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RESUMEN BIOGRÁFICO 
 

 
 

Como Biólogo Marino nacido en la región de Magallanes siempre me intereso mi 

entorno natural y el maravilloso paisaje que me rodeaba desde niño. También, desde 

muy chico acompañaba a mi padre que era ingeniero forestal a los bosques de lenga 

donde él trabajaba. Por lo que, eso me marco mucho para elegir una carrera científica 

relacionada a las ciencias biológicas. El año 2005 ingrese a la carrera de Biología 

Marina en la Universidad de Magallanes, en donde curse mis estudios de pregrado. El 

año 2007 entre a trabajar al laboratorio del Dr. Andrés Mansilla, el cual siempre me ha 

entregado todo su apoyo hasta el día de hoy. Además, a través del Dr. Mansilla pude 

conocer al Dr. José Stuardo un reconocido taxónomo chileno de moluscos, el cual me 

recibió en su laboratorio el año 2008 y con el cual mantuve contacto por varios años. 

El poder conocer al Dr. Stuardo me inspiro a seguir el estudio de la taxonomía de 

moluscos marinos de la costa chilena y también de la Antártica. Durante mi magister 

tuve la oportunidad de empezar a colaborar con el Dr. Claudio González-Wevar y el 

Dr. Elie Poulin científicos que realizaban investigación hace varios años en 

invertebrados marinos Antárticos. Estos vínculos que genere con ellos me permitieron 

no solo expandir mis redes de trabajo sino también posicionarme como un especialista 

de moluscos marinos del Océano Austral. A lo largo de mi carrera académica he podido 

publicar muchos artículos científicos y libros de divulgación científica, lo que me ha 

posicionado como uno de los investigadores jóvenes más productivos en las ciencias 

marinas en la región de Magallanes. 
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RESUMEN  

Los litorínidos de altas latitudes incluyen tres géneros intermareales y submareales: 

Laevilitorina Pfeffer 1886, Pellilitorina Pfeffer 1886 y Laevilacunaria Powell 1951 (Reid 

1989). El género Laevilacunaria se caracteriza por presentar una distribución 

restringida al Océano Austral (OA), principalmente algunas islas subantárticas (South 

Georgia, Crozet y Kerguelen) y Península Antártica. Contrariamente, Laevilitorina es 

uno de los géneros de gasterópodos marinos con mayor distribución en latitudes altas 

del hemisferio sur y el OA. Un rasgo importante que tienen ambos géneros es que 

presentan un ciclo de vida sin larva pelágica de vida libre. Por lo tanto, estos géneros 

representan un modelo biogeográfico muy interesante, ya que uno presenta una 

distribución más amplia y un mayor número de especies que el otro a pesar de que 

poseen modos de desarrollo y ecologías similares. Esta tesis busca establecer el 

origen y la diversificación de Laevilitorina y Laevilacunaria en el OA, además de 

abordar la taxonomía y sistemática de estos géneros. En primer lugar, ser realizó una 

actualización de las ocurrencias del género Laevilitorina a lo largo de su distribución, 

y además se realizó una revisión exhaustiva de su historia natural, para lograr una 

síntesis del estado actual de la sistemática y definir su distribución en altas latitudes. 

En segundo lugar, se abordó el estatus taxonómico de la especie Laevilitorina 

caliginosa s.l a lo largo de su distribución utilizando herramientas morfológicas y 

moleculares. En tercer lugar, se propuso una hipótesis sobre el origen y diversificación 

de las especies del género Laevilitorina y Laevilacunaria a partir de la reconstrucción 

filogenética y de rango geográfico ancestral con marcadores mitocondriales y 

nucleares a lo largo de sus distribuciones.  
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Los resultados muestran que al analizar morfológica y molecularmente distintas 

poblaciones de L. caliginosa a lo largo de su distribución, identificamos distintos linajes 

muy divergentes dentro de esta especie. Por lo que, se describieroncuatro nuevas 

especies para la región de Magallanes, en donde L. pepita sp. nov., L. magellanica sp. 

nov. y L. fueguina sp. nov. se encuentran en el Estrecho de Magallanes. La especie L. 

hicana sp. nov. se restringe a Isla Hornos en Cabo de Hornos. Asimismo, se pudo 

esclarecer que los registros de L. caliginosa para Antártica, South Georgia, Kerguelen, 

Crozet y Macquarie corresponden realmente a la especie L. venusta. De esta forma, 

L. caliginosa estaría restringida a la costa austral de Sudamérica, Malvinas y Georgias 

del Sur. Finalmente, al incluir las especies de Laevilacunaria al análisis filogenético se 

evidencio que los géneros Laevilacunaria y Laevilitorina son parafiléticos. En esta tesis 

se propone una reclasificación de Laevilitorininae en cuatro géneros distintos basados 

en diferencias moleculares y morfológicas. Además, nuestros resultados sugieren que 

el origen evolutivo y la diversificación de Laevilitorininae en el OA muestra que el 

ancestro de la subfamilia Laevilitorininae es Gondwánico, cuya primera diversificación 

coincide con la fase final de fragmentación del Gondwana. La diversificación temprana 

de este grupo habría estado influenciada por procesos de vicarianza en donde se 

formarían cuatro grandes clados. Finalmente, más recientemente los eventos de 

dispersión a la larga distancia con establecimiento jugaron un papel fundamental en la 

distribución geográfica actual de Laevilacunaria y Laevilitorina. Estos eventos, 

facilitados probablemente por rafting a través de macroalgas flotantes, permitieron que 

las especies de Laevilacunaria y Laevilitorina cruzaran barreras oceanográficas y 

colonizaran nuevas áreas. 
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ABSTRACT  

The high-latitude littorinids include three intertidal and subtidal genera: Laevilitorina 

Pfeffer 1886, Pellilitorina Pfeffer 1886 and Laevilacunaria Powell 1951 (Reid 1989). 

The genus Laevilacunaria has a restricted distribution in the Southern Ocean (SO), 

mainly in some sub-Antarctic islands (South Georgia, Crozet and Kerguelen) and the 

Antarctic Peninsula. In contrast, Laevilitorina is one of the most widely distributed 

marine gastropod genera in high latitudes of the Southern Hemisphere and the SO. An 

important trait of both genera is that they have a life cycle without free-living pelagic 

larvae. Therefore, these genera represent a very interesting biogeographical model, 

since one presents a wider distribution and a greater number of species than the other 

despite having similar developmental modes and ecologies. This thesis aims to 

establish the origin and diversification of Laevilitorina and Laevilacunaria in the SO, in 

addition to addressing the taxonomy and systematics of these genera. First, an update 

of the occurrences of the genus Laevilitorina throughout its distribution was carried out, 

and a comprehensive review of its natural history was performed to achieve a synthesis 

of the current state of systematics and define its distribution in high latitudes. Second, 

the taxonomic status of the species Laevilitorina caliginosa s.l throughout its distribution 

was addressed using morphological and molecular tools. Third, a hypothesis on the 

origin and diversification of species of the genus Laevilitorina and Laevilacunaria was 

proposed based on phylogenetic and ancestral geographic range reconstruction with 

mitochondrial and nuclear markers throughout their distributions.  

The results show that by morphologically and molecularly analyzing different 

populations of L. caliginosa throughout its distribution, we identified distinct and highly 
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divergent lineages within this species. Therefore, four new species were described for 

the Magellanic region, where L. pepita sp. nov., L. magellanica sp. nov. and L. fueguina 

sp. nov. are found in the Strait of Magellan. The species L. hicana sp. nov. is restricted 

to Isla Hornos at Cape Horn. Likewise, it was possible to clarify that the records of L. 

caliginosa for Antarctica, South Georgia, Kerguelen, Crozet and Macquarie actually 

correspond to the species L. venusta. Thus, L. caliginosa would be restricted to the 

southern coast of South America, the Falklands and South Georgia. Finally, by 

including the species of Laevilacunaria in the phylogenetic analysis, it became evident 

that the genera Laevilacunaria and Laevilitorina are paraphyletic. In this thesis we 

propose a reclassification of Laevilitorininae into four distinct genera based on 

molecular and morphological differences. Furthermore, our results suggest that the 

evolutionary origin and diversification of Laevilitorininae in the OA shows that the 

ancestor of the Laevilitorininae subfamily is Gondwananic, whose first diversification 

coincides with the final phase of Gondwana fragmentation. The early diversification of 

this group would have been influenced by vicariance processes where four major 

clades would be formed. Finally, more recently long-distance dispersal events with 

establishment played a key role in the current geographic distribution of Laevilacunaria 

and Laevilitorina. These events, probably facilitated by rafting through floating 

macroalgae, allowed Laevilacunaria and Laevilitorina species to cross oceanographic 

barriers and colonize new areas. 
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ESTRUCTURA DE LA TESIS 

Esta tesis consiste en una introducción general, tres capítulos, conclusiones generales 

y tres anexos. En la Introducción general, se presenta el contexto general de la 

biogeografía del Océano Austral y se revisa el estado actual del conocimiento sobre 

los litorínidos de altas latitudes. El Capítulo I consiste en el estudio de la distribución 

del género Laevilitorina en todo el hemisferio sur, a partir de datos publicados en 

literatura científica y registros de museos, completado por los diversos muestreos 

realizados durante el desarrollo de esta tesis. Este capítulo, concentró una revisión 

bibliográfica de los distintos registros de ocurrencia del género y su historia natural, 

con especial énfasis en las especies Antárticas y Subantárticas lo que permite tener 

un estado actualizado de su distribución y estatus taxonómico. 

 

El Capítulo II retoma los comentarios y discusión del capítulo anterior en relación con 

el estatus taxonómico de la especie Laevilitorina caliginosa. El objetivo de este capítulo 

fue describir nuevas especies de Laevilitorina para la región de Magallanes y 

esclarecer el estatus taxonómico de la especie nominal Laevilitorina caliginosa. Este 

capítulo evalúa las relaciones filogenéticas de los distintos linajes dentro de L. 

caliginosa, utilizando una aproximación filogenética multi-locus (cox1 y 28S) y análisis 

morfológico de la concha y de la rádula.  

 

Tras establecer la distribución (Capítulo I) y esclarecer el estatus taxonómico de las 

especies de Laevilitorina en la región de Magallanes (Capítulo II), realizamos una 

filogenia más completa incluyendo más especies de Laevilitorina de las Islas Malvinas 
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y de Antártica junto con todas las especies de Laevilacunaria en el Capítulo III. El 

objetivo de este último capítulo fue esclarecer las relaciones filogenéticas dentro de la 

subfamilia Laevilitorininae (Laevilacunaria + Laevilitorina), además de presentar la 

filogenia más completa de la familia Littorinidae hasta la fecha. Este capítulo determina 

los tiempos y modos de diversificación de ambos géneros, con mayor énfasis en las 

especies de Laevilacunaria. Además, este capítulo evalúa si su distribución geográfica 

se debe a una diversificación antigua por vicarianza o a eventos de dispersión de larga 

distancia más recientes, utilizando una aproximación filogenética multi-locus 

(12S+16S+cox1+28S).  

 

En la sección de Conclusiones generales, entregamos un resumen de los principales 

resultados y contribuciones de este estudio, proponiendo una nueva clasificación 

dentro de la subfamilia Laevilitorininae. Además, en esta sección planteamos algunas 

proyecciones, relacionadas principalmente con la necesidad de poder incorporar 

material de las especies de Nueva Zelanda y Australia y también resaltamos la 

importancia de la incorporación de herramientas morfológicas y moleculares para los 

estudios en sistemática y biogeografía. 
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INTRODUCCIÓN GENERAL  

Biogeografía en el Océano Austral 

 

Los análisis biogeográficos de los organismos marinos bentónicos del Océano 

Austral (OA) han identificado dos grandes regiones: Antártica y Subantártica (Koubi et 

al. 2014). Subantártica incluye i) la provincia Magallánica en la costa austral de 

Sudamérica, ii) las islas de Nueva Zelanda, iii) las islas subantárticas del Océano 

Índico y iv) la isla Macquarie (Fig. 1). Antártica representaría una única provincia que 

incluye el continente antártico y algunas islas situadas al sur del Frente Polar Antártico 

(FPA) como la Georgia del Sur, las islas Sandwich del Sur y la Isla Bouvet (Koubbi et 

al. 2014). A pesar de esta marcada bioregionalización, las asociaciones faunísticas 

dentro y entre estas provincias no pueden ser explicadas por una única hipótesis 

biogeográfica y dependen en gran medida del grupo de organismos analizado (Linse 

et al. 2006; Koubbi et al. 2014; González-Wevar et al. 2017, 2018, 2019, 2022). No 

obstante, se han propuesto algunas reglas biogeográficas generales entre las que se 

incluyen las altas tasas de endemismo de especies (> 70% en algunos grupos), la 

existencia de una única provincia Antártica, claramente separada de otras provincias 

subantárticas, y la marcada distinción entre las islas subantárticas asociadas a 

Sudamérica y las de Nueva Zelanda (Crame et al. 1999; Koubbi et al. 2014; Halanych 

& Mahon 2018). 
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Figura 1) delimitación de las provincias biogeográficas marinas según Spalding et al. (2007) y Koubbi et 
al. (2014) 
 

La presencia de especies de un mismo género en distintas provincias 

biogeográficas del OA puede explicarse a través de dos mecanismos diferentes: la 
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vicarianza (e.g Paternello et al. 1996; Williams et al. 2003) y la dispersión a larga 

distancia con establecimiento (DLDE) (Sanmartin & Ronquist, 2004; Fraser et al. 2009; 

Crisp et al. 2011; González-Wevar et al. 2018). En primer lugar, la vicarianza por 

tectónica de placas ha sido descrita como un proceso biogeográfico clave que altera 

físicamente a las poblaciones, que generalmente ocurre producto de eventos 

geológicos importantes dando como resultado procesos de divergencia genética y 

especiación (Waters & Craw 2006). La DLDE como hipótesis alternativa a la vicarianza 

es un mecanismo a través del cual individuos adultos o propágulos (e.g. larvas 

planctónicas, masas de huevos), son dispersados de manera excepcional superando 

barreras impuestas por la distancia geográfica (e.g. Océanos) logrando establecerse 

en una nueva área (Crisp et al. 2011). Si no hay flujo genético (o es mínimo) entre el 

área ancestral y el área recientemente colonizada, las poblaciones separadas 

evolucionaran de manera independiente y, en última instancia, se producirá 

especiación (Crisp et al. 2011). Por lo tanto, entender los procesos que determinan los 

patrones biogeográficos de la biota marina en el OA, así como también conocer el 

origen de ciertos grupos endémicos son fundamentales para comprender su historia 

evolutiva y predecir sus posibles trayectorias en un escenario de cambio climático 

global (Barnes & Peck 2008). Durante las últimas dos décadas ha habido una discusión 

acerca del rol potencial de la vicarianza y de la DLDE en la biogeografía del OA, así 

como también al posible origen Antártico de algunos taxa. Los avances en las 

aproximaciones moleculares han contribuido a poner a prueba ambas hipótesis 

biogeográficas y actualmente existe un consenso sobre la relevancia combinada de 

ambos mecanismos en la evolución de la biota en el OA (e.g. Paternello et al. 1996; 
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Williams et al. 2003; González-Wevar et al. 2018; Fraser et al. 2019). La evolución de 

algunos grupos antárticos muestra niveles de divergencia genética asociados a los 

procesos de deriva continental (e.g. Paternello et al. 1996; Levicoy et al. 2021). Por 

ejemplo, el gasterópodo intermareal Austrolitorina distribuido en Sudamérica, Nueva 

Zelanda y Australia, evidenció tiempos de divergencia que se asocian a las últimas 

etapas de fragmentación de Gondwana (Williams et al. 2003). Por otra parte, existen 

evidencias recientes de que el origen y diversificación de varios taxa como 

invertebrados marinos (e.g. Poulin et al. 2014; González-Wevar et al. 2017, 2019, 

2021), macroalgas (Billard et al. 2015; Ocaranza et al. 2018) e incluso pingüinos 

(Vianna et al. 2017; Frugone et al. 2018) se produjo no más allá de los 10 Mya, tiempo 

más reciente que la separación física de las masas continentales del OA o incluso del 

inicio de la CCA (González-Wevar et al. 2017, 2019, 2021; Poulin et al. 2014; Crame, 

2018; Halanych & Mahon 2018). 

 Estudios filogenéticos actuales han puesto a prueba la hipótesis de si algunos 

géneros endémicos del OA se habrían originado y diversificado dentro de Antártica, y 

por lo tanto las especies que actualmente habitan las costas del OA corresponderían 

a taxones relictos, o si habrían colonizado posterior al aislamiento del continente 

Antártico (Göbbeler & Klussmann-Kolb 2010). Por ejemplo, la evidencia molecular en 

el orden de gasterópodos Pleurobranchomorpha sugieren que este grupo se habría 

originado en Antártica (Göbbeler & Klussmann-Kolb 2010). Sin embargo, en el caso 

Bathyberthella la edad de separación con el género hermano de aguas tropicales 

Euselenops habría ocurrido hace 20 Mya, produciéndose una recolonización de 
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Antártica mediada por un evento de DLDE en periodos más cálidos del Mioceno medio 

(Göbbeler & Klussmann-Kolb 2010). 

 

Importancia del rafting como mecanismo de transporte en el OA 

 

En general las asociaciones ecológicas son muy relevantes debido a que los 

organismos marinos que habitan en macroalgas pueden utilizarlas como alimento y 

refugió frente a la depredación, lo cual puede ser una ventaja frente a las especies que 

habitan exclusivamente sobre roca (Vermeij 1992). Además, los organismos que viven 

asociados a macroalgas podrían dispersar junto a ellas (Nikula et al. 2010, 2012; 

González-Wevar et al., 2021, 2022). En este sentido, para el caso de organismos con 

bajo potencial de dispersión, particularmente aquellas especies que carecen de 

estadios larvales de vida libre, la dispersión puede producirse a través de vectores 

bióticos como los “kelps” mediante rafting. El rafting es un mecanismo fundamental 

para la dispersión geográfica de los organismos asociados a macroalgas, ya que 

mantiene la conectividad entre las poblaciones locales y puede establecer nuevas 

poblaciones cuando se produce el asentamiento al llegar a nuevas zonas geográficas 

(Hinojosa et al. 2010, 2011; Fraser et al. 2011; Wichmann et al. 2012). A modo de 

ejemplo, estudios recientes en Durvillaea antarctica (cochayuyo) utilizando 

herramientas genómicas revelaron que individuos de esta especie logran viajar más 

de 20.000 km desde poblaciones de Islas subantárticas (Georgias del Sur e islas 

Kerguelen), pudiendo llegar hasta las costas de la Península Antártica. Durante este 

viaje pueden transportar varios organismos asociados que podrían revelarse como 
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potenciales colonizadores (Fraser et al. 2018, 2022; Ávila et al. 2020). Por lo tanto, la 

alta dominancia de especies de macroalgas boyantes en Subantártica hace que el 

rafting sea un mecanismo de transporte importante que permite explicar procesos 

biogeográficos de DLDE en el OA (Waters 2008). Ejemplos de rafting sobre 

macroalgas ha sido documentado en isópodos (Nikula et al. 2010, 2012) crustáceos 

(Nikula et al. 2010) y moluscos (Cumming et al. 2014; González-Wevar et al. 2016, 

2018, 2021). 

En este sentido, es importante destacar que en moluscos costeros con bajo 

potencial de dispersión el rafting ha jugado un rol muy importante en los procesos 

evolutivos, en particular para distintos géneros de gasterópodos (González-Wevar et 

al. 2018, 2021). Por ejemplo, especies del género Siphonaria y Margarella se 

caracterizan por tener un modo de desarrollo bentónico protegido, sin estadios larvales 

de vida libre, y se distribuyen ampliamente a lo largo de la provincia Subantártica, 

desde Sudamérica hasta Kerguelen (González-Wevar et al. 2018, 2021). Este alto 

nivel de homogeneidad genética a través de miles de kilómetros se ha explicado 

principalmente por la conectividad de las poblaciones a través de DLDE mediada por 

el rafting (González-Wevar et al. 2018, 2021). Otro aspecto relevante, es lo que ocurre 

al norte y al Sur del FPA (González-Wevar et al. 2021). Por ejemplo, en el caso de 

Margarella se encuentra una sola especie al norte del FPA, distribuida a lo largo de la 

provincia Subantártica. En contraste, al sur del FPA, Margarella muestra un patrón 

biogeográfico totalmente distinto: i) existe un mayor número de especies a lo largo de 

la provincia Antártica y ii) las especies están restringidas principalmente a la provincia 

Antártica (González-Wevar et al. 2021). Este patrón tan contrastante se ha explicado 
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principalmente porque al sur FPA, a lo largo de Península Antártica no existe la 

presencia de especies de “kelps” como Durvillaea antarctica y Macrocystis pyrifera y 

por lo tanto esto habría generado una menor conectividad entre poblaciones antárticas 

con las de Georgia del Sur favoreciendo así la diversificación del grupo (González-

Wevar et al. 2021). 

En resumen, las características ecológicas (e.g. hábitat, asociación a 

macroalgas) y del ciclo de vida de un grupo en particular pueden influir directamente 

en la historia biogeográfica y filogenética, afectando las tasas de evolución, 

diversificación, dispersión y extinción (Reid 1989; González-Wevar et al. 2021). 

Además, la existencia de eventos excepcionales de dispersión entre Subantártica y 

Antártica sugiere que la Antártica no estuvo y no está biológicamente aislada y que el 

rafting podría ser un fenómeno frecuente y contemporáneo a través del FPA (Fraser 

et al. 2020; Macaya et al. 2020; Fraser et al. 2022). En el OA, un grupo diverso y 

representativo de ambientes costeros que presentan algún grado de asociación con 

macroalgas son los distintos representantes de la familia Littorinidae (Reid 1989). 

 

Litorínidos como modelos biogeográficos en latitudes altas del hemisferio sur 

 

Una de las familias más representativa y diversa de moluscos someros antárticos 

y subantárticos son los Littorinidae (Powell, 1960). Los litorínidos de altas latitudes se 

dividen en tres géneros intermareales y submareales: Laevilitorina Pfeffer 1886, 

Pellilitorina Pfeffer 1886 y Laevilacunaria Powell 1951 (Reid 1989). El género 

Laevilacunaria se caracteriza por presentar una distribución restringida al OA, 
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encontrándose en algunas islas subantárticas (South Georgia, Kerguelen y Crozet) y 

en la Península Antártica (Reid 1989; Schmider et al. 2023) (Fig. 2). Pellilitorina, 

presentan una distribución dentro del OA, encontrándose en Antártica Oeste, Antártica 

Este, Georgias del Sur y Kerguelen y Crozet. Laevilitorina es uno de los géneros de 

gasterópodos marinos con mayor distribución en latitudes altas del hemisferio sur y el 

OA (Reid 1989; Rosenfeld et al. 2022). Su distribución actual comprende Sudamérica, 

Nueva Zelanda, el Sur de Australia, Tasmania, Península Antártica, mar de Weddell, 

Antártica del Este, y varias islas subantárticas (Islas Falkland/Malvinas, Georgias del 

Sur, Crozet, Kerguelen, Heard, Macquarie, Campbell, Auckland, Antipodas) (Fig. 2).  

 
Figura 2. Mapa de la distribución de los géneros Laevilitorina y Laevilacunaria en el Océano Austral y 
areas adyacentes. Los colores debajo de cada panel indica la  distribución geográfica de cada genero. 
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Al igual que muchas especies de Littorinidae la gran mayoría de las especies de estos 

tres géneros habitan costas rocosas someras donde pueden estar asociados a 

macroalgas (Simpson 1972; Reid 1989; Amsler et al. 2015; Rosenfeld et al. 2017). Sin 

embargo, a diferencia del patrón general de hábitat en los Littorinidae, Laevilacunaria 

puede ser comunes en ambientes submareales. Otro rasgo importante de los 

litorínidos antárticos y subantárticos, es que presentan un ciclo de vida sin larva 

pelágica de vida libre, en la cual, la hembra deposita masas de huevos en roca o 

frondas de macroalgas y posteriormente eclosiona un juvenil (Picken 1979; Simpson 

& Harrington 1985) (Fig. 3a). Una posible consecuencia de este modo de desarrollo 

bentónico protegido es que las especies presentarían un bajo potencial de dispersión, 

que daría como resultado un rango geográfico más estrecho (Simpson & Harrington 

1985; Gonzalez-Wevar et al. 2022) (Fig. 3b). Efectivamente, una de las características 

del género Laevilacunaria es que presenta generalmente una distribución 

relativamente restringida al OA (Fig. 2). En contraste, Laevilitorina exhibe la 

distribución más amplia de los litorínidos Antárticos alcanzando zonas más templadas 

de Nueva Zelanda y Australia (Fig. 2).  
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Figura 3. a) Ciclo de vida descrito para los géneros Laevilacunaria y Laevilitorina sin estadio larval 
planctótrifico, i) vista general de la masas de huevo con embriones en etapa temprana, ii) embriones  en 
fase avanzada, iii) juveniles recién eclosionados, iv) adulto en desarrollo y  v)  Macho y hembra del 
género. B) Distribución latitudinal de las especies de Laevilacunaria y Laevilitorina en las provincias 
subantárticas y Antárticas, barras en gris indican la presencia en una sola área geográfica y barras en 
negros en dos o más. (Fotografías del ciclo, Rosenfeld et al. 2022) 
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Otro aspecto importante que diferencia a estos dos géneros es el patrón de riqueza 

de especies. Por ejemplo, en la actualidad la base de datos WoRMS 

(http://www.marinespecies.org) reconoce 25 especies de Laevilitorina en toda su 

distribución, con cuatro especies descritas recientemente de la región de Magallanes 

(Rosenfeld et al. 2023). La región de Antártica del Oeste es la más diversa en número 

de especies (S=7) (Fig. 4ab), seguida por la provincia Magallánica (Fig. 4ab) (S=6). 

Por el contrario, Laevilacunaria incluye sólo tres especies, siendo Antártica del Oeste 

el área con mayor número de especies de este género (S=2) (Fig. 4ab). Sin embargo, 

un reciente estudio filogeográfico de L. antarctica reveló que las poblaciones de 

Georgia del Sur y la Península Antártica podrían representar unidades evolutivas 

distintas (González-Wevar et al., 2024). Por tanto, una revisión detallada de las 

especies de Laevilacunaria será muy relevante para comprender mejor la sistemática, 

el patrón de diversidad actual y la evolución de este grupo de caracoles littorínidos. 

Teniendo en cuenta las diferencias y similitudes mencionadas, surgen preguntas como 

¿cuáles han sido los principales procesos y mecanismos evolutivos que han influido 

en los patrones actuales de distribución y riqueza de especies de estos géneros?  
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Figura 4 A) delimitación de las provincias biogeográficas marinas según Spalding et al. (2007) y Koubbi 
et al. (2014). B) riqueza de especies de Laevilacunaria y Laevilitorina en cada una de las provincias 
biogeográficas  

 

Finalmente, estos dos géneros de littorínidos representan un modelo muy 

interesante para explorar los procesos subyacentes y el mecanismo evolutivo que han 

dado forma a sus patrones biogeográficos contrastados, a pesar de compartir el mismo 

modo de desarrollo y hábitats similares. Abordar el origen y la diversificación de 

Laevilitorina y Laevilacunaria a lo largo de su distribución y reconstruir la relación 

filogenética entre los litorínidos de latitudes más altas nos permitirá comprender mejor 

las trayectorias evolutivas de estos importantes gasterópodos del Océano Austral. 
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HIPÓTESIS Y OBJETIVOS 

 

Hipótesis  

H1: Considerando las similitudes ecológicas (hábitat) y del ciclo de vida (modo de 

desarrollo), y las marcadas diferencias en las distribuciones geográficas y la diversidad 

de especies entre los géneros Laevilacunaria  y Laevilitorina: la diversificación de 

Laevilacunaria habría ocurrido mediante eventos de dispersión a larga distancia 

con establecimiento (DLDE) desde islas Subantárticas hacía ambientes 

Antárticos, mientras que la diversificación en Laevilitorina se habría producido 

desde ambientes subantárticos o templados.  

En consecuencia, los análisis filogenéticos multi-locus y el análisis de reconstrucción 

del rango geográfico ancestral, debería mostrar que el género Laevilacunaria se 

originó en ambientes subantárticos y diversifico en Antártica, mientras que Laevilitorina 

habría tenido su centro de diversificación en áreas Subantárticas o templadas frías.  

 

Objetivo General  

Entender los mecanismos y procesos asociados al origen y diversificación del clado 

de litorínidos Antárticos Laevilacunaria y Laevilitorina a lo largo de su distribución y 

reconstruir los patrones biogeográficos históricos de los distintos linajes registrados.  
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Abstract
Littorinid snails are present in most coastal areas globally, playing a significant role in the ecology of 
intertidal communities. Laevilitorina is a marine gastropod genus distributed exclusively in the Southern 
Hemisphere, with 21 species reported from South America, the sub-Antarctic islands, Antarctica, New 
Zealand, Australia and Tasmania. Here, an updated database of 21 species generated from a combination 
of sources is presented: 1) new field sampling data; 2) published records; 3) the Global Biodiversity Infor-
mation Facility (GBIF) and The Atlas of Living Australia (ALA), to provide a comprehensive description 
of the known geographic distribution of the genus and detailed occurrences for each of the 21 species. 
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from GBIF, and 458 from ALA. West Antarctica had the highest species richness (8 species), followed 
by sub-Antarctic islands of New Zealand (4 species) and the south-east shelf of Australia (4 species). The 
provinces of Magellan, New Zealand South Island, and sub-Antarctic Islands of the Indian Ocean include 
two species each. This study specifically highlights reports of L. pygmaea and L. venusta, species that have 
been almost unrecorded since their description. Recent advances in molecular studies of L. caliginosa 
showed that this species does not correspond to a widely distributed taxon, but to multiple divergent line-
ages distributed throughout the Southern Ocean. Ongoing molecular and taxonomic studies are necessary 
for a better understanding of the diversity and biogeography of this genus.

Keywords
Antarctic, endemism, Laevilitorininae, sub-Antarctic

Introduction

One of the most common challenges facing studies or the construction of inventories of 
biodiversity is the absence of detailed information on the distribution of taxa throughout 
the different geographical regions of the planet. Furthermore, species distribution data are 
usually scattered across different sources of information such as taxonomic reviews, species 
lists, reports and natural history collections (Beck et al. 2013). Therefore, it is important to 
merge these different sources into robust and freely accessible biodiversity databases. The 
Global Biodiversity Information Facility (GBIF) project has enabled the creation of a plat-
form where museums, herbaria and researchers can publish their databases and make them 
freely available for use (Flemons et al. 2007). However, despite increasing the international 
effort devoted to the digitisation of specimen catalogues in museums and other reposito-
ries, even today only a small proportion of global records are estimated to have been made 
available online through the efforts of the GBIF and other platforms like the Ocean Bio-
diversity Information System (OBIS) (Ariño 2010; Maturana et al. 2019; OBIS 2022).

The family Littorinidae represents one of the most conspicuous and abundant com-
ponents of intertidal communities that inhabit rocky shores across the world’s coasts (Reid 
1989). Being such a widespread and accessible group, they have been amongst the most in-
tensively studied marine molluscs (Reid 2007; Reid and Williams 2012; González-Wevar 
et al. 2022). They play a significant role in the ecology of intertidal communities and have 
been widely used as models in microevolutionary studies of natural selection and genetic 
differentiation (Williams et al. 2003; Kess et al. 2018; Estevez et al. 2021; Bosso et al. 
2022). In addition, with the advance of molecular tools, the systematics and taxonomy of 
the family have been updated (Reid and Williams 2004) to give a more accurate classifica-
tion of species and description of their distributions. Members of the group are present in 
both hemispheres (Reid 1989; Williams et al. 2003). In the Southern Hemisphere, tropi-
cal and temperate species have received most research attention (e.g., Williams et al. 2003; 
Reid and Williams 2004). As a consequence, while some littorinids are known from south-
ern South America and the Southern Ocean (SO), no recent taxonomic examinations are 
available and occurrence information remains scarce as and dispersed (Reid 1989).
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Laevilitorina Pfeffer, 1886 is the most widely distributed genus of marine gastro-
pods present at high latitudes in the Southern Hemisphere (Reid 1989). Its known 
distribution range includes South America, New Zealand, Australia, Tasmania, and 
Antarctic (West and East parts), and many peri-(sub)Antarctic islands (South Shetland 
Islands, South Orkney Islands, Falkland/Malvinas Islands, South Georgia, Crozet, 
Kerguelen, Heard, Macquarie, Campbell, Auckland, and Antipodes Island). The genus 
Laevilitorina Pfeffer, 1886 is characterised by a thick, generally smooth shell, a non-
planktotrophic protoconch and a generally paucispiral operculum (Reid 1989; Warén 
and Hain 1996). At present, 21 species of Laevilitorina are taxonomically accepted 
(MolluscaBase 2022).

The present study documents the state of knowledge of the genus and provides 
an updated database, using a combination of recent sampling data, published records 
available in the literature, and available information from GBIF and other repositories. 
The objectives of the study are: i) to report new records of Laevilitorina species present 
in Antarctic and sub-Antarctic environments and ii) to evaluate the distribution 
and richness of Laevilitorina species throughout the Southern Hemisphere, using an 
updated database. The updated database will serve as a basis for future comprehensive 
systematic research on the genus, including the application of molecular phylogenetic 
approaches to help infer its regional evolutionary history.

Materials and methods

Construction of the database

Laevilitorina records across the Southern Hemisphere were compiled from four main 
sources: 1) field sampling data; 2) published literature; 3) data already present in GBIF 
and 4) the data present in the repository of the Atlas of Living Australia (ALA) (Belbin 
2011). Duplicate records were removed to construct a unified database. In addition, 
the records available in GBIF and ALA were used to describe the distribution range 
of each species. To ensure the quality of the occurrence data, dubious records were 
excluded from the geospatial analysis. The criterion used to determine dubious records 
was records of species in geographic areas outside the distribution range described in 
the original descriptions and taxonomic revisions.

Twelve marine biogeographical provinces in the Southern Hemisphere were con-
sidered for the purpose of our geospatial analyses, including the Magellan province 
(southern South America and Falkland / Malvinas Islands), West Antarctic, East Ant-
arctica, Indian Ocean sub-Antarctic islands (Prince Edward Islands, Crozet Island, 
Kerguelen and Heard Islands), Macquarie Island, New Zealand sub-Antarctic islands, 
Southern New Zealand, Northern New Zealand, South-east Australian Shelf, South-
west Australian Shelf, West Central Australian Shelf and East Central Australian Shelf, 
as defined in Spalding et al. (2007) and Koubbi et al. (2014). All spatial analyses were 
carried out on the unified database.
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Recent sampling data

New material was collected from multiple locations in southern South America be-
tween the Strait of Magellan (53°36'S, 70°55'W) and the Diego Ramirez archipelago 
(56°31.345'S, 68°43.622'W). In the Falkland/Malvinas Islands, specimens were col-
lected from the intertidal zone of Hooker Point (51°42'S, 57°46'W). New Antarctic 
material was collected from the South Shetland Islands, Doumer Island, Palmer Land, 
and Avian Island under the framework of Antarctic Scientific Expeditions (ECA) 49, 
53, 54 and 58 of the Chilean Antarctic Institute (INACH). Samples from the South 
Orkney Islands and South Georgia were obtained during British Antarctic Survey 
(BAS) and SAERI expeditions (2016–2017, 2017–2018 and 2021). Samples from 
Kerguelen and Crozet archipelagos were obtained through the PROTEKER project 
under the framework of the French Polar Institute Paul Emile Victor (IPEV) summer 
campaign 2017.

Sample collection

Samples were collected using two methods: 1) manual collection in the intertidal 
zone, with littorinids being sampled individually, and 2) SCUBA diving between 1 
and 15 m depth, where substrates (e.g. sediments, macroalgae) were collected. Rock 
substrates were subsequently scraped to ensure that all species and specimens were col-
lected. Each macroalga sample was placed in a plastic bag. After collection, specimens 
were kept alive and transported onboard or to the research station. Each sample was 
then gently agitated to detach the associated fauna. All Laevilitorina samples were im-
mediately preserved in ethanol (95%) to be transported to the laboratory. Geographic 
coordinates were recorded using GPS for each sample location.

Taxonomic identification

Morphological observations were performed under an OLYMPUS stereomicroscope 
CX31. The following morphological measurements were taken, following Reid (2007): 
shell height (H), the maximum dimension parallel to the axis of coiling; shell breadth 
(B), the maximum dimension perpendicular to H; length of the aperture (LA), the 
greatest length from the junction of the outer lip with the penultimate whorl to the an-
terior lip. For determination to species level, each individual was identified following the 
taxonomic studies of Martens and Pfeffer (1886), Suter (1913), Powell (1951, 1955), 
Dell (1964), Arnaud and Bandel (1976), Waren and Hain (1996) and Zelaya (2005).

Published literature

To ensure maximum coverage of the generated dataset, information was gathered from 
all available scientific publications that have sampled or reviewed Laevilitorina species 
throughout the genus’ distribution, from the description of the first species (Gould 
1849) to the present. These records and their respective geographical positions were 
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entered into a spreadsheet following the Darwin Core Standard structured procedure 
(Wieczorek et al. 2012). Taxonomy used in these publications was updated following 
the most recent systematic revision (Reid 1989; Waren and Hain 1996; Engl 2012; 
Bouchet et al. 2017; MolluscaBase 2022). We did not follow González-Wevar et al. 
(2022) for species names and databases, mainly because the lineages that would cor-
respond to new species have not yet been formally described. However, the implica-
tions of these results for the taxonomy and biogeography of Laevilitorina are discussed 
(González-Wevar et al. 2022).

Digital database GBIF and ALA

All georeferenced records of the genus Laevilitorina were retrieved from the GBIF 
and ALA database on 12 September 2022 (Rosenfeld et al. 2022). The point-radius 
method was used for georeferencing records lacking precise geographic location (co-
ordinates), by identifying locality description included in the relevant metadata of the 
reported collection. This method considers the precision, datum and specificity of the 
locality description to determine the coordinates (Wieczorek et al. 2004; Wieczorek 
and Wieczorek 2021). The species list was updated to exclude erroneous or suspect 
records, rule out possible synonymy and follow current taxonomy.

