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Abstract 

Benthic hydroids are considered one of the most important zoological groups of the Southern 

Ocean. During the last years, knowledge about them has been greatly increased thanks 

to/through different ecological and taxonomic studies. However, despite this amount of new 

information, currently there are still some conundrums that could be resolved using correctly 

this huge information. In the present study we have compiled the available information of 

Antarctic benthic hydroids in order to shed light on solve some biogeographic questions that 

are under debate, like the East-West division of the Southern Ocean. In addition, we have 

studied to the species of the genus Symplectoscyphus Marktanner-Turnertscher, 1890 present in 

the large Antarctic hydroid collection gathered by US Antarctic expeditions carried out under 

the United States Antarctic Research Programme (USARP). The collection includes 16 out of 

the 24 species recorded from Antarctic waters, and two new species to science, Symplectoscyphus 

antarcticus sp. nov. and Symplectoscyphus laurae sp. nov. The most frequent species in the 

collection is Symplectoscyphus glacialis (Jäderholm, 1904), present in 49 of the 209 samples 

studied. It is highlighted the second record of Symplectoscyphus densus Peña Cantero, 2017, 

which is considered endemic from the Ross Sea. The study supports the cnidome as a useful 

tool to resolve some taxonomic questions. In the last decades, biogeographic and biodiversity 

studies have been increased. In order to support/dismiss previous biogeographical approaches, 

two different proposals of the Southern Ocean division have been compared using hydrozoans 

as a model. The obtained results suggest a division of the Southern Ocean into three main 

regions: the Patagonian; the Sub-Antarctic Islands region, composed of the Kerguelen 

archipelago, Crozet, Prince Edwards and Bouvet Islands, and the Antarctic region, which 

includes South Georgia, the Scotia Arc and High Antarctica. The last is divided in turn into West 

and East regions. Nevertheless, the boundaries between these huge sub-divisions of High 

Antarctica are unclear. In order to clarify it and to propose a division scheme based on benthic 

hydrozoan distribution, a Parsimony Analysis of Endemicity (PAE), considering three of the 

most important hydrozoan genera from the Southern Ocean (Antarctoscyphus Peña Cantero, 

García Carrascosa & Vervoort, 1997, Oswaldella Stechow, 1919 and Staurotheca Allman, 1888) was 

carried out. Three main areas are retrieved from the results: West Antarctic, Continental East 

Antarctica and East Antarctica, all of them overlapping in the Ross-Bellingshausen seas zone. In 

general, the biogeographic analyses, regardless of the test, are based on the species distribution 
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which is influenced by environmental factors, like the sea-ice or the depth. With the aim of 

studying the hydrozoan distribution throughout the “Z axis” and establishing bathymetric 

groups, similarity matrices, based on the hydrozoan distribution, where analysed. The results 

obtained allowed the definition of three main bathymetric zones: the Shelf (0-700 m depth), 

characterised by the families Eudendriidae L. Agassiz, 1862 and Campanulinidae Hincks, 1868, 

the Slope (700-1500 m depth), defined by a few species like Halisiphonia prolifica Peña Cantero, 

2014, and the Abyss (>2000 m depth). The Shelf zone was in turn divided into three sub-zones 

(Anchor Ice, Upper Continental Shelf and Lower Continental Shelf). As it occurs in other oceans, 

Antarctic marine habitats and its diversity are influenced by physical and chemical processes. 

All these processes can be linked with the geology, considered together with depth the most 

important variables that affect the marine biota distribution. In order to detect marine diversity 

hot spots, the hydrozoan diversity of six of the most important genera of Antarctic benthic 

hydroids (Antarctoscyphus, Halecium Oken, 1815, Oswaldella, Schizotricha Allman, 1883, 

Staurotheca and Symplectoscyphus) was correlated with the number of environments provided 

by different geomorphic features. A positive correlation was supported to accept the 

hypotheses that the more geologic features are in a region the higher the species diversity. Some 

species diversity hot spots were highlighted, like the Antarctic Peninsula and the east part of 

the Ross Sea. 
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Introduction 

The history of a conquest 

The early Antarctic expeditions, like those commanded by James Cook, Dumont 

d’Urville, Wilkes or Ross, had as main objective to discover and take possession of new 

territories and, in parallel, develop scientific tasks. However, at the end of the XIX 

century, the goals of new Antarctic expeditions changed, focusing their efforts on 

increasing scientific knowledge (David and Saucède 2015). The first oceanographic 

vessel that navigated the Southern Ocean was the HMS Challenger (1872-1876), which 

took some biological and geological samples, showing for the first time the peculiar 

fauna of the Southern Ocean. Almost at the same time, the German Baron Georg von 

Schleinitz explored Bouvet Island, the sub-Antarctic region of Kerguelen and Enderby 

Land aboard the imperial corvette Gazelle (1874-1876). A few years later, most of the 

Antarctic expeditions were carried out by the Europeans, especially the British, which 

conducted five important expeditions between 1898 and 1913. Among these, it can be 

highlighted that of the Discovery (1901-1904), carried out by Robert Falcon Scott 

(1868-1912), and the Nimrod (1907-1909), led by Ernest Shackleton (1874-1922). In 1910 

Captain Scott, for the second time, aboard the Terra Nova, tried again to reach the 

South Pole. Unfortunately, Scott and some of his companions died in their feat 

(Cherry-Garrard 2009; Strange 2012). It was not until December of 1911 when 

Amundsen completed the challenge of achieving the South Pole using different 

strategies than those of Scott. 

All these expeditions and others were carried out during a period known as the 

“Heroic era” of the Antarctic expeditions, which goes from the last years of the 

nineteenth century to the beginning of the twentieth one. Over that period, the fast 

development of new technologies provided a change in social conditions, increasing 

the opportunity of good education, which resulted in a community of naturalists with 

an impetus for the scientific exploration. The world was immersed in a complicated 

political situation at global level with the German nationalism growing, together with 

the conflict between Germany, Britain and Norway for the domination of the North 

Sea. As a result of this complicated situation, sophisticated vessels were developed, 

some of them prepared for the conquest of the South Pole (Bomann-Larsen 2011). After 
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Scott’s death, and considering some of the former discoveries by Sir Francis Drake 

(1540-1596) and James Cook (1728-1779) among other explorers, Great Britain claimed 

Antarctica as her territory (Cherry-Garrard 2009). In order to recover the national 

pride of England, after the failed expeditions, and to justify the claim of the Antarctic 

continent, Shackleton tried to traverse Antarctica (1914-1917) failing again in his goal 

(Shackleton 2008). The traverse of the Antarctica from the Ross Sea to the Weddell Sea 

was completed in 1957 by Vivian Fuchs (1908-1999), coinciding with the fourth 

International Geophysical Year (1957-1958) in which 12 nations brought together, in an 

effort to study the polar regions (Liggett et al. 2015).  

A few years after the First World War (1914-1918), the challenge to conquest the 

South Pole was tried by aeroplane. Among the few pilots that tried to cross the 

Antarctic continent, it is worth to mention Richard E. Byrd (1888-1957). This American 

naval officer claimed to have been the first to reach both poles by air. As of Byrd’s feat, 

the interest in the Antarctic continent by the United States increased, sending several 

expeditions. Germany was also interested and sent the Wabenland expedition 

(1938-1939), air and sea supported, led by Alfred Ritscher (1879-1963). Other countries, 

like Great Britain or Norway among others, also sent expeditions in order to claim parts 

of Antarctica for whaling and mining.  

The beginning of the Second World War (1939-1945) interrupted the effort to 

conquest Antarctica and, after the war, the problem of who would manage the frozen 

continent needed a solution. In order to resolve this issue, in 1957, the Antarctic Treaty 

was created, supporting peaceful research in Antarctica by the participants. However, 

this treaty is not free of controversy (Anne et al. 2018; Mancilla 2018). At the beginning 

of 1950s, the strategy for exploring the frozen continent changed and a new era of 

Antarctic research started, building the first Antarctic stations (e.g. Scott Base in 1957), 

which provided a stable environment for researchers and a more organised and 

coordinated work. To the original 12 Antarctic Treaty countries, 53 additional ones 

have joined it, 28 of them having active scientific research programmes in the Southern 

Ocean. All the decisions proposed in their annual meetings are taken by consensus, 

with all parties full aligned on how to manage the white continent (Dodds 2010; 

Verbitsky 2018). The Antarctic Treaty is considered one of the most successful 

international agreements, providing the foundation for peaceful cooperation. 

However, due to the increment of the human activity in the last years, significant 
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challenges have emerged (Gilbert 2015). In the last 200 years, more than 60 countries 

worldwide have developed their scientific research in the Polar regions (Krupnik et al. 

2007). Currently, around 4,000 scientists work in the research stations during the 

Austral summer. These implies logistical and communications improvements that in 

essence result in a decrease of the region isolation through different contexts, like 

scientific, commercial, cultural and environmental (Dodds 2010). It is well known the 

growing interest in the natural resources and biodiversity of the continent and the 

important role of Antarctica in the biosphere (Antarctic Treaty 2017). This importance 

of the frozen continent have given rise to an Antarctic tourism over the last three 

decades, which has raised concern about the impacts of human activities in this fragile 

and pristine ecosystem (Frenot et al. 2005; Shaw et al. 2014). In the last years, tourists 

have grown from a few hundred to a peak of 45,000 in the 2007/2008 (Lamers 2009) 

and it is expected that the demand of Antarctic tourism will continue to grow in the 

coming years (Jabour 2014). However, the governing group and the parties of the 

Antarctic Treaty System have not been able to agree a collective approach to manage 

Fig. 1 Oceanographic barriers of the Southern Ocean 
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the tourism in the continent with some philosophical differences between them about 

how to handle it (Tin et al. 2014).  

