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Abstract 

Penguins are the only extant family of flightless diving birds. They currently comprise at least 18 

species, distributed from polar to tropical environments in the Southern Hemisphere. The history of their 

diversification and adaptation to these diverse environments remains controversial. We used 22 new 

genomes from 18 penguin species to reconstruct the order, timing, and location of their diversification, 

to track changes in their thermal niches through time, and to test for associated adaptation across the 

genome. Our results indicate that the penguin crown-group originated during the Miocene in New 

Zealand and Australia, not in Antarctica as previously thought, and that Aptenodytes is the sister group 

to all other extant penguin species. We show that lineage diversification in penguins was largely driven 

by changing climatic conditions and by the opening of the Drake Passage and associated intensification 

of the Antarctic Circumpolar Current (ACC). Penguin species have introgressed throughout much of 

their evolutionary history, following the direction of the ACC, which might have promoted dispersal and 

admixture. Changes in thermal niches were accompanied by adaptations in genes that govern 

thermoregulation and oxygen metabolism. Estimates of ancestral effective population sizes (N-e) 

confirm that penguins are sensitive to climate shifts, as represented by three different demographic 

trajectories in deeper time, the most common (in 11 of 18 penguin species) being an increased N-e 

between 40 and 70 kya, followed by a precipitous decline during the Last Glacial Maximum. The latter 
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effect is most likely a consequence of the overall decline in marine productivity following the last 

glaciation. 

Palabras clave 

Palabras clave de autor:penguin; Antarctica; genome; ancestral niche; ancestral distribution 

KeyWords Plus:FORAGING BEHAVIOR; EXTANT 

PENGUINS; HISTORY; MITOCHONDRIAL; PERFORMANCE; ANTARCTICA; PHYSIOLOGY; P

HYLOGENY; PATTERNS; PACKAGE 

Información del autor 

Dirección para petición de copias: 

Pontificia Universidad Catolica de Chile Pontificia Univ Catolica Chile, Dept Ecosistemas & Medio 

Ambiente, Fac Agron & Ingn Forestal, Santiago 7820436, Chile. 

University of California System University of California Berkeley Univ Calif Berkeley, Museum 

Vertebrate Zool, Berkeley, CA 94720 USA. 

University of California System University of California Berkeley Univ Calif Berkeley, Dept Integrat 

Biol, Berkeley, CA 94720 USA. 

Dirección correspondiente: Vianna, JA (autor correspondiente) 

 

Pontificia Univ Catolica Chile, Dept Ecosistemas & Medio Ambiente, Fac Agron & Ingn Forestal, 

Santiago 7820436, Chile. 

Dirección correspondiente: Bowie, RCK (autor correspondiente) 

 

Univ Calif Berkeley, Museum Vertebrate Zool, Berkeley, CA 94720 USA. 

Dirección correspondiente: Bowie, RCK (autor correspondiente) 

 

Univ Calif Berkeley, Dept Integrat Biol, Berkeley, CA 94720 USA. 

Direcciones: 

 

[ 1 ] Pontificia Univ Catolica Chile, Dept Ecosistemas & Medio Ambiente, Fac Agron & Ingn 

Forestal, Santiago 7820436, Chile 

 

[ 2 ] Univ Estadual Campinas, Dept Genet Evolucao Microbiol & Imunol, BR-13083970 Sao Paulo, 

Brazil 

 

[ 3 ] Univ Chile, Inst Ecol & Biodiversidad, Dept Ciencias Ecol, Fac Ciencias, Santiago 7800003, 

Chile 

 

[ 4 ] Pontificia Univ Catolica Rio Grande do Sul, Escola Ciencias Saude & Vida, BR-90619900 

Porto Alegre, RS, Brazil 

 

[ 5 ] Smithsonian Conservat Biol Inst, Ctr Species Survival, Natl Zool Pk, Front Royal, VA 22630 

USA 

 

[ 6 ] CSIC, Museo Nacl Ciencias Nat, Dept Ecol Evolut, Madrid 28006, Spain 

 

[ 7 ] Univ Calif Berkeley, Museum Vertebrate Zool, Berkeley, CA 94720 USA 

 