Results

Database summary

The complete database (https://www.gbif.org/dataset/cd023c5e-8729-41b2-b9df-
1419289c0e40) includes 813 records. Most records (458) were obtained from the 
ALA repository, followed by literature (174) obtained from 63 reviewed articles, GBIF 
(128), and new sampling records (53).

Dubious records

Laevilitorina antarctica (Smith, 1902), originally described from Cape Adare in the 
Ross Sea, is also reported in GBIF from Macquarie Island (https://www.gbif.org/es/
occurrence/search?taxon_key=9810991). However, this species has historically been 
reported primarily from the biogeographic provinces of East Antarctica and West Ant-
arctica (Arnaud and Bandel 1976; Dell 1990). Therefore, the presence of L. antarctica 
on Macquarie Island requires confirmation and was not included in our database.

New record

This study includes the first record of the species Laevilitorina delli Powell, 1955, in 
GBIF database, previously described by Powell (1955) from the South Island of New 
Zealand and Antipodes Island.
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Morphological identification

All newly collected Laevilitorina specimens identified in this study showed morpho-
logical characteristics corresponding to those described in the literature (Fig. 1a–f ). 
The specimens of L. pygmaea Pfeffer, 1886 and L. venusta Pfeffer, 1886 identified from 
South Georgia are consistent with the morphological characteristics described by Mar-
tens and Pfeffer (1886) for these species (Fig. 1b, c). Individuals of L. pygmaea had a 
high spire, reddish-brown periostracum, with five convex whorls. The last whorl was 
50% of the total height of the spire and the aperture was ~ 59% of the length of the last 
whorl (Fig. 1b). L. venusta individuals were between 3.7 and 5.6 mm in height, with 
a short spire, and 4.5 convex whorls. The aperture was wide, occupying a little more 
than half of the total height of the shell (54%); the columellar callus was sharp, white 
and expanded towards the umbilicus, all characteristics again consistent with Martens 
and Pfeffer (1886) (Fig. 1c).

Figure 1. A Laevilitorina caliginosa (4.8 mm) B Laevilitorina pygmaea (2.5 mm) C Laevilitorina venusta 
(3.7 mm) D Laevilitorina claviformis (3.9 mm) E Laevilitorina umbilicata (2.8 mm) F Laevilitorina 
wandelensis (2.7 mm). Scale bars: 1 mm. Photographs by Sebastián Rosenfeld.
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Species richness

A total of 21 species of Laevilitorina were recorded in the Southern Hemisphere; West 
Antarctica was the province with the highest species richness (S = 8, Fig. 2a, b), fol-
lowed by the New Zealand sub-Antarctic islands, the south-east shelf of Australia 
(S = 4, Fig. 2a, b) and the south-west Australian Shelf (S = 3, Fig. 2a, b). The prov-
inces of Magellan, south New Zealand, and Indian Ocean sub-Antarctic islands had 
two species each (Fig. 2 a, b) and the remaining provinces had only one species each 
(Fig. 2 a, b). However, based on the latest molecular study of González-Wevar et al. 
(2022), there are four new species-level lineages of Laevilitorina in the Magellan prov-
ince where species richness would increase to six taxa (Fig. 2 a, b). The species with 
the highest number of records was L. caliginosa (Gould, 1849) (158). Most of these 
records came from the Magellan province (79), of which nine were from the Falkland/
Malvinas Islands.

Within the West Antarctic province eight species were reported, of which 
L.  venusta and Laevilitorina granum Pfeffer, 1886 were recorded exclusively from 
South Georgia (Fig. 3), while L. wandelensis (Lamy, 1906) and L. antarctica were 
recorded exclusively from Antarctic provinces, without no records from South 
Georgia (Fig. 3).

Figure 2. a Delimitation of Antarctic and Southern Ocean marine biogeographic provinces according to 
Spalding et al. (2007) and Koubbi et al. (2014) b Species richness of Laevilitorina in each of the biogeo-
graphical provinces. The dotted lines in the Magellan Province show the new richness value based on the 
revision of González-Wevar et al. (2022).
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Only two species were recorded from the main New Zealand islands, L. alta 
(Powell, 1940) from North Island and L. delli from South Island. Three species were 
reported from Campbell, Antipodes and Auckland Islands, L. aucklandica (Powell, 
1930), L. bifasciata Suter, 1913 and L. antipodum (Filhol 1880), none of which were 
shared with the North and South Islands of New Zealand (Fig. 3). In Australia, four 
species, L. johnstoni (Cotton, 1945), L. mariae (Tenison Woods, 1876), L. bruniensis 
(Beddome, 1883), and L. kingensis (May, 1924), were recorded from mainland 
Australia. L. johnstoni would be the only species restricted to mainland Australia, while 
L. kingensis, L. mariae, and L. bruniensis are also present in Tasmania (Fig. 3).

Based on our new sampling data only, we identified and reported seven Laevilitorina 
species in the Magellanic Province (L. caliginosa), Falkland/Malvinas Islands 
(L. caliginosa, L. latior), South Georgia (L. caliginosa, L. pygmaea, L. venusta; Fig. 1b, 
c), Kerguelen and Crozet Islands (L. caliginosa), South Orkney Islands (Signy Island) 
(L. caliginosa), and Antarctic Peninsula (L. caliginosa, L. claviformis, L. umbilicata, 
L.  wandelensis; Fig. 1d–f ), adding 43 new records to the previously available data. 
These new records are generally consistent with the existing literature and GBIF data, 

Figure 3. The distributions of the 21 different Laevilitorina species in the Southern Hemisphere. The 
colours below each panel indicate the geographic distribution of each species. Drawings of each species 
were made from holotypes or from illustrations made in published revisions (Gould 1849; Martens and 
Pfeffer 1886; Smith 1902; Lamy 1906; Suter 1913; Preston 1916; May 1924; Powell 1933; Powell 1940; 
Cotton 1945; Powell 1955; Dell 1964).
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with the exceptions of (i) new records of L. caliginosa on Horn and Diego Ramirez 
Islands, (ii) L. umbilicata on Avian Island, and (iii) L. caliginosa on Lagotellerie Island, 
the latter two being the southernmost records of both species.

Discussion

The increasing application of integrated taxonomy coupled with new modelling ap-
proaches, requires data to be Findable, Accessible, Interoperable, and Reusable in the 
long term (Wilkinson et al. 2016). There is a need to revise the geographic distribution 
and taxonomic description of many taxa, as it can provide information about changes 
in the composition of communities in different environments, particularly in sensitive 
ecosystems (Maturana et al. 2019). A number of studies have already discussed the im-
portance of making an updated revision of the taxonomic status of several Laevilitorina 
species throughout their distribution (Powell 1960; Reid 1989; Engl 2012).

The compilation and unification of records of Laevilitorina in the Southern Hemi-
sphere presented here contributes to improve our knowledge of the diversity and bioge-
ography of the members of the genus in twelve biogeographic provinces of the South-
ern Hemisphere. However, it is also important to note that, despite the unification and 
update of records of Laevilitorina, this study does not reflect the full systematic and 
biogeographic complexity of this genus. Distribution data are not currently available 
for many members of the genus, which have not been reported since their description. 
For example, among the five species of Laevilitorina described from South Georgia, 
three of them (L. pygmaea, L. venusta, and L. granum) have not been reported since 
their original description (Castellanos 1989), leaving doubts about the taxonomic va-
lidity of these species (Castellanos 1989; Reid 1989; Engl 2012).

In this study, the report of L. pygmaea is only the third record of the species, in ad-
dition to being the first record from shallow depths thereby extending our knowledge 
of its bathymetric range. Previously, L. pygmaea had been reported between 252 and 
310 m depth (Castellanos 1989). Similarly, the record of L. venusta is the first report 
of this species since its description by Martens and Pfeffer (1886). In general, the mor-
phology of new L. pygmaea and L. venusta specimens corresponded well with the origi-
nal descriptions. However, in our individuals of L. pygmaea the aperture was slightly 
higher than that described by Martens and Pfeffer (1886). This difference could be 
due to morphological plasticity within L. pygmaea, as it has been reported for other 
species of the genus (Reid 1989; Engl 2012). In the case of L. venusta, our specimens 
presented characteristics and measurements similar to those described by Martens and 
Pfeffer (1886), where the length of the opening of our specimens represented ~ 54% 
of the total height of the shell, the same as the measurements of the holotype of Mar-
tens and Pfeffer (1886). The morphology of L. venusta is quite similar to that of the 
widely distributed L. caliginosa, a species characterised by wide morphological plastic-
ity throughout its distribution (see Engl 2012; González-Wevar et al. 2022). However, 
measurements of specimens of L. caliginosa from the Falkland/Malvinas Islands and 
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South Georgia show a longer and more expanded aperture than L. venusta, occupying 
between 58 and 67% of the total height of the shell (Castellanos 1989; Zelaya 2005). 
In this sense, it would be interesting in the future to carry out molecular studies with 
the species of South Georgia to corroborate the validity of the species described in 
that site. The recent study by González-Wevar et al. (2022) was able to detect only 
two lineages of Laevilitorina there: i) one that would correspond to L. caliginosa and 
ii) a second lineage that is also distributed in the Antarctic Peninsula and expands its 
distribution towards sub-Antarctic islands of the Indian Ocean like Marion, Crozet, 
and Kerguelen. The latter does not resemble any known South Georgian species and 
probably represents a new species (González-Wevar et al. 2022).

Taxonomic uncertainties within the genus Laevilitorina are related both to the 
morphological plasticity that exists in at least some species (Reid 1989; Engl 2012) and 
also to practical logistical challenges in accessing species’ type localities and the level 
of geographical accuracy relating to some records. For example, the type locality of 
L. caliginosa (Gould (1849) is described as “Terra del Fuego”, which covers a large and 
diverse area and could generate many ambiguities for researchers attempting to collect 
correctly identified individuals from this locality. Tierra del Fuego is one of the largest 
islands in southern South America and extends south and east of the Strait of Magellan 
between the Atlantic and Pacific Oceans. Gould’s description was made using material 
collected during the “United States Exploring Expedition” carried out between 1838 
and 1842 (Gould 1849). Fortunately, in the narrative of this expedition (Wilkes 1845; 
chapter VI, “Terra del Fuego”) it is specified that the ship was in Orange Bay located in 
Hoste Island (see Wilkes 1845: 123) when this material was collected. Consequently, 
the type locality of L. caliginosa can be defined as Orange Bay in Hoste Island, and not 
the coastal area of Tierra del Fuego.

Historically, because of the complexity of obtaining material due to the wide distri-
bution of Laevilitorina, taxonomic revisions have been restricted to certain geographic 
areas (e.g., Powell 1951, 1957; Dell 1964; Arnaud and Bandel 1976; Zelaya 2005; Engl 
2012). The most complete review published to date was by Reid (1989), where he ana-
lysed material from Antarctica (L. antarctica), sub-Antarctic Islands (L. caliginosa and 
L. hamiltoni), New Zealand (L. alta), and Australia (L. bruniensis and L. mariae). This 
represents a very low percentage of the diversity of the entire genus. In addition, some 
of the described species present morphological similarities, which makes identification 
more complex (Reid 1989) and therefore caution must be exercised with some historical 
records. Fortunately, several of the described species have material deposited in museums 
(e.g., ALA 2022), which would allow a more extensive revision of the group. Therefore, 
a systematic revision of Laevilitorina is currently very relevant to understand better the 
current status of this genus, its richness and distribution in the Southern Hemisphere.

Laevilitorina is one of the most widely distributed genera of marine gastropods 
at high latitudes in the Southern Hemisphere (Reid 1989; this study). The 21 species 
of Laevilitorina have different distribution patterns (Fig. 3). For example, seven 
of the 21 Laevilitorina species reported in this study have different distribution 
ranges (L.  caliginosa, L. latior, L. pygmaea, L. venusta, L. claviformis, L. umbilicata, 
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L. wandelensis) (Fig. 4b). Laevilitorina latior has been reported exclusively from the 
Falkland/Malvinas Islands (Preston 1912), L. claviformis and L. wandelensis exclusively 
from Antarctic Peninsula (Reid 1989; Engl 2012), and L. venusta only from South 
Georgia (Castellanos 1989; Zelaya 2005). Laevilitorina umbilicata and L. pygmaea have 
wider distribution ranges, including both South Georgia and the Antarctic Peninsula 
(Zelaya 2005; Engl 2012). Laevilitorina caliginosa has by far the widest distribution, 
being recorded in four Southern Ocean biogeographic provinces (i.e., Magellan, 
West Antarctica, Indian Ocean sub-Antarctic, and Macquarie Island). Nevertheless, 
as previously stated, the taxonomy within this taxon is much more complex than 
previously thought (González-Wevar et al. 2022).

The majority of Laevilitorina species inhabit shallow rocky coasts and may be 
associated with different species of macroalgae (Simpson 1972; Reid 1989; Amsler 
et al. 2015; Rosenfeld et al. 2017). Another important characteristic of this genus is 
the absence of pelagic larva: the female deposits egg masses on rocks or macroalgae 
from which the juvenile subsequently hatches (Picken 1979; Simpson and Harrington 
1985) (Fig. 4a). In the literature, this type of benthic protected development is 
often assumed to be associated with restricted dispersal capability and hence narrow 
geographic range (Simpson and Harrington 1985; Barroso et al. 2022), a feature of the 
majority of Laevilitorina species (Fig. 4b). On the basis of reproductive strategy, the 
wide distribution of L. caliginosa is paradoxical and exceptional within the genus (Reid 
1989; Griffiths and Waller 2016) (Fig. 4b). Some authors (Griffiths and Waller 2016; 
González-Wevar et al. 2022) have suggested that dispersal associated with dislodged 
rafts of the seaweed Durvillaea antarctica Hariot, 1882 may have facilitated the species’ 
wider establishment, since both species co-occur across most of their distribution 
ranges. However, a recent phylogenetic study of L. caliginosa evidenced that this taxon 
does not correspond to a widely distributed species, but rather to multiple divergent 
lineages distributed along the SO (González-Wevar et al. 2022). In fact, phylogenetic 
reconstructions recognised the presence of at least seven Laevilitorina lineages within 
the nominal taxon L. caliginosa. Of these, six species are endemic to the Magellan 
Province and most of them are new to science (González-Wevar et al. 2022). Just 
one “caliginosa” lineage has a broad distribution that includes the Antarctic Peninsula, 
South Georgia and sub-Antarctic islands of the Indian Ocean (Marion, Crozet, and 
Kerguelen islands) (González-Wevar et al. 2022). Hence, the taxonomy of Laevilitorina 
is still unsettled and requires a detailed revision. Previously the Magellan province was 
considered as a species-poor area for Laevilitorina, in fact it represents an area where 
the genus diversified over the last 30 million years (González-Wevar et al. 2022).

This study shows a detailed review of the records, distribution and richness 
patterns of the genus Laevilitorina throughout its range. However, more research 
and sampling effort is still needed to “recover” and confirm many of the Laevilitorina 
species that are present throughout the sub-Antarctic Islands. In addition, based 
on the results of González-Wevar et al. (2022) and this work, we conclude that it 
is important to continue investigating this genus because: i) the recent discovery of 
new lineages in the Magellan province highlights the need for a thorough taxonomic 
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Figure 4. a Life cycle of members of the genus Laevilitorina without a planktotrophic larval stage, i) 
general view of the egg mass with early-stage embryos, ii) late-stage embryos, iii) recently hatched juve-
niles, iv) developing adult, and v) male and female of the genus (photographs S. Rosenfeld) b Latitudinal 
distribution of Laevilitorina species in the Southern Hemisphere, grey bars indicate presence in a single 
geographic area or island.
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revision of Laevilitorina species and improved estimate of the genus diversity, and 
ii) the marked endemism of some species along with differences in species richness 
across the Southern Hemisphere marine provinces suggest contrasting biogeographical 
patterns of importance for conservation issues and evolutionary studies. Finally, these 
differences raise further questions about the underlying processes and mechanisms 
associated with the evolution of this genus in the Southern Hemisphere.
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A B ST R A CT 

The marine gastropod genus Laevilitorina is exclusive to the Southern Hemisphere, with 21 species from southern South America, Antarctica, 
Australia, New Zealand, and sub-Antarctic Islands. We present a comprehensive revision of Laevilitorina, using molecular and morphological 
analyses, to address formally the interspecific divergences within the nominal taxon Laevilitorina caliginosa s.l. We confirm the validity of L. 
caliginosa and Laevilitorina venusta, and we demonstrate that specimens from the Strait of Magellan and Hornos Island constitute four new spe-
cies here described: Laevilitorina magellanica sp. nov., Laevilitorina pepita sp. nov., Laevilitorina fueguina sp. nov., and Laevilitorina hicana sp. nov. 
All six species are clearly distinguishable genetically, morphologically, and through radular tooth shape and configurations. Laevilitorina venusta 
is broadly distributed across the Antarctic Peninsula, South Georgia, and sub-Antarctic Islands (Marion, Crozet, Kerguelen, and Macquarie), 
whereas L. caliginosa s.s. appears geographically restricted to Cape Horn, the Falkland/Malvinas Islands, and South Georgia. The identification 
of populations from Macquarie Island as L. caliginosa is dubious; we suggest that these records are likely to pertain to L. venusta. This detailed 
revision of Laevilitorina, whereby hidden diversity was detected, significantly enriches our knowledge of the evolutionary history of this group.

Keywords: Antarctica; speciation; molecular phylogeny; biogeography; South America; Bayesian analysis; Gastropoda; new species; 
morphological comparison; vicariance

I N T RO D U CT I O N
Periwinkles of the family Littorinidae include > 200 species of 
small marine gastropods highly abundant on littoral ecosystems 
across temperate and tropical regions (Williams et al. 2003). 
Littorinids represent one of the most ubiquitous molluscan 

components of marine near-shore hard-substrate communi-
ties and are some of the most intensively studied organisms in 
ecology (Eschweiler et al. 2009), evolution ( Johanesson 2003), 
speciation (Williams and Reid 2004, Galindo and Grahame 
2014), physiology (McMahon 2001, Liao et al. 2017, Dwane et 
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al. 2021), behaviour (Ng et al. 2017), reproduction ( Johanesson 
et al. 1995, Ng et al. 2019), and systematics (Reid 1989, 1996, 
Williams et al. 2003, Reid et al. 2012, González-Wevar et al. 
2022). Moreover, periwinkles have been widely used as model 
organisms in microevolutionary studies of natural selection and 
genetic differentiation ( Johanesson et al. 1995, McQuaid 1996, 
Wildings et al. 2001, Reid et al. 2006) and for macroevolutionary 
studies including adaptive radiation and historical biogeography 
(Reid et al. 1996, 2012, Williams et al. 2003, Reid and Williams 
2004). Nevertheless, most of the evolutionary studies on this 
family have been conducted on temperate groups, and little is 
known about the origin, the evolutionary relationships, and the 
diversification of higher-latitude Antarctic and sub-Antarctic 
taxa (González-Wevar et al. 2022).

Laevilitorina Pfeffer, 1886 is the most species-rich genus 
of high-latitude littorinids, with 21 nominal species (http://
marinespecies.org) occurring across the Southern Ocean and 
nearby waters (Rosenfeld et al. 2022). Species of this genus 
are gonochoric and exhibit benthic-protected development, in 
which small juveniles emerge directly from egg masses (Simpson 
and Harrington 1985). The predominance of this reproductive 
mode in Southern Ocean marine invertebrates, and particularly 
in higher-latitude littorinids, seems to represent a key evolu-
tionary feature that has enhanced diversification and speciation 
potential (Reid 1989, Poulin and Feral 1996, Poulin et al. 2002, 
Pearse et al. 2009, Thatje 2012, Chenuil et al. 2018, Crame 2018, 
Halanych and Mahon 2018).

Four species [Laevilitorina bruniensis (C. E. Beddome, 1883), 
Laevilitorina johnstoni (Cotton, 1945), Laevilitorina kingensis 
(May, 1924), and Laevilitorina mariae (Tenison Woods, 1876)] 
are currently found in southern Australia, whereas Laevilitorina 
alta (Powell, 1940) is endemic to the North Island of New 
Zealand. The remaining species are restricted to Antarctic 
and sub-Antarctic hard-bottom ecosystems, where they can 
be abundant on intertidal and subtidal macroalgae, on which 
they graze and reproduce (Iken 1999, Amsler et al. 2015, 2019, 
Rosenfeld et al. 2017). Three Laevilitorina species are restricted 
to the Antarctic Peninsula: Laevilitorina antarctica (E. A. Smith, 
1902), Laevilitorina claviformis Preston, 1916, and Laevilitorina 
wandelensis (E. Lamy, 1906). Other Antarctic Peninsula spe-
cies (Laevilitorina umbilicata Pfeffer, 1886 and Laevilitorina 
pygmaea Pfeffer, 1886) are also found on sub-Antarctic South 
Georgia, where they coexist with two apparently endemic taxa, 
Laevilitorina granum Pfeffer, 1886 and Laevilitorina venusta 
Pfeffer, 1886. Several species are restricted to geographically 
isolated sub-Antarctic islands: Laevilitorina latior Preston, 1912 
from the Falkland/Malvinas Islands and Laevilitorina heardensis 
Dell, 1964 from Heard Island, while Laevilitorina macphersonae 
(Dell, 1964), and Laevilitorina hamiltoni (E. A. Smith, 1898) 
are endemic to Macquarie Island. Additionally, several spe-
cies are restricted to sub-Antarctic islands of New Zealand, 
including Laevilitorina bifasciata Suter, 1913 and Laevilitorina 
delli (Powell, 1955) from the Antipodes Islands, Laevilitorina 
aucklandica (Powel, 1933) from the Auckland, Chatham, and 
Stewart Islands, and Laevilitorina antipodum (Filhol, 1880) from 
Campbell and Auckland Islands.

Despite the high levels of endemism and the restricted geo-
graphical distribution recorded in most of the members of the 
genus, a single taxon, Laevilitorina caliginosa A. Gould, 1849, 

exhibits an apparently broad distribution. Populations occur all 
around the Southern Ocean, including southern South America, 
the Falkland/Malvinas Islands, the Antarctic Peninsula, South 
Georgia, Marion, Crozet, Kerguelen, and Macquarie Islands 
(Simpson and Harrington 1985, Reid 1989, Reid et al. 2012, 
Griffiths and Waller 2016). This species represents one of the 
few examples of a near-shore marine invertebrate distributed 
across the whole Southern Ocean and, accordingly, constitutes a 
very interesting biogeographical model for evolutionary studies.

Nevertheless, as Reid et al. (1996) argued, a revision of 
Laevilitorina is essential to understand the systematics, patterns 
of diversity, and distribution of this cold-adapted, morphologic-
ally confusing group of periwinkles. Subsequently, a recent study 
of L. caliginosa using multilocus phylogenetic reconstructions, 
species-delimitation analyses, and divergence-time estimations 
(González-Wevar et al. 2022) identified seven species-level 
clades within this nominal taxon. Moreover, geometric mor-
phometric analyses identified significant statistical differences 
among the clades (González-Wevar et al. 2022). Accordingly, 
the diversification of Laevilitorina does not fit with a cryptic spe-
ciation scenario: cladogenesis was, in fact, accompanied by mor-
phological differentiation. The single Antarctic ‘caliginosa’ clade 
was shown to have an expanded distribution including Marion, 
Crozet, Kerguelen, and Macquarie Islands. In particular, most di-
versity was found in southern South America, with the presence 
of six different species, with at least four of them undescribed 
(González-Wevar et al. 2022).

In this study, we present a taxonomic revision of the higher-
latitude Laevilitorina species examined by González-Wevar et al. 
(2022), in which we describe four new South American taxa. 
Simultaneously, we revise the accepted distribution of some 
Antarctic and sub-Antarctic species of the genus, making key ad-
justments to previously published records. This study constitutes 
a first step in a comprehensive revision of this broadly distributed 
group of Antarctic and sub-Antarctic periwinkles. In making this 
revision, we provide new information concerning the evolution, 
patterns of diversity, and biogeography of an important element 
of the Southern Ocean near-shore marine benthic biota.

M AT E R I A L S  A N D  M ET H O D S

Taxon sampling
Specimens of L. caliginosa s.l. were collected between 2015 and 
2021 from different localities in the Southern Ocean across the 
species distribution from southern South America, including 
the Strait of Magellan (Chabunco, Port Famine, Leñadura, and 
Porvenir) and Cape Horn (Beagle Channel, Hornos Island), to 
the Falkland/Malvinas Islands, and from maritime Antarctica 
and several sub-Antarctic Islands (South Georgia, Marion, 
Crozet, Kerguelen, and Macquarie) (for georeference details, 
see Rosenfeld et al. 2022). We include in this revision individ-
uals of four new Laevilitorina species (González-Wevar et al. 
2022), described below. These new taxa exhibit morphological 
features that do not match those described for nominal species 
in the genus from the Southern Ocean, particularly those from 
southern South America. In addition to the material used by 
González-Wevar et al. (2022), we included in this revision 20 in-
dividuals from Macquarie Island. Lineages from the Falkland/
Malvinas Islands were not considered in this revision, owing to 
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the lack of material. Specimens were fixed in ethanol (95%) for 
molecular analyses, and phylogenetic reconstructions included 
≥ 10 individuals for each recognized Laevilitorina lineage. Each 
individual was photographed for morphological analyses. Non-
type material examined, and nucleic acids are available in the 
collection of the Laboratorio de Genómica y Ecología Molecular 
Antártica y sub-Antártica (LAGEMAS) at Universidad Austral 
de Chile, Valdivia, Chile. The respective voucher and accession 
numbers are listed by González-Wevar et al. 2022.

Shell and radular morphology
The identification of species was done following Arnaud and 
Bandelt (1976), Reid (1989), and Engl (2012) and through 
the original descriptions (A. Gould 1849, von Martens and 
Pfeffer 1886, E. A. Smith 1902, Preston 1912, 1916). Shell di-
mensions were measured using the Micrometrics® SE software 
in an OLYMPUS® CX31 stereomicroscope attached to a camera. 
Morphological measurements were taken following Reid (2007) 
and included the following: shell height (H), corresponding to 
the maximum dimension parallel to the axis of coiling; shell 
breadth (B), corresponding to the maximum dimension perpen-
dicular to H; and the length of the aperture (LA), corresponding 
to the greatest length from the junction of the outer lip with the 
penultimate whorl to the anterior lip. Shell shapes of the ana-
lysed species were quantified as the ratios, H/B and H/LA [rela-
tive spire height (SH)]. Other characteristics, such as sculpture 
and shell coloration, were also examined.

In order to avoid ontogenetic variation in shell and radular 
morphology, we included in the analyses only adult specimens. 
Radulae of Laevilitorina specimens were dissected and placed in 
sodium hydroxide solution (10%) for 6 h at 50°C before being 
rinsed with distilled water. Radular morphology was examined 
by scanning electron microscopy (SEM) at Universidad Austral 
de Chile Microscopy Center and compared with previous 
radular analyses of other Laevilitorininae species. Other radulae 
were incubated in household bleach for 30 s, rinsed in distilled 
water, and photographed using a stereomicroscope.

Molecular phylogenetics
We sequenced fragments of the mitochondrial cytochrome  
c oxidase subunit I (COI) and the nuclear 28S rRNA. Primers 
and the PCR conditions and sequencing procedures followed 
González-Wevar et al. (2022). Sequences were assembled 
and edited independently using GENEIOUS v.5.1.7 (Kearse 
et al. 2017) and MEGA X (Kumar et al. 2018), whereas align-
ments and the base composition of nucleotide sequences used 
Muscle (Edgar 2004) in MEGA. Laevilitorina sequences are 
available in GenBank under the following accession numbers: 
COI (MZ321820–MZ321864) and 28S rRNA (MZ381414–
MZ381445). Laevilitorina phylogenies were estimated using 
maximum parsimony (MP), maximum likelihood (ML), 
and Bayesian inference (BA) following González-Wevar et al. 
(2022). Before the analyses, we executed a saturation test for 
both genes in DAMBE v.5 (Xia 2013). These analyses recorded 
little evidence of saturation for either of the analysed fragments. 
Based on the phylogenetic relationships obtained by González-
Wevar et al. (2022), we selected as outgroup the sister genus 
Laevilacunaria.

Phylogenetic analyses were carried out using MEGA (MP and 
ML) and MrBayes v.1.3.1 (BA) (Huelsenbeck and Ronquist 

2001). Nucleotide substitution models for ML and BA were de-
termined for each marker independently and for the concaten-
ated dataset in jModelTest 2 (Darriba et al. 2012), using the 
Akaike information criterion (AIC) and the Bayesian informa-
tion criterion (BIC), respectively. Nodal support values in MP 
and ML reconstructions were estimated using non-parametric 
bootstrap with 1000 pseudoreplicates (Felsenstein 1981). 
Likewise, Bayesian posterior probabilities were estimated 
through the Metropolis coupled Markov chain Monte Carlo 
(MCMC) algorithm following González-Wevar et al. (2022). 
Posterior probability densities were plotted as a maximum clade 
credibility tree using TreeAnnotator v.1.6.1 (http://beast.
bio.ed.ac.uk/TreeAnnotator) and visualized using FigTree 
v.1.4.3 (http://tree.bio.ed.ac.uk/software/Figtree/).

R E SU LTS
As previously demonstrated (González-Wevar et al. 2022), the 
mitochondrial (COI) and nuclear (28S rRNA) reconstruc-
tions divided the nominal species L. caliginosa into several 
different species-level clades, which fell into two main mono-
phyletic groups. Main clade I comprised species from the Strait 
of Magellan (Laevilacunaria magellanica sp. nov., Laevilacunaria 
fueguina sp. nov., and Laevilacunaria pepita sp. nov.), in addition 
to L. venusta from the Antarctic Peninsula and sub-Antarctic 
Islands (South Georgia, Marion, Crozet, Kerguelen, and 
Macquarie), and a presumptive species-level clade including 
the nominal Antarctic species L. antarctica, L. umbilicata, and  
L. claviformis (Fig. 1; light red rectangle). Main clade II con-
tained L. caliginosa s.s., with populations from Cape Horn 
(Beagle Channel, Navarino Island, Ushuaia, and Hornos Island), 
the Falkland/Malvinas Islands, and South Georgia, and the spe-
cies Laevilacunaria hicana sp. nov. from Hornos Island (Fig. 1; 
light blue rectangle).

S Y ST E M AT I C S

Class Gastropoda Cuvier, 1795

Subclass Caenogastropoda Cox, 1960

Order Littorinimorpha Golikov & Starobogatov, 1975

Superfamily Littorinoidea Children, 1834

Family Littorinidae Children, 1834

Subfamily Laevilitorininae Reid, 1989

Genus Laevilitorina Pfeffer, 1886
Laevilitorina Pfeffer, 1886: 81.

Type species: Littorina caliginosa A. Gould, 1849 [type by subse-
quent designation (Suter 1913)].

Laevilitorina magellanica González-Wevar & Rosenfeld  
sp. nov.

(Fig. 2)
Laevilitorina caliginosa – Ríos and Gerdes 1997: 51; Mutschke 
et al. 1998: 13; Ingólfsson 2005: 176; Rosenfeld et al. 2018: 9.

Laevilitorina caliginosa L1 – González-Wevar et al. 2022: 1527.
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4 • Rosenfeld et al.

Figure 1. Bayesian maximum credibility tree of Laevilitorininae (Laevilitorina and Laevilacunaria) relationships based on mitochondrial DNA 
(COI) and nuclear DNA (28S rRNA) sequences. Bootstrap support values for maximum parsimony, maximum likelihood, and Bayesian 
posterior probabilities are shown above the nodes (in that order). Divergence time estimations were performed based on mitochondrial DNA 
sequences using a calibrated littorinid phylogeny following Reid et al. (2012).
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Figure 2. Laevilitorina magellanica, Chabunco, Strait of Magellan, southern South America. Scale bars: 1 mm unless specified otherwise. A–C, 
shell morphology and coloration of L. magellanica in the Strait of Magellan. D–F, radular morphology (SEM), showing a general view (D), 
lateral view (E), and inner marginal showing denticles (white arrows; F). G, distribution of L. magellanica in the Strait of Magellan.
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Zoobank registration:  zoobank.org:act:BF37AA2E-2ADB- 
45F9-8EDA-6EAEA4B479A5.

Holotype: MNHNCL MOL-205424, ~25 km north of Punta 
Arenas (−52.987406°S, −70.812342°W), Strait of Magellan, 
Chile, 21 June 2015, collected by Claudio González-Wevar and 
Sebastián Rosenfeld.

Paratypes: MNHNCL MOL-205425; MNHNCL MOL-
205426; MNHNCL MOL-205427; MNHNCL MOL-205428.

Description
Shell: Small (maximum height 4.03 mm), typical Laevilitorina 
morphology: fusiform with rounded to almost straight whorls, 
suture impressed, concave spire profile, apex blunt. Aperture 
rounded, slightly ovoid and ≤ 54% of total H (Fig. 2A–C). 
Macroscopic spiral and axial sculpture absent. Multiple fine 
growth lines over whole shell. Columella smooth, inner lip 
barely reflected over narrow and shallow umbilicus; outer lip 
thin, simple; no evidence of thickening. Colour variable: reddish 
to dark or olive brown, often with small white spots, irregular 
in size and position. Operculum corneous. Mature H 3.01–
4.06 mm (H/B = 1.25–1.53, SH = 1.77–2.01) (Supporting 
Information, Table S1).

External anatomy: Ventral area of foot orange, cephalic area 
black.

Radula: Rachidian: seven cusps, central cusp rounded, longest, 
in some cases with small denticles at end (Fig. 2D). First pair 
of flanking cusps pointed, about half size of central cusp; outer 
cusps smaller, also pointed. Lateral: six or seven cusps, main 
cusp more rounded with denticulate end, accompanied by two 
pointed outer cusps and three or four inner ones (Fig. 2E). Inner 
marginal: six or seven cusps, pointed and of similar size, except 
for broader main cusp, which terminates with denticulate end 
(Fig. 2F). Outer marginal: nine thin and pointed cusps.

Holotype dimensions: Length 3.19 mm, width 2.34 mm.

Depositories: Holotype MNHNCL MOL-205424. Museo 
Nacional de Historia Natural, Chile.

Type locality: Chabunco (52°59ʹ14.66″S, 70°48ʹ44.43″W), Strait 
of Magellan, Chile (Fig. 2G).

Habitat: Rocky intertidal shores of the central micro-basin of the 
Strait of Magellan. Laevilitorina magellanica is commonly found 
in rock crevices, underneath boulders and/or also on the beds of 
the mytilid Perumytilus purpuratus (Lamarck, 1819).

Material studied: Faro San Isidro, Strait of Magellan (−53.785572°S, 
−70.973522°W), n = 30; Port Famine, Strait of Magellan 
(−53.609464°S, −70.931500°W), n = 80; Punta Carrera, Strait 
of Magellan (−53.586367°S, −70.923372°W), n = 50; Leñadura, 
Strait of Magellan (−53.213428°S, −70.938350°W), n = 50; 
Chabunco (−52.987496°S, −70.812342°W), n > 100; Possession 
Bay (−52.232083°S, −69.297419°W), n = 20 (Fig. 2G).

Etymology: The type locality of this species is the Strait of 
Magellan.

Remarks: In general, owing to the significant morphological 
plasticity recorded in the nominal species L. caliginosa (Reid 
1989; Engl 2012), this new species was previously reported from 
the Strait of Magellan as L. caliginosa. Nevertheless, in terms of 
morphology, this new Laevilitorina species is characterized by its 
small size. In contrast to L. caliginosa and L. fueguina, which ex-
ceed 5 mm in shell height, the maximum size of L. magellanica 
does not exceed 4.10 mm. Moreover, L. magellanica differs from 
L. fueguina by having a larger spire size and slightly more convex 
whorls and differs from L. caliginosa by having a larger aperture 
length. Moreover, L. magellanica differs from other Antarctic and 
sub-Antarctic Laevilitorina in having denticles on the main cusps 
of the lateral and inner marginal teeth (Fig. 2E, F).

Laevilitorina fueguina González-Wevar & Rosenfeld sp. nov.

(Fig. 3)
Laevilitorina caliginosa L2 – González-Wevar et al. 2022: 1527.

Zoobank registration:  zoobank.org:act:D3644473-71B7- 
4D0E-B8B7-65DFC0761650.

Holotype: MNHNCL MOL-205434, ~100 km south of Porvenir 
(−53.313637°S, −70.458217°W), Tierra del Fuego, Strait of 
Magellan, 22 May 2016, collected by Claudio González-Wevar 
and Sebastián Rosenfeld.

Paratypes: MNHNCL MOL-205435; MNHNCL MOL-
205436; MNHNCL MOL-205437; MNHNCL MOL-205438.

Description
Shell: Small (maximum height 5.84 mm), typical Laevilitorina 
morphology: fusiform with rounded to almost convex whorls, 
suture impressed, concave spire profile, apex blunt. Macroscopic 
spiral and axial sculpture absent, but fine growth lines on whole 
shell. Aperture ovoid, expanded and ≤ 56% of total H (Fig. 
3A–C). Peristome continuous, columella smooth and oblique, 
inner lip barely reflected over narrow and shallow umbilicus; 
outer lip thin, simple, with no evidence of thickening. Teleoconch 
opaque but last whorl slightly translucent. Colour uniformly red-
dish brown to dark brown (Fig. 3A–C). Operculum corneous. 
Mature H 4.70–5.84 mm (H/B = 1.00–1.41, SH = 1.60–2.00) 
(Supporting Information, Table S2).

External anatomy: Ventral area of foot orange, cephalic area 
black.

Radula: Rachidian: shows seven cusps, central cusp longest (Fig. 
3D), sometimes rounded with small denticles at end (Fig. 3E). 
First pair of flanking cusps pointed; outer cusps much smaller, 
pointed or rounded. Lateral: six or seven cuspids (Fig. 3F), main 
cusp more rounded, accompanied by two or three pointed outer 
cusps and three continuously smaller inner cusps. Inner marginal: 
six or seven cusps, of similar size, main cusp rounded, accom-
panied by one or two pointed outer cusps and four rounded inner 
cusps. Outer marginal: seven to nine thin and pointed cusps.