From the worst possible conditions of the first expeditions to the early Antarctic 

tourists, human Antarctic conquest history has shown the importance of the White 

Continent. Not only as a strategic place for governments, but also as a source of natural 

richness that must be protected in order to maintain the planet balance. 

 

The Antarctic Environment: The limits of the life 

The Antarctic continent is surrounded by the Southern Ocean, considered an extreme 

environment with some of its features situated at the limits of their natural variability 

(Knox 2006; Clarke and Crame 2010). From an oceanographic point of view, the 

Southern Ocean is limited at the north by the Polar front (or Antarctic Convergence), 

and by the Antarctic continent at the south. Around Antarctica, the Antarctic 

Circumpolar Current (ACC) (fig 1) forms a permeable barrier with little temperature 

exchange , forming a gradient of temperature and salinity (Gili et al. 2016). This 

important Antarctic current, together with the Meridional Overturning Circulation 

(MOC), dominates the world's ocean circulation features. The MOC transports the 

North Atlantic Deep Water (NADW) southwards, where it is modified and forms the 

Circumpolar Deep Water (CDW) (fig 2). This water mass is advected southwards by 

the presence of the Antarctic cyclonic gyres (Orsi et al. 1993; Fahrbach et al. 1995, 2004; 

Donnelly et al. 2017). Traditionally, two main cyclonic gyres have been considered in 

Fig. 2 Oceanographic Conveyor Belt (MOC) source of the image: NASA. 
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the Southern Ocean: the Ross and the Weddell gyres (Rintoul 1998; Rintoul et al. 2001). 

However, McCartney and Donohue (2007) described a new deep cyclonic gyre 

between the Australian and Antarctic basins, proposing that this new gyre connects all 

three.  

As regard to the marine Antarctic geology, the Southern Ocean embraces the 

Antarctic continental shelf and slope, together with part of the abyssal plain of the 

three main oceans, the Atlantic, the Pacific and the Indian, and also the surrounding 

archipelago of Scotia Arc. The total area covers 34.8 millions of Km2 ; 21 million are 

covered by ice during the austral winter and seven during the austral summer 

(Aronson et al. 2007). One of the most important peculiarities of Antarctica is that the 

Antarctic continental shelf is deeper than elsewhere. It reaches depths of 1000 m, with 

500 m on average, when the continental shelf is typically 100-200 m deep in other 

oceans (Clarke and Johnston 2003). As we mentioned earlier, the Southern Ocean 

plays a main role in the global ocean circulation. The ACC is the single current that 

interconnects all main oceans, with 20,000 Km in length and a flow of 100-150 Sv, 

running from west to east (Barker et al. 2007; Turner et al. 2009). The Southern Ocean 

constitutes a paramount component of the Great Ocean Conveyor Belt (Post et al. 

2014). In addition, the Antarctic ice melting, forms another important water mass, the 

Antarctic Bottom Water (ABW) which oxygenates the ocean floor (Orsi et al. 1999) an 

provides a cold environment at deep ocean layers (Orsi et al. 1999).  

The ice, which participates in the ABW generation, is one of the main players 

in the Antarctic system, covering the continent and forming ice sheets; the largest 

being in the Ross and the Weddell seas (the Ross and the Flichner-Ronne Ice Sheet, 

respectively). The ice shelf varies in thickness from 200 to 800 m at the grounded edge 

(Knox 2006). These ice platforms sometimes break apart, forming icebergs with an 

horizontal surface, from a few hundred meters to 1000 Km, and usually about 200-300 

m thick (Gutt et al. 1996; Gutt 2001; Teixido et al. 2004). Despite the sea ice covering in 

winter most part of the Antarctic region, there are some coastal zones with persistent 

and recurrent open waters named polynyas (Post et al. 2010, 2017; Douglass et al. 2014). 

Antarctic coastal polynyas are mechanically driven and formed in regions of divergent 

ice motion due to prevailing winds (katabatic winds) or oceanic currents among other 

factors (Maqueda Morales et al. 2004). Surface waters associated with polynyas are 
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considered high primary productivity zones (Barber and Massom 2007; Labrousse et 

al. 2018).  

Together with the polynyas, coastal regions in the vicinity of the Antarctic 

Continent and offshore islands at the ice-edge zone, have the highest values of primary 

production of the Southern Ocean. On the contrary, low values of primary production, 

rated typically of oligotrophic waters, have been reported from the Drake Passage, the 

Bellingshausen Sea and the oceanic waters of the Southern Ocean (Knox 2006). In 

general, the continental shelves and marginal ice zones have higher phytoplankton 

biomass and primary production than open oceanic regions (Arrigo et al. 1998; Aracena 

et al. 2018). This primary production uses nutrients in surface water to form organic 

matter. The region south to the ACC is considered a high-nutrient region due to the 

high presence of Nitrate (NO3-), phosphate (PO43-) and silicate [Si(OH)4]. Despite the 

high level of macronutrients, the Southern Ocean pelagic province (waters depth 

>1000 m), which covers ~90% of the region, is relatively unproductive (Arrigo et al. 

2008). This is related to the low levels of micronutrients, specifically iron, and light 

limitations (de Baar et al. 1995; Wang et al. 2014). The much smaller shelf province 

(waters depth <1000 m) have greatest levels of productivity (Arrigo et al. 2008). As we 

mentioned earlier, phytoplankton blooms in the ACC tend to occur southwards over 

the Antarctic continental shelf and have been associated with fronts, islands and 

geologic features which increase the input of iron and other trace metals scarce in 

other Southern Ocean zones (Moore et al. 1999; Blain et al. 2001; Borrione and Schlitzer 

2013; Hoppe et al. 2017). Primary productivity in these latitudes is highly seasonal, 

highest during summer but almost none during winter (Orejas et al. 2000; Hoppe et al. 

2017). Primary production and biomass are affected by ice; being light attenuation a 

strong limitation on phytoplankton, photosynthesis and growth when ice covers the 

sea surface (Eicken 1992; Fritsen et al. 2011). However, sea ice serves as a temporal 

nutrient reservoir, accumulating iron during its formation and later delivering it 

during the ice melting (Lannuzel et al. 2010). All processes affecting the water column 

are directly connected with the seafloor. Despite the environmental fluctuation during 

the year, benthic biomass on the Antarctic Continental shelf is high throughout the 

year (Gili et al. 2016). This is possible due to the so-called “food banks” or “green carpet” 

(Gutt et al. 1998), accumulations of phytoplankton from surface waters that have not 

been consumed from the melting season, especially in areas where the currents are 

weaker (Turner et al. 2009). The bottom hydrodynamics re-suspend the organic matter 
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forming a constant food input for the benthic suspension feeders maintaining constant 

benthic trophic conditions during the whole year. This fact could explain the high 

biomass of benthic communities around Antarctica even when primary productivity 

in the water column is poor (Gili et al. 2006; Smith et al. 2006). This model had not 

always been considered. Until the work by Orejas et al. (2000), the scientific 

community had considered the possibility that Antarctic marine communities reduce 

their activity during the Austral winter.  

Notwithstanding the high biomass, benthic biota is not free of environmental 

disturbances. Sea ice also affects Antarctic seafloor communities and, at a local scale, 

this impact can be very significant due to the sessile nature of some benthic organisms. 

This could be the explanation of the low species diversity and often low abundance of 

coastal habitats, which are more exposed to the sea ice disturbance (Gutt et al. 1996; 

Gutt 2001; Gutt and Piepenburg 2003). The frequency of ice disturbance decreases with 

depth, with an inverse relation with species diversity (Barnes 1995). One important 

effect derived from the ice presence is the iceberg scouring, which is more frequent in 

shallow waters. This phenomenon affects benthic communities diversity due to the 

destruction and recolonization processes of benthic habitats (Dayton et al. 1994; Gutt 

et al. 1996). In addition, submerged ice formed on the seafloor, named anchor ice, 

directly impacts on the benthos (Dayton et al. 1969; Mercado Casares and Peña Cantero 

2018). Despite the extreme environmental conditions of the Southern Ocean, with 

water temperatures close to the freezing point (-1.86°C) and an important influence of 

sea ice, there we can find one of the richest and most diverse ecosystems of the world, 

which has been adapted to reach the required delicate equilibrium, compromised by 

current changes (Eastman 1993; Clarke and Johnston 2003; Turner et al. 2009). 

Antarctic benthic hydroids: are they the key to understand 

the history of the frozen continent? 

Antarctic benthic communities (fig. 3) are dominated by suspension feeders organisms 

like sponges, cnidarians, bryozoans or ascidians among others (Dayton et al 1986). 