[ 8 ] Univ Calif Berkeley, Dept Integrat Biol, Berkeley, CA 94720 USA 

https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=penguin&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=Antarctica&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=genome&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=ancestral+niche&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=ancestral+distribution&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=FORAGING+BEHAVIOR&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=EXTANT+PENGUINS&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=EXTANT+PENGUINS&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=HISTORY&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=MITOCHONDRIAL&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=PERFORMANCE&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=ANTARCTICA&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=PHYSIOLOGY&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=PHYLOGENY&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=PHYLOGENY&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=PATTERNS&uncondQuotes=true
https://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=5AvY4TG22VONgp2BTWU&field=TS&value=PACKAGE&uncondQuotes=true
javascript:hide_show('reprint_pref_org_exp_link_1', 'inline');hide_show('show_reprint_pref_org_exp_link_1', 'none');hide_show('hide_reprint_pref_org_exp_link_1', 'inline')
javascript:hide_show('reprint_pref_org_exp_link_2', 'inline');hide_show('show_reprint_pref_org_exp_link_2', 'none');hide_show('hide_reprint_pref_org_exp_link_2', 'inline')
javascript:hide_show('reprint_pref_org_exp_link_3', 'inline');hide_show('show_reprint_pref_org_exp_link_3', 'none');hide_show('hide_reprint_pref_org_exp_link_3', 'inline')
javascript:hide_show('research_pref_org_exp_link_1', 'inline');hide_show('show_research_pref_org_exp_link_1', 'none');hide_show('hide_research_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_2', 'inline');hide_show('show_research_pref_org_exp_link_2', 'none');hide_show('hide_research_pref_org_exp_link_2', 'inline')
javascript:hide_show('research_pref_org_exp_link_3', 'inline');hide_show('show_research_pref_org_exp_link_3', 'none');hide_show('hide_research_pref_org_exp_link_3', 'inline')
javascript:hide_show('research_pref_org_exp_link_4', 'inline');hide_show('show_research_pref_org_exp_link_4', 'none');hide_show('hide_research_pref_org_exp_link_4', 'inline')
javascript:hide_show('research_pref_org_exp_link_5', 'inline');hide_show('show_research_pref_org_exp_link_5', 'none');hide_show('hide_research_pref_org_exp_link_5', 'inline')
javascript:hide_show('research_pref_org_exp_link_6', 'inline');hide_show('show_research_pref_org_exp_link_6', 'none');hide_show('hide_research_pref_org_exp_link_6', 'inline')
javascript:hide_show('research_pref_org_exp_link_7', 'inline');hide_show('show_research_pref_org_exp_link_7', 'none');hide_show('hide_research_pref_org_exp_link_7', 'inline')
javascript:hide_show('research_pref_org_exp_link_8', 'inline');hide_show('show_research_pref_org_exp_link_8', 'none');hide_show('hide_research_pref_org_exp_link_8', 'inline')
Claudia
Resaltado



 

[ 9 ] Norwegian Polar Res Inst, N-9297 Tromso, Norway 

 

[ 10 ] Univ Missouri, St Louis, MO 63121 USA 

       [ 11 ] St Louis Zoo, St Louis, MO 63121 USA 

 

[ 12 ] Univ Strasbourg, CNRS, Inst Pluridisciplinaire Hubert, CURIEN,UMR 7178, F-67000 

Strasbourg, France 

       [ 13 ] Ctr Sci Monaco, Dept Biol Polaire, MC-98000 Monaco, Monaco 

 

[ 14 ] Univ Paul Valery Montpellier, Ecole Prat Hautes Etud, Ctr Ecol Fonct & Evolut, UMR 

5175,CNRS,Univ Montpellier, F-34293 Montpellier 5, France 

 

[ 15 ] Australian Antarctic Div, Kingston, Tas 7050, Australia 

 

[ 16 ] Nelson Mandela Univ, Dept Sci & Technol, Natl Res Fdn Ctr Excellence, Percy FitzPatrick 

Inst African Ornithol,Dept Zool, ZA-6031 Port Elizabeth, South Africa 

 

[ 17 ] Royal Soc Protect Birds, RSPB Ctr Conservat Sci, Cambridge CB2 3QZ, England 

 