Holotype dimensions: Length 5.49 mm, width 4.25 mm.

Depositories: Holotype MNHNCL MOL-205434. Museo 
Nacional de Historia Natural, Chile.
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Figure 3. Laevilitorina fueguina, Boquerón and Chabunco, Tierra del Fuego and Brunswick Peninsula, southern South America. Scale bars: 
1 mm unless specified otherwise. A–C, shell morphology and coloration of L. fueguina from Boquerón, Tierra del Fuego (A, B) and from 
Chabunco, Strait of Magellan (C). D–F, radular morphology (SEM), showing a general view (D), rachidian showing denticles (white arrow; 
E), and lateral view (F). G, distribution of L. fueguina in the Strait of Magellan.
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8 • Rosenfeld et al.

Type locality: Boquerón, Tierra del Fuego (−53.753758°S, 
−70.143961°W), Strait of Magellan, Chile (Fig. 3G).

Habitat: Rocky intertidal to subtidal shores on both sides of the 
Strait of Magellan, including Tierra del Fuego (Fig. 3G).

Material studied: Chabunco (−52.987406°S, −70.812342°W), 
n = 20; Santa María Bay, Tierra del Fuego (−53.392628°S, 
−70.373514°W), n = 30; Boquerón, Tierra del Fuego 
(−53.753758°S, −70.143961°W), n = 40.

Etymology: The type locality of this Laevilitorina species is Tierra 
del Fuego Island in the Strait of Magellan.

Remarks: Laevilitorina fueguina is characterized by its reddish-
brown colour (Fig. 3A–C) and the presence of denticles on the 
main teeth of the rachidian, which may vary in number from two 
to four (Fig. 3D, E). The coloration of L. fueguina is similar to that 
of the Antarctic nominal species L. claviformis and L. umbilicata. 
Shell morphology of L. fueguina resembles that of L. caliginosa 
s.s. and L. magellanica, but levels of molecular divergence, spe-
cies delimitation analyses, radular morphology, shell coloration, 
and geometric morphometrics differentiate it as a distinct evo-
lutionary unit.

Laevilitorina pepita González-Wevar & Rosenfeld sp. nov.

(Fig. 4)
Laevilitorina caliginosa L3 – González-Wevar et al. 2022: 1527.

Zoobank registration:  zoobank.org:act:C823DE09-7B80-427F- 
A2E9-2CE096719C69.

Holotype: MNHNCL MOL-205429, ~25 km north of Punta 
Arenas (−52.987406°S, −70.812342°W), Strait of Magellan, 21 
June 2015, collected by Claudio González-Wevar and Sebastián 
Rosenfeld.

Paratypes: MNHNCL MOL-205430; MNHNCL MOL-
205431; MNHNCL MOL-205432; MNHNCL MOL-205433.

Description
Shell: Small (maximum length 3.8 mm), fusiform with rounded 
to convex whorls, suture impressed, concave spire profile, apex 
blunt. Aperture ovoid, between 66% and 73% of total H (Fig. 
4A–C; Supporting Information, Table S3). Multiple fine growth 
lines, sometimes with soft spiral colour bands on the last whorl 
(Fig. 4A). Columella smooth, inner lip barely reflected over 
narrow umbilicus, outer lip thin, simple, and with no evidence 
of thickening. Teleoconch opaque, but last whorl slightly trans-
lucent. Colour very variable: creamy, pale brown, brown, and 
olive green. Some individuals have small white spots, irregular in 
size and position. Operculum corneous. Mature H 2.4–3.8 mm 
(H/B = 1.01–1.09, SH = 1.39–1.54) (Supporting Information, 
Table S3).

External anatomy: Ventral area of foot orange, cephalic area 
black.

Radula: Rachidian: seven cusps, central cusp long, rectangular 
and pointed (Fig. 4D, E). First pair of flanking cusps pointed; 
outer cusps much smaller, pointed or rounded. Lateral: five or 

six cusps, main cusp rectangular and pointed, accompanied by 
one smaller pointed outer cusp and three continuously smaller 
inner cusps. Inner marginal: six cusps, main cusp pointed and 
rectangular (Fig. 4F), accompanied by one smaller pointed outer 
cusp and four pointed inner cusps of similar size. Outer mar-
ginal: seven or eight thin and pointed cusps.

Holotype dimensions: Length 3.73 mm, width 3.17 mm.

Depositories: Holotype MNHNCL MOL-205429. Museo 
Nacional de Historia Natural, Chile.

Type locality: Chabunco (−52.987406°S, −70.812342°W), Strait 
of Magellan, Chile (Fig. 4G).

Habitat: Rocky intertidal to subtidal shores at the northern side 
of the Strait of Magellan (Fig. 4G).

Material studied: Faro San Isidro, Strait of Magellan 
(−53.785572°S, −70.973522°W), n = 30; Port Famine, Strait 
of Magellan (−53.699404°S, −70.931500°W), n = 80; Punta 
Carrera, Strait of Magellan (−53.586367°S, −70.923372°W), 
n = 50; Leñadura, Strait of Magellan (−53.213428°S, 
−70.938350°W), n = 20; Chabunco, Strait of Magellan 
(−52.987406°S, −70.812342°W), n = 60; Possession Bay, Strait 
of Magellan (−52.232083°S, −69.297419°W), n = 20.

Etymology: The morphology of L. pepita resembles a small 
seed = ‘pepita’ in Spanish.

Remarks: Among the Strait of Magellan species, L. pepita ex-
hibits the most distinct morphology and coloration (Fig. 
4A–C). This taxon exhibits a great variability of shell coloration, 
with the presence of spiral colour bands. It has a very short 
spire, and the last whorl is more globose than in the other South 
American Laevilitorina species. The radula of L. pepita is similar 
to that of L. magellanica, but the latter may exhibit denticles on 
the main cusps of the lateral and marginal teeth. This species, like 
L. magellanica, inhabits the intertidal zone and is also found in 
empty shells of the barnacle Notochthalamus scabrosus (Darwin, 
1854).

Laevilitorina venusta Pfeffer, 1886

(Fig. 5)
Hydrobia caliginosa – Smith, 1879: 173, pl. 9, fig. 8; Watson 
1886: 613.

Laevilitorina venusta – von Martens and Pfeffer 1886: 85, pl. 1, 
fig. 9a, b; Castellanos 1989: 18; Zelaya 2005: 118; Rosenfeld et 
al. 2022: 66, fig. 1c.

Littorina (Laevilitorina) coriacea – Melvill and Standen 1907: 
130, pl. 1, fig. 2.

Laevilitorina coriacea – Engl, 2012: 103.
Laevilittorina caliginosa – E. Lamy, 1905: 478; E. Lamy, 1906: 

112; E. Lamy, 1911: 8.
Laevilitorina caliginosa var. fulleri – Gaillard, 1971.
Laevilitorina caliginosa – Thiele, 1912: 235; Powell, 1957: 

128; Arnaud and Bandel 1976: 215, pl. 1, fig. 1; Cantera and 
Arnaud 1985: 40; Arnaud et al. 1986: 13; Jazdzewski et al. 2001: 
93; Waller et al. 2006: 662; Engl 2012: 102; Amsler et al. 2015: 
1175; Aghmich et al. 2016: 193; Martín et al. 2016: 212; Schrödl 
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Figure 4. Laevilitorina pepita, Chabunco, Strait of Magellan, southern South America. Scale bars: 1 mm unless specified otherwise. A–C, shell 
morphology and coloration of specimens collected at Chabunco, Strait of Magellan. D–F, radular morphology (SEM), showing a general view 
(D), rachidian (E), and inner marginal (F). G, the distribution of L. pepita in the Strait of Magellan.
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et al. 2016: 40; Rosenfeld et al. 2017: 4; Valdivia et al. 2020: 5; 
Amsler et al. 2022: 248.

Laevilitorina caliginosa L4 – González-Wevar et al. 2022: 1527.

Description
Shell: Small (maximum height 8 mm), typical Laevilitorina 
morphology: fusiform, with rounded to almost convex whorls, 
suture impressed, concave spire profile, apex blunt (Fig. 5A–G). 
Aperture varies from rounded to ovoid, between 46% and 55% 
of total H (Supporting Information, Table S4). Macroscopic 
spiral and axial sculpture absent, but multiple fine growth lines 
cover shell. Columella smooth, inner lip barely reflected over 
narrow and shallow umbilicus, outer lip thin, simple and with no 
evidence of thickening. Teleoconch opaque, but the last whorl 
slightly translucent. Significant colour variability characterizes 
populations of L. venusta, ranging across dark red, grey, brown, 
dark brown, and black (Fig. 5A–G). Some individuals uniformly 
coloured, others with small white spots, irregular in size and pos-
ition. Operculum corneous. Mature H 3.2–8 mm (H/B = 1.21–
1.40, SH = 1.66–1.98) (Supporting Information, Table S4).

External anatomy: Ventral area of foot orange, cephalic area 
black.

Radula: Rachidian: five to seven cusps, the central cusp is long, 
rectangular and very rounded (Fig. 5H–J), sometimes with 
a few small denticles at the end (Fig. 5I); first pair of flanking 
cusps pointed; outer cusps may be present as low, pointed cusps. 
Lateral: six or seven cusps, main cusp largest, broadest and 
rounded, accompanied by two smaller, pointed outer cusps and 
three or four continuously smaller pointed inner cusps. Inner 
marginal: five or six cusps, main cusp pointed and rectangular, 
accompanied by one or two smaller, very pointed outer cusps 
and four pointed inner cusps of similar size. Outer marginal: 
eight or nine thin and pointed cusps.

Habitat: Rocky intertidal to subtidal shores of the Antarctic 
Peninsula, the South Shetland Islands, and Signy Island, in add-
ition to sub-Antarctic Islands including South Georgia, Marion, 
Crozet, Kerguelen, and Macquarie (Fig. 5K).

Material studied: Penguin Island, South Shetland Islands 
(−62.103992°S, −57.939050°W); Arctowski Base, 
Admiralty Base, King George Island, South Shetland Islands 
(−62.158336°S, −58.467525°W); Fildes Bay, King George 
Island, South Shetland Islands (−62.207967°S, −58.956914°W), 
n = 100; Rizopatrón Base, Coppermine Cove, Robert Island, 
South Shetland Islands (−62.390567°S, −59.659075°W), 
n = 50; Hannah Point, Livingstone Island, South Shetland 
Islands (−62.651181°S, −60.594664°W), n = 50; Prat Base, 
Greenwich Island, South Shetland Islands (−62.479594°S, 
−59.669044°W), n = 100; Deception Island, South Shetland 
Islands (−62.930139°S, −60.606333°W), n = 40; Yelcho 
Station, Doumer Island, South Bay, Anvers Island, Antarctic 
Peninsula (−64.893792°S, −63.562572°W), n = 50; Carvajal 
Base, Adelaide Island, Antarctic Peninsula (−67.761989°S, 
−68.915303°W), n = 50; Avian Island, Marguerite Bay, 
Antarctic Peninsula (−67.772225°S, −68.897947°W), 
n = 100; O’Higgins Base, Covadonga Bay, Antarctic Peninsula 
(−63.320436°S, −57.898353°W), n = 80; Signy Research 

Station, Signy Island, South Orkneys Islands (−60.722839°S, 
−45.587817°W), n = 30; Cumberland Bay, South Georgia 
(−54.283364°S, −36.486956°W), n = 100; Ships Cove, Marion 
Island (−46.854506°S, −37.845100°E), n = 10; Baie American, 
Crozet Islands (−46.426181°S, 51.861806°E), n = 50; Port-
aux-Français, Kerguelen Islands (−49.352733°S, 70.218303°E), 
n = 100; Port Christmas, Kerguelen Islands (−48.677607°S, 
69.023604°E), n = 30; Îles du Prince-de-Monaco, Kerguelen 
Islands (−49.606278°S, 69.235900°E), n = 30; Garden Cove, 
Macquarie Island (−54.501287°S, 158.936221°E), n = 20.
Remarks: Several specimens in the study by González-Wevar et 
al. (2022) collected from South Georgia that fell in the L4 clade 
of L. caliginosa s.l. were characterized by a short spire and 4.5 
convex whorls, with the aperture height occupying little more 
than half of the total shell height; the columellar callus was 
sharp, white, and expanded towards the umbilicus (morpho-
logical characteristic highlighted by von Martens and Pfeffer 
1886), all features consistent with the original description of L. 
venusta (Pfeffer, 1886). Moreover, the type locality of L. venusta 
is South Georgia. Thus, in this revision we conclude that the 
L4 ‘caliginosa’ lineage of González-Wevar et al. (2022) is, in 
fact, L. venusta. The genetic data show that this species also in-
cludes populations from maritime Antarctica (South Shetlands 
Islands and the Antarctic Peninsula), in addition to geograph-
ically distant sub-Antarctic Islands (South Georgia, Marion, 
Crozet, Kerguelen, and Macquarie). Laevilitorina venusta and 
L. caliginosa s.s. are the Laevilitorina species with broadest mor-
phological variability and geographical distributions. We also 
include L. coriacea (Melvill and Standen 1907) from the South 
Orkney Islands as a synonym; previously (e.g. Engl 2012), this 
taxon was considered synonymous with L caliginosa.

Laevilitorina caliginosa (A. Gould, 1849)

(Fig. 6)
Littorina caliginosa – A. Gould, 1849: 83; A. Gould 1852: 198;  
A. Gould 1856: pl. 14 [sic.], fig. 240.

Laevilitorina caliginosa – von Martens and Pfeffer 1886: 81, pl. 
1, fig. 8a–d; Tryon 1887: 254, pl. 46, fig. 29; Melvill and Standen 
1907: 130; Strebel 1908: 50; Melvill and Standen 1912: 348; 
Melvill and Standen 1914: 118; Powell 1951: 107, pl. 1, fig. 26; 
Guzmán and Ríos 1981: 262; Ríos and Guzmán 1982: 215; 
Adami and Gordillo 1999: 186; Zelaya 2005: 118, fig. 21; Ojeda 
et al. 2014: 499; González-Wevar et al. 2022: 7; Rosenfeld et al. 
2022: 66, fig. 1a.

Littorina (Laevilitorina) caliginosa – Melvill and Standen 
1907: 130; Melvill and Standen 1912: 348.

Paludestrina caliginosa – Rochebrune and Mabille 1889: 42.
Laevilittorina caliginosa – Pelseneer, 1903: 8.
Laevilitorina cf. caliginosa – Dell, 1971: 204.
Laevilitorina caliginosa L5 – González-Wevar et al. 2022: 1527.

Material studied: Puerto Williams, Beagle Channel 
(−54.932414°S, −67.603289°W), n = 50; Lapataia Bay, Beagle 
Channel (−54.849706°S, −68.478319°W), n = 25; Hornos 
Island, Cape Horn (−55.967394°S, −67.218736°W), n = 50; 
Hookers Point, Falkland/Malvinas Islands (−51.700953°S, 
−57.780369°W), n = 50; Cumberland Bay, South Georgia 
(−54.283364°S, −36.486956°W), n > 30.
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Description
Shell: Small (maximum length 6.48 mm), typical Laevilitorina 
morphology: fusiform, with rounded to almost convex whorls, 
suture impressed, concave spire profile, apex blunt. Aperture 
varies from rounded to ovoid, between 47% and 51% of total 
H (Fig. 6A–F). Macroscopic spiral and axial sculpture absent, 
but multiple fine growth lines cover the surface of the shell. 
Columella smooth, inner lip barely reflected over narrow and 
shallow umbilicus, outer lip thin, simple, and no evidence of thick-
ening. Teleoconch opaque, but last whorl slightly translucent. 
Significant colour variability among different sites: creamy-white 
(Fig. 6C), brown (Fig. 6B), dark brown, or black (Fig. 6A, D–F). 
Small and irregular white spots visible in all analysed specimens. 
Operculum corneous. Mature H 3.5–6.49 mm. (H/B = 1.25–
1.65, SH = 1.92–2.14) (Supporting Information, Table S5).

Radula: Rachidian: five to seven cusps, central cusp long, rect-
angular, pointed; first pair of flanking cusps pointed; outer cusps 
may be present as low, pointed cusps (Fig. 6G, H). Lateral: five 
or six cusps, main cusp being the largest, broadest and rounded, 
accompanied by two smaller pointed outer cusps and two or 
three continuously smaller inner cusps (Fig. 6I). Inner marginal: 
seven cusps, main cusp pointed and rectangular, accompanied 
by one smaller pointed outer cusp and five pointed inner cusps 
of similar size. Outer marginal: 12–16 thin and short cusps.

Habitat: Rocky intertidal to subtidal shores across the southern 
tip of South America in the Cape Horn region, including the 
Beagle Channel, Hornos Islands, Falkland/Malvinas Islands, 
and South Georgia, also associated with kelps.

Remarks: Shell shape and coloration are variable among the 
specimens collected from different localities in southern South 
America, the Falkland/Malvinas Islands, and South Georgia. 
For instance, individuals from Hornos Island collected from 
crustose algae exhibited creamy-white and brownish green col-
oration with white spots, mimicking their habitat. In contrast, 
specimens collected from bare boulders at Puerto Williams and 
Ushuaia (Beagle Channel) were dark green, brown, grey, and 
black with white spots. In the original description of the species 
(A. Gould 1849; see also A. Gould 1852), the specimens pre-
sented a shell with a green-brown coloration and an aperture al-
most 50% of the total height of the shell (A. Gould 1856). This 
original description is consistent with specimens collected in 
the area of Cape Horn and the Beagle Channel, near the type 
locality of Terra del Fuego (A. Gould 1849, 1852; not Kerguelen 
Island, as reported by Suter 1913, Powell 1951, 1955a, b; 1979). 
Individuals from these localities were the only ones that ex-
hibited an average LA/H of < 50% (0.49 ± 0.01) (Supporting 
Information, Table S5). Together, the morphological character-
istics and the location of collection sites allow us to identify the 
molecular Laevilitorina L5 lineage as L. caliginosa s.s.

Interestingly, Powell (1951) provided one of the first descrip-
tions of the radular morphology of L. caliginosa, using specimens 
from South Georgia, and the radula configuration coincides with 
our observations, especially in the shape of the central rachidian 
tooth, which is long, rectangular, but with a sharp termination 
(Fig. 6H). In contrast, the central tooth of L. venusta individuals 
from Kerguelen is rectangular but rounded (Arnaud and Bandel 
1976; this study).

Laevilitorina hicana González-Wevar & Rosenfeld sp. nov.

(Fig. 7)
Laevilitorina caliginosa L6 – González-Wevar et al. 2022: 1527.

Zoobank registration:  zoobank.
org:act:3EF20FE5-7CEF-48A2-B85F-9E1FB7099152.

Material examined
Holotype: MNHNCL MOL-205439, Hornos Island 
(−55.965656°S, −67.251533°W), Cape Horn, 20 November 
2016, collected by Sebastián Rosenfeld.

Paratypes: MNHNCL MOL-205440; MNHNCL 
MOL-205441.

Description
Shell: Small (maximum shell height 3.73 mm), fusiform, with 
rounded to almost convex whorls, suture impressed, concave 
spire profile, apex blunt. Aperture ovoid and ≤ 64% of total H 
(Fig. 7A–C). Macroscopic spiral and axial sculpture absent, but 
multiple fine growth lines cover shell. Columella smooth, inner 
lip barely reflected over narrow and shallow umbilicus, outer lip 
thin, simple, and no evidence of thickening. Teleoconch opaque, 
but last whorl slightly translucent. Colour dark brown and black 
with small white spots, irregular in size and position. Operculum 
corneous. Mature H 3.73–1.20 mm (H/B = 1.05–1.36, 
SH = 1.48–1.75 mm) (Supporting Information, Table S6).

External anatomy: Ventral area of the foot orange, cephalic area 
black.

Radula: Rachidian: five cusps, central cusp long, rectangular, 
and pointed (Fig. 7D). First pair of flanking cusps pointed, outer 
cusps smaller and pointed. Lateral: five cusps, main cusp long, 
rectangular, and pointed, accompanied by two smaller pointed 
outer cusps and two continuously smaller inner cusps. Inner 
marginal: five cusps, main cusp pointed and rectangular, accom-
panied by one smaller, pointed outer cusp and three pointed 
inner cusps (Fig. 7E). Outer marginal: 10 or 11 thin and pointed 
cusps (Fig. 7F).

Holotype dimensions: Length 3.73 mm, width 2.74 mm.

Depositories: Holotype MNHNCL MOL-205439. Museo 
Nacional de Historia Natural, Chile.

Type locality: Hornos Island (−55.965656°S, −67.251533°W), 
Cape Horn, Chile.

Habitat: Rocky intertidal shores of Hornos Island, inside empty 
barnacle shells (Fig. 7G).

Material studied: Hornos Island (−55.965656°S, −67.251533°W), 
n = 30.

Etymology: The type locality of this new Laevilitorina species is 
part of the traditional territory of the Yagán (Yaghan) people. In 
the Yagán language, the word ‘hica’ means sea.

Remarks: In terms of morphology, this Laevilitorina differs from 
the other Cape Horn species (L. caliginosa s.s.) by exhibiting a 
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globose shell and by having an aperture that occupies on average 
≤ 64% of total shell height (Supporting Information, Table S6). 
Laevilitorina hicana is morphologically more similar to L. pepita 
from the Strait of Magellan, but the latter has an even more glo-
bose shell and an LA/H ratio of 0.68 ± 0.03. Moreover, L. pepita 
sometimes has spiral colour bands on the last whorl. The cur-
rent species is rare: of all the areas we have been able to sample 
around the Magellanic province, it was recorded only at Hornos 
island. Laevilitorina hicana, like L. magellanica and L. pepita, can 
be found inside empty barnacle shells.

D I S C U S S I O N
In recent decades, molecular-based studies have revolutionized 
our understanding of the evolution of the benthic Southern 
Ocean biota (Strugnell et al. 2008; González-Wevar et al. 2011, 
2013, 2017, 2018, 2019, 2021, 2022, Fraser et al. 2012, 2014, 
Poulin et al. 2014, Moon et al. 2017). Through integrative bio-
geographical analyses, it has been possible to infer evolutionary 
relationships, tempo, and modes of origin and diversification, 
in addition to genuine biogeographical and diversity patterns in 
this vast region (Wilson et al. 2009; Allcock and Strugnell 2012, 
Riesgo et al. 2015, González-Wevar et al. 2017, 2019, 2022, 
Chenuil et al. 2018, Crame 2018, Halanych and Mahon 2018).

Multilocus phylogenetic reconstructions and detailed mor-
phological analyses in Laevilitorina highlighted the necessity 
for a revision in the group. On the one hand, new molecular 
and morphological analyses recognized at least seven species-
level clades within L. caliginosa (González-Wevar et al. 2022). 
Moreover, the ostensible broad distribution of this taxon was er-
roneous, because most of the seven newly revealed species exhib-
ited far narrower distributions. Nevertheless, as we have shown, 
one species, L. venusta, does indeed have an extraordinarily wide 
geographical range across Antarctic and sub-Antarctic prov-
inces. On the other hand, phylogenetic reconstructions of the 
Antarctic species L. antarctica, L. claviformis, and L. umbilicata 
failed to discriminate them as different evolutionary units. 
Future studies of the group will require inclusion of populations 
of L. umbilicata and L. antarctica from their respective type lo-
calities (South Georgia and East Antarctica). Additionally, spe-
cimens from Antarctic (L. wandelensis) and South Georgian 
(L. pygmaea and L. granum) taxa, in addition to species from 
other biogeographical areas, such as Australia and New Zealand, 
should be included in further sampling.

The taxonomy of Laevilitorina has been reviewed by several 
authors (Powell 1951, Dell 1964, Arnaud and Bandel 1976, 
Castellanos 1989, Reid 1989, Zelaya 2005, Engl 2012). Most 
studies, however, were centred on and/or restricted to popu-
lations from South Georgia, Kerguelen, Macquarie, South 
Orkney Island, and the Antarctic Peninsula; none, other than 
the study by Castellanos (1989), who included South American 
Laevilitorina individuals in their analyses, examined South 
American or Falkland/Malvinas samples. Hence, there was a 
considerable knowledge gap concerning Laevilitorina morpho-
logical and radular diversity across these areas.

Powell (1951) recognized two major divisions in Laevilitorina 
based on radular morphologies: (i) species showing prominent 
and narrowly pointed cusps on both central and lateral teeth; and 

(ii) species with broad, chisel-shaped central cusps and broad 
lateral teeth. Our results show that the species L. hicana and  
L. caliginosa (main clade II in Fig. 1) fit well with the descrip-
tion (i). In contrast, species belonging to the main clade I  
(L. magellanica, L. pepita, L. fueguina, and L. venusta) possess 
radulae with a central tooth showing a wide and rectangular cen-
tral cusp and, and in some cases, with a chisel-shaped form, fitting 
with Powell’s description (ii). Whether these radular differences 
simply reflect the deep evolutionary divergence between these 
two clades or, alternatively, are driven by ecological and substrate 
differences remains to be seen. Comparisons of juvenile and adult 
radulae might be informative about the latter possibility.

Interestingly, the radular configuration described by Bandel 
and Arnaud (1976) and Reid (1989) for what were identified 
as L. caliginosa from Kerguelen islands and Macquarie, respect-
ively, corresponds to the central tooth morphology described 
for L. coriacea from South Orkney (Powell 1951) and L. venusta 
from South Georgia, Crozet, Kerguelen, Signy Island, and the 
Antarctic Peninsula (von Martens and Pfeffer 1886; this study). 
In fact, our new molecular analyses (mitochondrial DNA) of  
L. caliginosa-like specimens (n = 20) from Macquarie Island as-
signed these individuals to L. venusta. Consequently, we suggest 
that samples from this sub-Antarctic Island population identi-
fied as L. caliginosa are, in fact, L. venusta.

Likewise, a key characteristic recorded in species from the 
main clade I (L. magellanica, L. fueguina, L. pepita, and L. venusta) 
that differentiates them from those of the main clade II (L. 
caliginosa and L. hicana) is the presence of small denticles on the 
central tooth, which vary in frequency and number. Laevilitorina 
fueguina is the species that presented these denticles most fre-
quently (Fig. 3E). In the case of L. venusta, only one Antarctic 
Peninsula population showed this feature. Additionally, it is 
important to mention that although the radula of L. venusta 
throughout its distribution was variable, particularly in the shape 
of the lateral and marginal teeth, the morphological pattern of 
the central tooth was constant across the species distribution in 
the Antarctic Peninsula and sub-Antarctic islands (Fig. 5I).

The systematic implications of this Laevilitorina revision 
are noteworthy because it gives new and valuable informa-
tion concerning the diversity patterns, evolutionary relation-
ships, and biogeographical affinities of this important Southern 
Ocean littorinid genus across different Antarctic and sub-
Antarctic provinces. As noted by González-Wevar et al. (2022), 
Laevilitorina appeared as a poorly represented genus in southern 
South America with a single species, L. caliginosa, and a second, 
L. latior, restricted to the Falkland/Malvinas Islands. In fact, 
however, it has been demonstrated that the southern tip of South 
America possesses at least six different species of Laevilitorina 
that diversified during the last 20 Myr. Laevilitorina magellanica, 
L. fueguina, and L. pepita are restricted to the Strait of Magellan, 
where they evolved in situ for several million years. Laevilitorina 
hicana is apparently restricted to Hornos Island, and L. caliginosa 
s.s. extends its distribution east and northwards to the Falkland/
Malvinas Islands and east and southwards to South Georgia. 
Finally, the species L. venusta has a wide distribution across 
the Antarctic Polar Front towards sub-Antarctic Islands, such 
as South Georgia, Marion, Crozet, Kerguelen and Macquarie. 
Such an extended, trans-Antarctic Polar Front distribution is 
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unexpected considering the benthic protected developmental 
mode of Laevilitorina and because it represents the first example 
of a near-shore marine invertebrate species occurring in both 
Antarctic and sub-Antarctic provinces. The broad distribution 
of L. venusta implies that this taxon is a better long-distance dis-
perser than its congeners, which exhibit narrower distributions 
in southern South America. As hypothesized by González-Wevar 
et al. (2022), L. venusta might be more closely associated with 
long-distance dispersal vectors, such as buoyant macroalgae.

Our work leaves many questions unanswered. Additional 
sampling is needed to confirm the probable synonymies of  
L. antartica and L. claviformis with L. umbilicata. Regarding the 
status of the remaining species (see Rosenfeld et al. 2022), es-
pecially those from Australia, New Zealand, and their respective 
sub-Antarctic islands, little can be said at this point. Access to 
molecular-grade samples is needed, which is likely to require 
careful fieldwork in numerous physically challenging locations.

SU P P L E M E N TA RY  DATA
Supplementary data is available at Zoological Journal of the 
Linnean Society online.
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Abstract 

This study examines the phylogeny, systematics, and biogeography of the subfamily 

Laevilitorininae, focusing on the genus Laevilacunaria. Utilizing multi-locus genetic data 

and radular morphology, our findings indicate that both Laevilacunaria and Laevilitorina 

are paraphyletic, revealing a more intricate taxonomy and biogeography for the 

subfamily Laevilitorininae. The genus Laevilacunaria, previously underestimated in 

diversity, encompasses at least two distinct and highly differentiated clades. One 

Laevilacunaria clade includes Antarctic species and a species present north of the 
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Antarctic Polar Front (APF), while the other is confined to West Antarctica and South 

Georgia. Phylogenetic analyses suggest that the TMCRA of Laevilitorininae dates back 

to the final stage the breakup of Gondwana, with diversification events within each 

clade occurring from the Miocene to the Pleistocene. Our study proposes a new 

classification system for Laevilitorininae, recognizing four genera. Historical 

biogeography analyses underscore the roles of historical vicariance and more recent 

long-distance dispersal events, facilitated by macroalgal rafting, in shaping current 

distribution patterns. This research provides essential insights into the evolutionary 

history and systematics of Laevilitorininae, highlighting the importance of integrating 

molecular and morphological data. These findings contribute to understanding the 

complex biogeography and evolutionary history of Southern Ocean mollusks, 

highlighting the need for updated systematic classifications and offering insights into 

the patterns of endemism and species distribution within this unique marine ecosystem. 

 

Introduction 

Historically, two main biogeographic regions have been described within the 

Southern Ocean (Koubbi et al., 2014). First, the subantarctic region includes i) the 

Magellanic province on the southern coast of South America, ii) the New Zealand 

subantarctic Islands, iii) subantarctic islands of the Indian Ocean, and iv) Macquarie 

Island (sometimes included in ii). Second, the Antarctic region represents a single 

province that includes the Antarctic continent and some islands located south of the 
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Antarctic Polar Front (APF), such as South Georgia, the South Sandwich Islands, and 

Bouvet Island (Koubbi et al., 2014)). Despite this pronounced bioregionalization, faunal 

associations within and between these provinces cannot be explained by a single 

general biogeographical hypothesis and largely depend on the organism group 

analyzed (González-Wevar et al., 2023; González-Wevar et al., 2017; Linse et al., 

2006). However, some general rules have been proposed, including high levels of 

endemism (> 70% in some groups), the existence of a single Antarctic province clearly 

separated from other subantarctic provinces, and a clear separation between 

subantarctic islands associated with South America and those from New Zealand 

(Crame, 1999; Halanych & Mahon, 2018; Koubbi et al., 2014). A main characteristic of 

some Antarctic benthos groups is the high number of brooding species compared to 

broadcast spawners. This developmental mode has been reported in several groups of 

marine invertebrates, such as echinoderms, arthropods, polychaetes and molluscs 

(Hain & Arnaud, 1992; Knox, 1977; Poulin et al., 2002), suggesting that it has had 

greater evolutionary success in Antarctic environments (Poulin et al., 2002). 

Littorinid snails are characteristic of the shallow rocky shores of the Southern 

Ocean (González-Wevar et al., 2023; Powell, 1960). This group includes three intertidal 

and subtidal genera: Laevilitorina Pfeffer 1886, Laevilacunaria Powell 1951 (Reid, 

1989) and Pellilitorina Pfeffer 1886. Both Laevilacunaria and Laevilitorina are the only 

representatives of the subfamily Laevilitorininae (González-Wevar et al., 2023; Reid, 

1989; Rosenfeld et al., 2023a), while Pellilitorina belongs to the subfamily Lacuninae. 

Like many species of Littorinidae, the vast majority of Laevilitorina and Laevilacunaria 
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species have been registered from intertidal environments down to 64 m depth 

(Rosenberg, 2009). In addition, species of Laevilitorina and Laevilacunaria are 

sympatric and even syntopic living on different species of macroalgae in Antarctic and 

sub-Antarctic environments (Amsler et al., 2015; Martín et al., 2016; Reid, 1989; 

Rosenfeld et al., 2017; Rosenfeld et al., 2022; S. Rosenfeld et al., 2023b; Simpson, 

1972). Another significant trait shared by these two genera is their life cycle without a 

free-living pelagic larval stage. Rather, females deposit egg masses on rocks or 

macroalgal fronds, and after 1 or 4 months juveniles hatch directly (Picken, 1979; 

Simpson & Harrington, 1985). It has been predicted that species with this protected 

benthic development mode, should exhibit a low dispersal potential and present narrow 

geographical ranges (Hoffman et al., 2011; Simpson & Harrington, 1985). 

It is interesting to highlight that despite Laevilacunaria and Laevilitorina species 

sharing a similar development mode and habitat preferences, their distributions and 

diversity patterns are very different. Laevilitorina is one of the marine gastropod genera 

with the widest distributions in high latitudes of the Southern Hemisphere including the 

Southern Ocean (Rosenfeld et al., 2022). Its current range includes the west and east 

coast of South America, south of 50ºS, New Zealand, southern Australia, Tasmania, 

the Antarctic Peninsula, the Weddell Sea, East Antarctica, and most of the subantarctic 

islands (Falkland/Malvinas Islands, South Georgia, Crozet, Kerguelen, Heard, 

Macquarie, Campbell, Auckland, Antipodes, Bounty). In contrast, the genus 

Laevilacunaria exhibits a restricted distribution across the Southern Ocean mainly in 

maritime Antarctica (Antarctic Peninsula and the South Shetland Islands), West 
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Antarctica, South Georgia and geographically distant subantarctic islands like Crozet 

and the Kerguelen archipelago (Schmider-Martinez et al., 2023).  

Another important aspect that differentiates these two genera is the pattern of 

species richness. For example, at present the WoRMS database 

(http://www.marinespecies.org) recognizes 25 species of Laevilitorina across its 

distribution, with four species recently described from the Magellanic region (Rosenfeld 

et al., 2023a). By contrast, Laevilacunaria includes only three species: L. antarctica, L. 

bennetti, and L. pumilio. A recent phylogeographic study of L. antarctica, however, 

revealed that populations from South Georgia and the Antarctic Peninsula could 

represent distinct evolutionary units (González-Wevar et al., 2024). Thus, a detailed 

revision of Laevilacunaria species is highly relevant to better understand the 

systematics, the actual diversity pattern, and the evolution of this interesting group of 

littorinid snails. Considering the differences and similarities mentioned above, 

questions arise as to what have been the main evolutionary processes and 

mechanisms that influenced current patterns of distribution and species richness of 

these genera?  

These two genera of littorinids represent a very interesting models to explore the 

underlying processes and evolutionary mechanism that have shaped their contrasting 

biogeographic patterns, despite sharing the same mode of development and similar 

habitats. Addressing the origin and diversification of Laevilacunaria throughout its 

distribution and reconstructing the phylogenetic relationship among higher latitude 
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litorinids will give us a better understanding of the evolutionary pathways of these 

important gastropods of the Southern Ocean. 

Material and Methods 

Specimen samples collection 

Species of Laevilacunaria were collected between 2017 and 2023 in different localities 

across the Southern Ocean including maritime Antarctica and subantarctic Islands such 

as South Georgia, Crozet and Kerguelen (Figure 1, Table 1). In addition, specimens of 

different species of the sister genus Laevilitorina were collected in the Magellan 

province, Falkland/Malvinas Islands, West Antarctica and Subantarctic Islands (Figure 

1, Table 1). Finally, genera of Lacuninae were also collected: Pellilitorina in West 

Antarctica and Kerguelen and Risellopsis in the South Island of New Zealand (Figure 

1, Table 1).   Individuals were collected following the sampling protocol of Rosenfeld et 

al., (2022) and Rosenfeld et al., (2023b). Specimens were fixed in ethanol (95%) for 

molecular analyses, and phylogenetic reconstructions included ≥ 4 individuals for each 

recognized Laevilacunaria lineage. Each individual was photographed for 

morphological analyses. The material examined, and nucleic acids are available in the 

collection of the Laboratorio de Ecología Molecular (LEM) at the Universidad de Chile 

and Laboratorio de Genomica y Ecologia Molecular Antartica y sub-Antartica 

(LAGEMAS) at Universidad Austral de Chile, Valdivia, Chile.  
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Figure 1. Map of the distribution of Laevilacunaria species, the sister genus Laevilitorina and the Lacuninae genera 
Pellilitorina and Risellopsis in the Southern Hemisphere included in this study. The colors below each panel indicate 
the sites of collection of each genus. CH: Chabunco Beach, PO: Porvenir, Flk/Mal: Falkland Is/Malvinas, TF: Tierra 
del Fuego, WI: Puerto Williams, HI: Horn Island, SG: South Georgia Island, SO: South Orkney, FB: Fildes Bay, 
EB: Esperanza Bay, CI: Cockburn Island, DI: Deception Island, YB: Yelcho Base, AV: Avian Island, CZ: Crozet 
Island, KER: Kerguelen Island, NZ: New Zealand.  
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Table 1. Sampling locations of Littorinidae reported in this study. 
Subfamily to species taxon Localily Coordinates 

Laevilitorininae   Latitude Longitude 

 Laevilacunaria L. antarctica Esperanza Bay -63.375819 -56.988351 

   Fildes Bay -62.214258 -58.915544 

   Cockburn Island -64.185902 -56.849553 

   South Orkney -60.65646 -45.57807 

   South Georgia -54.16385 -36.69373 

  L. pumilio Crozet island -46.41364 51.86616 

   Kerguelen Island -49.35313 70.218303 

  L. bennetti Esperanza Bay -63.375819 -56.988351 

   Yelcho Station -64.866203 -63.589664 

  L. cf bennetti South Georgia -54.28345 -36.49690 

 Laevilitorina L. antarctica Avian Island -67.766009 -68.878253 

  L. claviformis Deception Island -62.970317 -60.498117 

  L.umbilicata Deception Island -62.970317 -60.498117 

  L. caliginosa Puerto Williams -54.936594 -67.688353 

  L. fueguina Chabunco beach -52.989559 -70.812574 

   Porvenir -53.314868 -70.459373 

  L. hicana Horn Island -55.967545 -67.219303 

  L. latior Port Stanley -51.700536 -57.780469 

  L. magellanica Chabunco beach -52.989559 -70.812574 

  L. pepita Chabunco beach -52.989559 -70.812574 

   Tierra del Fuego -52.885401 -70.248368 

  L. venusta Crozet island -46.41364 51.86616 

   Fildes Bay -62.214258 -58.915544 

   Kerguelen Island -49.35313 70.218303 

  L. wandelensis Fildes Bay -62.214258 -58.915544 
Lacuninae     

 Pellilitorina P. setosa Kerguelen Island -49.35313 70.218303 

  P. pellita Fildes Bay -62.214258 -58.915544 
  Risellopsis R. varia New Zealand -43.564626 172.758755 

 
 
Morphological identification 

 

The identification of species was done following Powell (1951), Reid (1989), and Engl 

(2012) and through the original descriptions (Preston, 1916; Smith, 1879; v Martens & 

Pfeffer, 1886). In addition, to confirm each of the identifications, the radular morphology 
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of the different species was revised. Radulae of Laevilacunaria specimens were 

dissected and placed in sodium hydroxide solution (10%) for 6 h at 50°C before being 

rinsed with distilled water. Radular morphology was examined by stereomicroscopy 

and checked with the revision of v Martens and Pfeffer (1886), Preston (1916) and 

Powell (1951). 