These animals are part of developed assemblages that maybe are not as diverse as 

some tropical reefs, but whose complexity and species richness are comparable to 

other mega-benthic communities from tropical or temperate seas (Brey et al. 1996; 

Thrush et al. 2006). The role of suspension feeders communities in the Southern 
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Ocean is related to the trophic ecology and environmental conditions that facilitate the 

transference of energy and organic matter between the benthos and the water column 

(Gili et al. 2001). These connections between the ecological processes of the water 

column and the seabed are called “bentho-pelagic coupling”. They have been widely 

studied on continental shelf communities (e.g. Graf 1992 in smith 2006). The high 

benthic biomass on 

the Antarctic shelf 

suggests an efficient 

transfer of water-

column production 

to the benthos 

(Gerdes et al 1992, 

Arnts et al 1994). Due 

to the greater depth 

of the Antarctic 

continental shelf, 

most of the sea floor 

is out of the 

euphotic zone (~ 100 

m), indicating that 

there are not photosynthetic processes. Thus, food webs on the shelf bottom depend 

largely on the flux from the pelagic zone, which vary at regional scale (Smith et al. 

2006). However, Barry et al. (2003) highlighted that megabenthic abundance, diversity 

and faunal groups are more related with benthic habitat parameters than with water-

column factors such as primary productivity. One of the most influential habitat 

parameters is depth, which is associated with different factors, like water flow or ice 

influence, and could explain the difference in abundance of taxa and trophic groups 

between different depth ranges. In 2007, Gutt classified the Antarctic benthic 

communities to clarify previous proposals (Dayton et al. 1994; Clarke et al. 1996; 

Cattaneo-Vietti et al. 2000). The acceptation of Gutt’s (2007) classification, based on the 

dominance of sessile suspension feeders and mobile deposit feeders, is currently 

extended throughout the scientific community. The author considered that it is more 

applicable than the sediment-community concept, because it is focused on the 

community structure, which can be easily observed and described (Gutt 2007). The 

Fig. 3 Image from the Antarctic benthos source of the image: 

Gutt et al. (2010) 
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distribution of Antarctic benthic communities seems to be predominantly 

circumpolar, which maybe related with the ACC (Clarke and Johnston 2003). 

However, there is spatial heterogeneity at local level produced by environmental 

features, like ice cover and hydrodynamism (Clarke 1988). The influence of abiotic 

parameters could be supported by studies carried out in the Weddell Sea, the 

Bellingshausen Sea and the Amundsen Sea, where several photographic surveys have 

revealed a broad range of habitats that potentially mask the water column influence 

(Starmans et al. 1999; Gutt 2000).  

Despite the long history of Antarctic research, we still have a long way to go in 

understanding the relationship between this highly seasonal environment and the 

species that inhabit the Southern Ocean. Different scientific committees, like the 

Scientific Committee on Antarctic Research Marine Biodiversity Information Network 

(Scar-MarBIN), are trying to unify the available scientific and biodiversity data to 

better understand the Southern Ocean biodiversity. Our current knowledge of the 

Antarctic environment is determined by the technical challenges of the region 

(Griffiths 2010).  

In order to improve the marine biodiversity knowledge and assess the gaps of 

information, biogeographic information is of fundamental importance. Biogeographic 

studies are essential to study biodiversity hotspots, detect impacts of environmental 

changes and model future fauna distributions in the current context of increasing 

human pressure. These studies could help support conservation, follow sustainable 

management strategies and design marine protected areas (De Broyer and Koubbi 

2014). Several biogeographic studies have been carried out during the last decades with 

some taxonomic groups using the available open-access biodiversity databases, like 

OBIS (www.iobis.org) or SCAR-MarBIn/ANTABIF (De Broyer and Koubbi 2014). All 

these studies have tried to support, dismiss or complete the proposals of the first 

zoogeographic studies, like the one carried out by Ekman (1935, 1953). This author was 

the first to summarise in a comprehensive biogeographic scheme the Southern Ocean 

species distributions. He divided the Antarctic Shelf and Slope fauna (<1000 m) into 

two main regions: The Antarctic Region and the Antiboreal Region, the latter named 

subsequently as the Sub-Antarctic Region by Hedgpeht (1969). The Antarctic Region was 

divided into two sub-regions, one named Low Antarctic, which embraces South 

Georgia, and the other named High Antarctic, which was in turn divided into West 
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Antarctica (Weddell Sea, Peninsula Antarctica and Scotia Arc archipelago) and East 

Antarctica (including the Ross Sea). Different Southern Ocean divisions have been 

proposed since Ekman’s work (e.g Knox 1960; Dell 1972), and currently this conundrum 

has not yet been resolved, despite studies carried out with selected taxonomic groups, 

like sponges (Downey et al. 2012), anemones (Rodríguez et al. 2007), cephalopods 

(Collins and Rodhouse 2006), gastropods and bivalves (Linse et al. 2006), pycnogonids 

(Munilla and Soler Membrives 2008; Griffiths et al. 2011), amphipods (De Broyer and 

Jazdewski 1996), isopods (Brandt 1992, 1999), bryozoans (Griffiths et al. 2009), echinoids 

(David et al. 2005; Pierrat et al. 2013), ascidians (Primo and Vázquez 2007) and hydroids 

(Peña Cantero and García Carrascosa 1999; Marques and Peña Cantero 2010).  

Hydrozoans, belonging to the phylum Cnidaria, are considered one of the most 

diversified and characteristic zoological group of the Antarctic benthos, being widely 

represented in its communities (Peña Cantero and García Carrascosa 1999; Peña 

Cantero et al. 2010). The Antarctic benthic hydroids are represented by members of 

two hydrozoans subclasses, Hydroidolina and Trachylina. The former is unequally 

distributed between Anthoathecata (32.45%) and Leptothecata (67.54%) (Ronowicz et 

al. 2019). Biodiversity patterns of Antarctic benthic hydroids differ according to the 

taxonomic level, being high at species level situating this class of cnidarians among the 

first ten taxonomic groups in number of species (Peña Cantero 2014a; Ronowicz et al. 

2019). From all valid species of both orders (Leptothecata and Anthoathecata), 43% 

belongs to six genera, Antarctoscyphus Peña Cantero, García Carrascosa & Vervoort, 

1997, Halecium Oaken, 1815, Oswaldella Stechow, 1919, Schizotricha Allman, 1883 

Staurotheca Allman, 1888 and Symplectoscyphus Marktanner-Turnerestcher, 1890. At 

family level, Sertulariidae was considered the richest in number of species, embracing 

34% of them (Peña Cantero 2014). However, since the work by Maronna et al. (2016) the 

distribution of species richness has changed, due to their new proposal of Leptothecata 

classification. These authors proposed a new family, named Symplectoscyphidae, 

composed of two of the most speciose genera in Antarctic waters (Antarctoscyphus and 

Symplectoscyphus), formerly Included in Sertulariidae, and thus the new family is the 

richest with 11% of the known species (Ronowicz et al. 2019). 70% of the known species 

of Symplectoscyphidae belongs to Symplectoscyphus, a worldwide genus (see Oliveira 

et al. 2016) that in Antarctica have a circum-Antarctic distribution.  
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Endemism of Antarctic benthic hydroids is high at species level. Stepanjants 

(1979) found 48% of the species to be endemic to the Antarctic Region. Years later, Peña 

Cantero and García Carrascosa (1999) reported as endemic approximately 70% of 

Leptothecata, percentage that increased to 80% in some other studies (Peña Cantero 

2014). On the contrary, in a comparative study of Polar benthic hydrozoans, Ronowicz 

et al. (2019) situated this percentage in a 58%. This endemism is, however, higher than 

the average species endemism, which is around 50% (Griffiths et al. 2009). Endemism 

is not considered balanced across Antarctica. Peña Cantero and García Carrascosa 

(1999) found that West Antarctica had a higher number of endemic species than East 

Antarctica, with 64% of the Antarctic endemism restricted to the West. These 

differences, as the authors mentioned, could be related with a sampling artefact. The 

last studies indicate that these differences are not that great, reducing the higher level 

of endemism in the West Antarctic region (cf. Peña Cantero and Vervoort 2004, 2005b; 

Peña Cantero 2017) which could be indicating that future studies will probably increase 

the number of circum-Antarctic species narrowing the distance between East and 

West Antarctica in the degree of endemism at species level.  

At generic level, endemism is much lower, as Mixoscyphus Peña Cantero & 

Vervoort, 2005 is the only genus that can be considered strictly endemic from Antarctic 

waters (Peña Cantero and Vervoort 2005a). Other genera, such as Antarctoscyphus, 

Oswaldella and Staurotheca are mostly Antarctic, but have a few species outside the 

Southern Ocean waters, all of them south to the Sub-tropical convergence (Peña 

Cantero et al. 2010, 2017). Despite the circum-Antarctic distribution pattern of most 

benthic hydrozoan species, recent biogeographic studies that have used hydrozoans as 

a model supported the classical hypothesis of a separation between East and West 

Antarctica (Marques and Peña Cantero 2010; Miranda et al. 2013). Nevertheless, as 

some authors suggested, it is necessary to develop more studies incorporating the 

newest data to better define the boundaries of the Southern Ocean biogeographic 

regions. In addition, it would be necessary to complete the extensive gaps of knowledge 

of some Antarctic seas, like the Bellingshausen Sea.  

In order to increase our knowledge and understanding about the Antarctic 

benthos benthic hydroids seems to be one of the most important taxa to be considered 

in biogeographic and ecological studies. This is mainly due to the fact that they are 

important components of marine ecosystems as pioneer species, habitat providers and 
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prey, are biological indicators, and play a key role in the bentho-pelagic coupling 

(Ronowicz et al. 2013). For all these reasons, among others, we suggest that our study, 

focussed on this zoological group, will allow us to better comprehend the Antarctic 

ecosystem and its natural history in order to better manage the application of new laws 

and studies to protect this peculiar and important ecosystem. 
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1.1 Introduction 

Symplectoscyphus is a genus of benthic hydroids with a relatively high number of 

species (Peña Cantero 2010). It belongs to the family Symplectoscyphidae Maronna, 

Miranda, Peña Cantero, Barbeitos & Marques, 2016, which also includes the genus 

Antarctoscyphus Peña Cantero, García Carrascosa & Vervoort, 1997 (see Maronna et al. 