[ 18 ] Univ Tasmania, Discipline Biol Sci, Hobart, Tas 7001, Australia 

 

[ 19 ] Pontificia Univ Catolica Minas Gerais, Grad Program Vertebrate Zool, BR-30535610 Belo 

Horizonte, MG, Brazil 

 

[ 20 ] Calif Acad Sci, Ctr Comparat Genom, San Francisco, CA 94118 USA 

Direcciones de correo electrónico:jvianna@uc.cl; bowie@berkeley.edu 

Financiación 

Entidad financiadoraMostrar más información 
Número de 

concesión 

Instituto Antartico Chileno  INACH RT_12-14 

Comision Nacional de Investigacion Cientifica y Tecnologica (CONICYT) 

CONICYT FONDECYT 
1150517 

Genomics Antarctic Biodiversity/Programa de Investigacion 

Asociativa/Comision Nacional de Investigacion Cientifica y Tecnologica (GAB 

PIA CONICYT)  

ACT172065 

National Science Foundation (NSF) DEB-1441652 

French Polar Institute Paul-Emile Victor (IPEV)  
137 

354 

California Academy of Sciences    

National Council for Scientific and Technological Development (CNPq)   

Instituto Nacional de Ciencia e Tecnologia Ecologia, Evolucao e Conservacao da 

Biodiversidade (INCT-EECBio) Brazil  
  

Ver texto de financiación    

Editorial 

mailto:jvianna@uc.cl
mailto:bowie@berkeley.edu
javascript:toggle_unified_funding()
javascript:hide_show('show_fund_blurb',%20'inline');hide_show('show_fund_blurb_link',%20'none');hide_show('hide_fund_blurb_link',%20'inline')
javascript:hide_show('research_pref_org_exp_link_9', 'inline');hide_show('show_research_pref_org_exp_link_9', 'none');hide_show('hide_research_pref_org_exp_link_9', 'inline')
javascript:hide_show('research_pref_org_exp_link_10', 'inline');hide_show('show_research_pref_org_exp_link_10', 'none');hide_show('hide_research_pref_org_exp_link_10', 'inline')
javascript:hide_show('research_pref_org_exp_link_12', 'inline');hide_show('show_research_pref_org_exp_link_12', 'none');hide_show('hide_research_pref_org_exp_link_12', 'inline')
javascript:hide_show('research_pref_org_exp_link_14', 'inline');hide_show('show_research_pref_org_exp_link_14', 'none');hide_show('hide_research_pref_org_exp_link_14', 'inline')
javascript:hide_show('research_pref_org_exp_link_15', 'inline');hide_show('show_research_pref_org_exp_link_15', 'none');hide_show('hide_research_pref_org_exp_link_15', 'inline')
javascript:hide_show('research_pref_org_exp_link_16', 'inline');hide_show('show_research_pref_org_exp_link_16', 'none');hide_show('hide_research_pref_org_exp_link_16', 'inline')
javascript:hide_show('research_pref_org_exp_link_17', 'inline');hide_show('show_research_pref_org_exp_link_17', 'none');hide_show('hide_research_pref_org_exp_link_17', 'inline')
javascript:hide_show('research_pref_org_exp_link_18', 'inline');hide_show('show_research_pref_org_exp_link_18', 'none');hide_show('hide_research_pref_org_exp_link_18', 'inline')
javascript:hide_show('research_pref_org_exp_link_19', 'inline');hide_show('show_research_pref_org_exp_link_19', 'none');hide_show('hide_research_pref_org_exp_link_19', 'inline')
javascript:hide_show('research_pref_org_exp_link_20', 'inline');hide_show('show_research_pref_org_exp_link_20', 'none');hide_show('hide_research_pref_org_exp_link_20', 'inline')


NATL ACAD SCIENCES, 2101 CONSTITUTION AVE NW, WASHINGTON, DC 20418 USA 

Información de la revista 

 Impact Factor: Journal Citation Reports 

Categorías / Clasificación 

Áreas de investigación:Science & Technology - Other Topics 

Categorías de Web of Science:Multidisciplinary Sciences 

Información del documento 

Idioma:English 

Número de acceso: WOS:000572968600001 

ID de PubMed: 32817535 

ISSN: 0027-8424 

 

javascript:;