 

DNA extraction and sequencing 

 

DNA extractions were performed from portions of the animal's foot, or from the whole 

animal in case of very small individuals, using the DNeasy Blood& Tissue Kit (Qiagen), 

with a modified protocol for small amounts of tissue (Maturana et al., 2021). Four 

molecular markers were used for this study: genes previously utilized in littorinid 

phylogenies (Reid et al., 2012; Saha et al., 2022; Williams et al., 2003). These genes 

include the mitochondrial cytochrome c oxidase subunit I (COI; 620 bp), 12S ribosomal 

RNA (12S rRNA; 320 bp), 16S ribosomal RNA (16S rRNA; 480 bp) and the nuclear 

gene 28S ribosomal RNA (28S rRNA; 1300 bp). Amplification of the different markers 

were done following Williams et al., (2003). Primer details and annealing temperature 

(Tm) for corresponding genes are described in supplementary (Table S1). PCRs were 

performed in 25 μl reaction volume containing 2 μL template DNA (10–20 ng), 0.8 mM 

of each primer, 12,5 μL of Phusion Hot Start II High-Fidelity PCR MasterMix (Thermo 

Fisher Scientific, Vilnius, Lithuania) and sterilized Milli-Q water. The reaction conditions 

included an initial denaturation step of 3 min at 98◦C, followed by 34 cycles of 10 s at 

98 ◦C, 30 s at a gene-specific annealing temperature (Table S1), 15s at 72 ◦C, and a 
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final extension of 10 min at 72 ◦C. PCR amplicons were purified and sequenced in both 

directions at Macrogen (Korea). Forward and reverse sequences were manually 

examined using Phred scores to ensure all sequenced bases matched and were of 

good quality. Contigs were assembled using Geneious 10.2.2 (Kearse et al., 2012) and 

independently aligned using Muscle (Edgar, 2004) with standard settings. Conserved 

sites, variable sites and parsimony-informative sites for each region were estimated 

using MEGA 5 software.  

 

Phylogenetic reconstruction 

 

To elucidate the phylogenetic relationships of Laevilacunaria species, 12S rRNA, 16S 

rRNA, COI and 28S rRNA sequences available from GenBank were aligned with our 

datasets (see Table S2) using MAFFT 6 (Katoh et al., 2019) with default parameters 

(Edgar, 2004) and then manually checked. Optimal nucleotide substitution models and 

partitioning scheme were selected for each marker separately using the corrected 

Akaike information criteria (AIC) in partitionfinder v2.1, allowing for COI codon 

partitioning (Lanfear et al., 2017) (Table S3). The datasets of the different loci were 

combined in sequencematrixv1.8 (Vaidya et al., 2011). 

 

Phylogenetic analyses were conducted on individual loci and concatenated datasets 

using maximum likelihood (ML) in IQ-TREE (Nguyen et al., 2015) and Bayesian 

analyses (BA) in MrBayes v3.2.6 (Ronquist & Huelsenbeck, 2003). Individual gene 

trees were unable to resolve the relationship due to limited phylogenetic information in 
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the Littorinidae (polytomies with poor bootstrap values; see Fig S1, S2, S3) (see Reid 

et al., 2012; Saha et al., 2022). Therefore, concatenated sequences were used to 

construct the phylogenetic relationships in the group. Two data matrices were used for 

the analyses. The first used 3 concatenated loci (12S rRNA + COI + 28S rRNA), which 

were aligned against 152 marine littorinid species obtained from GenBank (Reid et al., 

2012; Saha et al., 2022). The Genbank accession number for 152 species of littorinid 

used in the dating analysis is given in Table S1 in Reid et al., (2012) and Table S1 in 

Saha et al., (2022). The tree was rooted with Pomatias elegans and P. rivulare and 

included the subfamily Littorininae and Lacuninae to test for the monophyly of the 

subfamily Laevilitorininae (Laevilitorina + Laevilacunaria).  In the second matrix we 

used the 4 concatenated genes (12S+16S+COI+28S), to resolve more clearly the 

phylogenetic relationships within Laevilitorininae. In this case, the phylogenetic trees 

were built using as sister taxa, Pellilitorina Bembicium, Melarhaphe and rooted with the 

genus Littorina. For the two matrices ML statistical support for the nodes was estimated 

by an ultra-fast bootstrap algorithm with 1000 pseudoreplicates (Minh et al., 2013). 

Bayesian inference posterior probability support values (PP) were estimated using the 

Markov chain Monte Carlo algorithm (MCMC), running four chains for 10 × 107 

generations, with trees sampled every 1000 generations, with the initial 10% of 

parameter values discarded as “burn-in.” Convergence was assessed by checking that 

split frequencies had an average standard deviation below 0.01 and all parameters had 

effective sample sizes (ESS) >200 using tracer v.1.6 (Rambaut et al., 2014). Maximum 

clade credibility trees were generated using treeannotator2.4.7 (Drummond et al., 

2012) and visualized with figtree 1.4.2 (http://tree.bio.ed.ac.uk/software/figtree)  
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Species delimitation analysis Phylogenetic reconstruction 

 

For species-delimitation analyses within the genus Laevilacunaria, single-locus (COI) 

and multi-locus (12S rRNA + COI + 16S rRNA + 28S rRNA) analyses were performed. 

For single-locus, the automatic barcoding gap discovery (ABGD) (Puillandre et al., 

2012) and the multirate Poisson Tree Processes (mPTP) (Kapli et al., 2017) were used. 

Species- delimitation analyses using ABGD and mPTP were performed on their 

respective web-servers (http://www.abi.snv-jussieu.fr/public.abgd) and 

(https://species.h-its.org/). For the multi-locus analyses BPP was applied using BP&P 

4.7.0 (Yang & Rannala, 2014). The four markers were used as inputs for BPP under 

the A11 model (A11: species delimitation = 1, species tree = 1). For the 

“speciesmodelprior” we used the number 1 prior which assigns equal probabilities to 

the rooted species trees. Specimens were a priori assigned to species based on the 

number of species from the results of the phylogenetic analysis. For the adjustment of 

the analysis variables, the BP&P instructions were followed (Yang & Rannala, 2014). 

Two independent MCMC analyses were run for 100.000 generations with the “burn-in” 

= 10.000. 

 

Divergence time estimation 

 

To estimate divergence times, we generated a Bayesian time-calibrated phylogeny on 

the concatenated dataset using BEAST v2.7.3 software (Bouckaert et al., 2019). To 
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mitigate potential instability in phylogenetic reconstruction and reduce computing time, 

we constrained the topology to our IB tree with a monophyletic constraint prior on the 

Laevilitorina clade 2 + Laevilacunaria clade 2 group. For calibration, we utilized two 

dates: first, the age of the most recent common ancestors of Laevilitorininae (TMCA) 

(56 Mya; 66-46 Mya) (González‐Wevar et al., 2022), and second, the separation 

between the SSI/AP and SG clusters of Laevilacunaria antarctica (1.1 Mya; 2.0–0.55 

Mya) according to the study by González-Wevar et al. (2024). We partitioned the 

sequences according to each marker and unlinked the site and clock models for all loci 

to account for varying substitution rates between them. We employed a strict clock and 

Yule model. Three independent runs of 100 million generations each were conducted, 

with samples collected every 10,000 iterations. Convergence of results was assessed 

using Tracer v1.7.2 (Rambaut et al., 2018), and the results were summarized in a single 

ultrametric tree using TreeAnnotator v2.5.1. 

 

Ancestral range distribution 

 

For the estimation of the ancestral geographic range we used the Biogeobears package 

in R (Matzke, 2014). This analysis calculates the ML of the ancestral geographical 

range and dispersal hypotheses along the time-calibrated phylogeny generated in 

beast using the complete concatenated dataset. As the species of the genus 

Laevilacunaria are distributed along the Antarctic Peninsula and on islands in the 

Southern Ocean with different geological ages we assumed founder event speciation 

was likely to be a highly relevant biogeographic process (Cowie & Holland, 2006; 
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Maturana et al., 2021; Matzke, 2014). We therefore also explored the influence of 

founder event speciation by additionally analyzing the influence of the “+J” parameter 

in our analyses. We identified the model that exhibited the best fit based on both AIC 

and the likelihood ratio test. We established a maximum of four areas per node, and 

for the definition of the areas we followed the biogeographical classification of Koubbi 

et al., (2014) (Antarctic West, Magellan, South Georgia as a transitional zone and 

subantarctic Islands South Indian Ocean). 

 

Results 

 

Sequence analysis 

 

The first concatenated matrix represented by 169 littorinid specimens. Each sample 

was composed of 12S rRNA, COI and 28S gene sequences, a total of 2590 bp, of 

which COI, 12S and 28S consisted of 620 bp, 435 bp and 1535 bp, respectively, after 

alignment using MAFFT. Of the 2590 sites, a total of 1031 (42.7% COI; 22.2% 12S; 

35.1% 28S) were phylogenetically informative. 

In the second data set which included the species of the subfamily Laevilitorininae 

(Laevilitorina+Laevilacunaria), Pellilitorina setosa, Bembicium auratum, Melarhaphe 

neritoides, and three species of Littorina, the matrix of nucleotide alignment consisted 

of a total of 2818 bp, of which the COI, 12S, 16S and 28S consisted of 620 bp, 321 bp, 

499 bp and 1373 bp respectively post alignment using MAFFT. Out of 2813 sites, a 
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total of 1035 (26.7 % COI; 11.4 % 12S; 24.9 % 16S; 37 % 28S) were phylogenetically 

informative. 

The GenBank accession numbers for newly generated sequences in this study are 

given in Supplementary table 1. 

 

Phylogenetic analysis and species delimitation 

 

The phylogenetic analysis of the Littorinidae recovered the monophyly of the subfamily 

Laevilitorininae with maximum support in both reconstructions (100% ML and 1.0 PP) 

(Fig 2). The sister group to the Laevilitorinidae is not fully resolved in our analysis, but 

would appear to be the Lacuninae (89% ML and 0.81 PP), although the genus 

Cremnoconchus may be slightly closer (79% ML and 0.85 PP) (Fig. 2)   

Within the Laevilitorininae neither Laevilacunaria and Laevilitorina were monophyletic 

(Fig. 2). We found 2 clades of Laevilacunaria: the first included the species 

Laevilacunaria antarctica and Laevilacunaria pumilio (LAC1) and the second 

comprised Laevilacunaria bennetti and Laevilitorina wandelensis (LAC2). In addition, 

LAC2 was placed within a larger group with the two Laevilitorina clades, but with some 

weak IB supports (<0.80 PP) (Fig. 2). 
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Figure 2. Phylogenetic reconstruction of the relationships among Littorinidae based on multilocus data 
(12S+COI+28S) of 169 species of the family Littorinidae, using the genus Pomatias (family Pomatiidae) as the 
outgroup, showing the monophyly of the Subfamily Laevilitorininae.  The rectangles in yellow, red and green show 
the different subfamilies of Littorinidae. The full length of the stem leading to Laevilacunaria antarctica clade is 
not shown; this is twice as long. Bayesian posterior probability (PP) and maximum likelihood bootstrap (ML) values 
are shown above and under the nodes. 
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The second phylogenetic analyses on concatenated dataset of the four genes with 

Pellilitorina, Bembicium, Melarhaphe and Littorina as outgroup recover the same 

topology but with stronger PP supports (≥85% ML; ≥0.90 PP) (Fig. 3). In this topology 

we recovered four major clades within Laevilitorininae (Fig. 3): two clades of 

Laevilacunaria and two clades of Laevilitorina. LAC2 clustered with Laevilitorina clade 

2 (LLC2), which was composed of Laevilitorina umbilicata, Laevilitorina venusta, 

Laevilitorina fueguina, Laevilitorina magellanica and Laevilitorina pepita (Fig. 3). Sister 

to these two clades was Laevilitorina clade 1 (LLC1), which comprised Laevilitorina 

caliginosa, Laevilitorina latior and Laevilitorina hicana (Fig. 3). And finally, the most 

differentiated clade was the LAC1 clade. 

Figure 3. Phylogenetic reconstruction of the relationships among Laevilitorininae based on multilocus data 
(12S+16S+COI+28S), using the genus Pellilitorina, Bembicium, Melarhaphe and Littorina as outgroups, showing 
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the Paraphyletic genus Laevilacunaria and Laevilitorina. The full length of the stem leading to LAC1 is not shown; 
this is twice as long The red lines show the Laevilacunaria species, and the blue lines show the Laevilitorina species 
analyzed. The rectangles in green, red, and yellow shows the different delimitations species analysis. Bayesian 
posterior probability (PP) and maximum likelihood bootstrap (ML) values are shown above and under the nodes. 

The species delimitation analysis using ABGD, mPTP and BPP recovered the same 

lineages detected by González‐Wevar et al., (2022) for the genus Laevilitorina (Fig. 3). 

For Laevilacunaria we identify distinct lineages in both Laevilacunaria clades (Fig. 3). 

In the case of LAC1 we have: L. pumilio from Crozet (Fig. 4i,f) and L. antarctica was 

divided into two divergent lineages, one in West Antarctica (Fig. 4d,e) and the other in 

South Georgia (Fig. 4a,b). For LAC2 the analysis separate L. bennetti from West 

Antarctica (Fig. 4j,k) from L. cf bennetti from South Georgia (Fig. 4m,n) (Fig. 3).   

 

Radular Morphology 

 

Radular morphology showed differences between the South Georgia Island lineages in 

both clades (1 and 2) of Laevilacunaria (Fig. 4 c,f,i,o). In the case of the South Georgia 

Island lineage of L. antarctica, the inner and outer marginal teeth showed 2 to 3 pointed 

cusps in the inner side. The radula of L. pumilo is the most distinct of this clade, 

presenting a rachidian tooth with a wide and rounded cuspid without denticles, an 

internal lateral with 7 cusps, the largest is wide and rounded and is accompanied by 

two small outer cusps, and four small inner cusps. The inner marginal present nine 

cusps, main cusp is rounded, accompanied by one very pointed outer cusp and seven 

pointed inner cusps of similar size. The outer marginal is “fork-shaped” with seven 

pointed cusps (Fig. 4 g,h,i). 
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Figure 4. A-B Laevilacunaria antarctica from South Georgia, shell morphology and C, radula. D-E Laevilacunaria 
antarctica from South Orkney and Cockburn Island. shell morphology respectively and F, radula. G-H 
Laevilacunaria pumilio from Kerguelen and Crozet Islands, shell morphology respectively and I, radula. J-K 
Laevilacunaria benetti from Esperanza Bay and Fildes Bay Island, shell morphology respectively and L, radula. M-
N Laevilacunaria cf bennetti from South Georgia. shell morphology and O, radula. Scale bar= 1mm.   
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For clade 2 of Laevilacunaria, the lineages of L. bennetti from Antarctic Peninsula and 

L. cf bennetti from South Georgia showed similar radular morphology, presenting 

numerous small denticles on the rachidian, lateral and inner marginal teeth and a single 

cusp on the outer marginal tooth. The main difference is that the external marginal tooth 

of L. cf bennetti has a single cuspid without denticles, while L. bennetti has 4 denticles.  

 

Divergence time estimation and ancestral range probabilities 

 

The ancestral-range reconstruction and molecular dating analysis of the concatenated 

dataset provided estimates of the timing of diversification and spatial origin of 

Laevilacunaria in the Southern Ocean (Fig. 4). Ancestral range estimation significantly 

favored the DEC+J (LnL = −24.88) model of species evolution (Dispersal-Extinction- 

Cladogenesis, with a founder event component +J), followed by the DEC model (LnL = 

−28.08) (p=0.033). The ancestral area reconstruction and divergence time of the 

TMRCA of the subfamily Laevilitorininae occurred ~50.72 Mya (HPD 59.85–40.37 Mya) 

suggested a Gondwanan origin. At that time, the genus split in two groups. The first 

group (LAC1) was distributed in the subantarctic Islands, diversified during the lower 

Miocene 6.44 (HPD 8.48–4.52 Mya) and colonized West Antarctica before finally 

dispersing to South Georgia during the mid-Pleistocene 1.3 Mya (HPD 1.65–0.97 Mya). 

The separation of the second group (LLC1 and LAC2-LLC2) between the Magellanic 

ancestor of LLC1 and LAC2-LLC2 took place during the Eocene 36.51 (HPD 44.6–28.5 

Mya) (Fig. 5). Subsequently, the West Antarctic ancestor of LAC2 and LLC2 split during 

the early Oligocene 32.68 (HPD 39.87–25.31 Mya). The LAC2 had an ancestral range 
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across West Antarctic and diversified during the Miocene and Pliocene. First, the 

separation between Laevilitorina wandelensis and L. bennettii/L. cf bennettii occurred 

7.73 Mya (HPD 10.7–5.41 Mya), before the split of L. bennettii and L. cf bennettii 5.11 

Mya (HPD 7.3–2.99 Mya) with the dispersal from the West Antarctic ancestor to South 

Georgia (Fig. 4).   

 

 
Fig. 5. Historical biogeography and timing of divergence of Laevilacunaria in the Southern Ocean using the 
concatenated data set. The maximum clade credibility tree shows the median divergence time estimates with 95% 
height posterior distribution. The coloured pie chart represents ancestral range probabilities at each node as 
recovered by BioGeoBEARS. Different colors represent different regions and geographical ranges.  
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Discussion 

 

Evolutionary origin and diversification of Laevilitorininae and Laevilacunaria 

 

We present the first integrated biogeographic analyses of the genus Laevilacunaria and 

its sister genus Laevilitorina in the Southern Ocean, as well as the first global phylogeny 

of Littorinidae including all 3 described subfamilies. Our analyses revealed that the 

ancestor of the subfamily Laevilitorininae originated in the late stages of Gondwana 

fragmentation (50.72 Mya; HPD 59.85-40. 37 Mya), with early separation into four well-

supported clades currently found in (A) the subantarctic islands (Crozet and 

Kerguelen), Antarctica and South Georgia, (B) South America, Falkland/Malvinas 

Islands and South Georgia, (C) Antarctica and South Georgia Islands, and (D) South 

America, Antarctica, subantarctic Islands and South Georgia. Although the origin of 

Laevilitorininae has not been previously hypothesized due to the lack of fossils within 

this group (Reid, 1989), our analyses would suggest that the evolutionary history of this 

group in ancient times would be related to the breakup of the supercontinent 

Gondwana, including both vicariance and long-distance dispersal. However, it is 

important to mention that caution must be taken with this reconstruction, since, in this 

study we could not include the Laevilitorina species from New Zealand and Australia. 

Consequently, the age estimate of the TMRCA of Laevilitorininae is provisional and 

may be slightly older. 

The two clades of Laevilacunaria had ancestors with different distributions. For LAC1 

the ancestor would have inhabited subantarctic environments, probably in the 
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Kerguelen Islands. During the Miocene there were long-distance dispersal and 

establishment (LDDE) events to West Antarctica and, later, during the Pleistocene, to 

South Georgia (Fig. 5). The TMCRA of the clade LAC2-LLC2 would have originated in 

West Antarctica and would have diverged during the early Oligocene (32.68 Mya;HPD 

39.87-25.31 Mya). As in LAC1, a LDDE event from West Antarctica to South Georgia 

Island would have occurred during more recent (Pliocene) times.     

Our data suggest that the TMRCA of Laevilitorininae was close to the Early Eocene 

Climatic Optimum (ca. 50 Mya) (Crame, 2018). At this time, the southern continental 

landmasses were tightly clustered, including a land bridge between South America and 

Antarctica (Livermore et al., 2007; Livermore et al., 2005) and slow seafloor spreading 

between Australia and Antarctica (Blakey, 2008). This period is important in the history 

of the Antarctic fauna, since it followed the mass extinction that occurred at the 

Cretaceous-Paleogene boundary (66 Ma). During this climatic optimum (Reguero et 

al., 2002) important radiation of benthic marine taxa occurred (Crame, 2018). 

Subsequently, the TMRCA of LLC1 and LAC2-LLC2 1-2 was ~36 Ma (HPD 44.6–28.5 

Mya) and the final split between LAC2 and LLC2 was ~32 Ma, close to the 

Eocene/Oligocene boundary, a period of significant change in the Southern Ocean that 

involved the beginning of the isolation of Antarctica through the opening of the Drake 

Passage and the onset of the ACC (Zachos et al., 2001) Scher et al., 2015). In this 

sense, the origin and diversification of these clades could be related to a vicariant 

process driven by the separation of South America and Antarctica and the initiation of 

the ACC. This same vicariant process has also been hypothesized for other mollusks, 

90



such as the incubating microbivalves of the genus Kidderia (Levicoy et al., 2021), as 

well as the two clades of Laevilitorina (González‐Wevar et al., 2022).  

Subsequently, during the Miocene (23 and 6 Mya), these four clades diversificated 

independently in South America, Antarctica, and subantarctic Islands. These speciation 

were likely associated with the Middle Miocene Climatic Transition, during which there 

was a major expansion of both the East and West Antarctic ice sheets and marked 

intensification of the ACC system (Crame, 2018). Significant oceanographic changes 

during this period were probably related to the complete formation of a deep ACC 

approximately 12 Mya (Dalziel et al., 2013). The intensification of the ACC during the 

mid-Miocene not only isolated the continent thermally but also enabled the formation 

of a giant mixing ring (Crame, 2018). This change led to enhanced upwelling and 

nutrient pumping, processes that were progressively intensified as the East Antarctic 

Ice Sheet expanded and zonal winds increased (Crame, 2018). These oceanographic 

changes have been important drivers in the evolution of the Southern Ocean biota 

(Chenuil et al., 2018; Crame, 2018; González-Wevar et al., 2017; González‐Wevar et 

al., 2022; Halanych & Mahon, 2018; Poulin et al., 2014). The establishment of a strong 

and deep ACC may have generated an effective oceanographic barrier maintaining 

mostly all the Laevilacunaria (clade 1 and 2) lineages South of the ACC. More recently, 

both clades of Laevilacunaria diversified in West Antarctica, Subantarctic Island and 

South Georgia between the lower Miocene and the Pleistocene, 7.7–1.3 Mya. During 

this period, it has been suggested that several groups of marine invertebrates 

underwent diversification processes (Strugnell, 2008; Dueñas et al., 2016), especially 
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shallow mollusks (Gonzalez-Wevar et al. 2017, 2019, 2021, 2022). For a detailed 

discussion of the processes of diversification within the Laevilitorina clades see 

González‐Wevar et al., (2022) and Sebastián Rosenfeld et al., (2023a).      

 

Long-distance dispersal events in Laevilacunaria and the importance of rafting 

 

Ancestral-range analyses suggest long-distance dispersal and establishment (LDDE) 

events from subantarctic islands to West Antarctica and from West Antarctic to South 

Georgia, implying that this process has played an important role in establishing the 

current geographic distribution in Laevilacunaria. Based on the geographic-range 

reconstruction, the current diversity observed in West Antarctica and, particularly, in 

South Georgia is likely to be the result of one or more colonization events, mediated by 

LDDE. It is important to note that Laevilacunaria species are associated with various 

species of macroalgae (Amsler et al., 2022; Amsler et al., 2015; Picken, 1979; 

Rosenfeld et al., 2017). In the case of L. pumilio, the only species north of the APF, on 

the Kerguelen and Crozet Islands, colonization from these islands to West Antarctica 

occurred around ~6 Mya. This time coincides with the appearance of the floating 

ancestor of the genus Durvillaea (between 9.7 and 3.4 Mya) (Fraser et al., 2020b). 

Thus, individuals of Laevilacunaria or their egg masses could well have dispersed via 

rafting using buoyant seaweeds as a vector during this period. New evidence shows 

that floating algae can cross the oceanographic barriers of the Southern Ocean to reach 

Antarctic coasts (Fraser et al., 2022; Fraser et al., 2020a). These macroalgal rafts may 

carry a variety of passengers, including marine invertebrates or their egg masses 
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attached to the fronds (Fraser, Velasquez, et al., 2020; González-Wevar et al., 2024). 

These new oceanographic models indicate that these algal rafts from the sub-Antarctic 

region can reach the Antarctic coasts monthly, thus increasing the probability of 

dispersal events from subantarctic species towards the Antarctic coasts (Fraser et al., 

2020a). 

In the case of the lineages of L. cf bennetti and L. antarctica found on South Georgia, 

they would have colonized the island independently from West Antarctica at 5.1 and 

1.3 Mya respectively (Fig. 4). In contrast to Subantarctic environments, on Antarctic 

shores the only buoyant macroalgae species is Crystosphaera jacquinotti, but its 

populations do not have the density or extent that Macrocystis pyrifera and Durvillaea 

antarctica exhibit on subantarctic shores (Fraser et al., 2020b). Moreover, long-

distance colonization by rafting on non-buoyant macroalgae has been documented 

(Fraser et al., 2013). Indeed, Antarctic species that do not possess flotation structures, 

such as Adenocystis utriculais, Himantothallus grandifollium and Desmarestia anceps, 

have been seen floating in the Southen Ocean (Macaya et al., 2020) Therefore, these 

macroalgae could also be potential dispersal vectors for Antarctic species that do not 

possess a pelagic larval stage. It is worth noting that both L. antarctica and L. bennetti 

have been reported to inhabit the fronds of these macroalgae (Amsler et al., 2022; 

Amsler et al., 2015) Martins et al. 2016) 

Lastly, the oceanography processes of the Southern Ocean, characterized by high wind 

speeds and intense wave weather due to atmospheric storms, can either hinder or 

promote passive and occasional dispersal of organism (Fraser et al., 2020a). For 

instance, within the Scotia Sea, the ACC flows predominantly in a northeasterly 
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direction (Damerau et al., 2014; Murphy et al., 2013), maintaining connectivity between 

Antarctic Peninsula and South Georgia Island (Damerau et al., 2014; Young et al., 

2015). Therefore, the colonization of Laevilacunaria species from West Antarctica to 

South Georgia would have occurred by a LDDE event through rafting. This event would 

have been occasional, facilitating establishment on the island but without maintaining 

gene flow over time, resulting in the differentiation of the populations of these species. 

 

Systematic implications for the Littorinidae and Laevilitorininae 

 

This study, following the phylogeny of the subfamily Littorininae by Reid et al. (2012), 

and the work on Cremnoconchus by Saha et al. (2022), is the most complete molecular 

phylogeny of the family Littorinidae. We were able to include genera of the subfamily 

Laevilitorininae and two genera of Lacuninae. Previously, species from the subfamilies 

Laevilitorininae and Lacuninae had been used as outgroups to assess phylogenetic 

relationships within Littorininae (Reid et al., 2012; Williams et al., 2003). Within our 

analysis, we were able to recover the monophyly of the family Littorinidae (Saha et al., 

2022) and the monophyly of the subfamily Laevilitorininae (Fig. 2). We should point out 

several unexpected and novel findings, however.  

First, Melarhaphe neritoides, long presumed to belong to the Littorininae, did not cluster 

with other members of this subfamily and therefore its taxonomic position requires 

corroboration (see Reid et al., 2012). 

Second, we found that Cremnoconchus sensu lato did not form a monophyletic group 

with the rest of the Lacuninae (Fig. 2). Indeed, it appeared (weakly) to be sister to the 
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Laevilitorininae (Fig. 2). If this position were confirmed, it would support the results and 

proposal of Saha et al., (2021), to separate Cremnoconchus at the subfamily level, an 

idea dating back to Preston (1915). 

Within the other genera of Lacuninae we were able to corroborate to some extent what 

was found in the morphological phylogeny of Reid (1989), who found that the 

Lacuninae was composed of two large well-supported clades (Fig. 2). The first clade 

comprised the Australasian genera Bembicium and Risellopsis and the second 

consisted of the Northern Hemisphere genus Lacuna and the Circum-Antarctic genus 

Pellilitorina (Fig. 2). Nevertheless, although our study was able to incorporate the 

genera Pellilitorina and Risellopsis, the Lacuninae are still underrepresented compared 

to the other subfamilies (Reid et al., 2012; Saha et al., 2022; this study). Thus, 

integrative studies and the incorporation of more species are needed to elucidate the 

phylogenetic relationships and biogeographic history of the Lacuninae. 

Within the Laevilitorininae our results show that the two genera currently recognized in 

this subfamily (Laevilacunaria and Laevilitorinae) are paraphyletic (Fig. 3). Previously, 

Reid (1989), using morphological data, had proposed that Laevilitorininae consisted 

solely of the genus Laevilitorina, albeit with five subgenera. The divergence dates we 

find within the family, however, suggest that the diversity should be recognized at the 

genus level. Our phylogeny (Fig. 2,3) suggests that four genera could be recognized. 

Unfortunately, because we have not sampled the type of one of Reid’s subgenera, 

Macquariella, namely Paludestrina hamiltoni from Macquarie Island, we cannot be 

definitive about the correct names. Nevertheless, at this stage is would appear that 

LAC1 is Laevilacunaria s. str., whereas LAC2 corresponds to Pellilacunella Powell, 
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1951 (type species Pelllitorina bennetti). Within Laevilitorina LLC1 corresponds to 

Laevilitorina s. str., whereas LLC2 would require a new name. Nevertheless, sampling 

of species from New Zealand and Australia will be required to fully elucidate the 

systematics and taxonomy within the subfamily Laevilitorininae.  

Although Reid (1989) and Engl (2012) considered Laevilacunaria bransfieldensis to be 

junior synonym of Laevilacunaria antarctica, our results would further support the views 

of Preston (1916) and Powell (1951) that they are specifically distinct. ABGD, mPTP 

and BPP analyses found that LAC1 comprised 3 species. Furthermore, our radula 

morphological data agree with those of Powell (1951): the inner and outer marginal 

teeth of individuals from West Antarctica have broad cusps with a small denticle on 

each side, whereas individuals from South Georgia Island have both marginals with a 

slightly smaller cusp and a greater number of denticles in the inner zone (Fig. 5). Thus, 

from molecular (González-Wevar et al., 2024; this study) and morphological (Powell, 

1951; Preston, 1916; this study) evidence, L. bransfiendensis should no longer be 

considered a junior synonym of L. antarctica. L. antarctica is restricted to South Georgia 

and L. bransfiendensis to West Antarctica.  

Similarly, LAC2, ABGD, mPTP and BPP analyses recovered two species within a 

nominal L. bennetti, 1 in South Georgia (undescribed) and another in West Antarctica 

(the type locality of L. bennetti). In addition, we were able to detect morphological 

differences at the radula level between both lineages, mainly in the marginal tooth (Fig. 

5). Laevilitorina wandelensis could not be included in the delimitation analysis because 

we only have 1 individual, but the levels of morphological and molecular differentiation 
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detected suggest that it is a third valid species within this clade (Waren & Hain, 1996; 

this study) and we note that it does not belong in Laevilitorina. 

 

Concluding Remarks 

 

This research provides significant insights into the phylogeny, systematics, and 

biogeography of the genus Laevilacunaria s.l. Our comprehensive analysis, which 

utilized multi-locus genetic data and radular morphology, revealed the paraphyly of 

Laevilacunaria and Laevilitorina. This finding requires a revision of the taxonomy and 

biogeography of the subfamily Laevilitorininae, indicating a more complex evolutionary 

history than previously understood. The study provides evidence for long-distance 

dispersal and establishment (LDDE) events as critical mechanisms shaping the current 

distribution patterns of Laevilacunaria. These events, facilitated by macroalgal rafting, 

underscore the combined roles of historical vicariance and recent dispersal in the 

biogeography of this group in the Southern Ocean. Moreover, our phylogenetic 

analyses suggest the reclassifying Laevilitorininae into four distinct genera based on 

molecular and morphological differences. This reclassification reflects the deep 

divergences and clear morphological distinctions observed within the clades. 

Additionally, we clarified the status of several species within Laevilacunaria, reinstating 

Laevilacunaria bransfieldensis as a valid species and identifying new species within 

LAC2. 

Overall, this research enhances our understanding of the evolutionary history, 

systematics, and biogeographic patterns of Littorinidae in the Southern Ocean. It 
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underscores the importance of integrating molecular and morphological data in 

taxonomic studies and highlights the need for further investigation into the Laevilitorina 

species from New Zealand and Australia to fully resolve the systematics within 

Laevilitorininae. This work also provides essential biogeographic information that could 

inform spatial conservation measures in the Southern Ocean. 
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Appendix ST1 
 
 
Table S1. Forward (F) and reverse (R) primers used for the amplification of four genes and 
gene-specific annealing temperatures (Tm) used in Polymerase Chain Reaction. 

Gene   Sequence 5'–3' Reference 
Tm 
(°C) 

     
COI     
LCO1490 (F) GGT CAA CAA ATC ATA AAG ATA TTG G Folmer et al. (1994) 50.5 

HCO2198 (R) TTA ACT TCA GGG TGA CCA AAA AAT CA Williams et al. (2003) 

     
12S     
12SALint (F) ACT AGG ATT AGA TAC CCT ACT ATT C Williams et al. (2003) 54.2 

12SAHint (R) CGA GRG TGA CGG GCG ATG TGT GCA Williams et al. (2003) 

     
16S     
16Sar (F)  CGCCTGTTTATCAAAAACAT Simon et al. (1991) 48 
16Sbr (R)  CCGGTCTGAACTCAGATCACGT Simon et al. (1991)  

     
28S     
LSU5 (F)  TAG GTC GAC CCG CTG AAY TTA AGC A Littlewood et al. (2000) 52.5 

LSU1600 (R) AGC GCC ATC CAT TTT CAG G Williams et al. (2003) 
 
 
Appendix ST2 
 
Table S2. GenBank accession numbers for four markers for Littorinidae species used in 
the present study   
Subfamily to 
species Genus taxon COI 12S 28S 16S 
Laevilitorininae       

 Laevilacunaria L. antarctica_EB1 PP986835 PP988552 PP985559 PP987851 

  L. antarctica_EB2 PP986836 PP988550 PP985560  
  L. antarctica_FI PP986837 PP988555 PP985561 PP987850 

  L. antarctica_CI2 PP986838 PP988556 PP985562  
  L. antarctica_CI3 PP986839 PP988557 PP985563  
  L. antarctica_SO1 PP986842 PP988553 PP985564  
  L. antarctica_SO2 PP986840 PP988554 PP985565  
  L. antarctica_SO3 PP986841 PP988551 PP985566  
  L. antarctica_SG1 PP986829 PP988543 PP985573 PP987852 

  L. antarctica_SG2 PP986828 PP988544 PP985574  
  L. antarctica_SG3 PP986830 PP988546 PP985572 PP987848 

  L. antarctica_SG4 PP986831 PP988547 PP985575 PP987849 

  L. antarctica_SG5 PP986826 PP988548 PP985571  
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  L. antarctica_SG6 PP986827 PP988549 PP985570  
  L. antarctica_SG7 PP986834 PP988541 PP985569  
  L. antarctica_SG8 PP986833 PP988542 PP985567  
  L. antarctica_SG10 PP986832 PP988545 PP985568  
  L. pumilio_CZ PP986843 PP988558 PP985576 PP987853 

  L. pumilio_CZ2 PP986845 PP988559 PP985577 PP987855 

  L. pumilio_CZ3 PP986844 PP988560 PP985578 PP987856 

  L. pumilio_CZ4 PP986846 PP988561 PP985579 PP987854 

  L. bennetti_EB1 PP986874 PP988534 PP985526  
  L. bennetti_EB3 PP986875 PP988533 PP985529  
  L. bennetti_EB4 PP986876 PP988532 PP985528 PP987841 

  L. bennetti_EB5 PP986881 PP988531 PP985527  
  L. bennetti_YB1 PP986877 PP988530 PP985524 PP987843 

  L. bennetti_YB2 PP986879 PP988529 PP985525 PP987842 

  L. bennetti_YB3 PP986878 PP988527 PP985530  
  L. bennetti_YB4 PP986880 PP988528 PP985531  
  L. cf bennetti_SG1 PP986884 PP988535 PP985532 PP987845 

  L. cf bennetti_SG2 PP986882 PP988536 PP985533  
  L. cf bennetti_SG3 PP986885 PP988537 PP985536 PP987846 

  L. cf bennetti_SG4 PP986886 PP988538 PP985535  
  L. cf bennetti_SG5 PP986883 PP988539 PP985534 PP987847 

 Laevilitorina L. antarctica_AV1 PP986847 PP988500 PP985543  
  L.antarctica_AV4 PP986852 PP988501 PP985542  
  L. claviformis_DI2 PP986851 PP988502 PP985541 PP987832 

  L.claviformis_DI3 PP986849 PP988503 PP985540  
  L. claviformis_DI4 PP986850 PP988504 PP985538  
  L.umbilicata_DI2 PP986848 PP988505 PP985539 PP987833 

  L. caliginosa_WI04 PP986867 PP988518 PP985516 PP987834 

  L. caliginosa_WI07 PP986865 PP988520 PP985517  
  L. caliginosa_WI08 PP986866 PP988519 PP985518 PP987835 

  L. fueguina_CH03 PP986853 PP988508 PP985552 PP987822 

  L. fueguina_CH04 PP986854 PP988506 PP985550 PP987823 

  L. fueguina_PO08 PP986855 PP988507 PP985551 PP987824 

  L. hicana_HI03 PP986871 PP988526 PP985519   PP987838 

  L. hicana_HI13 PP986872 PP988524 PP985520 PP987840 

  L. hicana_HI15 PP986873 PP988525 PP985521 PP987839 

  L. latior_FA01 PP986870 PP988523 PP985556 PP987836 

  L. latior_FA05 PP986868 PP988521 PP985557 PP987837 

  L. latior_FA06 PP986869 PP988522 PP985558  
  L. magellanica_CH21 PP986856 PP988508 PP985544 PP987825 

  L. magellanica_CH22 PP986857 PP988506 PP985545  
  L. magellanica_CH24 PP986858 PP988507 PP985546 PP987826 

  L. pepita_CH07 PP986859 PP988512 PP985547 PP987827 
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  L. pepita_TR2 PP986861 PP988513 PP985548 PP987828 

  L. pepita_TR5 PP986860 PP988514 PP985549 PP987829 

  L. venusta_CZ4 PP986862 PP988517 PP985553  
  L. venusta_FI PP986864 PP988515 PP985555 PP987830 

  L. venusta_KE1 PP986863 PP988516 PP985554 PP987831 

  L. wandelensis_FI  PP988540 PP985537 PP987844 
Lacuninae       

 Pellilitorina P. setosa_KER1 PP986823 PP988499 PP985515   PP987857 

  P. setosa_KER2 PP986824  PP985514  
  P. pellita_FI PP986825  PP985513  
 Risellopsis R. varia_NZ1 PP986821  PP985522  

    R. varia_NZ5 PP986822   PP985523   
 
 
Appendix ST3 
 
Table S3. List of gene-specific Nucleotide Substitution Models chosen by PartitionFinder 

Gene   Best Model 

   
COI    
codon position 1  GTR+I+G 

codon position 2  GTR+G 

codon position 3  GTR+I+G 

   
12S  GTR+I+G 

16S  GTR+I+G 

28S   GTR+I+G 
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Appendix SF1 
 

 
SI Figure 1: Phylogenetic reconstruction of the relationships among Littorinidae based on 
12S gene. Bayesian posterior probability (PP) and maximum likelihood bootstrap (ML) 
values are shown above and under the nodes. 
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Appendix SF2 
 
 
 

 
SI Figure 2: Phylogenetic reconstruction of the relationships among Littorinidae based on 
COI gene. Bayesian posterior probability (PP) and maximum likelihood bootstrap (ML) 
values are shown above and under the nodes. 
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Appendix SF3 
 

SI 
Figure 3: Phylogenetic reconstruction of the relationships among Littorinidae based on 
28S gene. Bayesian posterior probability (PP) and maximum likelihood bootstrap (ML) 
values are shown above and under the nodes. 