2016). Species of this family are morphologically characterized by having three cusps 

(one adcauline and two abcauline) at the rim of the hydrothecal aperture and a closing 

apparatus consisting of three valves. Both genera differ in colony structure, branching 

pattern and gonothecal morphology (see Peña Cantero et al. 1997).  

Symplectoscyphus is represented in both hemispheres, and it is considered to be 

one of the six most important genera of hydroids in Antarctic waters (Peña Cantero 

2014b). In this region, the genus has representatives all around the Antarctic continent, 

as well as within a wide bathymetric range (see Peña Cantero 2004). The first 

specimens of the genus in Antarctic waters were reported by Pfeffer (1889) off South 

Georgia. Since then, specimens of this genus in Antarctic waters have been collected 

in many scientific expeditions (e.g. Peña Cantero and García Carrascosa 1995; Peña 

Cantero 2012, 2013, 2017) and some studies have even been focused on its species (Peña 

Cantero et al. 2002; Peña Cantero 2010). Despite having been studied for more than a 

century, species new to science are still being described in the Southern Ocean (e.g. 

Symplectoscyphus bellingshauseni Peña Cantero, 2012, Symplectoscyphus herperides Peña 

Cantero, 2012, Symplectoscyphus densus Peña Cantero, 2017), indicating that knowledge 

about its diversity is far from being complete. Moreover, there are issues concerning 

species of the genus that need additional studies. For example, the unexpected position 

of Symplectoscyphus curvatus (Jäderholm, 1917) as sister group of Antarctoscyphus species 

(Maronna et al. 2016) or the morphological differences between Symplectoscyphus 

exochus Blanco, 1982 and Symplectoscyphus glacialis (Jäderholm, 1904) beyond the shape 

of their gonothecae (Peña Cantero and Vervoort 2009). 

The present study deals with all known Antarctic species of Symplectoscyphus. 

We report the results of the study of the specimens present in the huge Antarctic 

hydroid collection gathered by several US Antarctic expeditions under the United 

States Antarctic Research Program (USARP), but we also update information about all 

known Antarctic species. The main objective of this study was to increase knowledge 

about Antarctic hydroid diversity, ecology and distribution. 
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1.2 Methodology 

Samples studied here were collected during several Antarctic expeditions carried out, 

under the United States Antarctic Research Programme (USARP), with the research 

vessels Eltanin, Glacier, Hero, Islas Orcadas and Pr Siedlecki between 1956 and 1986. These 

scientific campaigns covered large Antarctic areas, mainly the Scotia Arc, the Antarctic 

Peninsula, and the Ross Sea and (Figure 1.1), sampling benthic communities from the 

Continental Shelf and the Upper Slope. Samples were preserved in ethanol 70%, after 

fixation in formaldehyde 6% and are deposited in the Invertebrate Zoology collection 

of the National Museum of Natural History (NMNH), Smithsonian Institution, 

Washington DC, USA.  

The specimens were identified to the lowest taxonomic level possible. An 

optical microscope Leica DM3000, together with a stereomicroscopoe Leica DMS 

1000, were used to study the material. Photographs were taken using a camera Leica 

DFC 450 coupled to the microscope. Measurements were taken using the Leica 

application Suite software 4.8. When necessary, colony fragments were immersed in 

sodium hypochlorite or exposed to sonification pulses to eliminate organic remains 

Fig. 1.1 Area of study and location of sampling sites 
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that prevented a correct visualization of the material. All valid Antarctic species of 

Symplectoscyphus were considered, and updated information about their ecology and 

distribution included. Species not present in the collection studied are indicated with 

an asterisk. Biogeographic and bathymetric patterns previously established by Peña 

Cantero and García Carrascosa (1999) and Peña Cantero (2004) have been used. 

1.3 Results and discussion 

Order MACROCOLONIA Leclère, Schuchert, Cruaud, Couloux & Manuel, 2009 

Family SYMPLECTOSCYPHIDAE Maronna, Miranda, Peña Cantero, Barbeitos and 

Marques, 2016 

Symplectoscyphus Marktanner-Turneretscher, 1980 

Type species: Symplectoscyphus australis Marktanner-Turneretscher, 1890 

 

Remarks. Symplectoscyphus includes a large number of species with different colony 

appearances. All of them, however, share the presence of a three-cusped rim at the 

hydrothecal aperture, consisting of an adcauline cusp and two abcauline ones, and a 

closing apparatus composed of three triangular flaps. Stem and branches are divided 

into internodes by more or less marked nodes and there is usually one hydrotheca per 

internode. Hydrothecae are alternately arranged either in one or in two planes, which 

usually form an obtuse angle, although it can be acute in some species with certain 

tendency to unilateral arrangement. Hydrothecae are adnate to internodes in a 

variable extension of their adcauline wall. Colonies are dioecious, with gonothecae 

arising at hydrothecal base. Gonothecal walls can be smooth, undulated or ringed. 

Rings may be independent or constitute a sort of frill forming a spiral pattern along the 

gonothecae. Cnidome composed of microbasic mastigophores in two size classes.  

Within the wide array of colony appearances, some species form colonies 

consisting of simple, erect stems and others form larger and more complex colonies. It 

should be noticed, however, that the latter also pass for initial states with erect, simple 

stems. Nevertheless, as these stems grow and branch, some species form colonies 

consisting of tangled stems and branches, which give rise to a bush-shaped colony 

without a distinct main stem, whereas others develop colonies with a distinct main 

stem and frequently a conspicuous branching pattern. 
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The genus is considered monophyletic with high support, from the species 

considered in Maronna et al. (2016). The single exception is Symplectoscyphus curvatus, 

which appeared as sister group of species of Antarctoscyphus, the other genus of the 

family (see Maronna et al. 2016).  

Description of the species 

Symplectoscyphus aggregatus (Jäderholm, 1917) (*) 

Sertularella aggregata Jäderholm, 1917: 13, pl. 2, fig. 1. 

Symplectoscyphus aggregatus — Stechow, 1922: 148; 1923: 171; Vervoort, 1993: 239; Peña 

Cantero et al., 2002: 1514, fig. 1; Peña Cantero, 2017: 37, fig. 12b. 

Not Sertularella aggregata — Stepanjants, 1979: 82, pl. 15, fig. 2A, B [= Symplectoscyphus 

liouvillei (Billard, 1914)] 

 

Diagnosis. Erect, polysiphonic stems up to 10 mm high. Branching scarce, sometimes 

alternate; branches with planar appearance. Hydrothecae alternately arranged in one 

plane, closely packed. Hydrotheca cylindrical, almost straight. Adcauline hydrothecal 

wall adnate to internode in more than half its length; free part straight or slightly 

convex. Abcauline wall slightly convex basally and convave distally. Hydrothecal 

aperture directed mostly upwards. Cusps of hydrothecal aperture sharp and separated 

by deep embayments. Gonothecae unknown. 

Ecology. Shelf species (Peña Cantero 2010), collected between 150 (Jäderholm 1917) and 

351 m (Peña Cantero 2017). 

Distribution. Circum-Antarctic (Peña Cantero 2017). West Antarctica: off Graham 

Land, Antarctic Peninsula (Jäderholm 1917). East Antarctica: the Ross Sea (Peña Cantero 

2017). 

Symplectoscyphus anae Peña Cantero, Svoboda and Vervoort, 2002 (Fig. 1.2) 

Symplectoscyphus sp. 3 Peña Cantero and García Carrascosa, 1995: 90–92, fig. 40a–e. 

Sertularella curvatus — Naumov and Stepanjants, 1972: 45–46, fig. 7 
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Symplectoscyphus anae Peña Cantero et al. 2002: 1515–1519, fig. 2; Peña Cantero, 2006: 

942, fig. 4e; 2008: 460; 2013: 131–132, fig. 4a; 2014a: 1723–1724, fig. 6a; 2017: 37, figs 

12c, 13a; 2018: 37,fig 6a: 871; Soto Àngel and Peña Cantero 2019: fig. 4.11a, 4.12a. 

 

Material examined. Eltanin: 12/1001, one fragment 6 mm long; 12/1002, two stems up to 

5 mm long; 12/1003, one fragment 7 mm long; 32/1997, one fragment 5 mm long; 32/2007, 

one fragment 5 mm long; 32/2018, several stems up to 17 mm high; 32/2063 a mass of 

stems 25 mm in diameter; 32/2021, several stems up to 20 mm high, with gonothecae; 

32/2080, several fragments up to 5 mm long; 32/2083, several fragments up to 15 mm 

long. Glacier: GLD-13, several stems up to 16 mm high. Hero: 721/1129,  two fragments up 

to 5 mm long; 721/938, several stems up to 10 mm high; 824/4-1, several fragments up to 

23 mm long. Islas Orcadas: 575/101, several fragments up to 10 mm long. Pr Siedlecki: 

601/044, several stems up to 7 mm high. Wilkes station: 000DW, two small fragments 

up to 18 mm long; UCDA603, a few stems up to 5 mm high; UCDA609, some stems up 

to 7 mm high. 

