les males et les femelles

Dans la formation des couples, ce sont généralement les femelles qui choisissent les
males et non l'inverse



- Les 2 formes de sélection sexuelle

Sélection intra-sexe

« Sélection favorisant la capacité des individus (généralement les males) a s'accaparer
les membres du sexe opposé (généralement les femelles), au détriment des membres
du méme sexe »

, Compétition entre males

."[‘. ‘/.
R
o A

A X

Dimorphisme sexuel de taille
Ornementation liées au combat
Combats ritualisés




Sélection inter-sexe

« Sélection favorisant pour un sexe donné l'attirance des individus du sexe
opposé. Comme ce sont généralement les femelles qui choisissent, ce sont les
males qui ont acquis des traits favorisant le choix des femelles

; &-Jan S}evérk:' ;
www.naliirfeto.cz www. JustBajan.com

Ornementation nuptiales
Parades

Vocalisations
Phéromones

-




Sélection inter-sexe
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Et les va ngas ? Le vanga roux (Schetba rufa)

male femelle




La Terpsiphone de Madagascar
(qui n’est pas un vanga !)

Femelle
SN
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Reproduction coopérative : des individus autres que les parents
biologiques des jeunes participent aux soins parentaux

Insectes eusociaux F T : =
Oiseaux (>300 espéces) Mammiféres

Paradoxe apparent ?

Dans quels cas les comportements altruistes peuvent-ils étre retenus par
le filtre de la sélection naturelle ?



Sélection de parentele et fitness inclusive

Sélection naturelle et transmission des genes

Transmission directe : fils, filles

Transmission indirecte : petits enfants, cousins, cousines, neveux, nieces,...

Reproduction Reproduction de la
directe parentele

Fitness inclusive € Fitness directe €)fitness indirecte



Regle de calcul du coefficient de parentele

Entre a et c (parents — enfants) : r=0,5 (50%)

Entre a et d (parents — petits-enfants) : r=0,5%2=0,25

Entre c et e (fréres) : r=0,52+0,5%=2*0,5%=0,5

Entre d et f (cousin) : r=0,5%+0,5%=2%*0,54=0,125

Entre d et e (oncle-neveu) : r=0,53+0,53=2*0,53=0,25

r = coefficient de parentele
L = nombre de possibilités différentes pour avoir les mémes genes

Forme général : r=L*0,5"
g ’ n = nombre de « liens de génération » entre les 2 individus.

Si on connait les relations de parenté d’un groupe familial, on peut calculer les
coefficients de parentéle de tous les individus entre eux



Avantages de la reproduction coopérative

1° Augmentation de la fitness inclusive

Fréquence d’aides (%)

il

05 025 0,125 0
Coefficient de parentele

Les aides sont généralement apparentés au couple reproducteur



Avantages de la reproduction coopérative

3° Augmentation du succés reproducteur
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Avantages de la reproduction coopérative

4° Acces aux territoires de reproduction
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