 

 

 

 

 

 

 

 

 

116



CONCLUSIONES GENERALES Y PROYECCIONES 
 

Esta tesis representa un estudio detallado de la distribución, taxonomía, 

sistemática y biogeografía de los dos géneros que componen la subfamilia 

Laevilitorininae que habitan el Océano Austral. En este sentido, el primer capítulo 

abordó la distribución completa del género Laevilitorina, el cual está ampliamente 

distribuido a lo largo del hemisferio sur. Este estudio amplió significativamente el 

conocimiento sobre la distribución de Laevilitorina, reportando nuevos registros de 

especies como L. pygmaea y L. venusta, extendiendo su rango batimétrico y 

geográfico. Estos nuevos registros son esenciales para futuras investigaciones 

biogeográficas y ecológicas, proporcionando una base de datos más completa sobre 

la distribución de estas especies. Sin embargo, la falta de datos de distribución para 

muchas especies de Laevilitorina aún representa una limitación importante, 

destacando la necesidad de un mayor esfuerzo de muestreo y recopilación de datos 

en áreas menos estudiadas principalmente las Islas Subantárticas. Asimismo, nos 

dimos cuenta de la gran plasticidad morfológica observada en especies de 

Laevilitorina, lo cual genera una mayor complejidad a la identificación y clasificación 

taxonómica de este género. Las diferencias morfológicas dentro de una misma especie 

pueden dificultar su identificación precisa, lo que enfatiza la necesidad de análisis 

moleculares complementarios.  

Una vez abordado la distribución del género Laevilitorina y el contexto 

taxonómico de este, proseguimos a realizar una revisión exhaustiva del grupo en la 

región de Magallanes utilizando herramientas morfológicas y moleculares. Las 

implicaciones sistemáticas de esta revisión de Laevilitorina son muy relevantes ya que 
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proporcionan nueva y valiosa información sobre los patrones de diversidad, relaciones 

evolutivas y afinidades biogeográficas de este importante género del Océano Austral. 

Laevilitorina, anteriormente considerada pobremente representada en el sur de 

Sudamérica, ha demostrado poseer al menos seis especies diferentes que se 

diversificaron durante los últimos 20 millones de años. Especies como L. magellanica, 

L. fueguina y L. pepita están restringidas al Estrecho de Magallanes, donde 

evolucionaron in situ durante varios millones de años. L. hicana aparentemente se 

restringe a la Isla Hornos, y L. caliginosa extiende su distribución hacia las Islas 

Malvinas y Georgia del Sur. Finalmente, L. venusta tiene una amplia distribución a 

través del Frente Polar Antártico, hacia islas subantárticas como Georgia del Sur, 

Marion, Crozet, Kerguelen y Macquarie, siendo un ejemplo importante de dispersión a 

larga distancia en invertebrados marinos someros.  

Las diferencias en la riqueza de especies y patrones biogeográficos de 

Laevilitorina en las provincias marinas del hemisferio sur tienen implicancias 

importantes para la conservación y estudios biogeográficos. El marcada endemismo 

de algunas especies y las variaciones en la distribución geográfica resaltan la 

importancia de comprender los procesos y mecanismos subyacentes que han 

influenciado los procesos evolutivos dentro del género. Investigar estos patrones 

biogeográficos y su relación con factores ambientales y ecológicos son cruciales para 

desarrollar estrategias de conservación y mejorar nuestro entendimiento de la 

biodiversidad marina en regiones Antárticas y Subantárticas. 

Una vez revisada la taxonomía y sistemática en Laevilitorina, en el tercer 

capítulo incluimos todas las especies del género hermano Laevilacunaria, dentro de 
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una filogenia global de la familia Littorinidae. Para ellos se utilizaron de 3 a 4 

marcadores moleculares y el análisis morfológico de la rádula. En este capítulo se 

generaron varios resultados desde aspectos sistemáticos hasta biogeográficos. En 

primer lugar, las implicancias filogenéticas y sistemáticas de este estudio son muy 

relevantes. Se confirmó la monofilia de la subfamilia Laevilitorininae, pero se evidencio 

que los géneros Laevilacunaria y Laevilitorina son parafiléticos, lo que sugiere una 

clasificación taxonómica más compleja. Nuestros análisis sugieren la reclasificación 

de Laevilitorininae en cuatro géneros distintos basados en diferencias moleculares y 

morfológicas, reflejando profundas divergencias y distinciones morfológicas dentro de 

los clados. Además, se restableció a Laevilacunaria bransfieldensis como una especie 

válida, diferenciada de Laevilacunaria antarctica, y se identificó una nueva especie 

dentro del clado de Laevilacunaria bennetti Estos hallazgos enfatizan la necesidad de 

revisiones taxonómicas adicionales y la integración de datos moleculares y 

morfológicos para una comprensión completa de la historia evolutiva y las relaciones 

filogenéticas dentro de Laevilitorininae. Adicionalmente, esta tesis presenta la primera 

filogenia global de la familia Littorinidae en donde se incluyen a varios géneros de las 

subfamilias Laevilitorininae, Lacuninae y Littorininae. Este análisis más completo nos 

permitió observar no solo resultados dentro de Laevilitorininae sino también, evidenciar 

un contexto más global de las relaciones filogenéticas dentro de la familia Littorinidae. 

Por ejemplo, la posición del género Cremnoconchus plantea interrogantes sobre su 

clasificación taxonómica dentro de la subfamilia Lacuninae. Estos hallazgos resaltan 

la importancia de continuar explorando la sistemática de los littorínidos mediante 
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enfoques integrativos que combinen datos moleculares y morfológicos para una 

comprensión más completa de sus relaciones evolutivas. 

Desde la biogeografía histórica, este estudio sobre el origen evolutivo y la 

diversificación de Laevilitorininae y Laevilacunaria en el Océano Austral muestra que 

el ancestro de la subfamilia Laevilitorininae es Gondwánico, cuya primera 

diversificación coincide con la fase final de fragmentación del Gondwana hace 

aproximadamente 50.72 millones de años. La evolución temprana de este grupo 

estuvo influenciada por procesos de vicarianza en donde se formarían cuatro grandes 

clados y más recientemente por eventos de dispersión a larga distancia. Estos 

hallazgos sugieren que la historia evolutiva de Laevilitorininae estuvo relacionada con 

la separación final de Gondwana y los cambios climáticos y oceanográficos que 

ocurrieron durante el Paleógeno.  

Mas recientemente los eventos de dispersión a larga distancia y establecimiento 

(LDDE) jugaron un papel fundamental en la distribución geográfica actual de 

Laevilacunaria y Laevilitorina. Estos eventos, facilitados rafting a través de macroalgas 

flotantes, permitieron que las especies de Laevilacunaria cruzaran barreras 

oceanográficas y colonizaran nuevas áreas. La evidencia sugiere que individuos de L. 

pumilio utilizaron algas flotantes como Durvillaea para dispersarse desde las islas 

subantárticas hacia Antártica Oeste. Este mecanismo de dispersión es respaldado por 

los nuevos modelos oceanográficos que muestran que las algas flotantes pueden 

llegar a las costas antárticas regularmente, llevando consigo una variedad de 

invertebrados marinos o sus masas de huevos. Esto destaca la importancia de los 

procesos de dispersión a larga distancia en la biogeografía de Laevilacunaria y su 
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influencia en la diversificación de las especies en el Océano Austral. Estos hallazgos 

resaltan la complejidad de los patrones de dispersión y colonización en estos 

ambientes marinos extremos. 

Finalmente, dentro de las proyecciones de este estudio es importante 

mencionar que es necesario realizar investigaciones futuras para incluir especies de 

Laevilitorina de Nueva Zelanda y Australia y así resolver la sistemática dentro de la 

familia Laevilitorininae. La ausencia de estas especies en el análisis actual limita la 

precisión de las estimaciones de la edad del ancestro común más reciente (TMRCA) 

de Laevilitorininae. Además, para avanzar en nuestra comprensión de la evolución y 

diversificación en el Océano Austral, es fundamental continuar integrando datos 

moleculares y morfológicos en estudios filogenéticos y biogeográficos. Futuras 

investigaciones podrían enfocarse en explorar en más detalle los mecanismos 

específicos de dispersión, como el rafting en macroalgas, y cómo estos han 

influenciado en la colonización y diferenciación genética de los moluscos marinos en 

el OA. Además, la inclusión de más especies y regiones geográficas ayudará a 

construir un marco más completo de la evolución de la biodiversidad en el Océano 

Austral, considerando tanto los cambios climáticos actuales como los históricos. 
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ANEXO 

Durante la ejecución de esta tesis además de los artículos publicados en los dos 
primeros capítulos de la tesis, se produjeron los siguientes manuscritos relacionados 
a los litorinidos Antárticos y Subantárticos en donde sus resultados fueron importantes 
para la ejecución de la esta tesis final. 
 

 Claudio A. González-Wevar, Nicolás I. Segovia, Sebastián Rosenfeld, Claudia S. 
Maturana,Vanessa Jeldres, Ramona Pinochet,T homas Saucède,Simon A. Morley, Paul Brickle, 
Nerida G. Wilson, Hamish G. Spencer, Elie Poulin. 2022. Seven snail species hidden in one: 
Biogeographic diversity in an apparently widespread periwinkle in the Southern Ocean. Journal 
of Biogeography https://doi.org/10.1111/jbi.14453 
 

 Rosenfeld, S., Maturana, C., Gañan, M., Cárcamo, J. R., Díaz, A., Contador, T., & Poulin, E. 
(2023). Revealing the hidden biodiversity of Antarctic and the Magellanic Sub-Antarctic 
Ecoregion: A comprehensive study of aquatic invertebrates from the BASE Project. Biodiversity 
Data Journal, 11, e108566.   

- IPT asociado en GBIF. Occurrences of aquatic invertebrates in the Antarctic and 
Subantarctic regions Published: Instituto Milenio BASE doi.org/ 10.15468/kn5xcg 

 
 Schmider-Martínez, A., Maturana, C., Poveda, Y., Rosenfeld, S., López-Farrán, Z., Saucède, 

T., Poulin E & González-Wevar, C. (2023). Laevilacunaria (Mollusca, Gastropoda) in the 
Southern Ocean: A comprehensive occurrence dataset. Biodiversity Data Journal, 11, e111982. 
 

 González-Wevar CA, Y Poveda, N Segovia, S Rosenfeld, CS Maturana, V Jeldres, . . . E Poulin. 
2024. Both high and low dispersal? Apparently contradictory genetic patterns in the Antarctic 
littorinid gastropod Laevilacunaria antarctica. Frontiers in Ecology and Evolution, 11. 
https://doi.org/10.3389/fevo.2023.1320649  
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Abstract
Aim: The Antarctic Circumpolar Current imparts significant structure to the Southern 
Ocean biota. The Antarctic Polar Front is a major barrier to dispersal, with separate 
species (or sometimes intraspecific clades) normally occurring either side of this fea-
ture. We examined the biogeographic structure of an apparent exception to this rule 
in a widespread genus of the Southern Ocean, the periwinkle snail, Laevilitorina.
Location: Southern Ocean.
Taxon: Littorinidae, Laevilitorininae, Laevilitorina.
Methods: Using 750 specimens from 16 Southern Ocean Laevilitorina populations 
across >8000 km, we analysed mitochondrial COI and nuclear 28S sequences to un-
cover the evolutionary history of these marine near- shore snails. We utilized multi- 
locus phylogenetic reconstructions, species- delimitation analyses, divergence- time 
estimations and geometric morphometrics.
Results: Molecular data revealed that the widespread nominal species L. caliginosa 
comprises seven species- level clades, all supported by morphological data, whereas 
the Antarctic nominal species L. antarctica, L. claviformis and L. umbilicata are conspe-
cific. Six “caliginosa” clades are restricted to southern South America, but one lineage 
extends from Antarctica to distant sub- Antarctic islands on both sides of the APF. 

131

www.wileyonlinelibrary.com/journal/jbi
mailto:
https://orcid.org/0000-0003-0807-8032
https://orcid.org/0000-0003-3212-7527
https://orcid.org/0000-0002-4363-8018
https://orcid.org/0000-0002-4427-8093
https://orcid.org/0000-0002-2991-2834
https://orcid.org/0000-0001-6056-4447
https://orcid.org/0000-0002-7761-660X
https://orcid.org/0000-0002-9870-3518
https://orcid.org/0000-0002-0784-0200
https://orcid.org/0000-0001-7531-597X
https://orcid.org/0000-0001-7736-0969
mailto:claudio.gonzalez@uach.cl
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjbi.14453&domain=pdf&date_stamp=2022-07-06


1522  |    GONZÁLEZ- WEVAR Et AL.

1  |  INTRODUC TION

The Southern Ocean occupies ~35 × 106 km2 around the Antarctic 
continent and is a major driver of global oceanic circulation 
(Rintoul, 2011). The composition, abundance and distribution of 
the biota in this vast region has been shaped by geologic, ocean-
ographic and climatic processes since the fragmentation of the 
Gondwanan continental landmasses (Aronson et al., 2007; Halanych 
& Mahon, 2018; Koubbi et al., 2014). The Antarctic Circumpolar 
Current (ACC) flows clockwise from west to east and is delimited 
by two main fronts: the sub- Antarctic Front (SAF) and the southern 
ACC Front (sACCF) (Rintoul, 2011) (Figure 1). In between these fronts 
is the Antarctic Polar Front (APF), which constitutes an area where 
cold northward- flowing Antarctic waters meet relatively warmer sub- 
Antarctic currents (Gille, 2014). The position of the APF has major bio-
geographic consequences for the marine benthic life in the Southern 
Ocean (Crame, 2018; Halanych & Mahon, 2018; Koubbi et al., 2014; 
Poulin et al., 2014) because of the strong thermal boundaries and 
the deep- reaching flow of the ACC, which create barriers to pole-
ward heat transport (Dufour et al., 2015). Hence, the APF impedes 
the dispersal of sub- Antarctic organisms into the Antarctic, and vice 
versa (Aronson et al., 2007; Clarke et al., 2005; Fraser et al., 2018). 
Accordingly, marine benthic communities in the Southern Ocean are 
highly endemic, strongly bio- regionalized (Figure 1) and exhibit major 
adaptations to cold, which makes them particularly vulnerable to 
global warming (Griffiths et al., 2017; Morley et al., 2020).

Comparative molecular analyses of co- distributed Antarctic 
and sub- Antarctic species of marine invertebrates (González- Wevar 
et al., 2017, 2019; Poulin et al., 2014; Thornhill et al., 2008), macroalgae 
(Billard et al., 2015) and even penguins (Frugone et al., 2019; Pertierra 
et al., 2020) have demonstrated the presence of different species- 
level clades on both sides of the APF. Moreover, evidence from a 
growing number of studies indicates that the origin and diversification 

of several near- shore marine organisms occurred no more than 10 Ma, 
long after the separation of continental landmasses and the initiation 
of the ACC (González- Wevar et al., 2017, 2018, 2019, 2021; Near 
et al., 2012; Poulin et al., 2014). Thus, although occasional dispersal 
must have occurred over long (evolutionary) timescales, there is little 
ongoing gene flow across the APF (Moon et al., 2017). So far, molec-
ular data suggest that there is almost no evidence of successful bio-
logical dispersal into the Antarctic from lower latitudes since the last 
glacial period (Chenuil et al., 2018; Fraser et al., 2018; González- Wevar 
et al., 2012; Halanych & Mahon, 2018; Poulin et al., 2014).

Nevertheless, in spite of the dynamic oceanographic and tectonic 
settings that operated in the region during the last 50 Ma and its marked 
bio- regionalization, there are numerous examples of seemingly broadly 
distributed near- shore marine taxa. Molecular studies of most of them, 
however, have demonstrated that they consist of different evolutionary 
units in the Antarctic and sub- Antarctic (Billard et al., 2015; González- 
Wevar et al., 2019; Poulin et al., 2014; Thornhill et al., 2008), which in 
several cases include cryptic species complexes, common in Southern- 
Ocean marine invertebrates (Allcock et al., 2011; Baird et al., 2011; 
Chenuil et al., 2018; Janosik & Halanych, 2010; Wilson et al., 2009), or 
undescribed species reflecting overly conservative taxonomy (Arango 
et al., 2011). Although some studies have confirmed the presence 
of broadly distributed taxa, these cases are restricted to either the 
Antarctic continent (Díaz et al., 2018; Raupach et al., 2010) or around 
the sub- Antarctic (Fraser et al., 2009; González- Wevar et al., 2018, 
2021; Güller et al., 2020). In summary, the ACC plays a major role con-
necting populations around the Antarctic continent and, separately, the 
sub- Antarctic, while the APF isolates antarctic and subantarctic biotas 
(Crame, 2018; Halanych & Mahon, 2018; Poulin et al., 2014).

Littorinid snails of the genus Laevilitorina comprise 21 nominal 
shallow- benthic periwinkle species (http://marin espec ies.org), which 
live around the Southern Ocean including southern South America, 
the Antarctic Peninsula, and sub- Antarctic islands. Laevilitorina 

Geometric morphometrics also identified significant differences among these clades, 
but uncoupled from genetic differentiation.
Main conclusions: The apparent trans- APF distribution of the poorly dispersing 
Laevilitorina caliginosa is largely illusory: this taxon consists of at least seven discrete 
species, only one of which has a trans- APF distribution. Similar to most Laevilitorina 
species, the remaining six “caliginosa” clades are narrow endemics. Biogeographical 
patterns in Laevilitorina reflect the role of vicariance associated with geological pro-
cesses together with recent long- distance dispersal events. Laevilitorina originated 
near the Eocene/Oligocene boundary and diversified during the Miocene and the 
Pliocene. Laevilitorina is not a cryptic- species complex: speciation was accompanied 
by hitherto unrecognized morphological differentiation. This study represents the 
most detailed molecular work on Southern- Ocean littorinids and reveals unforeseen 
diversity across this globally important region.

K E Y W O R D S
Antarctic, cryptic species, dispersal, Littorinidae, species- delimitation analyses, sub- Antarctic, 
vicariance
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species lack a free- swimming dispersive stage and exhibit protected 
benthic development with crawling juveniles emerging directly from 
egg masses (Simpson & Harrington, 1985). Accordingly, Laevilitorina 
species exhibit low autonomous vagility capacity and are poor dis-
persers, properties reflected by the fact that most of the species 
are narrow endemics. The single exception, Laevilitorina caliginosa 
(Gould, 1849), apparently shows a broad distribution with popula-
tions in southern South America, the Antarctic Peninsula and sub- 
Antarctic islands such as the Falkland/Malvinas, South Georgia, 
Marion, Crozet, Kerguelen and Macquarie (Figure 2a,b) (Griffiths & 
Waller, 2016; Reid, 1989; Simpson & Harrington, 1985).

The ostensible existence of a broadly distributed species with low 
dispersal potential is paradoxical and three hypotheses may be offered 
to explain it: (a) anthropogenic activities, (b) passive long- distance dis-
persal (LDD) mediated by floating objects (i.e. rafting), or (c) the pres-
ence of hidden diversity in the form of an unrecognized cryptic- species 
complexes. There is no evidence supporting the role of anthropogenic 
activities in the dispersal of marine organisms at the scale of the 
whole Southern Ocean. Laevilitorina caliginosa lives closely associated 
with buoyant macroalgae and LDD mediated by rafting could consti-
tutes a reasonable explanation for its broad distribution (Griffiths & 
Waller, 2016). Additionally, as recorded in several Southern Ocean 
marine near- shore invertebrates (Baird et al., 2011; González- Wevar 
et al., 2017, 2019; Wilson et al., 2009), L. caliginosa could harbour ge-
netically close, morphologically indistinguishable (i.e., cryptic) species.

In order to understand the evolutionary history of Laevilitorina in the 
Southern Ocean, we performed multi- locus molecular- phylogenetic 

reconstructions, mitochondrial and nuclear species- delimitation 
analyses, mitochondrial divergence- time estimations and geometric 
morphometric analyses to compare populations of L. caliginosa from 
different regions (South America, the Antarctic Peninsula and sub- 
Antarctic islands), as well as the Antarctic endemics, L. antarctica, L. 
claviformis and L. umbilicata. We aimed to reveal the phylogeographic 
structure within Laevilitorina and hence evaluate the potential role 
of vicariance and long- distance dispersal in the biogeography of the 
genus. We also used our data to shed light on the origin and diversifica-
tion of Laevilitorina around the Southern Ocean. Moreover, geometric 
morphometric analyses allowed us to evaluate the relevance of cryp-
tic speciation in the diversification of the group. Through addressing 
these issues, we provide new insights on evolutionary relationships, 
biogeographical and actual diversity patterns of a widespread element 
of the Southern Ocean, an area of the planet that has been relatively 
neglected in spite of its global importance.

2  |  MATERIAL S AND METHODS

2.1  |  Sample collection, DNA preparation and 
sequence editing

Individuals of Laevilitorina were sampled from inter-  and sub- tidal 
ecosystems across the Southern Ocean including L. caliginosa popu-
lations from southern South America, the Antarctic Peninsula and 
sub- Antarctic islands (Falkland/Malvinas, South Georgia, Marion, 

F I G U R E  1  Schematic representation 
of the Southern Ocean (light blue) and the 
general benthic biogeographic provinces 
described for the region (modified from 
Koubbi et al., 2014). The Antarctic 
Circumpolar Current (ACC) is delimited by 
two main fronts: the sub- Antarctic Front 
(SAF) and southern ACC Front (sACCF). 
The Antarctic Polar Front (APF) lies 
between these main fronts. Recognized 
sub- Antarctic areas include Magellan 
province in southern South America 
(red), sub- Antarctic Islands of the Indian 
Ocean (green), Macquarie Island (yellow) 
and sub- Antarctic New Zealand islands 
(pink). A single Antarctic province (dark) 
includes the Antarctic continent and 
some islands located south of the APF 
(e.g. South Georgia, Bouvet).
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Crozet and Kerguelen) (Figure 2a; Table S1 and S2), as well as three 
endemic Antarctic- Peninsula nominal species (L. antarctica, L. clavi-
formis, and L. umbilicata). Specimens were fixed in ethanol (95%) 
and taxonomic identification was based on the original descriptions 
and subsequent revisions (Engl, 2012; Gould, 1849; Preston, 1912, 
1916; Reid, 1989; Smith, 1902; von Martens & von Pfeffer, 1886). 
Nucleic acids were prepared using a standard salting- out method 
(Aljanabi & Martinez, 1997) and the QIAGEN Dneasy Blood & 
Tissue Kit (QIAGEN Inc.). Universal primers were used to amplify a 
partial fragment of the mitochondrial cytochrome c oxidase subu-
nit I (Folmer et al., 1994), and the nuclear rRNA 28S (Littlewood 
et al., 2000) genes. The nuclear fragment here analysed expands 
between the end of the ITS2 and D1 region and is suitable to infer 
phylogenetic relationships in littorinids (Reid et al., 2012). Forward 
and reverse sequences were assembled and edited independently 
using GENEIOUS 5.1.7 (Kearse et al., 2012). Alignments and base 
composition of nucleotide sequences were analysed separately in 
MUSCLE (Edgar, 2004) and MEGA X (Kumar et al., 2018), respec-
tively. Mitochondrial codon usage was estimated using the effec-
tive number of codon value (ENC) (Wright, 1990) in DnaSP v.5 

(Librado & Rozas, 2009). New Laevilitorina sequences have been 
deposited in GenBank under the following Accession Numbers: COI 
(MZ321820– MZ321864) and 28S rRNA (MZ322329– MZ322390 
and MZ381414– MZ381445). Molecular information concerning 
the analysed specimens and museum material from the Western 
Australian Museum (WAM) is available in Table S1.

2.2  |  Phylogenetic reconstructions

Mitochondrial (COI) and nuclear (28S rRNA) phylogenetic recon-
structions included 5– 10 individuals of Laevilitorina caliginosa per 
locality across the species distribution (Figure 2a), as well as at least 
5 specimens of the Antarctic species. For comparative purposes, 
we also used 10 individuals of the Antarctic littorinid Laevilacunaria 
antarctica, a member of the sister genus. In addition, we included 
sequences of littorinid genera such as Echinolittorina, Austrolittorina, 
Afrolittorina and outgroups (Lacuna pallidula and Bembicium auratum) 
following Williams et al. (2003) and Reid et al. (2012). Phylogenetic 
relationships were estimated using maximum parsimony (MP), 

F I G U R E  2  (a) Sampling of Laevilitorina caliginosa populations across its distribution in the Southern Ocean including populations from 
southern South America (SA), Antarctic Peninsula (AP) and sub- Antarctic islands of the Indian Ocean (sAIO). AV, Avian Island; CH, Cape Horn; 
CZ, Crozet Island; DI, Deception Island; DR, Diego Ramírez Island; FA, Falkland/Malvinas Islands; FI, Fildes Bay; HI, Hornos Island; KE, Kerguelen 
Islands; LI, Livingston Island; MR, Marion Island; RI, Robert Island; SG, South Georgia; SM, Strait of Magellan; SO, South Orkney Islands; YE, 
Doumer Island. APF and sACCF indicate the relative positions of the Antarctic Polar Front and the southern ACC Front, respectively. (b) Adult 
individual of L. caliginosa in its natural habitat in the Beagle Channel (photograph courtesy of Gonzalo Arriagada). (c) Ventral view of a shell of L. 
caliginosa showing the position of the 15 analysed landmarks (HL1 to HL15). The number of mtDNA/nucDNA L. caliginosa's sequences per main 
area are SA (n = 332/110); AP (n = 180/60); SG (n = 90/40); MR (n = 10/10); CZ (n = 50/20); and KI (n = 90/40).
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maximum likelihood (ML) and Bayesian analyses (BA). MP and ML 
analyses were performed in MEGA X, while BA were done using 
MrBayes v.3.1.2 (Huelsenbeck & Ronquist, 2001). Nucleotide sub-
stitution models for ML and BA were estimated for each marker in-
dependently and for the concatenated dataset using, respectively, 
the Akaike information criterion (AIC) and the Bayesian informa-
tion criterion (BIC) in JmodelTest v.2.1.10 (Darriba et al., 2012). 
The models TN93 + I + G∣HKY + I + G (COI), HKY + I + G∣T92 + I + G 
(28S rRNA) and GTR + I + G (COI + 28S rRNA) were selected as op-
timal for ML∣BA analyses. Nodal supports for MP and ML analy-
ses were inferred using non- parametric bootstrap (BS) with 1000 
pseudo- replicates (Felsenstein, 1981). Bayesian- inference posterior 
probabilities (BPP) were estimated using the Metropolis coupled 
Markov- chain- Monte- Carlo algorithm (MCMC) running four chains 
for 100 × 106 generations and trees were sampled every 1000 
generations. Stationarity of the analyses was inferred when the 
average standard deviation of split frequencies was less than 0.01 
(Huelsenbeck & Ronquist, 2001). The initial 10% of the parameter 
values were discarded and posterior probabilities were estimated 
as the fraction of trees showing a particular node. Posterior- 
probability densities were summarized as a maximum clade cred-
ibility tree using TreeAnnotator v.1.6.1 (http://beast.bio.ed.ac.uk/
TreeAnnotator) and visualized using FigTree v.1.4.3. (http://tree.bio.
ed.ac.uk/softw are/figtree).

2.3  |  Species- delimitation analyses and divergence- 
time estimations

Mitochondrial (COI) and nuclear (28S rRNA) species delimita-
tion analyses in Laevilitorina were carried out independently using 
three different methods: the automatic barcoding gap discov-
ery (ABGD) (Puillandre et al., 2012), the generalized mixed yule 
Coalescent (GMYC) (Pons et al., 2006) and the multi- rate Poisson 
Tree Processes (mPTP) (Zhang et al., 2013). Species- delimitation 
analyses using ABGD and mPTP were performed on their respective 
on the web- servers (http://www.abi.snv- jussi eu.fr/public.abgd) and 
(https://speci es.h- its.org), respectively. The GMYC method (Ihaka & 
Gentleman, 1996) was performed in the R environment (R, version 
2.4.1) using the package “splits” (Pons et al., 2006).

To estimate divergence times, a relaxed molecular- clock analy-
sis was implemented for mtDNA sequences using an uncorrelated- 
lognormal (ucln) model of molecular evolutionary rate heterogeneity 
and the GTR + I + G substitution model implemented in BEAST v.1.7.5 
(Drummond et al., 2012; Drummond & Rambaut, 2007). A birth- death 
speciation prior was used to estimate branching rates in the phylogeny. 
Four chains were run twice for 200 × 106 generations and trees were 
sampled every 1000 generations. We used several calibration points 
previously estimated for the time of the most recent common ances-
tors (TMRCA) of the littorinid genera Echinolittorina, Littorina, Littoraria, 
Austrolittorina, Afrolittorina and Tectarius (Reid et al., 2012). The con-
vergence of model parameters was estimated by plotting the marginal 
posterior probabilities versus the generations in Tracer (Rambaut 

et al., 2018). Effective sample- size values were estimated for each pa-
rameter to ensure the adequate mixing of the MCMC (ESSs >500).

2.4  |  Geometric morphometric analyses

A total of 105 adult shells of L. caliginosa were photographed with 
a Leica EZ4W stereoscopic microscope. Shells were placed on a 
grid of 1 cm squares and stabilized using foam to standardize pla-
nar orientation. Shells were carefully oriented in ventral position 
with the aperture parallel to the grid facing the camera. Two lights 
were pointed at 45° angle above the shells and colour images were 
captured, measured and digitalized using the software Leica LAZ 
ES (Leica Microsystems). For comparative geometric morphometric 
analyses, specimens were grouped using a priori information based 
on molecular data and species- delimitation analyses.

Images were transformed into thin- plate splines (TPS) using 
tpsUtil (Rohlf, 2009) and landmarks were used to capture two- 
dimension Cartesian coordinates (x, y) in tpsDig 2.12 (Rohlf, 2009). 
Scaling was performed using tpsDig to correct for the size of the 
individual and to describe the shape of the object in terms of the 
spatial relationship between its parts rather than its dimensions. 
A total of 15 homologous landmark points (HL) (Figure 2c) were 
captured for each individual, which allowed us to decompose 
shell morphology under the criteria of homology, repeatability, 
coplanarity and shell- shape coverage following Bookstein (1991). 
Among the selected landmarks HL1– HL5, HL9 and HL12 –  HL15 
are Type I landmarks, representing direct juxtapositions of tissue 
types or probable homologies (Bookstein, 1991). Homologous 
landmark 1 (HL1) is the apex of the shell, whereas HL2– HL5 are 
upper and lower sutures of succeeding whorls. HL12, HL13 and 
HL15 are duplications of HL5, HL4 and HL2, respectively, on the 
left profile. The other landmarks were selected based on over-
all form of aperture and the last major whorl. Landmark coor-
dinates for all specimens were analysed using MorphoJ v.1.06b 
(Klingenberg, 2011).

Landmarks were superimposed using Procrustes Fit, which maps 
the landmark configuration of each specimen in a dataset onto each 
other so that corresponding points are as close as possible. This 
process allows us to scale specimens to comparable sizes based on 
centroid size and minimizes the sum of squared distances between 
corresponding points (Rohlf, 1999). A principal component analysis 
(PCA) of shape was performed to determine the linear combination 
of variables that accounts for most of the variation in the data. The 
scores on the first two principal components were used in a ca-
nonical variate analysis (CVA) to discriminate among the analysed a 
priori groups. Finally, we estimated the percentage of correctly re- 
assigned specimens through a discriminant function analysis (DFA) 
in MorphoJ.

Finally, to assess the relationship between molecular (uncor-
rected p- distances) and morphological (Procrustes distances) data 
in Laevilitorina, we performed a test of congruence among distance 
matrices (CADM) (Legendre & Lapointe, 2004). To do so, we used 
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molecular and morphological distances with the CADM global 
function through the Kendall coefficient matrix concordance (W) 
implemented in the APE package (Paradis & Schliep, 2019). High 
and significant Kendall coefficients suggest a high concordance and 
therefore correlation between genetic and morphological matrices.

3  |  RESULTS

3.1  |  DNA polymorphism

The cytochrome c oxidase subunit I data set consisted of 250 indi-
viduals and 620 nucleotide positions coding for 206 amino acids. No 
insertions/deletions (indels) or stop codons were detected among 
the analysed individuals. A total of 253 variable positions (40.8%) 
were found in the COI data set and 239 of them were parsimoniously 
informative (94.4%). Mitochondrial sequences were A– T rich (62%). 
The final alignment of the nuclear gene 28S rRNA included 150 in-
dividuals and a fragment of 721 nucleotide positions. A total of 162 
positions (22.4%) were variable in the 28S rRNA data set and 149 of 
them (91.9%) were parsimoniously informative. Nuclear sequences 
were G– C rich (54.5%). Mitochondrial and nuclear sequences were 
not saturated and we found no evidence for mtDNA codon bias 
(ENC = 39.28).

3.2  |  Phylogenetic reconstructions

Multi- locus phylogenetic reconstructions using different methods 
clearly discriminated major taxonomic littorinid groupings, nota-
bly a monophyletic Laevilitorina, with high bootstrap and posterior 
probabilities (Figure 3). Within Laevilitorina, no topological incon-
sistencies were found between mtDNA and nucDNA reconstruc-
tions (Figure S1 and S2). Nevertheless, phylogenetic relationships 
within the genus were unexpected as none of the nominal species 
were monophyletic. On the one hand, all the methods and molecular 
markers distinguished seven species- level clades (=lineages) within 
the nominal L. caliginosa (Figure 3), with levels of mtDNA genetic 
divergence (uncorrected p- distances) between 21.4% and 3.0% 
(Table S3). On the other hand, phylogenetic reconstructions failed to 
distinguish the Antarctic nominal species L. antarctica, L. umbilicata 
and L. claviformis (Figure 3), and they shared haplotypes and alleles. 
Moreover, this Antarctic clade (L. antarctica/L. claviformis/L. umbili-
cata) falls within the “caliginosa” lineages, rendering the latter para-
phyletic (Figure 3). Accordingly, the diversity in L. caliginosa fell into 
two non- sister clades with high levels of divergence (average > 15%) 
between them (Figure 3). The first group included (Figure 3 red 
clade) four lineages, three sympatric and, indeed, syntopic, from the 
Strait of Magellan, southern South America (L1– L3), and one from 
the Antarctic Peninsula and geographically distant sub- Antarctic 
islands of South Georgia, Marion, Crozet and Kerguelen (L4). The 
second group (Figure 3 blue clade) comprised three lineages (L5– 
L7) found across the southern tip of South America, the Falkland/

Malvinas Islands and South Georgia. Lineage 5 (L5) was collected 
from the Beagle Channel, Cape Horn, the Falkland/Malvinas Islands 
and in South Georgia. Lineage 6 (L6) was limited to Hornos Island, 
Cape Horn and lineage 7 (L7) was restricted to the Falkland/
Malvinas Islands.