Diagnosis. Erect, monosiphonic stems up to 45 mm high. Branching scarce, irregular, 

in several planes. Occasionally with anastomoses. Hydrothecae alternately arranged 

in one plane (Fig. 1.2a). Hydrotheca almost cylindrical, strongly bent abcaudally, 

frequently with distinct inflexion point where it becomes free. Adcauline hydrothecal 

wall adnate to internode for about one-third of its length; free part convex. Abcauline 

wall concave. Hydrothecal aperture directed up- and outwards. Cusps of hydrothecal 

aperture sharp and separated by deep embayments (Fig. 1.2c-e). Gonothecae oval, with 

slightly undulated and finely striated walls; aperture at the end of short and wide distal 

neck (Fig. 1.2b).  

Measurements (in μm). Hydrothecae: length abcauline wall 305-571, length free part of 

adcauline wall 270-476, length adnate part of adcauline wall 172-402, diameter at 

aperture 143-187. Gonothecae: length 1200-1341, maximum diameter 627-750.  

Cnidome: larger nematocysts, mean 13.3 ± 0.8 X 3.5 ± 0.4 (n=108), range 11.42-15.33 X 

2.76-4.7, ratio 3.7 ± 0.45, range 2.8-5.11. 

Remarks. Symplectoscyphus anae belongs to a group of species characterised by having 

gonothecae with smooth or slightly waved walls (e.g. Symplectoscyphus glacialis or S. 

naumovi). Concerning the shape of the hydrotheca, and the size of the nematocysts, S. 
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anae reminds S. hero (see this species below for a discussion on the differences between 

them). By the size of the nematocysts, S. anae is also close to S. naumovi, but they are 

clearly distinguishable by the shape of the hydrotheca (compare figures 1.2 and 1.17). 

Symplectoscyphus anae, S. hero and S. naumovi have the largest microbasic 

mastigophores of all Antarctic species of the genus.  

Ecology. Shelf species (Peña Cantero 2010), collected at depths from 20 (Naumov and 

Stepanjants 1972) to 1648 m (Peña Cantero 2018); present material between 18 and 600 

m. It has been reported on bottoms of mud, mud with stones, stones, rocks with stones, 

and bottoms of hydroids, sponges and algae (Naumov and Stepanjants 1972; Peña 

Cantero et al. 2002; Peña Cantero, 2013, 2014b). Epilithic on pebbles (Peña Cantero 

2008) and epibiotic on sponges and bryozoans (Naumov and Stepanjants 1972; Peña 

Cantero et al. 2002; Peña Cantero 2013, 2014a), tubes of polychaetes (Peña Cantero et al. 

2002; Peña Cantero 2008, 2013), gorgonians (Peña Cantero 2006, 2008, 2013, 2014b; Soto 

Àngel and Peña Cantero, 2019) and hydrozoans (Peña Cantero 2006, 2008, 2013, 2017, 

2018; Soto Àngel and Peña Cantero, 2019). Used as substratum by other species of 

hydroids (Peña Cantero et al. 2002; Peña Cantero 2008). Gonothecae in January (Peña 

Cantero et al. 2002), February (Peña Cantero 2018; Soto Àngel and Peña Cantero 2019) 

and April (Soto Àngel and Peña Cantero 2019). 

Distribution. Circum-Antarctic (Peña Cantero et al. 2002). West Antarctica: Elephant 

Island (Peña Cantero and García Carrascosa 1995), the South Shetland Islands (Peña 

Cantero 2006; 2008), the Weddell Sea (Peña Cantero et al. 2002) and Low Island (Peña 

Cantero 2013). East Antarctica: Adélie Coast (Naumov and Stepanjants 1972), Queen 

Mary coast (Peña Cantero 2014a) and the Ross Sea (Peña Cantero 2017; 2018). Our 

material supports this distribution, coming from the South Shetland Islands and the 

Ross Sea. 
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Fig. 1.2 a-f Symplectoscyphus anae: a detail of a stem; b gonotheca; c-e hydrotheca in lateral view; f 

nematocyst. 
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Fig. 1.3 a-f Symplectoscyphus laurae sp. nov.: a colony; b detail of a stem; c-e hydrotheca in lateral 

view; f nematocyst. 
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Fig. 1.4 a-g Symplectoscyphus antarcticus: a detail of a branch; b-c hydrotheca; d hydrothecal 
arrangement; e-f hydrotheca; g gonotheca. Scale bar 200 µm 

a b 
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Symplectoscyphus antarcticus sp. nov. (Fig. 1.3; 1.4) 

Material examined. Glacier: SOSC-L118, a mass of stems 40 mm in diameter, with 

gonothecae  

Diagnosis (Holotype). A mass consisting of monosiphonic stems (Fig 1.3a), irregularly 

branched in several planes. Branches arising at hydrothecal base, usually with a few, 

sometimes strongly marked, annulations at basal part (Fig 1.4d). With anastomosis 

between branches. Stems and branches divided into short internodes by usually 

strongly marked oblique nodes. Branches roughly straight, though internodes with a 

sinuous arrangement. One hydrotheca per internode. Hydrothecae relatively closely 

packed, distal end of one hydrotheca reaching basal part of following one (Fig. 1.3c). 

Hydrotheca adnate to internode for more than half its adcauline length. Free adcauline 

wall straight, concave or slightly convex; abcauline wall convex basally and concave 

distally. Hydrothecal cusps blunt, separated by shallow embayments; adcauline cusp 

usually slightly directed upwards (Fig 1.3e-d). Gonotheca fusiform, with a spirally 

arranged, narrow frill along its length; gonothecal aperture at the end of a distal funnel, 

clearly surpassing last turn (Fig 1.4g). 

Measurements (in μm). Hydrothecae: length abcauline wall 302-401, length free part of 

adcauline wall 137-212, length adnate part of adcauline wall 257-314, diameter at 

aperture 190-209. Gonothecae: length 1376, maximum diameter 667, length of distal tube 

118-164, diameter at aperture 136-157. 

Cnidome: larger microbasic mastigophores, mean 8.9± 0.41 X 2.9 ± 0.28 (n=17), range 

8.17-9.89 X 2.28-3.39, ratio 3.04 ± 0.35, range 2.56-4.03. 

Remarks. Symplectoscyphus antarcticus sp. nov. belongs to the group of species with 

ringed gonothecal walls (S. cumberlandicus, S. curvatus, S. exochus, S. nesioticus, S. sofiae, 

S. vanhoeffeni and S. weddelli). It clearly differs from these species, but for S. vanhoeffeni, 

by the shape of the hydrotheca. In this character, Symplectoscyphus antarcticus sp. nov. 

is closer to S. vanhoeffeni, but both species can be clearly distinguished by the larger 

hydrotheca, the smaller nematocysts (10.13±0.42 x 2.73±0.22 in S. vanhoeffeni), the more 

packed hydrothecae and the sinuous arrangement of the internodes in S. antarcticus sp. 

nov.  
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Distribution. This material was collected at a depth of 1.5 m at Anvers Island, 

Peninsula Antarctica. 

Symplectoscyphus bellingshauseni	Peña Cantero, 2012	(*) 

Symplectoscyphus bellingshauseni Peña Cantero, 2012: 860, figs 5a, 6. 

Diagnosis. Erect, basally polysiphonic stems up to 40 mm high. Branching in one 

plane or in two planes making an obtuse angle. Branches up to fourth-order, alternate 

at every third hydrotheca, some with anastomoses. Hydrothecae alternately arranged, 

gently bent outwards with a little-marked inflexion point where it becomes free. 

Hydrotheca adnate for little less than half its length. Free part of adcauline wall 

straight or slightly convex. Abcauline wall straight or slightly concave. Cusps of 

hydrothecal aperture sharp and separated by deep embayments. Adcauline cusp 

straight or slightly curved adcaudally at its distal end. Rim of hydrothecal aperture 

usually with renovations. 

Ecology. Symplectoscyphus bellingshauseni is a shelf species, collected at 603 m on rock. 

It is used as substratum by other hydroid species (Peña Cantero 2012). 

Distribution. Only known from the Bellingshausen Sea, West Antarctica (Peña 

Cantero 2012). 

Symplectoscyphus cumberlandicus (Jäderholm, 1905) (Fig. 1.5) 

Sertularella cumberlandica Jäderholm, 1905: 27, pl. 10, figs 8–11; Ritchie, 1913: 10, 27, fig. 7; 

Blanco, 1963: 178; Naumov and Stepanjants 1972: 34, 43, fig. 6; Stepanjants 1979: 

79, pl. 14, fig. 1A–E. 

Symplectoscyphus cumberlandicus — Stechow, 1922: 148; 1923: 171; Yamada, 1959: 59; Rees 

and Thursfield, 1965: 128; Blanco, 1984: 23–24, pl. 17 figs 39–40, pl. 18 figs 41, 42, pl. 

19 figs 43, 44, pl. 20 fig. 45; Blanco, 1991: 12; Vervoort, 1993: 239; Peña Cantero et 

al. 2002: 1519–1523, fig. 3; Peña Cantero, 2006: 942, fig. 4f; 2008: 460, fig. 2e, f; 2010: 

769, fig. 5b, c; 2012: 861, fig. 7a; Peña Cantero and Vervoort, 2009: 87, fig. 2e; Soto 

Àngel and Peña Cantero, 2015: 995, fig. 6i; Soto Àngel and Peña Cantero 2019: 

fig. 4.11b, 4.12b. 

? Sertularella cumberlandica — Stechow, 1913: 13, 140, fig. 115. 

Sertularella (Symplectoscyphus) liouvillei — Broch, 1948: 5, 9–13, fig. 3b–d (in part). 
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Symplectoscyphus divaricatus — Blanco and Bellusci de Miralles, 1972: 13–16, figs 22–27. 

Material examined. Eltanin: 32/2021, two fragments up to 4 mm long. Glacier: SOSC-

L111, some fragments up to 5 mm long; WQB261G4, one stem 30 mm high. Hero: 152-H-

74, two fragments up to 4 mm long; 702/465, one stem 50 mm high, with gonothecae; 

721/1015, one fragment 40 mm long; 721/760, several fragments up to 50 mm long; 

721/810, one fragment 12 mm long. Islas Orcadas: 575/39, several stems up to 100 mm 

high, with gonothecae; 575/31, fragment 7 mm long. Other material: Spanish Antarctic 

Expedition Bentart 95, Stn5, April 2003 68°56’37’’-68°56’43’’S; 90°35’50’’-90°35’19’’W, 

off Peter I Island, 124 m depth.  

Diagnosis. Erect, basally polysiphonic stems up to 150 mm high; main branches also 

polysiphonic basally; remaining branches monosiphonic. Branching alternate (Fig. 

1.5a). Hydrothecae alternately arranged into one plane, cylindrical, slightly bent 

abcaudally. Adcauline wall adnate to internode for about two-thirds of its length; free 

part slightly convex. Abcauline wall straight or slightly concave. Hydrothecal aperture 

directed up- and outwards. Cusps of hydrothecal aperture sharp and separated by 

deep embayments; adcauline cusp distinctly larger (Fig 1.5b-d). Rim of hydrothecal 

aperture frequently with numerous renovations. Gonothecae oval, with a spirally 

arranged, narrow ring of 10-12 turns. Gonothecal aperture at the end of a distal, funnel-

shaped tube, widening distally and surpassing last turn. (Fig. 1.5e)  

Measurements (in μm). Hydrothecae: length abcauline wall 316-467, length free part of 

adcauline wall 161-281, length adnate part of adcauline wall 232-431, diameter at 

aperture 157-232. Gonothecae: height 1980-2144, maximum diameter 739-756, length of 

distal tube 218-280, diameter at aperture 259-320  

Cnidome: larger microbasic mastigophores, mean 8.28 ± 0.5 X 2.66 ± 0.4 (n=34), range 

7.12-9.26 X 1.51-3.36; ratio 3.18 ± 0.52, range 2.55-5.25. 

Remarks. Our material shows the variability in the shape of the hydrotheca in S. 

cumberlandicus. Hydrothecae are shorter towards the distal part of the colony. This 

variation along the colony was previously pointed out by Jäderholm (1905) and 

discussed by Peña Cantero et al. (2002), who included in this species material from 

Peter I Island studied by Blanco (1984), despite having smaller hydrothecae. According 

to Peña Cantero et al. (2002), Blanco's (1984) figures could be representing hydrothecae 

from the distal part of a colony. By the shape of the hydrothecae, S. cumberlandicus is  
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Fig. 1.5 a-f Symplectoscyphus cumberlandicus: a detail of a colony; b-d hydrotheca; e gonotheca; f 

nematocyst. 
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allied with S. liouvillei, but they can be clearly distinguished by the branching pattern 

and the cnidome; Jäderholm’s species having smaller nematocysts. 

Ecology. Shelf species (Peña Cantero 2010), found at depths from eight (Naumov and 

Stepanjants 1972) to 540 m (Peña Cantero 2012); present material between 16 and 503 m. 

Recorded on a wide range of sea bottoms, including bottoms of mud, sand, pebbles, 

stones, boulders, gravel and different mixed bottoms (Jäderholm 1905; Ritchie 1913; 

Broch 1948; Naumov and Stepanjants 1972; Soto Àngel and Peña Cantero 2019). Found 

epibiotic on holothurians, ascidians and bryozoans (Naumov and Stepanjants 1972; 

Peña Cantero 2013). Used as substratum by other species of hydroids (Peña Cantero 

2013). Gonothecae in December (Soto Àngel and Peña Cantero 2019), February (Peña 

Cantero 2010), May (Jäderholm 1905; Ritchie 1913), April (Soto Àngel and Peña Cantero 

2019) and August (Ritchie 1913); present material in March and May. 

Distribution. Circum-Antarctic (Peña Cantero et al. 2002). West Antarctica: 

Cumberland Bay, South Georgia (Jäderholm 1905), Discovery Bank (Soto Àngel and 

Peña Cantero 2016), Peter I (Broch 1948; Blanco and Bellusci de Miralles 1972; Peña 

Cantero 2010), Low Island (Blanco 1984; Peña Cantero 2013), Livingston Island, the 

South Shetland Islands (Peña Cantero 2006; 2008), Bransfield Island, Antarctic 

Peninsula (Peña Cantero and Vervoort 2009), the Bellingshausen Sea (Peña Cantero 

2012), and Weddell Sea (Soto Àngel and Peña Cantero 2019). East Antarctica: McMurdo 

Sound and Cape Royds, the Ross Sea (Ritchie 1913) and Adélie Coast (Naumov and 

Stepanjants 1972). Our material supports this distribution, having been collected in the 

Ross Sea, the South Shetland Islands and off South Georgia.  

Symplectoscyphus curvatus (Jäderholm, 1917) (Fig. 1.6) 

Sertularella curvata Jäderholm, 1917: 9, pl. 1, figs 10, 11. 

Sertularella curvatus — Stepanjants, 1979: 72, pl. 17, fig. 3 (in part). 

Symplectoscyphus curvatus — Stechow, 1922: 148; 1923: 171; Totton, 1930: 192, fig. 40a, b, 

pl. 2, figs 1–3; Blanco and Bellusci de Miralles, 1972: 12, pl. 3, figs 20, 21; Blanco, 

1984: 24–26, pl. 20, fig. 46, pl. 21, figs 47, 48, pl. 22, figs 49, 50; Blanco, 1994: 201; 

Vervoort, 1993: 239; Peña Cantero and García Carrascosa, 1995: 71–73, fig. 31a, d; 

Peña Cantero et al. 2002: 1523–1525, fig. 1C; Peña Cantero and Vervoort, 2009: 87, 

fig. 2e.; Peña Cantero, 2006: 942–943, fig. 4G; 2008: 460; 2010: 769-770; 2012:  
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Fig. 1.6 a-e Symplectoscyphus curvatus: a detail of a colony; b-c hydrotheca; d gonotheca; e 

nematocyst. 
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861; 2013: 132; 2017: 41; 2018: fig. 6b: 871; Soto Àngel and Peña Cantero, 2019: fig. 4.11c, 

4.12c.  

? Symplectoscyphus curvatus — Briggs, 1938: 31; Branch and Williams, 1993: 13. 

Not Symplectoscyphus curvatus — Millard, 1977: 26, figs 7a–c. 

Not Sertularella curvatus — Naumov and Stepanjants 1972: 34, 45, fig. 7 (= 

Symplectoscyphus anae Peña Cantero et al. 2002) 

Material examined. Eltanin: 437, several stems up to 10 mm, with gonothecae; 12/1002, 

some fragments up to 40 mm long, with gonothecae; 12/1003, a few fragments up to 5 

mm long, with gonothecae; 27/1924, some fragments up to 7 mm long; 32/1997, one small 

fragment 5 mm long; 32/2007, one fragment 10 mm long, with gonothecae. Islas Orcadas: 

575/073, some fragments up to 30 mm; 691/033, a fragment 15 mm long. Hero: 702/465, 

several fragments up to 10 mm long, with gonothecae; 721/776, one fragment 5 mm long; 

731/1944, six fragments up to 39 mm long, with gonothecae. 

Diagnosis. Erect, monosiphonic stems, up to 55 mm high. Branching scarce, alternate 

in one plane (Fig. 1.6a). Internodes short. Hydrothecae usually longer than internodes, 

large, tubular, slightly bent outwards. Adcauline wall adnate in less than half its length, 

frequently for about one third. Free part of adcauline wall straight of slightly convex. 

Abcauline wall slightly concave. Hydrothecal cusps usually sharp and separated by 

deep embayments (Fig. 1.6b-c). Gonotheca oval, with about ten independent frills. 

Gonothecal aperture at the end of a short, distal tube not surpassing last ring (Fig. 1.6d) 

Measurements (in μm). Hydrothecae: length abcauline wall 672-953, length free part of 

adcauline wall 463-759, length adnate part of adcauline wall 331-513, diameter at 

aperture 262-366. Gonothecae: length 2150-1963, maximum diameter 929-1884, length 

of distal tube 85-108, diameter at aperture 121-231. 

Cnidome: larger microbasic mastigophores, mean 13.25±0.4 x 3.22±0.19, range 

12.69-13.67; ratio, mean 4.12±0.19, range 3.86-4.47. 

Remarks. This is a well-characterized species due to the shape and size of the 

hydrotheca. It has one of the largest hydrothecae amongst the species of the genus. 

The only Antarctic species with similar hydrothecal size described so far is S. 

magnificus Peña Cantero and Vervoort, 2009, but both species are clearly 
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distinguishable by the shape of hydrothecae and gonothecae and by the structure of 

the colony. 