3.3  |  Species- delimitation analyses and divergence- 
time estimations

Mitochondrial (COI) and nuclear (28S rRNA) species delimitation 
analyses using ABGD, mPTP and GMYC corroborated phylogenetic 
reconstructions, and all recovered a total of eight Laevilitorina spe-
cies. Seven of them were found within a nominal L. caliginosa; the 
eighth included the three Antarctic nominal species L. antarctica, L. 
umbilicata, and L. claviformis (Figure 3).

Mitochondrial divergence- time estimates are in basic agree-
ment with previous studies of littorinids (Figure S3) (Reid 
et al., 2012; Williams et al., 2003). Estimates within Laevilitorina 
suggest that the TMRCA of the subfamily Laevilitorininae, (Laevi
litorina + Laevilacunaria) occurred ~56 Ma, whereas the origin of 
the analysed lineages of Laevilitorina was ~38 Ma (HPD 45– 34 Ma) 
(Figure 4). Subsequently, the separation between the ancestor of L. 
antarctica/L.claviformis/L. umbilicata and lineages L1– L4 took place 
during the Miocene ~20 Ma (27– 16 Ma) (Figure 4). The separation 
between Strait of Magellan (L1– L3) and Antarctic Peninsula + sub- 
Antarctic islands (L4) lineages occurred ~12 Ma (16– 8 Ma). 
Laevilitorina diversified in Cape Horn (L5/L7 from L6) and in the 
Strait of Magellan (L1 from L2/L3) during the Miocene between 
16 Ma (21– 12 Ma) and 7 Ma (10– 5 Ma), respectively (Figure 4). 
Finally, Laevilitorina diversified in the Strait of Magellan (separation 
of L2 and L3) and Cape Horn (separation of L5 and L7) during the 
Pliocene ~3 Ma (5– 2 Ma) (Figure 4).

3.4  |  Geometric morphometrics

Principal components 1– 3 (PC1– PC3) combined explained 70.4% of 
the total morphological variation of shells. The PCA showed some 
degree of separation amongst the seven analysed groups. HL3, HL6 
and HL7 were the most distinct landmarks but there were signifi-
cant overlaps amongst others (HL1, HL2, HL4 and HL5). PC1 was 
associated with variability in landmarks located on the apex and the 
sutures between major whorls on right and left profiles (HL1– HL4, 
HL14, HL15). PC2 was associated with variability in landmarks lo-
cated at the junction between the end of suture and the aperture 
lip and the most external point on right profile of the last whorl 
(HL5, HL6, HL8, HL12 and HL13). PC3 was associated with land-
mark variability on the right profile of the last whorl and the aperture 
(HL6– HL9). Negative and positive values in PC1– PC2 (x- axis) were 
associated with rounded and elongated specimens, while negative 
and positive values in PC3 (x- axis) described narrower and broader 
individuals, respectively.
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F I G U R E  3  Bayesian maximum clade credibility tree of Littorinidae relationships based on multi- locus data with special emphasis on 
Laevilitorininae (Laevilitorina & Laevilacunaria) populations collected from around the Southern Ocean. The lineages (L1– L7) recorded within 
the nominal species L. caliginosa are showed. Red and blue rectangles indicate the paraphyletic groups of Laevilitorina lineages found within L. 
caliginosa. Bootstrap support (BS) values (MP and ML) and Bayesian posterior probabilities (BPP) are shown above the nodes (in that order).
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The CVA based on the first two PCs accounted for 80.9% of the 
total variance and separated the groups in a similar way to the mo-
lecular results, showing marked morphological differences in four 
of the analysed lineages: L2, L3, L6 and L7 (Figure 5). In contrast, 
L1, L4 and L5 exhibited some degree of morphological similarity 
(Figure 5). Nevertheless, permutation tests based on Procrustes dis-
tances revealed that all the analysed lineages exhibited significant 
differences based on their morphological characteristics (Table S4). 
The DFA based on Procrustes distances established that most of the 
groups showed high percentage of correct allocation (>89%). Finally, 
Kendall coefficients of concordance (W) between genetic and mor-
phological distance matrices showed a low and non- significant value 
(W = 0.48; χ2 = 19.11; p = 0.52) suggesting incongruence between 
genetic and morphological variation among the seven “caliginosa” 
lineages.

4  |  DISCUSSION

In this study, we provide robust, yet unexpected, evidence about 
the biogeography of the marine snail genus Laevilitorina around 
the Southern Ocean. Through genetic and morphological data, we 
show that the species- level diversity in the genus has been both un-
derestimated in southern South America and overestimated in the 
Antarctic Peninsula. As previously demonstrated in different groups 
of near- shore marine organisms including invertebrates, vertebrates 
and macroalgae, Laevilitorina includes different lineages that have 
been separated by the APF, probably since the separation of the con-
tinental landmasses where they are currently distributed. However, 
one “caliginosa” lineage showed a broad trans- APF distribution with 
populations across the Antarctic Peninsula and geographically dis-
tant sub- Antarctic islands. Biogeographical patterns in Laevilitorina 
require new evolutionary explanations, involving the combined role 
of historical vicariance and recent dispersal, illustrating some wider 
principles concerning Southern- Ocean biogeography.

The nominal taxon L. caliginosa has previously been considered 
one of the few poorly dispersing species exhibiting a wide circumpo-
lar distribution across the APF. We show that, in fact, it comprises a 
suite of at least seven lineages, whose levels of genetic divergence 
clearly indicate species- level status, which is congruent with mor-
phological differentiation in the group. However, CADM analysis 
showed no relationship between molecular and morphological dis-
tances suggesting that morphologic differentiation was uncoupled 
from species diversification in Laevilitorina.

Six of these heretofore unrecognized species have much narrower 
distributions in and around southern South America, three (L1– L3) in 
the Strait of Magellan, the remainder (L5– L7) in southern areas of 
Cape Horn, the Falkland/Malvinas Islands and South Georgia. The 
broadest distribution is exhibited by the seventh species (L4), which 
includes populations across the Antarctic Peninsula, South Georgia 
and geographically distant sub- Antarctic islands of the Indian Ocean 
(Marion, Crozet and Kerguelen) (Figure 6). Significantly, this range 
crosses the APF; thus, this Laevilitorina lineage (L4) represents the 
first confirmed example of a near- shore marine benthic invertebrate 
species found in both Antarctic and geographically distant sub- 
Antarctic ecosystems.

In contrast to the diversity recorded in southern South America, 
we show that the nominal species occurring on the Antarctic 
Peninsula, L. antarctica, L. claviformis and L. umbilicata are genetically 
indistinguishable, and should probably be considered as a single 
species. Moreover, phylogenetic reconstructions indicated that this 
species is nested within the “caliginosa” complex.

Geometric morphometric analyses showed that the genetically 
delineated Laevilitorina species exhibit significant morphological 
differences. Thus, unlike many radiations in the Southern Ocean 
including nudibranchs (Wilson et al., 2009), bivalves (González- 
Wevar et al., 2019), octopuses (Allcock et al., 2011), nemerteans 
(Thornhill et al., 2008), amphipods (Baird et al., 2011), pycnogonids 
(Arango et al., 2011), and echinoderms (Janosik & Halanych, 2010), 
Laevilitorina is not strictly a cryptic- species complex as speciation 

F I G U R E  4  Divergence time estimations of Laevilitorininae (Laevilitorina + Laevilacunaria) based on mtDNA sequences using estimated 
calibrations by Reid et al. (2012). BPP values are indicated at nodes and shaded bars indicate 95% highest posterior density (HPD) intervals.
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has proceeded through molecular differentiation occurring in con-
junction with morphological changes.

4.1  |  Biogeographic implications

The findings of this study adumbrated above are noteworthy because 
it gives new and valuable information about actual diversity patterns, 
evolutionary relationships and the biogeography of nearshore marine 
benthic invertebrates across its distribution in the Southern Ocean. For 
instance, before this study, Laevilitorina appeared to be a poorly repre-
sented genus in South America, with the presence of a single mainland 
species, L. caliginosa, and a second, L. latior, restricted to the Falkland/
Malvinas Islands. However, through this integrative study we demon-
strate that South America represents a species- rich province where this 
genus diversified over the last 20 Ma (Figure 6). Most of the new diver-
sity in Laevilitorina was found in the Strait of Magellan and in Cape Horn, 
as well as the Antarctic Peninsula, areas that have experienced geological 
events critical to the understanding of Southern- Ocean biogeography, 
such as the opening of the Drake Passage and the establishment of the 
ACC. In addition, during the last 50 years, southern South America and 
the Antarctic Peninsula have undergone one of the fastest responses 
anywhere to climate change (Meredith & King, 2005). Several authors 
(Cavanagh et al., 2021; Morley et al., 2020) have noted the relevance 
to understand and predict the consequences of global warming in this 
region, most notably local extinctions, and biological invasions.

During the last decade, several sub- Antarctic marine species 
have been reported in the Antarctic nearshore, demonstrating the 
existence of dispersal across the APF (Aronson et al., 2014; Avila 
et al., 2020; Cárdenas et al., 2020; Fraser et al., 2018). In short 
ecological timescales, several natural dispersal processes including 
airborne, oceanic eddy, rafting and hitchhiking on floating objects 

may allow the passage to and from Antarctica (Barnes et al., 2006). 
However, to date, exotic species recorded in Antarctica have failed 
to establish as permanent populations, probably due to physiological 
constraints (Fraser et al., 2018; López- Farrán et al., 2021).

The distribution of lineage 4 (L4) is then remarkable, both for 
its wide geographical extent and because it crosses the APF. These 
two aspects imply that this lineage is a good long- distance disperser, 
although why it should be so when its congeners are apparently poor 
at dispersing is unclear. It is possible that this species is more closely 
associated with LDD rafting vehicles such as Durvillaea antarctica. 
Future studies of the ecology of the various Laevilitorina lineages will 
be necessary to shed light on this puzzle. Despite these interesting 
results, the level of resolution of the analysed markers do not allow 
an accurate estimate of the occurrence, date, and directionality of 
dispersal events. Future genomic- based analyses including Antarctic 
lineage 4 (L4) and sub- Antarctic populations will help us understand 
these major biogeographical issues.

South Georgia is biogeographically interesting for Laevilitorina 
because of the presence of both Antarctic (L4) and sub- Antarctic 
(L5) lineages. This overlap is surprising, since the coastal gastro-
pods of South Georgia generally have a greater affinity with those 
from the Weddell Sea sector rather than with South American 
ones (Zelaya, 2005). In fact, South Georgia represents the north-
ernmost limit of many Antarctic molluscs (e.g., Nacella concinna) 
and, in some exceptional cases, the southernmost limit for several 
sub- Antarctic ones (e.g., Siphonaria lateralis). Nevertheless, we are 
not aware of any examples, confirmed through molecular analysis, 
of congeneric near- shore sub- Antarctic and Antarctic molluscan 
species that co- occur in South Georgia. Thus, Laevilitorina may 
represent the first case of an intertidal gastropod genus in South 
Georgia, with sympatric— indeed syntopic— South American and 
Antarctic lineages.

4.2  |  Evolutionary diversification of Laevilitorina 
in the Southern Ocean

Our results suggest that the TMRCA of Laevilitorina was ~38 Ma 
(HPD interval 45– 34 Ma), close to the Eocene/Oligocene bound-
ary, a period of major change in the Southern Ocean involving the 
commencement of Antarctic isolation through the opening of major 
gateways (e.g., the Drake Passage) and the onset of the ACC (Scher 
et al., 2015; Zachos et al., 2001). Accordingly, the origin of the ana-
lysed lineages seems to be deeply connected to ancient vicariant 
processes driven by continental drift and the initiation of the ACC, 
as recently suggested for the microbivalve genus Kidderia (Levicoy 
et al., 2021). Subsequently, during the early Miocene, between 20 
and 12 Ma, Laevilitorina diverged independently in Antarctica and 
South America, resulting in the ancestors of the eight lineages here 
found. These radiations were probably associated with the mid-
dle Miocene Climatic Transition, a period of drastic climatic shifts 
marked by the intensification of the ACC and the reestablishment 
of permanent continental Ice Sheets in East (10 Ma) and West 

F I G U R E  5  Canonical variate analyses based on the principal 
components (PC1 and PC2) of the morphological variation 
recorded among the lineages (L1– L7) within L. caliginosa. 90% 
mean confidence ellipses are illustrated for each group in matching 
coloration with the wireframe representations of the average 
ventral shape variation of each lineage.
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(5 Ma) Antarctica (Lewis et al., 2009; Verducci et al., 2009; Zachos 
et al., 2001). Major oceanographic changes during this period were 
likely related to the full achievement of a deep ACC ~12 Ma (Dalziel 
et al., 2013). Fluctuations in the latitudinal position and the strength-
ening of the ACC seem to be important drivers in the evolution 
of the Southern Ocean biota (Chenuil et al., 2018; Crame, 2018; 
González- Wevar et al., 2017, 2019; Halanych & Mahon, 2018; Poulin 
et al., 2014). The establishment of a strong and deep ACC may have 
generated an effective oceanographic barrier maintaining the sepa-
ration of Laevilitorina lineages from Antarctica and South America.

More recently, Laevilitorina diversified in South America be-
tween the middle Miocene and the Pliocene, 16– 3 Ma. Similar radia-
tions have been identified in several groups of marine invertebrates 
during this period across the Southern Ocean including octopods 
(Strugnell et al., 2008), octocorals (Dueñas et al., 2016), bivalves 
(González- Wevar et al., 2019), patellogastropods (González- Wevar 
et al., 2017), trochoid gastropods (González- Wevar et al., 2021) 
and fishes (Near et al., 2012). Finally, the latest diversification of 
Laevilitorina in South America was probably driven by glacial pro-
cesses of the Quaternary. Recurrent ice advances and retreats may 
have enhanced geographical isolation and speciation as inferred for 
several other South American marine organisms (Fraser et al., 2012; 
González- Wevar et al., 2011, 2017, 2019; Schächinger et al., 2022). 
A plausible scenario of this Quaternary diversification in Laevilitorina 
involves small refugial populations of these poorly dispersing snails 
undergoing substantial genetic drift. Such drift- dominated process 
is less likely to lead to adaptive morphological differentiation, which 
would explain our belated recognition of the separate species of 
Laevilitorina. Such pseudocryptic speciation has recently been in-
ferred for the nudibranch genus Tritoniella, another poor disperser 
from the Antarctic and sub- Antarctic, which also separates species 
either side of the APF (Schächinger et al., 2022).

4.3  |  Systematics of Laevilitorina

The detailed systematic consequences of our work will be dealt with 
elsewhere. Nevertheless, it is useful to give here some brief pointers 
and sound a note of caution. The original description of L. caliginosa 
used specimens collected from Orange Bay, Tierra del Fuego, and 
included only external morphological characteristics: a dark/brown/
green shell coloration, an eroded first whorl and an aperture diam-
eter occupying less than 50% of the total shell length (Gould, 1849). 
Morphological and coloration patterns found in L5 correspond 
to this description and specimens were collected from Navarino 
Island, Puerto Williams and Ushuaia Bay close to the type locality. 
Accordingly, L5 seems to represent the true L. caliginosa and, con-
sequently, it seems that this species is restricted to the southern tip 
of South America, the Falkland/Malvinas Islands and South Georgia. 
We note that much of the biological and ecological information on 
what is purported to be L. caliginosa is based on Macquarie Island 
records (e.g., Reid, 1989; Simpson & Harrington, 1985), but the pres-
ence of L5 at Macquarie Island would require confirmation.

The morphological characteristics of L. latior (Preston, 1912) cor-
respond well to those of found in L7. Moreover, L7 specimens were 
collected from very near the type locality of L. latior, Port Stanley, 
in the Falkland/Malvinas Islands (Preston, 1912). This evidence sug-
gest that L7 is in fact L. latior and endemic to the Falkland/Malvinas 
Islands where it coexists with L5 (L. caliginosa).

Although the nominal Antarctic species L. antarctica, L. claviformis 
and L. umbilicata are similar in size and shape (Engl, 2012; personal 
observations), shells of L. umbilicata uniquely exhibit a profound suture 
and there is significant variation in colour. Thus, before formally syn-
onymizing these taxa it will be necessary to collect and analyse more 
populations of L. umbilicata and L. antarctica, especially those from 
their respectively type localities of South Georgia and East Antarctica.

F I G U R E  6  Distribution of the recorded lineages (L1– L7) within L. caliginosa around the Southern Ocean. Coloured circles show the 
frequencies and sample sizes. The approximate position of the APF and the sACC are marked with a solid blue and a dashed light blue line, 
respectively.
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Abstract

Background

Antarctica, its outlying archipelagoes and the Magellanic Subantarctic (MSA) ecoregion are
amongst the last true wilderness areas remaining on the planet. Therefore, the publication,
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citation  and  peer  review  of  their  biodiversity  data  are  essential.  The  new  Millennium
Institute Biodiversity of Antarctic and Subantarctic Ecosystems (BASE), a Chilean scientific
initiative funded by the National Agency of Research and Innovation, contributes 770 new
records  of  aquatic  invertebrates  as  a  point  of  reference  for  present-day  biodiversity
research at these latitudes.

New information

The occurrence dataset presented here has never been released before and is the result
of  the  systematic  recording  of  occurrences  of  several  taxa  across  the  Antarctic,
Subantarctic and Magellanic Subantarctic ecoregions. We collected data from marine and
freshwater invertebrates across numerous samplings from 2008 to 2023. From the 770
occurrences, we identified 160 taxa, 125 at species level and 35 at the genus level. The
database has been registered in the Global Biodiversity Information Facility (GBIF). The
publication of this data paper was funded by the Belgian Science Policy Office (BELSPO,
contract n°FR/36/AN1/AntaBIS) in the Framework of EU-Lifewatch as a contribution to the
SCAR Antarctic biodiversity portal (biodiversity.aq)

Keywords

Cape  Horn  Biosphere  Reserve,  freshwater  ecosystems,  GBIF,  macroinvertebrates,
Southern Ocean

Introduction

The study and characterisation of biodiversity in the different ecosystems of the planet is a
challenge and a task of grand proportions since it is estimated that the Earth is inhabited
by about 10 million species, which requires a significant investment of funds and work to
generate, collect and analyse biodiversity data (Troudet et al. 2017). In addition, due to the
environmental crisis that ecosystems have experienced in recent decades and its diverse
effects on biota, a global need for biodiversity data has been generated (Barnosky et al.
2011, Pecl et al.  2017). For this reason, data exchange practices and tools have been
developed,  such  as  the  Global  Biodiversity  Information  Facility  (GBIF)  and  the  Ocean
Biodiversity  Information  System  (OBIS),  which  follow  the  FAIR  foundational  principles
(Wilkinson et al. 2016) that facilitate access and research process for species occurrence
records. However, despite these international efforts devoted to the generation of data on
biodiversity, even today, only a small proportion of global records are estimated to have
been made available online (Ariño 2010, Maturana et al. 2019, Rosenfeld et al. 2022), with
some critical knowledge biases detected in some taxonomic groups (Troudet et al. 2017, 
Rocha‐Ortega et al. 2021, Llorente-Culebras et al. 2023).

The Southern Ocean (SO) surrounds Antarctica and is one of the main drivers of global
ocean circulation (Rintoul and Garabato 2013). Regarding biodiversity, the distribution of
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organisms  in  the  SO  seabed  ecosystems  largely  reflects  the  complex  interplay  of
geological, oceanographic and biological elements through space and time (Griffiths et al.
2009) Interpretation of these distributions can help to understand better the role of the SO
in the ecological processes of the Southern Hemisphere and project into the future the
changes in the distributions of biota due to the effect of global change (Griffiths et al. 2009, 
Lopez-Farran et al. 2021). From another perspective, Antarctica and the SO have been
under the Antarctic Treaty System since 1961, in which signatory nations agree to prioritise
current  and  future  management  and  protection  of  the  continent's  biodiversity  and
ecosystem values.  Comprehensive  protection  of  the  Antarctica  environment  cannot  be
addressed without a complete, unbiased and systematic publication of biodiversity data
ensuring the accomplishment of such a crucial endeavour (Wauchope et al. 2019, Hawes
et al. 2023).

It is essential to highlight that, despite the research efforts in Antarctica and the SO in the
last decades in generating knowledge in biodiversity, there are still many poorly-sampled
and  -studied  areas  and  habitats.  In  this  regard,  the  intertidal  and  shallow  subtidal
environments  of  Antarctica  and  Subantarctic  environments  are  considerably  less  well-
sampled than either  the surrounding deep sea (Brandt  et  al.  2014,  Ojeda et  al.  2014, 
Griffiths and Waller 2016, Rosenfeld et al. 2017, Aldea et al. 2020, Jossart et al. 2023).
Likewise, in continental environments, recent studies have identified important sampling
gaps in Antarctica and Subantarctic ecoregions (Chown and Convey 2016, Maturana et al.
2019, Ganan et al. 2021, Hawes et al. 2023). The Subantarctic environments represent a
large and  remote  geographic  area  and,  due  to  its  extreme  conditions  (climatic  and
oceanographic)  (Griffiths  and  Waller  2016),  it  denotes  a  challenge  when  undertaking
biodiversity inventories. For example, in the Magellanic Subantarctic ecoregion, it has been
described  that  the  diversity  of  representative  and  moderately  known  groups,  such  as
molluscs, would be underestimated (Aldea et al. 2020, Rosenfeld et al. 2020). In addition,
with the progress of molecular tools to date, new lineages continue to be detected in both
invertebrates and vertebrates (Gonzalez-Wevar et al. 2018, Maturana et al. 2021, Rozzi et
al. 2022). Therefore, in terms of biodiversity, the Subantarctic area in both terrestrial and
marine environments still represents a knowledge gap compared even to Antarctica (Rozzi
et al. 2012, Aldea et al. 2020, Contador et al. 2020). In summary, it is critical to fill gaps to
generate  and  digitise  open  and  accessible  biodiversity  databases  across  the  different
ecosystems and taxa.

The Chilean Institute  of  Biodiversity  of  Antarctic  and Subantarctic  Ecosystems (BASE)
decided to contribute with the digitisation of the historical sampling fieldwork conducted by
the authors across Antarctic, Subantarctic and Magellanic Subantarctic ecoregions. This
effort  will  increase  the  biodiversity  data  available  for  these  latitudes  and  improve  our
understanding of the magnitude of the potential effects of biodiversity loss.

General description

Purpose: These  data  aim  to  comprehensively  describe  the  geographic  distribution  of
aquatic  macroinvertebrates  in  southern  South  America,  Subantarctica  and  Antarctica
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ecoregions.  Although  this  database  only  included  four  phyla  -  and  therefore  is  not
completely representative of the extant biodiversity in those regions - we aim to expand the
work  to  include  more  phyla,  species  and  geographic  coverage.  The  development  and
continuously updated database will improve our knowledge of Antarctic and Subantarctic
biodiversity  and  initiate  long-term  biodiversity  monitoring  across  marine  and  terrestrial
ecosystems to detect significant modifications due to global change.

Project description

Title: State of Antarctic and Subantarctic biodiversity

Personnel: Julieta Orlando, Claudia Maturana, Sebastián Rosenfeld, Melisa Gañán, Javier
Rendoll

Study area description: Antarctic and Subantarctic ecoregions, including the Cape Horn
Biosphere Reserve (CHBR)

Funding: ICM-ANID Program ICN2021_002

Sampling methods

Sampling  description: Since  the  sampling  was  carried  out  by  various  groups  of
researchers from different ecosystems and habitats, the sampling methodology presents
variations related to the field team and the particular conditions of each collection site.
Additionally, each group of taxa requires different sampling techniques; however, here we
present the two principal methodologies for collection of aquatic invertebrates.

Marine 

The specimens were collected following a previous methodology (Rosenfeld et al. 2022). In
particular, the different taxa were collected using three methods: 1) manual collection in the
intertidal zone, with molluscs being sampled individually; 2) SCUBA diving between 1 and
15 m depth, where the sea urchins were manually collected; and 3) SCUBA diving between
1 and 20 m depth,  where the substrates (e.g.  sediments,  macroalgae) were collected.
Rock substrates were subsequently  scraped to ensure that  all  species and specimens
were  collected.  Each  macroalga  sample  was  placed  in  a  plastic  bag.  After  collection,
specimens were  kept  alive  and transported  on-board  or  to  the  research station.  Each
sample was then gently agitated to detach the associated fauna.

For intertidal insect sampling, the intertidal area was surveyed during low tide and adult
individuals were collected using an entomological aspirator (insect's pooter).

Freshwater 

Individuals were collected from lakes, ponds and other freshwater bodies using a Surber
net of 0.09 m  area and 243 μm mesh. A Malaise trap was also placed at each site to2
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obtain  adult  representatives  of  the  organisms  needed  to  identify  them  to  the  lowest
possible taxonomic level. Traps were placed in the late afternoon and left overnight at each
site.

Quality  control: All  captures  were  identified  up  to  species  level  following  available
taxonomic keys for the different groups. GPS positions were recorded for each sample
location. Specimens were immediately preserved in ethanol (95%) to be transported to the
laboratory. The specimens belonging to other phyla not included in this study were kept in
ethanol 95%, classified by phylum waiting to be described and digitised.

Geographic coverage

Description: The  geographic  extent  of  the  digitised  dataset  is  placed  in  the  following
biogeographic areas (Fig. 1: 1) the southern part of the Magellan Province, including the
Cape Horn Biosphere Reserve (CHBR); 2) the Subantarctic island of South Georgia; 3) the
South  Orkney Islands;  4)  the  South  Shetland Islands;  5)  the  West  and East  Antarctic
Peninsula and 6) Kerguelen Island.

Coordinates: 68 and 39 Latitude; 74 and 72 Longitude.

Taxonomic coverage

Description: Morphological  observations  were  performed  under  an  OLYMPUS
stereomicroscope  CX31.  Taxonomic  identification  of  the  molluscs  was  based  on  a

Figure 1.  

Occurrence of marine (yellow circles) and freshwater (purple circles) invertebrates throughout
all sampling sites.
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complete study of the current literature (e.g. Troncoso et al. (2001), Aldea and Troncoso
(2008),  Engl  (2012),  Ibáñez et al.  (2019)),  as well  as on classic works (Smith 1879, v
Martens  and  Pfeffer  1886,  Strebel  1908,  Powell  1954)  and  systematics  studies  about
specific taxa (Zelaya 2004, Pastorino 2005, Zelaya 2005, Pastorino 2016, Zelaya et al.
2020). The identification of echinoidea was based on Larrain (1975).

For specific taxonomic identifications in the Arthropoda database, we followed the available
taxonomic keys (Ephemeroptera: Domínguez and Fernández (2009); Coleoptera: Libonatti
et al. (2011); Plecoptera: Nieto 2004, McLellan and Zwick (2007); Branchiopoda: Rogers et
al. (2008); Odonata: von Ellenrieder (2003)). For general freshwater macroinvertebrates
identification, we used available taxonomic guides (Merritt and Cummins 1996, Domínguez
and Fernández 2009).

The taxonomic coverage of the dataset consists of all captures of aquatic invertebrates
from marine (sub- and intertidal) and freshwater (rivers, lakes and lagoons) habitats. This
database comprises 770 occurrences across four invertebrate Phyla: Arthropoda, Annelida,
Mollusca  and  Echinodermata.  Of  the  total  occurrences,  50.1%  corresponded  to
Arthropoda, 47% to Mollusca, 2.3% to Echinodermata (1 species) and 0.5% to Annelida (1
taxon at genus level) (Fig. 2). The databases will be described below based on the type of
environment (marine or freshwater) and discussed, based on the most representative taxa
in terms of occurrences.

Figure 2.  

Representation  of  total  occurrences  from  four  phyla.  Data  were  collected  from  different
expeditions to the Antarctic and Subantarctic regions. The absolute values of occurrences are
represented in parentheses.
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Marine 

Considering  all  the  revised  specimens,  the  mollusc  database  includes  357  records,
representing 104 taxa belonging to the classes Polyplacophora, Gastropoda and Bivalvia.
Of the total number of taxa, 93 were identified at the species level, six at the genus level
and five were left as "cf" (i.e. conferred) because there was no concrete background to
identify it with certainty. Of the total occurrences, 277 are gastropods, corresponding to 76
recorded taxa; 40 are chitons, belonging to 10 species and 36 are bivalves, belonging to
17  species.  The  main  families  in  terms  of  occurrence  and  number  of  species  were
Littorinidae,  Eatoniellidae,  Nacellidae,  Muricidae  and  Calliostomatidae,  accumulating
together ~ 51% of the total occurrences and ~ 42% of the total species (Fig. 3).

Freshwater 

The freshwater ecosystems included three phyla: Annelida, Mollusca and Arthropoda, the
latter  being  the  most  complete  in  terms  of  taxonomic  coverage,  occurrences  and
geographic extent. Considering all the Arthropoda database, we included 374 records, from
which Insecta was the most representative class (305 records), followed by Branchiopoda
(38), Malacostraca (27) and Maxillopoda (4). Within the total records, we detected 48 taxa,
from which 25 were identified at the species level and 23 at the genus level. We have
detailed the most diverse orders regarding occurrences and taxonomic diversity (Fig. 4).

Figure 3.  

Occurrences and total  taxa by families from Mollusca database. Data were collected from
different  expeditions  to  the  Antarctic  and  Subantarctic  regions.  The  absolute  values  of
occurrences and species are represented in parentheses.
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Taxa included: 

Rank Scientific Name

species Tonicina zschaui (Pfeffer, 1886)

species Leptochiton kerguelensis Haddon, 1886

species Callochiton steinenii (Pfeffer, 1886)

species Callochiton puniceus (Gould, 1846)

species Tonicia chilensis (Frembly, 1827)

species Tonicia lebruni Rochebrune, 1884

species Chiton magnificus Deshayes, 1827

species Plaxiphora aurata (Spalowsky, 1795)

species Nuttallochiton martiali (Rochebrune, 1889)

species Ischnochiton stramineus (G. B. Sowerby I, 1832)

species Hemiarthrum setulosum Carpenter [in Dall], 1876

species Fissurellidea patagonica (Strebel, 1907)

species Fissurella oriens G. B. Sowerby I, 1834

Figure 4.  

Occurrences and total taxa by orders from the Arthropoda database. Data were collected from
different  expeditions  to  the  Antarctic  and  Subantarctic  regions.  The  absolute  values  of
occurrences and species are represented in parentheses. Credits for images Maxime Dahirel
(coleoptera) and Didier Descouens vectorised by T. Michael Keesey (trichoptera).
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species Puncturella conica (d'Orbigny, 1841)

species Scurria ceciliana (d'Orbigny, 1841)

species Nacella concinna (Strebel, 1908)

species Nacella deaurata (Gmelin, 1791)

species Nacella flammea (Gmelin, 1791)

species Nacella mytilina (Helbling, 1779)

species Nacella magellanica (Gmelin, 1791)

species Margarella violacea (P. P. King, 1832)

species Margarella antarctica (Lamy, 1906)

species Margarella achilles (Strebel, 1908)

species Margarella steineni (Strebel, 1905)

species Margarella tropidophoroides (Strebel, 1908)

species Munditia meridionalis (Melvill & Standen, 1912)

species Onoba grisea (Martens, 1885)

species Onoba kergueleni (E. A. Smith, 1875)

species Subonoba turqueti (Lamy, 1906)

species Rissoella powelli Ponder, 1983

species Pickenia signyensis Ponder, 1983

species Crepipatella dilatata (Lamarck, 1822)

species Laevilacunaria antarctica (Martens, 1885)

species Laevilacunaria bennetti (Preston, 1916)

species Laevilitorina antarctica (E. A. Smith, 1902)

species Laevilitorina claviformis Preston, 1916

species Laevilitorina umbilicata Pfeffer, 1886

species Laevilitorina caliginosa (Gould, 1849)

species Laevilitorina pygmaea Pfeffer, 1886

species Laevilitorina venusta Pfeffer, 1886

species Pellilitorina pellita (Martens, 1885)

species Pellilitorina setosa (E. A. Smith, 1875)

species Eatoniella denticula Ponder & Worsfold, 1994

species Eatoniella nigra (d'Orbigny, 1840)
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species Eatoniella kerguelenensis (E. A. Smith, 1875)

species Eatoniella caliginosa (E. A. Smith, 1875)

species Eatoniella contusa Strebel, 1908

species Eatoniella subgoniostoma Strebel, 1908

species Eatoniella strebeli Ponder & Worsfold, 1994

species Eatoniella glacialis (E.A. Smith, 1907)

species Eatoniella cana Ponder, 1983

genus Marseniopsis sp.

species Skenella umbilicata Ponder, 1983

species Skenella georgiana Pfeffer, 1886

species Skenella cf. wareni Ponder & Worsfold, 1994

species Liotella crassicostata (Strebel, 1908)

species Sinuber sculptum (E. von Martens 1878)

species Eumetula pulla (Philippi, 1845)

species Omalogyra antarctica Egorova, 1991

species Microdiscula subcanaliculata (E.A. Smith, 1875)

species Acanthina monodon (Pallas, 1774)

species Trophon plicatus (Lightfoot, 1786)

species Trophon geversianus Pallas, 1774

species Trophon nucelliformis P. G. Oliver & Picken, 1984

species Trophon brevispira E von. Martens, 1885

species Fuegotrophon pallidus (Broderip, 1833)

species Xymenopsis muriciformis (P. P. King, 1832)

genus Prosipho sp.

species Prosipho cf. chordatus (Strebel, 1908)

species Prosipho cf. gracilis Thiele, 1912

species Prosipho hedleyi Powell, 1958

species Falsimohnia minor (Strebel, 1908)

species Chlanidota densesculpta (Martens, 1885)

species Pareuthria fuscata (Bruguière, 1789)

species Microdeuthria michaelseni (Strebel, 1905)
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species Meteuthria martensi (Strebel, 1905)

species Mathilda magellanica P. Fischer, 1873

genus Flabellina sp.

species Toledonia palmeri Dell, 1990

species Toledonia cf. palmeri Dell, 1990

species Toledonia parelata Dell, 1990

species Scissurella petermannensis Lamy, 1910

species Scissurella clathrata Strebel, 1908

species Siphonaria lateralis Gould, 1846

species Siphonaria fuegiensis Güller, Zelaya & Ituarte, 2016

species Siphonaria lessonii Blainville, 1827

species Onchidella marginata (Couthouy in Gould, 1852)

species Turbonilla strebeli Corgan, 1969

species Neobuccinum eatoni (E. A. Smith, 1875)

species Kidderia subquadrata (Pelseneer, 1903)

species Kidderia minuta Dall, 1876

species Lissarca miliaris (Philippi, 1845)

genus Lissarca sp.

species Gaimardia trapesina (Lamarck, 1819)

genus Philobrya sp.

species Philobrya quadrata (Pfeffer in Martens & Pfeffer, 1886)

genus Neolepton sp.

species Laternula elliptica (P. P. King, 1832)

species Limea pygmaea (Philippi, 1845)

species Aequiyoldia cf. eightsii (Jay, 1839)

species Altenaeum charcoti (Lamy, 1906)

genus Hiatella sp.

genus Lasaea sp.

species Aulacomya atra (Molina, 1782)

species Perumytilus purpuratus (Lamarck, 1819)

species Arbacia dufresnii (Blainville, 1825)
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species Telmatogeton magellanicus (Jacobs, 1900)

species Rhionaeschna variegata (Fabricius, 1775)

genus Helobdella sp.

species Lancetes angusticollis (Curtis, 1839)

genus Lancetes sp.

genus Liodessus sp.

genus Luchoelmis sp.

genus Haliplus sp.

species Metamonius anceps (Eaton, 1883)

species Massartelopsis irarrazavali (Demoulin, 1955)

species Meridialaris chiloeensis (Demoulin, 1955)

species Andesiops torrens (Lugo-Ortiz & McCafferty, 1999)

species Aubertoperla kuscheli Illies, 1963

genus Aubertoperla sp.

genus Antarctoperla sp.

genus Notoperla sp.

species Rhithroperla rossi (Froehlich, 1960)

species Udamocercia antarctica (Enderlein, 1905)

genus Udamocercia sp.

species Austrocosmoecus hirsutus Schmid, 1955

species Monocosmoecus hyadesii (Mabille, 1888)

genus Verger sp.

species Mastigoptila brevicornuta (Schmid, 1958)

species Rheochorema magellanicum Flint, 1974

genus Rheochorema sp

genus Sigara sp.

species Parochlus steinenii (Gercke, 1889)

species Gigantodax rufescens (Edwards, 1931)

genus Gigantodax sp.

genus Hexatoma sp.

genus Hemerodromia sp.
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species Edwardsina dispar Edwards, 1929

species Gigantodax igniculus Coscaron & Wygodzinsky, 1962

genus Limonia sp.

genus Aphroteniella sp.

species Andesiops torrens (Lugo-Ortiz & McCafferty, 1999)

genus Klapopteryx sp

species Notoperla fuegiana (Enderlein, 1905)

genus Pelurgoperla sp.

genus Teutoperla sp.

genus Aubertoperla sp.

genus Metacosmoecus sp.

species Pisidium magellanicum (Dall, 1908)

species Pectinidens diaphanum (P.P.King, 1832)

species Hyalella simplex (Schellemberg, 1943)

genus Hyalella sp.

genus Daphnia sp.

genus Boeckella sp.

species Andesiops peruvianus (Ulmer, 1920)

species Metamonius anceps (Eaton, 1883)

species Senzilloides panguipulli (Navás, 1928)

species Limnoperla jaffueli (Navás, 1928)

species Antarctoperla michaelseni (Klapálek, 1904)

species Branchinecta gaini Daday, 1910

Temporal coverage

Notes: All available records between 2008 and 2023.

Collection data

Collection name: BA

Specimen preservation method: ethanol 95%

Curatorial unit: plastic
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Usage licence

Usage licence: Creative Commons Public Domain Waiver (CC-Zero)

Data resources

Data package title: Occurrences of aquatic invertebrates in the Antarctic and Subantarctic
regions

Resource link:  https://www.gbif.org/dataset/1eb4dc17-46f3-465e-9846-94e70d15ff78 

Alternative identifiers:  http://gbif-chile.mma.gob.cl/ipt/resource?r=aquatic_invertebrates 

Number of data sets: 1

Data set name: Occurrences of aquatic invertebrates in the Antarctic and Subantartic
regions

Data format: Darwin Core

Description:  The  dataset  contains  occurrence  data  from  marine  and  freshwater
invertebrates  across  numerous samplings  from 2008 to  2023 (Gañán et  al.  2023).
From the 770 occurrences, we identified 160 taxa, 125 at species level and 35 at the
genus level. A description of column headers used as given below.

Column label Column description

occurrenceID Unique identifier for each occurrence per taxa.

institutionCode Unique identifier for the institution having custody of the object(s) or information

referred to in the record.

collectionCode The coden identifying the collection from which the record was derived.

catalogNumber A unique identifier for the record within the dataset.

ocurrenceStatus The statement about the presence of the Taxon at the given Location.

collectionID The identifier for the collection or dataset from which the record was derived.

language The language of the resource.

licence The legal document giving official permission to share and adapt with appropiate

credits.

bibliographicCitation The bibliographic reference for the resource as a statement indicating how this

record should be cited and attributed when used.

taxonRank The taxonomic rank of the most specific name in the scientificName.

kingdom The full scientific name of the kingdom in which the taxon is classified.

phylum The full scientific name of the phylum in which the taxon is classified.
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class The full scientific name of the class in which the taxon is classified.

order The full scientific name of the order in which the taxon is classified.

family The full scientific name of the family in which the taxon is classified.

genus The full scientific name of the genus in which the taxon is classified.

scientificName The full scientific name in the lowest level taxonomic rank that was determined.

specificEpithet The name of species epithet of the scientificName.

scientificNameAuthorship The authorship information for the scientificName formatted according to the

conventions of the applicable nomenclaturalCode.

acceptedNameUsageID An identifier for the documented meaning of the name according to a source of the

currently valid (zoological) or accepted (botanical) taxon. We included GBIF and

World Register of Marine Species (WoRMS) website codes.

individualCount The number of individuals present at the time of the Occurrence, if it were

countable.

country The name of the country or major administrative unit in which the Location occurs.

countryCode The standard code for the country in which the Location occurs following the best

practice using an ISO 3166-1-alpha-2 country code.

locality The specific description of the place in which the collection was made.

island The name of the island in which the Location occurs.

waterBody The name of the water body in which the Location occurs. We include best practice

to use a controlled vocabulary.

decimalLongitude The geographic longitude in decimal degrees of the geographic centre of a

Location. Positive values are east of the Greenwich Meridian, negative values are

west of it. Legal values lie between -180 and 180, inclusive.

decimalLatitude The geographic latitude in decimal degrees of the geographic centre of a Location.

Positive values are north of the Equator, negative values are south of it. Legal

values lie between -90 and 90, inclusive.

coordinateUncertaintyInMetres The horizontal distance in metres from the given decimalLatitude and

decimalLongitude describing the smallest circle containing the whole of the

Location. We used the reasonable lower limit on or after 01-05-2020 of a GPS.

geodeticDatum The geodetic datum upon which the geographic coordinates given in

decimalLatitude and decimalLongitude are based.

georeferencedBy A person or a list concatenated and separated of names of people who determined

the georeference for the Location.

eventDate The date-time when the event was recorded. We used best practice using the ISO

8601:1:2019.
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year The four-digit year in which the Occurrence was recorded, according to the

Common Era Calendar.

month The integer month in which the Occurrence was recorded.

minimumDepthInMetres The lesser depth below the local surface in metres.

maximumDepthInMetres The greater depth below the local surface in metres.

basisOfRecord The specific nature of the data record. We used the recommended best practice of

one of the Darwin Core classes.

type The nature of the resource. We used the recommended best practice of one of the

Darwin Core classes.

preparations A list concatenated and separated of preparations and preservation methods for

the specimen.

recordedBy A person or a list of names of people responsible for recording the original

Occurrence.

identifiedBy A person or a list of names of people who assigned the Taxon to the subject.

habitat A category or description of the habitat in which the Occurrence was recorded.

datasetID The identifier for the set of data related to the metadata published in GBIF.

datasetName The name identifying the dataset from which the record was derived. This column

is related to the metadata published in GBIF.

occurrenceRemarks Comments related to the framework of the published records.

associatedReferences A list concatenated and separated of bibliographic reference of literature

associated with the Occurrence.

Additional information

As with all datasets, there are two main topics that we want to call attention to and discuss.

Geographic regions and diversity gaps

Within Magellan Province, important differences exist amongst the regions included in this
study.  For  example,  CHBR  had  the  highest  number  of  records  (440)  of  freshwater
biodiversity overall across all the geographic regions, but in Brunswick/Strait of Magellan
and  Tierra  del  Fuego,  there  is  a  notorious  gap  in  terms  of  biodiversity  assessment,
digitisation of  inventories and sampling efforts (Fig.  5).  Conversely,  South Georgia and
Antarctica are very similar in global marine biodiversity, with 166 and 145 occurrences,
respectively.  However,  there are significant  differences between marine and freshwater
data (Fig. 5) within these regions, the former being the most extensive marine database in
these latitudes. In particular, the Littorinidae represented more than 24% in the Antarctic
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Peninsula and South Georgia; while in the Magellan Province, the families Nacellidae and
Muricidae were the most representative, with 13.7% and 12.9%, respectively (Fig. 6).

These results deserve to be highlighted as they point out where sampling and geographic
exploration efforts should be aimed and to survey and digitise the under-represented taxa
in the territory. In this regard, the highest number of records obtained in the CHBR (Fig. 5)
could represent the result of the long-term monitoring of freshwater invertebrates in the
area currently conducted by the new Cape Horn International Centre funded by the Chilean
Agency of Research and Innovation.

New records and distribution extensions

Pickenia signyensis Ponder, 1983 (Fig. 7a) is a micro-gastropod that was described from
Borge Bay on Signy Island and, until  that time, only recorded for that geographic area
(Ponder 1983). This  genus is  characterszed by  the  morphological  characteristics  of  its
radula, with absence of the central  teeth (Ponder 1983, Fig. 7b).  This species inhabits

Figure 5.  

Biodiversity of aquatic invertebrates from the different regions included in this study.
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areas mainly associated with algae on rocky bottoms and, despite being locally common in
Signy,  no work on molluscan assemblages associated with macroalgae in  the western
Antarctic  Peninsula  has  reported  this  species  (Amsler  et  al.  2015,  Martín  et  al.  2016, 
Rosenfeld et al. 2017, Amsler et al. 2022). Therefore, this study is the first report of P. 

signyensis outside  of  South  Orkney,  specifically  in  the  southern  part  of  the  Antarctic
Peninsula.

Liotella crassicostata (Strebel, 1908) (Fig. 7c) does not present so many records since its
description. It is distributed mainly in the southern part of the Magellan Province, mainly in
Tierra  del  Fuego,  Isla  de los  Estados and Burwood Bank (Strebel  1908,  Di  Luca and
Zelaya 2019). It is characterised by presenting a teleoconch of up to 1.75 whorls, markedly
convex in outline, with the last whorl comprising about 90% of the total shell height and a
white surface, sculptured with 16 to 19 strong axial ribs per whorl (Di Luca and Zelaya
2019). Our analysed specimens measured approximately 0.7 mm in height and presented
16 axial ribs. This record would represent the first report in the South Georgia Islands.

Laevilacunaria antarctica (Martens, 1885) (Fig. 7d) is a species with a restricted distribution
in the SO, mainly present in South Georgia Island, South Orkney and the western part of
the Antarctic Peninsula (Reid 1989, Engl 2012, Amsler et al. 2015). This work represents

Figure 6.  

Total occurrences and percentages per dominant molluscs' family. Data were collated from
different  expeditions  to  the  Antarctic  and  Subantarctic  regions.  The  absolute  values  of
occurrences per area are represented in bold at the end of each bar.
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the first record of a population of L. antarctica in the Weddell Sea, specifically on Cockburn
Island, located in front of Seymour Island.

The Antarctic fairy shrimp Branchinecta gaini Daday, 1910 is an Anostraca species with a
distribution from southern South America, Falkland/Malvinas Islands and South Georgia.
Within  maritime  Antarctica,  this  shrimp  occurs  from  the  South  Orkney  Islands  to  the
southern  Antarctic  Peninsula,  including  South  Shetland  Islands  (Hawes  2009).  This
database contributes new records in the East Antarctic Peninsula (James Ross Island), the
southern part of South Georgia and Brunswick Peninsula and Tierra del Fuego from the
Magellan Region (see georeferencing information details in GBIF).

Regarding  the  general  freshwater  records,  all  the  species  found  from  the  Diptera,
Rhynchobdellida,  Coleoptera,  Ephemeroptera,  Plecoptera,  Trichoptera,  Veneroida,
Hygrophila, Amphipoda, Cladocera, Calanoida and Basommatophora orders correspond to
the southernmost records of their known distribution. In addition, new records of Parochlus 

steinenii (Gercke, 1889) and Boeckella were obtained during the last expedition to South

Figure 7.  

Photographs of new records and distribution extension of marine invertebrates; a Pickenia 

signyensis (bar scale 1 mm); b Radula of P. signyensis where the absence of the central tooth
is shown (bar scale 0.01 mm); c Liotella crassicostata (bar scale 0.4 mm); d Laevilacunaria 

antarctica Photographs by Sebastián Rosenfeld.
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Georgia and the Weddell Sea, but these occurrences will be updated into the existing GBIF
databases (Maturana et al. 2018, Gañan et al. 2020).

With all  this, these new records represent a significant contribution in occurrence data,
which undoubtedly contributes to the knowledge of the biodiversity of aquatic invertebrates
in  the Sub-Antarctic  ecoregion of  Magallanes,  the maritime Antarctic  and the Antarctic
Peninsula. Additionally, this database allows for contributions to further studies on species
distribution, biogeography and ecological niche modelling, amongst others.
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Abstract

Background

The present dataset is a compilation of georeferenced occurrences of the littorinid genus
Laevilacunaria Powell, 1951 (Mollusca, Gastropoda) in the Southern Ocean. Occurrence
data were obtained from field expeditions (Antarctic and sub-Antarctic sampling) between
2015 and 2022, together with a review of published literature including records from 1887
to 2022.  Three Laevilacunaria species have been recorded from the Southern Ocean:
Laevilacunaria bennetti, L. antarctica and L. pumilio.
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New information

The present dataset includes 75 occurrences, representing the most exhaustive database
of this Antarctic and sub-Antarctic littorinid genus. The publication of this data paper was
funded by the Belgian Science Policy Office (BELSPO, contract n°FR/36/AN1/AntaBIS) in
the Framework of EU-Lifewatch as a contribution to the SCAR Antarctic biodiversity portal
(biodiversity.aq).

Keywords

Littorinids, Laevilacunaria, Laevilitorininae, Antarctic, sub-Antarctic, Southern Ocean

Introduction

Species-distribution  knowledge is  a  key  parameter  to  understand the  composition  and
behaviour  of  communities  in  different  environments.  Many  studies,  based  on  species
distributions,  allow  us  to  understand  the  evolutionary  pathways  and  biogeographical
patterns,  as  well  as  the  processes and mechanisms associated  with  their  origins  and
diversification  (Pearse  et  al.  2009,  Allcock  and  Strugnell  2012,  Fraser  et  al.  2012, 
González-Wevar et al. 2013, Fraser et al. 2014, González-Wevar et al. 2016, González-
Wevar et al. 2021, Rosenfeld et al. 2022). A number of initiatives are currently facing the
challenge to record species and their distributions, including the Census of Marine Life
(http://www.coml.org/about-census/),  whose results  were compiled in  the Biogeographic
Atlas  of  the  Southern  Ocean  (De  Broyer  et  al.  2014).  This  is  undoubtedly  a  difficult
scientific task, but several initiatives are trying to face it through freely available platforms,
such  as  the  Ocean  Biodiversity  Information  System  (OBIS)  and  Global  Biodiversity
Information Facility (GBIF), where different kinds of collectors including museums, herbaria
and  researchers  can  offer  their  respective  datasets.  The  laboratory  of  Genómica  y

Ecología  Molecular  Antártica  y  sub-Antártica (LAGEMAS),  located  at  the  Universidad
Austral de Chile, is also making an effort to nurture and update this open and free-access
dataset  of  occurrence  information  on  higher  latitude  littorinids  for future  studies  in
distribution, biogeography and modelling.

A baseline survey of  Antarctic  biodiversity  indicated that  molluscs are one of  the most
abundant  and  widely  distributed  groups  and  have  been  recorded  in  85% of  intertidal
localities, more than arthropods (55%) or macroalgae (44%) (Griffiths & Waller 2016). The
most ubiquitous mollusc species were the patellogastropod Nacella concinna (Antarctic
limpet)  and the littorinid  Laevilitorina caliginosa,  present  in  56 and 45 of  the 98 areas
studied by Griffiths and Waller (2016), respectively.

The family of the intertidal gastropods Littorinidae Children, 1834, commonly known as
periwinkles,  includes  more  than  200  species  in  three  subfamilies;  Lacuninae,
Laevilitorininae and Littorininae (Bouchet et al. 2005). These small gastropod snails are
very  abundant  in  shallow  intertidal  rocky  ecosystems  worldwide  and  particularly  in
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temperate and tropical  areas. Littorinids are some of  the most extensively used model
organisms in ecology (Eschweiler et al. 2009), evolution (Johannesson 2003, Reid et al.
2012),  speciation (Williams et  al.  2003),  physiology (McMahon 2001)  and reproduction
(Johannesson et al. 1995).  They  have  also  been  used  for  micro-evolutionary  studies
including  natural  selection  and  genetic  differentiation  (Reid  et  al.  2006)  and  macro-
evolutionary studies, such as adaptive radiation and historical biogeography (Reid 1996, 
Williams et al. 2003, González‐Wevar et al. 2022). Most of the studies in littorinids have
been  done  in  temperate  groups  and  little  is  known  about  the  origin  and  evolutionary
relationships of higher latitude Antarctic and sub-Antarctic genera.

The  Southern  Ocean  includes  three  littorinid  genera:  Pellilitorina Pfeffer,  1886,
Laevilacunaria Powell, 1951 and Laevilitorina Pfeffer, 1886. The genus Pellilitorina belongs
to  the  subfamily  Lacuninae  Gray,  1857,  while  Laevilitorina and  Laevilacunaria are  the
extant members of the subfamily Laevilitorininae.

The genus Laevilacunaria includes three species: L. bennetti (Preston, 1916), L. antarctica

(Martens, 1885) and L. pumilio (E. A. Smith, 1877). Laevilacunaria antarctica was originally
described  under  the  name  Lacuna antarctica from  South  Georgia  (Martens  1885).
Similarly,  L. bennetti was  described  as  Pellilitorina bennetti from  the  South  Shetland
Islands,  Antarctic  Peninsula (Preston 1916)  and L. pumilio was described as Hydrobia 

pumilio from  the  Kerguelen  Islands  (E.  A.  Smith  1877).  Subsequently,  based  on
morphological characteristics of the shell and radula, Powell (1951) described the genus
Laevilacunaria and  placed  these  three  species  in  the  genus.  The  distribution  of  L. 

antarctica includes  hard  rocky-bottom  ice-free  sublittoral  ecosystems  across  maritime
Antarctic, including the Antarctic Peninsula, South Shetland Islands, South Orkney Islands,
Signy Island and South Georgia (Picken 1979, Iken 1999, Engl 2012, Amsler et al. 2015, 
Aghmich et al. 2016, Martin et al. 2016) The distribution of L. bennetti also includes rocky
ice-free sublittoral ecosystems across the Antarctic Peninsula, South Shetland Islands and
the Palmer Archipelago (Picken 1980, Amsler et al. 2015). Finally, L. pumilio was described
in  the  sub-Antarctic  Kerguelen  Archipelago,  but  it  has  also  been  reported  at  the
Bellinghausen Sea in the Antarctic Peninsula (Rosewater 1970, Ivanova and Grebelnyi
2017).

The  Antarctic  Laevilacunaria species  ( L. antarctica and  L. bennetti)  exhibit  narrow
bathymetric distributions, compared to other Antarctic marine invertebrates, that range from
the upper intertidal to 90 m depth, with maximum abundance recorded at 12 m depth (Reid
et al. 2012). Both species are highly abundant and have ecological importance in almost all
marine ecosystems across the Antarctic Peninsula. As recorded in most Antarctic marine
invertebrates,  Laevilacunaria species  exhibit  marked  seasonal,  spatial  and  growth
variability  throughout  their  distributions.  According  to  Picken  (1979) and  Amsler  et  al.
(2015), the highest abundances of L. antarctica are found associated with macroalgae like
Desmarestia anceps, Desmarestia menziesii, Pseudophycodrys sp. and over the fronds of
Plocamium,  Leptosarca,  Sarcopeltis,  Ascoseira,  Himantothallus,  Pantoneura sp.  and
Phyllophora sp., where they graze and reproduce. However, ecological studies suggest
that  L. antarctica does  not  feed  on  Ascoseira  mirabilis,  Phaeurus  antarticus or
Himantothallus grandifolius (Iken 1999). According to Iken (1999), L. antarctica feeds two

Laevilacunaria (Mollusca, Gastropoda) in the Southern Ocean: A comprehensive ... 3

172



thirds on epiphytic diatoms and a third on macroalgae. This is reflected in the taenioglosa-
type radula of the species, a very plastic tool that allows it to feed on a wide spectrum of
algae  (Reid  1989,  Iken  1999).  Information  concerning  the  species  L. bennetti and  L. 

pumilio is scarce; most of the records and references are associated with L. antarctica.

The present review documents the state of knowledge of the genus Laevilacunaria and
provides an updated database for the Southern Ocean.

General description

Purpose: This dataset was created within the framework of the undergraduate thesis of the
first author and part of the main research of the principal investigator. The main objective of
the dataset is to build a baseline of the geographic distribution as a complement to the
research  on  the  biogeography  of  littorinids  that  is  currently  being  carried  out  in  the
Laboratorio de Genomica y Ecología Molecular Antártica y Subantártica.

Project description

Title: Antarctic and sub-Antarctic littorinid database

Personnel: Andreas Schmider-Martínez, Claudia Maturana, Sebastián Rosenfeld, Claudio
González-Wevar

Study  area  description: This  study  is  centred  on  Antarctic  and  sub-Antarctic  areas
between latitudes 45°S and 69ºS, including different provinces of the Southern Ocean. It
extends around 24,000 km from east to west and 8,000 km from north to south and covers
an area of around 192 million km . The objective of this study is to integrate the most
complete  database  of  species  occurrences  for  the  Antarctic  and  sub-Antarctic  genus
Laevilacunaria across this area.

Design description: The present study provides a specific level dataset of Laevilacunaria

including  75  records,  using  a  combination  of  data  collected  during  recent  Antarctic
campaigns and literature. This review is the most updated and exhaustive database on this
important  Antarctic  littorinid  genus  and  will  be  a  base  for  future  biogeographic  and/or
phylogeographic analyses.

Funding: Regular FONDECYT 1210787 Project, Initiation FONDECYT 11140087 project,
Millennium Institute  Biodiversity  of  Antarctic  and Subantarctic  Ecosystems (Mi-BASE)  -
Instituto  Milenio  ICN2021_002,  Project  Genomic  Antarctic  Biodiversity  (GAB)  -  PIA
CONICYT ACT172065, Research Center Dynamics of High Latitude Marine Ecosystems -
Fondap-IDEAL 15150003, Postdoc FONDECYT 3210063, INACH DG_10-22 and Regular
INACH RG_18-17 project.
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Sampling methods

Description: The compilation of records for the database of the genus Laevilacunaria in
the Southern Ocean was obtained by two different types of sources: 1) field sampling data
obtained during the Chilean Antarctic Scientific Expedition (ECA) between the years 2015
(ECA51) and 2022 (ECA59),  together with records from Crozet  and Kerguelen Islands
through the PROTEKER project (an Underwater Observatory at Kerguelen) supported by
the  French  Polar  Institute;  and  2)  literature  review,  museums and  cruise reports.  The
search  for  public  literature  included  scientific  manuscripts  and  books  concerning
Laevilacunaria and species that were once included in the genera Laevilitorina, Pellilitorina,

Hydrobia and Lacuna, which now belong to Laevilacunaria.

Sampling  description: Occurrence  data  were  compiled  from  Antarctic  campaigns  at
different localities across the Southern Ocean (Fig. 1 and Table 1) including the South
Shetland Islands (Penguin, Greenwich, King George, Livingstone, Robert, Deception), the
west Antarctic Peninsula (Marguerite Bay, Isabel Riquelme Island, Doumer Island) (Fig. 2),
the  sub-Antarctic  South  Georgia  Island  during  2015-2022  and  Crozet  and  Kerguelen
Archipelagos  (Fig.  3).  The  sampling  was  the  result  of  an  international  and  national
collaboration network.

Locality Island Species Nº
specimens 

Date / ECA ver.Coordinates 

Fildes Bay King George Island L. 

antarctica 

L. bennetti 

13
20

2022/ECA59
2022/ECA59

62°12' S | 58°57'
W 

Admiralty Bay King George Island L. 

antarctica 

10 2019/ECA56 62°12' S | 58°57'
W 

Pingüino Island King George Island L. 

antarctica 

16 2020/ECA57 62°06' S | 77°52'
W 

Hannah Point Livingston Island L. 

antarctica 
10 2017/54 62°39' S | 60°38'

W 

Coppermine
Peninsula

Robert Island L. 

antarctica 

29 2017/ECA54 62°22' S | 59°42'
W 

Deception Island Deception Island L. 

antarctica 

26 2017/ECA54 62°57' S | 60°40'
W 

Discovery Base Greenwich Island L. 

antarctica 
L. bennetti 

48
13

2021/ECA58
2020/ECA58

62°28' S | 59°37'
W 

Table 1. 

Field campaigns during 2015–2022 identifying which littorinids of the dataset were collected at each
locality.
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Locality Island Species Nº
specimens 

Date / ECA ver.Coordinates 

South Bay Doumer Island L. 

antarctica 

L. bennetti 

22
8

2017/ECA54
2021/ECA58

64°52' S | 63°35'
W 

Isabel Riquelme
Island

Ant. Peninsula L. 

antarctica 

7 2019/ECA56 63°19' S | 57°53'
W 

Trinity Island Trinity Island L. 

antarctica 

5 2020/ECA58 63°47' S | 60°44'
W 

South Georgia South Georgia L. 

antarctica 

2 2021/ECA59 54°26' S | 36°33'
W 

Avian Island Marguerite Bay L. 

antarctica 

L. bennetti 

21
5

2017/ECA54
2019/ECA56

67°46' S | 68°52'
W 

Kerguelen Islands Kerguelen
Archilepagos

L. pumilio 1 2021/
PROTEKER

46°24’ S| 51°52’ E 

Crozet Islands Crozet Island L. pumilio 5 2021/
PROTEKER

49°21’ S| 70°13’ E 

Figure 1.  

Distribution of all records of the genus Laevilacunaria in the Southern Ocean (SO). A
Distribution of the three different species of Laevilacunaria in the SO; B Distribution of the
specimen of the genus Laevilacunaria reported in the Southern Ocean showing the origin of
the sources; literature and sampling.
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An extensive revision of the genus Laevilacunaria was done in the ISI web of Knowledge
searching  for  the  current  scientific  name  of  the  group:  Laevilacunaria and  species  of
Laevilitorina, Pellilacunella, Pellilitorina, Lacuna and Hydrobia, which now are included in
Laevilacunaria, as well as other names like Laevilacunaria/Pellilitorina brandsfieldensis and
Laevilacunaria bennetti which were also included in the examination. In order to obtain the
distribution of the species, we collected information from manuscripts and books where
Laevilacunaria was  mentioned  and  included  localities,  dates,  coordinates,  expeditions,
depths and years (Rosewater 1970, Arnaud and Bandel 1976, Picken 1979, Picken 1980, 
Iken 1999, Amsler et al.  2015, Simone 2018). All  papers that mention the presence of
Laevilacunaria using a quote were noted, but not necessarily included in the database,
since  they  did  not  include  geographical  coordinates,  locality  description  or  were
duplications of other references.

Quality control: Duplicate data were combined into a single record to construct a unified
database.  To evaluate  the  quality  of  the  filtered dataset,  all  records  were checked for
mismatches  between  reported  geographic  location  and  the  associated  metadata.  All
taxonomic records were included for the geographic distribution.

Step  description: Occurrences  are  presence-only  data for  two  different  sampling
methodologies: 1) individual collection of Laevilacunaria by hand in intertidal pools during
low  tide  periods  and  2)  SCUBA  diving  from  0  -  15  m  depth  where  we  collected:  a)

Figure 2.  

The distribution of Laevilacunaria across the Antarctic Peninsula, showing: A Distribution of
the three different species of Laevilacunaria;  B Distribution of the individuals of the genus
Laevilacunaria reported in the Southern Ocean showing the origin of the sources; literature
and sampling.
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individuals directly by hand and/or b) substrate (sediment, macroalgae) and the associated
fauna (Rosenfeld et al. 2022). All individuals were immediately preserved in ethanol (95%)
for further molecular and morphological analyses at the LAGEMAS laboratory, Universidad
Austral de Chile, Valdivia. Geographical coordinates were recorded using GPS for each
sampling site.

Geographic coverage

Description: The genus Laevilacunaria is represented across the whole Southern Ocean
and the adjacent Islands (Fig.  1):  South Shetland Islands, Signy Island, Anvers Island,
Elephant Island, archipelagos like the Archipelagos of Palmer, Archipelagos of Melchior
and along the Antarctic Peninsula (Fig. 2), the sub-Antarctic Islands of Crozet, Kerguelen
(Fig. 3) and South Georgia.

Laevilacunaria antarctica:

Individuals of L. antarctica were found on intertidal rocky ecosystems across the Antarctic
Peninsula and the South Shetland Islands (Fig. 4a).

Figure 3.  

The distribution of Laevilacunaria in the Crozet Islands and Kerguelen Islands, showing: A
Distribution of the three different species of Laevilacunaria; B Distribution of the individuals of
the genus Laevilacunaria reported in the Southern Ocean showing the origin of the sources;
literature and sampling.
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Laevilacunaria bennetti:

Laevilacunaria bennetti (Fig. 4b) was less abundant than L. antarctica and was found only
at Fildes Bay (King George Island), Discovery Bay (Greenwich Island), South Bay (Doumer
Island)  and  Avian  Island  (Marguerite  Bay).  The  described  distribution  for  this  species
includes Anvers Island, along the Archipelago of Palmer and the South Shetland Islands,
the Bransfield Strait and the Schollaert Channel.

Laevilacunaria pumilio:

The elusive species L. pumilio (Fig. 4c) has been recorded in literature at the type locality,
the  Kerguelen  Archipelago,  Crozet  Islands,  with  dubious  records  at  Fildes  Bay  (King
George Island,  South Shetland Islands)  and the Bellinghausen Sea.  During the recent
Proteker expedition, our French collaboration team recorded five L. pumilio from Crozet
Islands and one from the Kerguelen Islands.

Coordinates: -70 and -46 Latitude; -78 and 70 Longitude.

Taxonomic coverage

Description: The  complete  record  of  the  database  in  Laevilacunaria contains  75
occurrences,  including  the  three  species  of  the  genus  across  their  distributions  in  the
Southern Ocean. The literature review includes 64 records of species of Laevilacunaria, of
which 57 were used for the geographic distribution studies and seven were not included
because they were quotes of other mentions. Of the 57 records, 41 were L. antarctica; 10
L. bennetti; three L. pumilio and three Laevilacunaria as a genus. The sampling records
contain a total of 261 individuals, of which 209 were L. antarctica, 46 L. bennetti and six

Figure 4.  

Laevilacunaria spp. a Laevilacunaria antarctica (scale bar 2.5 mm); b Laevilacunaria bennetti

(scale bar 2 mm); c Laevilacunaria pumilio (scale bar 1 mm). Photograph (a) from Rosenfeld
et al. (2022), (b) and (c) by Sebastián Rosenfeld.
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L. pumilio. The time coverage of the dataset starts in 1877 (E. A. Smith 1877) and ends in
2022 with samples collected during ECA 58.

The present dataset is the most exhaustive and updated list of available occurrences and
material  of Laevilacunaria (Littorinidae) in the Southern Ocean. This collection provides
information about the occurrence of three Laevilacunaria species: Laevilacunaria antarctica

(Fig. 4a), L. bennetti (Fig. 4b) and L. pumilio (Fig. 4c). Occurrence distribution is shown in
Fig. 1.

Taxa included: 

Rank Scientific Name

genus Laevilacunaria 

species Laevilacunaria antarctica 

species Laevilacunaria bennetti 

species Laevilacunaria pumilio 

Traits coverage

Taxonomic identification

All  newly-collected  Laevilacunaria specimens  identified  in  this  study  (Fig.  4)  showed
morphological characteristics corresponding to those described in literature (Reid 1989, 
Engl 2012). Most of the studies in Laevilacunaria have been focused on L. antarctica, while
L. bennetti and L. pumilio have not been considered. In fact, neither of these species has a
particular study and L. pumilio has only been cited in its original description.

Temporal coverage

Notes: 1887-03-01 through 2022-02-08

Collection data

Collection name: Coleccion de Invertebrados del  Laboratorio de Genómica y Ecologia
Molecular de la Universidad Austral de Chile

Collection identifier: urn:UACh:LAGEMAS:Inv:Mol

Parent collection identifier: LAGEMAS

Specimen preservation method: alcohol 95%
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Usage licence

Usage licence: Creative Commons Public Domain Waiver (CC-Zero)

IP rights notes: This work is licensed under a Creative Commons Attribution (CC-BY 4.0)
License.

Data resources

Data  package  title: Laevilacunaria (Mollusca,  Gastropoda)  in  the  Southern  Ocean:  A
comprehensive occurrence dataset.

Resource link:  https://doi.org/10.15468/eequqq 

Alternative  identifiers: https://www.gbif.org/dataset/
c70094e2-7607-42da-8fb2-76669ac5c1ac;  http://gbif-chile.mma.gob.cl/ipt/resource?
r=genus_laevi_base

Number of data sets: 1

Data  set  name: Laevilacunaria (Mollusca,  Gastropoda)  in  the  Southern  Ocean:  A
comprehensive cccurrence dataset.

Data format: Darwin Core

Description:  All data collected for analysis reported here, including the study samples
and literature, have been deposited and incorporated in the available information on
the Global Biodiversity Information Facility (Schmider-Martínez et al. 2023).

Column label Column description

occurrenceID Unique identifier for each occurrence per taxa.

occurrenceStatus The statement about the presence of the Taxon at the given Location.

materialSampleID The unique identifier for the MaterialSample.

collectionID The identifier for the collection or dataset from which the record was derived.

taxonRank The taxonomic rank of the most specific name in the scientificName.

kingdom The full scientific name of the kingdom in which the taxon is classified.

phylum The full scientific name of the phylum in which the taxon is classified.

class The full scientific name of the class in which the taxon is classified.

order The full scientific name of the order in which the taxon is classified.

family The full scientific name of the family in which the taxon is classified.

genus The full scientific name of the genus in which the taxon is classified.

scientificName The full scientific name in the lowest level taxonomic rank that was determined.
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specificEpithet The name of species epithet of the scientificName.

scientificNameAuthorship The authorship information for the scientificName formatted according to the

conventions of the applicable nomenclaturalCode.

scientificNameID The identifier for the nomenclatural details of a scientific name.

country The name of the country or major administrative unit in which the Location occurs.

countryCode The standard code for the country in which the Location occurs following the best

practice using an ISO 3166-1-alpha-2 country code.

locality The specific description of the place in which the collection was made.

island The name of the island on which the Location occurs.

decimalLongitude The geographic longitude in decimal degrees of the geographic centre of a

Location. Positive values are east of the Greenwich Meridian, negative values are

west of it.

decimalLatitude The geographic latitude in decimal degrees of the geographic centre of a Location.

Positive values are north of the Equator, negative values are south of it.

verbatimCoordinates The verbatim original spatial coordinates of the Location.

coordinateUncertaintyInMetres The horizontal distance in metres from the given decimalLatitude and

decimalLongitude describing the smallest circle containing the whole of the

Location. We used the reasonable lower limit on or after 01-05-2020- of a GPS.

eventDate The date-time when the event was recorded. We used best practice using the ISO

8601:1:2019.

year The four-digit year in which the Occurrence was recorded, according to the

Common Era Calendar.

month The integer month in which the Occurrence was recorded.

minimumDepthInMetres The lesser depth below the local surface in metres.

maximumDepthInMetres The greater depth below the local surface in metres.

individualCount The number of individuals present at the time of the Occurrence if it was countable.

basisOfRecord The specific nature of the data record. We used the recommended best practice of

one of the Darwin Core classes.

type The nature of the resource. We used the recommended best practice of one of the

Darwin Core classes.

preparations A list concatenated and separated of preparations and preservation methods for

the specimen.

recordedBy A person or a list of names of people responsible for recording the original

Occurrence.

identifiedBy A person or a list of names of people responsible for recording the original

Occurrence.
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samplingProtocol Descriptions of the methods used during the sampling Event.

associatedReferences A list concatenated and separated of bibliographic reference of literature

associated with the Occurrence.

habitat A category or description of the habitat in which the Event occurred.

associatedMedia A list concatenated and separated of publications associated with the Occurrence.

rightsHolder The laboratory owning and managing rights over the resource.

organismRemarks Comments about the nomenclatural history of the specie.

Additional information

Discussion

The compilation of species distributions has increased in the last few years with different
projects like the SCAR projects, National Antarctic Science projects, the Census of Marine
Life  (http://www.coml.org/about-census/),  the  Millennium  Institute  of  Antarctic  and  sub-
Antarctic Biodiversity (Mi-BASE) and the Biogeographic Atlas of the Southern Ocean (De
Broyer et al. 2014), amongst others. Understanding species distribution patterns is pivotal
for other scientific areas including evolution, biogeography, ecology and modelling studies;
to have better knowledge of these topics would permit us to interpret the origins and the
evolutionary routes and,  thus,  allow us to predict  better  future scenarios under current
climate  change.  This  study  represents  a  contribution  to  improve  our  knowledge  of
biodiversity by increasing the open access database for future biogeographic and species
modelling for Southern Ocean littorinids and particularly for Laevilacunaria.

Literature remarks

This study unifies the knowledge of biodiversity and geographical distribution records for
Laevilacunaria using two different types of species reports (literature and sampling). The
other  two recognised species  of  the  genus  have only  been mentioned in  a  couple  of
studies  (including  their  original  descriptions),  which  are  not  directly  studies  of  marine
invertebrates. Since then, L. pumilio only has been mentioned in three other studies: 1)
Rosewater (1970),  a summary of  the family of  the Littorinidae in the Indian Ocean; 2)
Cantera and Arnaud (1984), a gastropod study and mention of L. pumilio by Crozet; 3)
Ivanova  and  Grebelnyi  (2017),  studying  the  stomach  content  of  anemones  where  L. 

pumilio was  identified  with  a  photograph.  However,  as  previously  stated,  the  actual
presence of the Kerguelenian species L. pumilio in Antarctica requires further confirmation.
Laevilacunaria pumilio is the only species of Laevilacunaria for which no description of
radula morphology has been made. Laevilacunaria bennetti has been mentioned on five
occasions since the first description of Preston (1916): 1) Powell (1951) showed several
locations of  the distribution of  L. bennetti across the Antarctic;  2)  Rosewater (1970),  a
summary of the family of the Littorinidae in the Indian Ocean; 3) Picken (1980), explaining
the reproductive patterns of L. bennetti, the first study delivering information concerning the
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species; 4) Taylor and Reid (1990) and 5) Amsler et al. (2015), mentioned the presence of
the species. By contrast, L. antarctica has been mentioned in more than 36 studies since
the description of E. van Martens (1885) and has been included in at least 10 direct studies
(Pfeffer 1886). The species is mentioned in almost all  intertidal studies of the Antarctic
Peninsula  and  the  adjacent  islands.  There  have  been  several  studies  about  feeding
strategy (Picken 1979, Reid 1989, Iken 1999, Amsler et al. 2015), the reproductive cycle
(Picken 1979, Picken 1980), morphology (Engl 2012), radula morphology (Powell  1951, 
Arnaud and Bandel 1976, Simone 2018) and population genetics (González‐Wevar et al.
2022), amongst others. L. antarctica is commonly cited in published literature and studies
due  to  its  abundance  in  the  majority  of  Antarctic  intertidal  areas,  while  L. bennetti is
mentioned  less  frequently.  A  plausible  explanation  for  this  bias  is  the  morphological
similarity of the two species (Powell 1951) and also the fact that L. bennetti mainly inhabits
subtidal  environments,  while  L. antarctica is  commonly  found  from  intertidal.  Several
studies mention that L. antarctica has been found in samples from 0-30 m depth, while L. 

bennetti is described as a more subtidal species with distribution between 6 and 16 m; field
observation confirm this suggestion.

Another important mention is the transition of the species of the genus Laevilacunaria. 

Laevilacunaria antarctica underwent  a  taxonomic  revision,  transitioning  from  various
genera. One reason for this is the synonymisation of the species L. brandsfieldensis with L.

antarctica. Laevilacunaria antarctica was originally classified under the genus Lacuna, but
was  reclassified  under  Laevilacunaria,  while  L. brandsfieldensis,  initially  described  as
Pellilitorina,  was  later  synonymised  under  Laevilacunaria.  Laevilacunaria pumilio

underwent  a  reclassification,  moving  from  the  genus  Hydrobia to  Laevilitorina and
subsequently to Laevilacunaria. Laevilacunaria bennetti was transferred from Pellilitorina to
Laevilitorina and ultimately to Laevilacunaria.

Distribution patterns

This study compiled the knowledge of the different types of species records (published
literature and sampling) to establish the distribution patterns of the genus Laevilacunaria.
The limits seem to be the adjacent sub-Antarctic islands; South Georgia Islands, Signy
Island,  Trinity  Island,  Kerguelen  Island  and  Crozet  Island.  The  majority  of  occurrence
records appear to be the West Antarctic Peninsula part of the Antarctic Peninsula with its
nearby Islands (Elephant Island, South Shetland Islands, Deception Island, Anvers Island
amongst others) and archipelagos (Palmer Archipelago); only a few studies indicate its
presence in East Antarctica. The reason could be the contrast in the ease of access to the
intertidal between the western and eastern parts of the Antarctic continent.