Ecology. Eurybathic species (Peña Cantero 2010), collected at depths from 49 (Peña 

Cantero 2008) to 2043 m (Peña Cantero 2012); present material between 73 and 728 m. 

On rocky bottoms (Stepanjants 1979). Epibiotic on bryozoans (Stepanjants 1979), 

polychaete tubes (Peña Cantero 2008; 2013; 2017; Peña Cantero and Vervoort 2009), 

gorgonians (Peña Cantero and García Carrascosa 1995; Peña Cantero 2008; 2010; 2012; 

2013; 2017; 2018), hydroids (Stepanjants 1979; Peña Cantero and García Carrascosa 1995; 

Peña Cantero et al. 2002; Peña Cantero 2006; 2008; 2010; 2013; 2017; 2018; Peña Cantero 

and Vervoort 2009; Soto Àngel and Peña Cantero 2019), sponges and ascidians (Peña 

Cantero 2013), and corals (Peña Cantero 2014). Basibiont for other species of hydroids 

(Peña Cantero and Vervoort 2009; Peña Cantero 2013; 2014). Gonothecae in January 

(Stepanjants 1979; Peña Cantero 2014; Soto Àngel 2017), February (Peña Cantero et al. 

2002; Peña Cantero and Vervoort 2009; Peña Cantero 2010; 2012; 2017; Soto Àngel and 

Peña Cantero 2019) and December (Stepanjants 1979; Soto Àngel 2017); in our material 

in January and March. 

Distribution. Circum-Antarctic (Stepanjants 1979). West Antactica: off Snow Hill, 

Graham Land (Jäderholm 1917), Low Island (Blanco 1984; Peña Cantero and Vervoort 

2009; Peña Cantero 2013), Peter I (Blanco and Bellusci de Miralles 1972; Peña Cantero 

2010), the South Orkney Islands and the South Shetland Islands (Stepanjants 1979), 

King George Island (Peña Cantero and García Carrascosa 1995) and Livingston Island 

(Peña Cantero 2006; 2008), in the South Shetland Islands, Antarctic Peninsula (Peña 

Cantero 2008), the Weddell Sea (Peña Cantero et al. 2002; Soto Àngel and Peña 

Cantero 2019), Bransfield Island and Bransfield Strait (Peña Cantero and Vervoort 

2009), and the Bellingshausen Sea (Peña Cantero 2012). East Antarctica: off Cape Adare, 

in the Ross Sea (Totton 1930; Peña Cantero 2017). Doubtful record from off Marion and 

Prince Edward islands, in sub-Antarctic waters (Branch and Williams 1993). Our 

material supports this distribution coming from the South Sandwich Islands, the 

South Shetland Islands and the Ross Sea. 

 

Symplectoscyphus densus Peña Cantero, 2017 (Fig. 1.7) 

Symplectoscyphus densus — Peña Cantero, 2017: 37, fig.12d-f. 
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Material examined. Eltanin: 32/1996, several small fragments up to 20 mm long. 

Diagnosis. Stems up to 20 mm high, slightly polysiphonic basally (Fig. 1.7b). 

Hydrothecae closely packed, alternately arranged (Fig. 1.7d). Hydrotheca elongate, 

diameter distinctly decreasing distally from the point it becomes free, sometimes 

looking like a distal neck. Hydrotheca straight at basal half, curving outwards at distal 

half, sometimes with a distinct inflexion point. Adnate to internode in half or less of its 

adcauline length. Free part of adcauline hydrothecal wall straight or slightly convex; 

abcauline wall straight or convex basally and concave distally. Cusps of hydrothecal 

aperture well developed, separated by deep embayments; adcauline cusp usually 

longer (Fig. 1.7c). Gonothecae unknown. 

Measurements (in μm). Hydrothecae: length of abcauline wall 314-335, length free part 

of adcauline wall 234-272, length adnate part of adcauline wall 188-218, diameter at 

aperture 108-120. 

Cnidome: larger microbasic mastigophores, range 8.7-9.9 x 2.5-3.5, mean 9.9±0.48 x 

2.94±0.35 (n=6); ratio, range 2.52-3.87, mean 3.19±0.44 (n=6).  

Remarks. The material studied clearly corresponds to Symplectoscyphus densus. As 

Peña Cantero (2017) highlighted, this is a species easily recognisable amongst the 

Antarctic species of genus by the shape and arrangement of the hydrothecae. This 

author discussed the differences with other Antarctic species having highly packed 

hydrothecae (i.e., S. aggregatus, S. frondosus and S. liouvillei). From our present study, it 

should be added the differences concerning the size of the larger microbasic 

mastigophores, which are smaller in S. densus.  

The material on which was based the original description only had a single side 

branch. The material studied here shows that the stems can have at least three side 

branches. 

Ecology. Symplectoscyphus densus is a shelf species collected at depths from 536 to 630 

m (Peña Cantero 2017); present material comes from 344-351 m. 

Distribution. The Ross Sea (Peña Cantero 2017); our material, which represents the 

second record for the species, comes from the same area. 
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Fig. 1.7 a-f Symplectoscyphus densus: a detail of a stem; b hydrothecal base; c-f hydrothecal 

arrangement. 
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Symplectoscyphus exochus Blanco, 1982 (Fig. 1.8) 

Symplectoscyphus exochus Blanco, 1982: 39–41, fig. 1–7; 1985: 225–226, fig. 1, 2; 1994: 202; 

Vervoort, 1993: 239. Peña Cantero, 2012: 861, fig. 7b; 2013: 132, fig. 4c; 2014: 1723 fig. 

6c; 2017: 37 fig. 12f; 2018: fig. 6c,d: 871; Soto Àngel and Peña Cantero 2019: figs 

4.11d, 4.12d. 

Symplectoscyphus glacialis — Vervoort, 1972: 351 (in part). 

Material examined. Eltanin: 12/1002, several fragments up to 3 mm long; 12/1003, one 

small fragment 4 mm long; 27/1952, several fragments up to 25 mm long, with 

gonothecae; 27/1953, several fragments up to 20 mm long, with gonothecae; 32/1996, 

some fragments up to 5 mm; 32/1997, a few fragments up to 3 mm; 32/2068, some 

fragments up to 15 mm long, with gonothecae; 32/2125, a mass of stems 30 mm in 

diameter, with gonothecae. Glacier: GLD-1, several fragments up to 30 mm long, with 

gonothecae; GLD-13, one fragment 5 mm long; 371-H-75, a few fragments up to 3 mm 

long; 6/418, some fragments up to 4 mm long, with gonothecae; 6/436, some fragments 

up to 10 mm long; 731/1944, several fragments up to 15 mm long; 824/30-1, a mass of 

stems 50 mm in diameter, with gonothecae; SOSC-L48, several fragments up to 25 mm 

long, with gonothecae; SOSC-L52, three small fragments up to 7 mm long; V-3JAN, few 

small fragments up to 12 mm long; 768, few fragments up to 15 mm long, with 

gonothecae. Hero: 405-H-75, one small fragment 5 mm long; 721/1077, one fragment 10 

mm long, with gonothecae; 721/704, several fragments up to 25 mm long; 721/972, some 

fragments up to 5 mm; 731/1756, small fragments up to 7 mm long; 731/1912, several 

fragments up to 20 mm long, with gonothecae; 824/ 0008-1, some fragments up to 25 

mm long, with gonothecae; 824/13-1, a few fragments up to 10 mm long; 827/27-1, some 

small fragments up to 22 mm long; 824/28-1, several fragments up to 35 mm long; 

824/40-1, some fragments up to 15 mm long; 824/4-1, a few fragments up to 7 mm long, 

with gonothecae; 833/18-1, several stems up to 15 mm long. Islas Orcadas: 575/065, small 

fragment 173 mm long; 575/070, some fragments up to 5 mm long; 575/85, several 

fragments up to 20 mm long; 575/094, one fragment 8 mm long; 575/31, several 

fragments up to 25 mm long. Pr Siedlecki: 601/023, some fragments up to 30 mm long. 

Wilkes station: 000AF, a mass of branches 15 mm in diameter; 000AG, numerous 

fragments up to 25 mm long; 000AM, several fragments up to 25 mm long. Other 

material: Spanish Antarctic Expedition Bentart 2006: Low 44, 63.43009 S–62.2038 W, 

off Low Island, 82 m, several fragments, with gonothecae.  



 45 Fig. 1.8 a-h Symplectoscyphus exochus: a detail of a colony; b-c gonotheca; d-f hydrotheca; 
g nematocyst; h egg in a gonotheca. 
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Diagnosis. Colonies typically composed of numerous tangled stems and branches 

resulting in a dense mesh up to 70 mm in diameter (Fig. 1.8a). Branching usually 

irregular in several planes, sometimes alternate. With anastomosis. Internodes 

separated by marked nodes. Hydrothecae bent abcaudally, usually with a distinct 

inflexion point where it becomes free. Adcauline hydrothecal wall adnate to internode 

for more than half its length; free part straight or slightly convex. Abcauline 

hydrothecal wall slightly concave. Hydrothecal aperture directed up- and outwards. 

Cusps of hydrothecal aperture blunt; adcauline one slightly curved adcaudally (Fig. 