To  summarise,  the  compilation  cannot  encompass  the  whole  distribution  of  the  genus
Laevilacunaria, but brings an important update to previously-published occurrences in a
thorough  single  database.  Future  studies  in  the  three  recognised  species  of  the
Laevilacunaria are required to resolve the systematic and biographics at macro- and micro-
evolutionary scales. This study gives a basis for diverse molecular studies to reconstruct
the evolutionary  roads of  dispersion and speciation  of  the  genus across  the  Southern
Ocean.
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Both high and low dispersal?
Apparently contradictory
genetic patterns in the
Antarctic littorinid gastropod
Laevilacunaria antarctica
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Coquimbo, Chile, 5Instituto Milenio en Socio-ecologı́a Costera (SECOS), Coquimbo, Chile, 6Cape
Horn International Center (CHIC), Puerto Williams, Chile, 7Centro de Investigación Gaia-Antártica,
Universidad de Magallanes, Punta Arenas, Chile, 8Centro i-mar, Universidad de los Lagos, Puerto
Montt, Chile, 9Laboratorio de Ecosistemas Antárticos y Subantárticos (LEMAS), Universidad de
Magallanes, Punta Arenas, Chile, 10Department of Zoology, University of Otago, Dunedin, New
Zealand, 11Laboratorio de Ecologı́a Molecular (LEM), Departamento de Ciencias Ecológicas,
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How the near-shore marine benthic communities survived Quaternary

glaciations in Antarctica is a major question for Southern Ocean

biogeographers. Several hypotheses that consider life-history traits, such as

bathymetric ranges and developmental modes, have been proposed. Near-

shore species with high dispersive potential are expected to show star-like

genealogies, with broadly distributed haplotypes surrounded by closely related

variants at low frequencies, a consequence of rapid population post-glacial

expansion mediated by larvae. By contrast, shallow-water taxa with low

dispersal potential are expected to evidence marked genetic structure or even

consist of separate cryptic species, due to their survival in small refugial

populations subject to repeated bottlenecks. In this study we performed

phylogeographic analyses on the high-latitude littorinid Laevilacunaria

antarctica across its distribution from maritime Antarctica to South Georgia.

This species is a highly abundant near-shore gastropod, commonly found on

macroalgae, with low autonomous vagility and exhibits benthic protected

development with no free-living dispersive stages. Such characteristics make

this species a suitable model to test the above hypotheses. Contrary to low

dispersal potential predictions, L. antarctica comprises a single unstructured unit

across its distribution in maritime Antarctica, exhibiting a typical high-dispersal

star-like, short-branched genealogy centered on a dominant broadly distributed

haplotype. The South Georgia population, however, consists of a separate

genetic unit, strongly differentiated from those of the maritime Antarctic. We

estimate that these two genetic groups separated ~1.2 My, long before the Last
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Glacial Maximum and evolved independently in these areas. Our results thus

provide partial support for the expected pattern for a near-shore marine benthic

species with low innate dispersive potential. On a wider geographic scale

(maritime Antarctica vs South Georgia), our results in L. antarctica provide

support for the expected pattern for a near-shore marine benthic species with

low innate dispersive potential. However, on a narrower scale (maritime

Antarctica) life-history characters including the close association of the species

with macroalgae, would allow dispersal and a species with low dispersal potential

exhibits paradoxically an absence of genetic structure across hundreds of

kilometers probably mediated by rafting.
KEYWORDS

maritime Antarctica, sub-Antarctic, South Georgia, Laevilacunaria antarctica,
quaternary glaciations, postglacial recolonization, rafting, dispersal potential
Introduction

How the shallow benthic marine biota endured Quaternary

glaciations, particularly the Last Glacial Maximum (LGM), is a

major question in Antarctic biogeography (Barnes et al., 2006;

Thatje et al., 2008; Allcock and Strugnell, 2012; Fraser et al., 2014;

Riesgo et al., 2015; Chenuil et al., 2018; Crame, 2018; Lau et al.,

2020; Baird et al., 2021). Ice advances across the Antarctic

continental platform generated major landscape shifts and a

drastic reduction of available habitats (Zachos et al., 2001; Pollard

and DeConto, 2009; Fraser et al., 2012; González-Wevar et al., 2012;

González-Wevar et al., 2013; McCay et al., 2016; Halanych and

Mahon, 2018);. Accordingly, near-shore marine benthic

communities would have been especially vulnerable as continental

ice sheets extended over most of the narrow Antarctic shelf to about

500 m in depth (Ingólfson, 2004; Thatje et al., 2005; Barker et al.,

2007; Dambach et al., 2012).

Quaternary glaciations severely impacted the abundance,

demographic dynamics, structure, and spatial distribution of

Antarctic (Convey et al., 2009; McGaughran et al., 2011; Fraser

et al., 2012; González-Wevar et al., 2013; Riesgo et al., 2015; Chenuil

et al., 2018; Guillemin et al., 2018; Halanych and Mahon, 2018;

Maturana et al., 2020; Cakil et al., 2021; Levicoy et al., 2021) and

sub-Antarctic (Waters, 2008; Fraser et al., 2009; Nikula et al., 2010;

González-Wevar et al., 2011; González-Wevar et al., 2012;

Cumming et al., 2014; Moon et al., 2017; González-Wevar et al.,

2018; González-Wevar et al., 2021) near-shore marine organisms.

Moreover, ice advances during glacial maxima would have

enhanced speciation, particularly in species with nonpelagic

developmental modes (direct developers), as populations became

fragmented into small and isolated refugia across the Antarctic

continental shelf (Brey et al., 1996; Pearse et al., 2009; Chenuil et al.,

2018). Following this, interglacial periods generated the expansion

of newly available habitats where populations and species would

have expanded their distributions (Provan and Bennett, 2008;
02
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Marko et al., 2010; González-Wevar et al., 2013). Under a basic

expansion-contraction model of Pleistocene biogeography (Provan

and Bennett, 2008), refugial populations are expected to harbor

higher levels of intraspecific genetic diversity compared to those

that were heavily impacted by ice and/or recently recolonized ones

(Marko, 2004; Maggs et al., 2008; Marko et al., 2010). Moreover, in

some cases glaciations have been associated with the radiation and

speciation of different marine near-shore invertebrates (Thornhill

et al., 2008; Wilson et al., 2009; Allcock et al., 2011; Baird et al., 2011;

Baird et al., 2021), a process also known as ‘the Antarctic diversity

pump’ (Clarke and Crame, 1989; Clarke and Crame, 1992; Chenuil

et al., 2018).

In a review of genetic signatures induced by Quaternary events

in Antarctic taxa, Allcock and Strugnell (2012) proposed that two

life-history traits, bathymetric ranges and developmental modes,

played a key role. Shallow species with dispersive potential would

exhibit star-like haplotype networks, with broadly distributed

common haplotypes and closely related variants occurring at low

frequencies. Such a pattern is associated with rapid population

expansion, probably mediated by larvae dispersion, and has been

recorded in the sea urchin Sterechinus neumayeri (Dıáz et al., 2011),

the nemertean Parborlasia corrugatus (Thornhill et al., 2008), the

Antarctic limpet (González-Wevar et al., 2013) and the shrimp

Chorismus antarcticus (Raupach et al., 2010). By contrast, the

genetic signature predicted for shallow species with low dispersal

potential includes disjunct haplotypes networks comprising

multiple smaller genetic units, indicative of small populations

isolated in glacial refugia that underwent bottlenecks. Due to the

absence of free dispersive stages, recolonization is slow, allowing

time for genetic drift and possible adaptive differentiation before

secondary contact of isolated populations. Examples of taxa

displaying this pattern include the amphipods Eusirus (Baird

et al., 2011), the pycnogonid Colossendeis megalonyx (Krabbe

et al., 2010), cephalopods (Allcock et al., 2011), and the

nudibranch Doris kerguelensis (Wilson et al., 2009).
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The high-latitude littorinid species Laevilacunaria antarctica

(Martens van and Pfeffer, 1886) is one of the most abundant inter-

and subtidal gastropods on macro-algae and rocky shores across

ice-free areas of the Antarctic Peninsula and sub-Antarctic island of

South Georgia (Cantera and Arnaud, 1984; Iken, 1999; Amsler et al.,

2015; Martin et al., 2016; Amsler et al., 2019; Amsler et al., 2022;

Schmider-Martıńez et al., 2023). As with other Laevilitorininae

genera such as Laevilitorina (Simpson and Harrington, 1985), L.

antarctica exhibits low autonomous vagility, benthic protected

development with the absence of free-living dispersive stages, a

mode or reproduction where crawling juveniles emerge directly

from egg masses. Generally, high-latitude littorinids are considered

to be poor dispersers, with most species having narrow distributions

restricted to particular areas of the Southern Ocean (González-

Wevar et al., 2022; Rosenfeld et al., 2023). Based on its broad

distribution and abundance across the maritime Antarctica, its

narrow bathymetric range, and its reproductive mode, L.

antarctica represents a suitable model to test the hypotheses

proposed for Antarctic Quaternary biogeography of shallow

marine benthic organisms.

In this study, we performed population-based molecular

analyses of Laevilacunaria antarctica across its known

distribution. We included more than 320 specimens collected

from across the Antarctic Peninsula (AP) and the nearby South

Shetland Islands (SSI), as well as from sub-Antarctic South Georgia

(SG). Comparative mitochondrial (COI) and nuclear (28S rRNA)

genetic analyses allowed us to unravel the legacy of Quaternary

glaciations in the patterns of genetic diversity and structure of this

species. Considering the lack of larval dispersive stages in the

species and its narrow bathymetric range, we predicted that L.

antarctica would display several disjunct haplotype networks

separated into smaller genetic units, as recorded in other

Antarctic species with similar life history traits. Through this

research we aimed to understand how key elements of the near-
Frontiers in Ecology and Evolution 03
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shore Antarctic marine benthic communities endured Quaternary

climate shifts associated with glacial and interglacial periods.
Materials and methods

Sample collection, DNA extraction
and amplifications

Specimens of L. antarctica were collected by hand and by scuba

divers from intertidal and subtidal rocky-shore ecosystems between

2015 and 2021 during the Chilean Scientific Antarctic Expeditions

(ECAs) across the species distribution in the maritime Antarctica (AP

and SSI) and SG (Figure 1; Table 1). The identification of specimens

was done following the original descriptions and revisions (Martens

van and Pfeffer, 1886; Smith, 1879; Preston, 1916; Powell, 1951) as

well as recent literature (Arnaud and Bandel, 1979; Cantera and

Arnaud, 1984; Engl, 2012). Individuals were fixed in situ using 95%

ethanol and transported for further molecular analyses. All the

specimens were photographed and measured for future

comparative morphological studies. Preparation of DNA from the

whole animal used the standard salting-out methodology (Aljanabi

and Martinez, 1997) and the QIAGEN DNEasy Blood & Tissue kit

(QIAGEN Inc.). We amplified a partial fragment of the

mitochondrial cytochrome c subunit I gene (COI) using universal

primers LCO1490 and HCO2198 (Folmer et al., 1994). Similarly, we

used the universal primers 900F and 1600R (Littlewood et al., 2000)

to amplify a fragment of the nuclear 28S rRNA gene. PCR amplicons

were purified and sequenced in both directions at Macrogen Inc

(Seoul, South Korea). Forward and reverse sequences were assembled

and edited for each marker independently using GENEIOUS (http://

www.geneious.com). Alignments and base composition of nucleotide

sequences analyses were done for each marker in MUSCLE (Edgar,

2004) in MEGA 11 (Tamura et al., 2021), respectively. Wright’s
FIGURE 1

Sampling localities of Laevilacunaria antarctica populations across its distribution in maritime Antarctica (SSI/AP) and South Georgia (SG).
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mitochondrial codon usage was computed using the Effective

Number of Codons (ENC) in DnaSP v5 (Librado and Rozas,

2009). The data presented in the study are deposited in the

GenBank repository, accession number COI (ORT701885 -

ORT701931) and 28S rRNA (ORT711532 - ORT711533).
Genetic diversity and population structure
in L. antarctica

We performed a DNA saturation analysis following Xia and Xie

(2001) to evaluate how transitions accumulate in relation to

nucleotide divergence in the complete L. antarctica COI data set.

We then estimated levels of population mtDNA polymorphism

through standard diversity indices including number of haplotypes

(k), haplotype diversity (H), number of segregating sites (S) and the

number of private haplotypes (p. hap) per locality. Moreover, we

also determined the average number of pairwise differences (П) and

the nucleotide diversity (p) across the species distribution

using DnaSP.

Patterns of population differentiation were estimated following

Pons and Petit (1996), using haplotype frequencies (GST) and mean

pairwise differences (NST) in Arlequin v.3 (Excoffier et al., 2005).

The statistical significance of genetic pairwise differences was

calculated using permutation tests (20,000 iterations) and the

adjustment for multiple testing was done through False Discovery

Rate (FDR) correction (Narum, 2006). Moreover, we estimated

levels of genetic differentiation using the nearest-neighbor statistic

(Snn), which measures how often nearest-neighbor (in sequence

space) sequences are from the same locality in geographic space

(Hudson, 2000). The statistical significance of Snn was determined

using a permutation test (20,000 iterations).

We used two different clustering methods to determine the

spatial genetic structure of L. antarctica. First, we determined the

number and the composition of panmictic groups and the spatial
Frontiers in Ecology and Evolution 04
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boundaries using a Bayesian model computed in GENELAND

v.2.0.0 (Guillot et al., 2005) in the R environment (Ihaka and

Gentleman, 1996). This analysis implements a Markov Chain

Monte Carlo (MCMC) procedure to estimate the best clustering

of samples considering genetic and geographic information.

Analyses were run using 50 x 106 MCMC iterations sampled

every 1,000 steps. Assembled scores were graphed against

generations in Tracer v.1.5. (Rambaut et al., 2018) to identify

stationarity and the number of generations to be discarded as

burn-in. A maximum number of clusters (K = 13) were run to

estimate the model parameters and posterior probabilities of group

membership. Second, we determined the spatial genetic structure in

L. antarctica by estimating the number and composition of groups

that were most differentiated based on sequence data set using

Spatial Analysis of Molecular Variance (SAMOVA) (Dupanloup

et al., 2002). This analysis partitions the genetic variance into i)

within populations, ii) among populations within groups and iii)

among groups.
Demographic analyses in L. antarctica

Haplotype genealogical relationships in L. antarctica

populations were reconstructed using median-joining and

maximum-parsimony networks in Network 10 (Forster et al.,

2001) and Hapview (Salzburger et al., 2011), respectively.

Moreover, we performed neutrality statistical tests (Tajima’s D

and Fu’s FS) using DnaSP for the whole COI data set, for each

recognized group, and for each locality to estimate whether

sequences deviate from mutation-drift equilibrium. Population

demographic histories were estimated comparing the distribution

of pairwise differences between haplotypes (mismatch distribution)

for each recognized group to the expected distribution under the

sudden expansion growth model of Rogers and Harpending (1992).

Finally, for comparative purposes, we also constructed genealogical
TABLE 1 Sampled localities of Laevilacunaria antarctica across its distribution in maritime Antarctica (MP) and South Georgia.

Locality Latitude Longitude Area Main Area

Penguin Island (PI) 62°06′00′′S 57°55′41′′W King George Island South Shetland Islands

Admiralty Bay (AB) 62°09′41′′S 58°28′10′′W King George Island South Shetland Islands

Fildes Bay (FB) 62°12’57″S 58°57’35″W King George Island South Shetland Islands

Coppermine Bay (CB) 62°22′17″S 59°42′53″W Robert Island South Shetland Islands

Hannah Point (HP) 62°39′19″S 60°36′48″W Livingston Island South Shetland Islands

Whalers Bay (WB) 62°59′57′′S 60°40′28′′W Deception Island South Shetland Islands

Chile Bay (CH) 62°28′43″S 59°39′48″W Greenwich Island South Shetland Islands

Covadonga Bay (CO) 63°19′15″S 57°53′59″W Covadonga Bay Antarctic Peninsula

South Bay (SB) 64°52′55′′S 63°35′03′′W Doumer Island Antarctic Peninsula

Adelaide Island (AI) 67°46′23′′S 68°55′53′′W Marguerite Bay Antarctic Peninsula

Avian Island (AV) 67°46′15′′S 68°53′10′′W Marguerite Bay Antarctic Peninsula

Cumberland Bay (SG) 54°14′12′′S 36°28′32′′W South Georgia Scotia Arc
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relationships in L. antarctica using sequences of the nuclear marker

28S rRNA.

We reconstructed past population dynamics through time in

the recognized L. antarctica’s genetic clusters using a Bayesian

skyline plot method implemented in BEAST v.1.10.4 (Drummond

and Rambaut, 2007; Drummond et al., 2012). Three evolutionary

models (strict clock, uncorrelated lognormal and uncorrelated

relaxed clock) were tested and compared statistically using a Bayes

factor test (Suchard et al., 2001) in Tracer and the strict clock

model was the best fit for each of the COI data-set clusters.

Following this, we performed three independent Bayesian

MCMC runs for 250 x 106 generations (sampled every 1000

iterations), using the GTR + I + G model, previously estimated

in MrModeltest v.2.3 (Nylander, 2004). Molecular evolutionary

studies have yielded a wide range of rate estimates for different

genes and taxa. Several studies based on population-level and

intraspecific data have generated remarkably high estimates of

mutation rate, which contrast with substitution rates inferred in

phylogenetic studies. Consequently, BSP analyses were done using

a tenfold evolutionary rate estimated for littorinids (Reid et al.,

2012). Such a rate correction was assumed considering the time-

dependence of molecular rate proposed by Ho et al (2005; 2007;

2011). The first 10% of the parameter values were discarded as a

burn-in and the convergence of runs was confirmed with Tracer,

ensuring a minimum of 1000 effective sampling for each statistic

(ESSs > 1000).
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Results

Genetic diversity in L. antarctica

The whole COI data set in L. antarctica included 323 specimens

(SG = 28; SSI = 188; AP = 107) and comprised 687 nucleotide

positions coding for 229 amino acids. No insertion/deletions or stop

codons were detected. Moreover, mitochondrial (mtDNA) and

nuclear (nucDNA) sequences were not saturated and no evidence

of mtDNA codon bias was found (ENC = 46.75). Four amino-acid

substitutions (positions 11, 44, 144, and 171) were recorded in L.

antarctica using the invertebrate mitochondrial table. Low levels of

genetic diversity characterized populations of L. antarctica, with 48

polymorphic characters (6.9%) and 29 of them (60.4%) were

parsimony informative. Sequences were A – T rich (67.2%). The

haplotype diversity (H) varied between 0.123 (Robert Island, SSI)

and 0.675 (Cumberland Bay, SG) (Table 2). The number of

polymorphic sites (S) varied between 1 (Admiralty Bay, SSI) and

10 (Cumberland Bay, SG). Similarly, the number of haplotypes/

private haplotypes varied among the analyzed localities between 2/0

(Admiralty Bay, SSI) and 11/11 (Cumberland Bay, SG) (Table 2).

Finally, the average number of nucleotide differences (П) and the

mean nucleotide diversity (p) were very low in most localities across

the maritime Antarctica (SSI and AP), whereas the diversity of these

indices was higher in SG (Table 2). The mean level of mtDNA

genetic divergence between SSI/AP and SG populations of L.
TABLE 2 Diversity indices, private alleles, and neutrality tests in Laevilacunaria antarctica populations across its distribution in maritime Antarctica
and South Georgia.

Locality n k H S П p p. hap. Tajima´s D Fu´s FS

Penguin Island (SSI) 26 4 0.222 4 0.308 0.0015 1 -1.88* -2.45

Admiralty Bay (SSI) 21 2 0.095 1 0.095 0.0001 0 -1.16 -0.919

Fildes Bay (SSI) 28 6 0.437 6 0.556 0.0008 2 -1.85* -3.66*

Hannah Point (SSI) 21 4 0.414 3 0.448 0.0006 1 -1.21 -1.77

Coppermine Bay (SSI) 32 3 0.123 3 0.188 0.0002 1 -1.72 -1.70

Whalers Bay (SSI) 30 7 0.464 6 0.524 0.0007 5 -1.86* -5.35**

Chile Bay (SSI) 30 7 0.366 7 0.467 0.0006 6 -2.17** -5.88**

SSI 188 23 0.311 23 0.380 0.0005 n/a -2.48** -40.27***

Covadonga Bay (AP) 33 2 0.061 2 0.121 0.0001 1 -1.50 -0.48

South Bay (AP) 27 5 0.396 5 0.507 0.0007 4 -1.70 -2.57

Adelaide Island (AP) 26 9 0.578 7 0.745 0.0010 5 -1.81* -7.45***

Avian Island (AP) 21 4 0.271 3 0.286 0.0004 2 -1.72 -2.80*

AP 107 17 0.324 14 0.408 0.0005 n/a -2.29** -25.57***

MA 295 36 0.405 34 0.405 0.0005 n/a -2.56*** -75.32***

Cumberland Bay (SG) 28 11 0.675 10 1.167 0.0017 11 -1.91* -7.86***

Total 323 47 0.436 48 2.296 0.0033 -2.00* -42.19***
fro
Where AP = Antarctic Peninsula; SSI = South Shetland Islands; MA = Maritime Antarctica (SSI + AP); SG = South Georgia.
n = number of analyzed individuals; k = number of haplotypes; S = polymorphic sites; H = haplotype diversity; П = average number of pairwise differences; p = nucleotide diversity. *p<0.05,
**p<0.01, *** p<0.001; n/a not applicable.
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antarctica was 1,74%. Levels of nucDNA diversity were much lower

in the species, SSI and AP specimens (n = 123) shared the same

allele which was differentiated by two mutation steps from the

sequences recorded at South Georgia.
Genetic structure in L. antarctica

Mean general values of differentiation estimated were low,

especially considering average GST (0.112) and NST (0.170). In

fact, general levels of differentiation among maritime Antarctic

populations were extremely low, considering average GST (0.043)

and NST (0.034). Pairwise population comparisons did not

recognize significant structure among maritime Antarctica

populations (Table 3). Nevertheless, some populations showed

significant differences after FDR corrections. By contrast, GST and

NST comparisons recorded significant differences between SG and

the rest of the analyzed populations from the maritime

Antarctica (Table 3).

The nearest neighbor statistic in L. antarctica (Snn = 0.199)

showed low but significant levels of phylogeographic signal (p <

0.0001). Nevertheless, when this analysis was carried out

considering the main pattern of genetic differentiation recorded

in the species (maritime Antarctic vs South Georgia), Snn became

extremely high (Snn = 1.00) and significant, showing the high degree

of phylogeographic signal found between maritime Antarctica and

SG. The pattern of genetic structure was supported by the model

based on the Bayesian clustering algorithm, which detected two

main clusters (K = 2). Again, the first cluster included all localities

from the maritime Antarctica (Figure 2A), while the second one

comprised only South Georgia (Figure 2B). Values of cluster

membership were very high (P = 1.000) for all the individuals

and the mean probability value (P = 0.5) corresponds to the

boundary between these clusters and runs across the Scotia Ridge
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located between South Georgia and the Antarctic Peninsula.

Similarly, SAMOVA analyses detected two maximally

differentiated genetic groups – maritime Antarctica and South

Georgia – accounting for 59.35% of the total variance, in

comparison with only 0.83% due to within-group variation

among localities (Table 4). Considering the level of mtDNA

genetic divergence (1.74%) and the strong phylogeographic signal

recorded between SSI/AP and SG we performed divergence time

estimations analysis under a phylogenetic framework. For this a

relaxed molecular-clock using an uncorrelated-lognormal (ucld)

model of molecular evolutionary rate heterogeneity and the GTR + I

+ G model of substitution was implemented in BEAST v.1.7.5

(Drummond & Rambaut, 2007; Drummond et al., 2012). Four

chains were run for 200 x 106 generations and trees were sampled

every 10,000 generations. For divergence time estimations we

include in the analyses several calibration points within the

evolution of Littorinidae estimated for the most common

ancestors (TRMCA) of the genera Echinolittorina, Littorina,

Littoraria, Austrolittorina, Tectarius and Afrolittorina) following

Reid et al. (2012), and with special emphasis on higher latitude

groups (González-Wevar et al., 2022). According to our divergence-

time analyses the separation between SSI/AP and SG genetic

clusters occurred around 1.1 Ma (2.0 – 0.55 Ma).
Demographic reconstructions

The parsimony mtDNA network of L. antarctica included 47

haplotypes and clearly discriminated two main groups: maritime

Antarctica and South Georgia, separated by nine substitutional

steps (Figure 3A). Both maritime Antarctica and South Georgia

clusters exhibited typical starlike topologies and short genealogies.

In maritime Antarctica, the central haplotype (H01) was the most

frequent (82%), broadly distributed and surrounded by 35
TABLE 3 Pairwise GST (below the diagonal) and NST (above the diagonal) values calculated among the analyzed populations of Laevilacunaria
antarctica. 20,000 iterations.

Locality PI AB FB HP CB WB CH CO SB AI AV SG

Penguin Island (PI) - 0.000 0.017 0.038 0.001 0.009 0.000 0.003 0.013 0.017 0.000 0.938

Admiralty Bay (AB) 0.000 - 0.014 0.050 0.000 0.004 0.000 0.000 0.010 0.019 0.000 0.941

Fildes Bay (FB) 0.021 0.057 - 0.000 0.017 0.022 0.006 0.027 0.024 0.030 0.014 0.930

Hannah Point (HP) 0.028 0.071 0.000 - 0.044 0.035 0.029 0.065 0.039 0.039 0.037 0.930

Coppermine Bay (CB) 0.000 0.000 0.058 0.076 - 0.013 0.000 0.000 0.019 0.031 0.000 0.947

Whalers Bay (WB) 0.021 0.057 0.000 0.003 0.062 - 0.009 0.016 0.019 0.027 0.000 0.932

Chile Bay (CH) 0.000 0.022 0.000 0.002 0.024 0.000 - 0.001 0.011 0.017 0.000 0.934

Covadonga Bay (CO) 0.013 0.000 0.097 0.120 0.000 0.096 0.053 - 0.015 0.036 0.000 0.950

South Bay (SB) 0.009 0.043 0.000 0.005 0.046 0.000 0.000 0.051 - 0.028 0.002 0.931

Adelaide Bay (AI) 0.047 0.045 0.004 0.009 0.064 0.000 0.008 0.144 0.088 - 0.018 0.922

Avian Island (AV) 0.000 0.001 0.005 0.011 0.002 0.000 0.000 0.031 0.000 0.023 - 0.935

Cumberland Bay (SG) 0.546 0.588 0.444 0.446 0.613 0.432 0.482 0.649 0.463 0.372 0.510 -
frontier
Statistical significant FDR differences are marked in bold.
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haplotypes of low frequency (fewer than four individuals). A second

dominant haplotype (H02) was found in 57% of the SG individuals

and was surrounded by ten closely derived ones (Figure 3A). As

expected, for star-like genealogies, global Tajima’s D and Fu’s

neutrality tests were negative and significant for each recognized

cluster and for the whole COI data set (Table 2). The distribution of

pairwise differences depicted for the maritime Antarctica showed a

typical L-shaped distribution. In contrast, the distribution of

pairwise differences for South Georgia was bimodal. As stated

above, nucDNA parsimony network showed that the maritime

Antarctica populations specimens exhibited the same allele (HI)

while SG specimens carried another one (HII) separated by two

mutational steps (Figure 3B).

Bayesian skyline-plot analyses identified similar trajectories in

terms of the time since the most recent common ancestors (trmca)

and populations expansions between maritime Antarctica and

South Georgia (Figure 4). Population expansion of the maritime
Frontiers in Ecology and Evolution 07
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Antarctica populations occurred approximately 5,000 years ago

while the expansion at South Georgia occurred around 9,000

years ago. The tmrca of SSI/AP occurred around 12,000 years ago

while the tmrca for SG occurred 17,000 years ago (Figure 4).
Discussion

Our results show that Laevilacunaria antarctica has a

remarkably low level of genetic diversity across much of its

known range, with the presence of a single dominant COI

haplotype in our sampled populations from Penguin Island (62°

06’), the farthest north locality in the South Shetland Islands, to the

southernmost point in Avian Island (67°46’) in the Antarctic

Peninsula. There is marginally more diversity further afield, in

South Georgia, although again one haplotype, albeit a very different

one, dominates. The only population structure is between South

Georgia and the remaining populations, with no shared haplotypes

and at least nine substitutional steps between haplotypes from these

two parts of the species’ range. Effectively, the haplotype map is one

of two star-like genealogies linked by a nine-step branch.

Nevertheless, such results should be taken with caution,

considering that we only included one locality from South

Georgia. In this context, future samplings in South Georgia are

required to increase our sampling effort across this island and

corroborate the diversity pattern here recorded.

Our findings provide only limited support for the predictions of

Allcock and Strugnell (2012), and indeed some evidence to the

contrary. As Laevilacunaria lacks any pelagic dispersal stage, yet the

low levels of diversity and the absence of genetic structure showed

by star-like networks in the maritime Antarctica across hundreds of

kilometers are more congruent with the pattern of genetic diversity

these authors envisaged in highly dispersive species. Nevertheless,

our analyses detected a marked phylogeographic signal between

sub-Antarctic South Georgia and maritime Antarctic localities,

fitting more closely with a poor dispersal capacity at large

geographical scale. The absence of shared haplotypes, together
TABLE 4 Spatial Analysis of Molecular Variance (SAMOVA) depicting the
percentage of variation explained among groups (maritime Antarctica
and South Georgia), among populations within groups and
within populations.

Source
of
variation

d.f. Sum
of
squares

Variance
components

Percentage
of variation

Among
groups

1 13.232 0.25343 Va 59.35

Among
populations
within groups

10 2.654 0.00357 Vb 0.83

Within
populations

311 52.867 0.16999 Vc 39.81

Total 322 68.752
FSC = differentiation within populations among groups; FCT = Differentiation among groups
(*** p<0.001).
Fixation Indices.
FSC: 0.02054***.
FCT: 0.59354***.
A B

FIGURE 2

Spatial output from Geneland using Laevilacunaria antarctica populations. White circles indicate the relative positions of the sampling localities
across maritime Antarctica and South Georgia. Darker and lighter shadings are proportional to posterior probabilities of membership to particular
genetic cluster (A = maritime Antarctica and B = South Georgia). Posterior probabilities were plotted against the shapefile of the Antarctic coastline
available in GEOdas (NOAA) and filtered using GEOdas Coastline Extractor v.1.1.3.1 (https://www.ngdc.noaa.gov/mgg/geodas/geodas.html).
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with the number of fixed mutations (n = 9) between these areas are

strong evidence of distinct genetic and evolutionary units in L.

antarctica. Indeed, divergence-time estimations of these Significant

Evolutionary Units (ESUs) suggest that they were separated ~ 1.1

million years ago (Ma), long before the LGM and, ever since, have

evolved independently in these areas of the Southern Ocean.

How do we explain these apparently contradictory results? The

absence of population structure in the maritime Antarctica matches

previous molecular studies of near-shore marine benthic

invertebrates such as the Antarctic limpet Nacella concinna

(Hoffman et al., 2010; González-Wevar et al., 2013), the trochoid

gastropodMargarella antarctica (González-Wevar et al., 2021), and

the sea urchin Sterechinus neumayeri (Dıáz et al., 2011; Dıáz et al.,

2018). Nacella and Sterechinus species possess a pelagic larval stage

and such patterns are explained by their respective higher dispersal

potentials. By contrast, Margarella and Laevilacunaria species

exhibit benthic protected development, but they live closely

associated with macroalgae on which they graze and reproduce.

Accordingly, it is possible thatMargarella and Laevilacunaria could

maintain connectivity through rafting of adults and/or egg-masses

attached to macroalgae. Alternatively, the low levels of genetic

diversity and the absence of genetic structure in L. antarctica

across the maritime Antarctica is probably associated to strong

founder effects from bottlenecked refugial population. This same

argument would apply to the South Georgian populations of L.

antarctica. The lower frequency of buoyant macroalgae in the

maritime Antarctic represented by Crystosphaera jacquinotti,

however, presumably limits the extent of this rafting, precluding
Frontiers in Ecology and Evolution 08
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dispersal of L. antarctica (and, indeed, also occur in the trochoidM.

antarctica) to the more distant areas such as South Georgia. Events

of long-distance colonization by rafting have been documented

among non-buoyant macroalgae (Fraser et al., 2013; McCay et al.,

2016). Evidence of macroalgae fronds enclosed in drift ice have been

reported at sea (Guillemin M-L pers. comm.) and these fronds have

been recovered far away from the coast (Guillemin et al., 2018). In

fact, across the same study are, several non-buoyant red algae also

exhibit very low levels of genetic diversity and a complete absence of

genetic structure (Guillemin et al., 2018). During Quaternary

glaciations, the study area, SSI/AP and SG, have been located

south of the Antarctic Polar Front (APF). Hence, the positition of

the APF can be excluded as a potential barrier to gene flow between

these areas. Drifter-based data have demonstrated that the

Antarctic Circumpolar Current flows from the maritime

Antarctica to South Georgia with a velocity that would allow to

drift between these two areas around two months (Matschiner

et al., 2009).

The lack of genetic variation in the maritime Antarctica, with

one dominant haplotype in the centre of a star-like genealogy, fits

well with the idea that L. antarctica survived a bottleneck induced

by the LGM in one or (possibly) more shelf refugia. The slightly less

star-like pattern, and the smoother historical demographic curve in

South Georgia implies, perhaps, a less drastic reduction in

population size and/or an earlier population expansion.

We note that the levels of nucleotide diversity recorded in L.

antarctica are significantly lower than those found in temperate

(Doellman et al., 2011; Silva et al., 2013; Sotelo et al., 2020; Blakeslee
A

B

FIGURE 3

Parsimony mtDNA (A) and nucDNA (B) networks in Laevilacunaria antarctica across its distribution in maritime Antarctica and South Georgia. Each
haplotype/allele is represented by a colored circle indicating the locality. The size the haplotypes/alleles is proportional to their frequencies.
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et al., 2021) and sub-Antarctic littorinids (González-Wevar et al.,

2022). In fact, levels of genetic diversity in the species are much

lower than those found in most other groups of Antarctic marine

molluscs (Wilson et al., 2009; González-Wevar et al., 2013; Fassio

et al., 2019; Levicoy et al., 2021) and fishes (Parker et al., 2002;

Damerau et al., 2012; Damerau et al., 2014; Hüne et al., 2015).

Nevertheless, several species of Antarctic near-shore marine

invertebrates are characterized by low genetic diversity including

the nemertean Parborlasia (Thornhill et al., 2008), the crustacean

Chorismus antarcticus (Raupach et al., 2010), the echinoid

Sterechinus neumayeri (Dıáz et al., 2011) and the trochoid

Margarella antarctica (González-Wevar et al., 2021). Drastic

reduction of habitats has presumably affected populations of these

Antarctic species and left characteristic signatures of drastic

bottlenecks and/or founder effects (Aronson et al., 2007; Clarke

and Crame, 2010; Allcock and Strugnell, 2012; González-Wevar

et al., 2013; Riesgo et al., 2015; Guillemin et al., 2018).
Frontiers in Ecology and Evolution 09
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Genetic structure

Our study adds to the diversity of biogeographic patterns seen

in different taxa across maritime Antarctica and South Georgia in

different taxa. This variation ranges from the absence of genetic

differentiation, as in nototheniod fishes like Gobionotothen

gibberifrons (Matschiner et al., 2009) and Notothenia rossi (Young

et al., 2015), through marked phylogeographic structure, as in the

limpet Nacella concinna (Hoffman et al., 2011; González-Wevar

et al., 2013) and the notothenioid fish Champsocephalus gunnari

(Young et al., 2015), to the presence of clearly divergent species-

level clades, as in the gastropod Margarella (González-Wevar et al.,

2021), the nudibranchDoris (Wilson et al., 2009), the crinoids of the

genus Promachocrinus (Wilson et al., 2007), and the notothenioid

genus Lepidonotothen (Dornburg et al., 2016).

The mtDNA (COI) levels of genetic divergence recorded

between maritime Antarctic and South Georgian populations
FIGURE 4

Historical demographic trajectories of the effective population sizes (Ne) estimated under a Bayesian skyline-plot approach based on COI sequences
of L. antarctica. The y-axis represents the effective population size (Ne) while the x-axis shows the time since the present. The median estimates are
shown for each genetic cluster recorded in the species (maritime Antarctica and South Georgia).
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(1.74%) is lower than those recorded between clearly recognized

littorinid species (Williams et al., 2003; Williams and Reid, 2004;

Reid et al., 2012) and particularly in higher latitude groups

(González-Wevar et al., 2022; Rosenfeld et al., 2023). Under this

molecular-based criteria, we would not treat the SSI/AP and SG

populations as different species. Appropriate names would be

available, however: the type locality of L. antarctica is South

Georgia, whereas Deception Island, one of the South Shetland

Islands, is the type locality for L. bransfieldensis, considered a

junior synonym by Simone (2018). Nevertheless, our results in

Laevilacunaria could probably be interpreted as an incipient

speciation process, as has been hypothesized for other groups of

marine organisms including Nacella (González-Wevar et al., 2011;

González-Wevar et al., 2017), octocorals (Dueñas et al., 2016), Doris

(Wilson et al., 2009), Pareledone (Allcock et al., 2011),

nothothenioid fishes (Near et al., 2012; Dornburg et al., 2016) and

even penguins (Vianna et al., 2017; Frugone et al., 2019). To further

understand such evolutionary and biogeographic hypotheses in

Laevilacunaria, future studies through morphological (radular

and geometric morphometrics) analyses are needed. Addressing

this important question in Laevilacunaria will provide new insights

concerning biogeographical and diversity patterns in this

widespread maritime Antarctica gastropod group. Moreover,

integrative systematic studies including phylogenetic, genomic

and morphological analyses of the whole genus are also required

to evaluate the potential role of vicariance and long-distance

dispersal in the biogeography of Laevilacunaria. The inclusion of

the poorly known Kerguelen species L. pumilio and the partially

sympatric Antarctic species L. bennetti will allow us to determine

the origin and diversification of Laevilacunaria in different

provinces of the Southern Ocean. Finally, through geometric

morphometric it will be possible to evaluate the relevance of

cryptic speciation in the evolution of the group across the

Southern Ocean, a region of the planet that has been relatively

neglected in spite of its global relevance.
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