1.8d-f). Gonotheca oval, with a wide frill spirally arranged along its length, forming up 

to ten turns. Gonothecal aperture at the end of a distal, long, funnel-shaped neck 

distinctly surpassing last turn (Fig. 1.8b-c)  

Measurements (in μm). Hydrothecae: length abcauline wall 222-460, length free part 

of adcauline wall 140-299, length adnate part of adcauline wall 182-342, diameter at 

aperture 103-213. Gonothecae: length with funnel 878-1480, maximum diameter 

553-1081, length of distal tube 198-390, diameter at aperture 160-277. 

Cnidome: larger microbasic mastigophores, range 7.01-10.29 x 1.74-4, mean 8.86±0.59 x 

2.72±0.38 (n=276); ratio, range 2.32-5.18, mean 3.03±0.47 (n=276). 

Remarks. Symplectoscyphus exochus is morphologically similar to S. glacialis 

(Jäderholm, 1904) and S. vanhoeffeni Totton, 1930. It shares the general shape of the 

gonotheca with the latter, both having gonothecae with ringed walls. Nevertheless, 

according to Blanco (1985), S. exochus has smaller gonothecae and hydrothecae. In 

addition, they are distinguishable by the absence of distinct nodes and the 

arrangement of hydrothecae in the same plane in S. vanhoeffeni. The differences with 

S. glacialis are not currently clear. When gonothecae are present, both species are easily 

distinguishable, as the gonothecal walls are smooth or wavy in S. glacialis (see below). 

However, in the absence of gonothecae, both species are practically indistinguishable 

because within the variability in the shape of the hydrotheca in both species, it is 

possible to find hydrothecae alike (cf. Peña Cantero and Vervoort 2009; Peña Cantero 

2017).  

After analysing a great number of nematocysts from fertile material of both species, 

we found the size of the larger microbasic mastigophores to be a useful tool for 

differentiating them. Nematocysts are smaller in S. exochus [8.86±0.59 x 2.72±0.38 
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(n=276)] than in S. glacialis [10.6±0.7 x 3.18±0.42 (n=311)]. Our study has also revealed the 

presence of nematocyst pads at the base of tentacles in S. exochus, similar to those 

described for S. plectilis by Peña Cantero et al. (2013), which apparently are not present 

in S. glacialis. Therefore, this could represent another important character to 

distinguish both species, though it requires material in good condition.  

Ecology. Eurybathic species (Peña Cantero 2017), collected at depths from 15 (Vervoort 

1972a) to 1958 m (Peña Cantero 2012); present material from 8.5 to 564 m. Previously 

reported on muddy bottoms (Peña Cantero et al. 2002). Epilithic on stones (Peña 

Cantero 2010, 2013) and epibiotic on hydroids, bryozoans and polychaete tubes (Peña 

Cantero et al. 2002; Peña Cantero 2018; Soto Àngel and Peña Cantero 2019). Basibiont 

for colonies of other hydroids (Peña Cantero et al. 2002; Peña Cantero 2013). 

Gonothecae in January (Peña Cantero et al. 2002; Peña Cantero 2014a; Soto Àngel and 

Peña Cantero 2019), February (Peña Cantero et al. 2002; Peña Cantero and Vervoort 

2009; Peña Cantero 2013, 2018), March (immature, Peña Cantero et al. 2002), April (Soto 

Àngel and Peña Cantero 2019) and December (Soto Àngel and Peña Cantero 2019); in 

our material gonothecae in January, February, March and November. 

Distribution. Circum-Antarctic (Peña Cantero 2014). West Antarctica: Low Island 

(Blanco 1982; Peña Cantero and Vervoort 2009), Palmer Archipelago (Vervoort 1972b; 

Blanco 1985), Bransfield Island and Bransfield Strait (Peña Cantero and Vervoort 2009), 

the Weddell Sea (Peña Cantero et al. 2002; Soto Àngel and Peña Cantero 2019) and the 

Bellingshausen Sea (Peña Cantero 2012). East Antarctica: Queen Mary Coast (Peña 

Cantero 2014a) and the Ross Sea (Peña Cantero 2017, 2018). Our material comes from 

off South Georgia, the South Sandwich Islands, the South Shetland Islands, Elephant 

Island and Antarctic Peninsula, in West Antarctica, and off Wilkes Land, and the 

Balleny Islands and the Ross Sea, in East Antarctica. 

Symplectoscyphus frigidus	Peña Cantero, Svoboda and Vervoort, 2002 (Fig. 1.9) 

Symplectoscyphus glacialis — Broch, 1948: 5, 9–13, fig. 2d, e, 3a. 

Symplectoscyphus sp. 5 Peña Cantero and García Carrascosa, 1995: 92–94, fig. 41a–e. 

Symplectoscyphus sp. 7 Peña Cantero and García Carrascosa, 1995: 94–96, fig. 42a–c. 

Symplectoscyphus frigidus Peña Cantero et al. 2002: 1529-1533, fig. 5; Soto Angel, 2019: 

fig. 4.11e. 
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Fig. 1.9 a-h Symplectoscyphus frigidus: a hydrotheca; b gonotheca; c-f hydrotheca; g-h 
nematocyst. 
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Material examined. Islas orcadas: 575/031, one fragment 5 mm long.  

Other material. French Polarstern expedition ANT VII-4 (Epos 3): Stn 281, 71°39.5’S, 

12°21.1’W (off Cape Norvegia, Princess Martha Coast, Weddell Sea), 402 m, 17 February 

1989. German Polarstern expedition ANT VIII-5: Stn 16-492, 73.69°S, 21.74°W (off Riiser-

Larsen Ice Shelf, Weddell Sea), 250 m, 21 February 1990.  

Diagnosis. Mesh-shaped colonies, up to 70 mm in diameter, consisting of tangled 

stems and branches, frequently branched, irregularly in several planes. Anastomoses 

present. Hydrotheca large, cylindrical, abcaudally bent. Adcauline hydrothecal wall 

adnate in less than half its length; free part slightly convex. Abcauline hydrothecal wall 

slightly concave. Hydrothecal aperture up- and outwards directed. Hydrothecal cusps 

sharp and separated by deep embayments (Fig. 19c-f). Gonotheca ovoid, with smooth 

or wavy walls and aperture at the end of a short distal neck (Fig. 1.9b).  

Measurements (in μm). Hydrothecae: length of abcauline wall 490-519, length free part 

of adcauline wall 392-429, length adnate part of adcauline wall 242-273, diameter at 

aperture 203-211. Cnidome: larger microbasic mastigophores, range 11.42-13.31 x 

2.88-3.99, mean 12.48±0.63 x 3.46±0.30 (n=11); ratio, range 3.12-4.48, mean 3.63±0.41 

(n=11).  

Ecology. Shelf species (Peña Cantero 2010), collected at depths between 86 (Broch 

1948) and 402 m (Peña Cantero et al. 2002); present material found between 130 and 142 

m. On bottoms of detritus, mud, mud with sand, and stones (Broch 1948; Peña Cantero 

and García Carrascosa 1995; Peña Cantero et al. 2002). Epibiotic on hydroids and 

bryozoans (Peña Cantero and García Carrascosa 1995; Peña Cantero et al. 2002). 

Basibiont for colonies of other hydroids (Peña Cantero et al. 2002). Gonothecae in 

January and February (Peña Cantero et al. 2002). Distribution. West Antarctic (Peña 

Cantero 2010): Bouvet and Peter I islands (Broch 1948), Shag Rocks, in the South 

Georgia region, and King George Island, in the South Shetland Islands (Peña Cantero 

and García Carrascosa 1995) and the Weddell Sea (Peña Cantero et al. 2002; Soto Àngel 

and Peña Cantero 2019). Our material comes from off South Georgia. 

Symplectoscyphus frondosus Peña Cantero, 2010 (Fig. 1.10) 

Symplectoscyphus frondosus Peña Cantero, 2010: 30–34, figs 1A–C, 2; 2017: 44; 2018: fig, 

6e- f: 871. 
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Material examined. Eltanin: 32/1996, one colony fragment 70 mm long; 32/2021, two 

branches up to 5 mm, with female gonothecae; 32/2007, two colonies up to 85 mm 

high; 32/2018, one 65 mm high; 32/2082, several fragments up to 50 mm, with female 

gonothecae; 32/2123, one colony fragment 55 mm long, with female gonothecae; 

32/2124, three colony fragments up to 45 mm long, with female gonothecae.  

Diagnosis. Erect, bottlebrush-shaped, strongly polysiphonic and sinuous stems up to 

300 mm high. Primary branches also strongly polysiphonic, only most distal part of 

branches monosiphonic. Branching much developed (Fig 1.10a). Primary branches 

spirally arranged (a complete whorl every five branches), roughly of similar 

development, alternately branching in two planes. Hydrothecae alternately arranged 

in one plane. Hydrotheca roughly straight. Adcauline hydrothecal wall adnate to 

internode around half its length; free part more or less straight. Abcauline hydrothecal 

wall roughly straight. Hydrothecal aperture up- and outwards directed; cusps sharp 

and separated by deep embayments (Fig 1.10b-c). Male gonothecae long and thin, 

roughly of similar diameter throughout, walls transversally striated; aperture at the 

end of a short and wide distal neck. Female gonothecae incomplete, more or less 

fusiform, walls transversally striated (Fig 1.10f). 

Measurements (in μm). Hydrothecae: length of abcauline wall 339-445, length free part 

of adcauline wall 224-262, length adnate part of adcauline wall 310-212, diameter at 

aperture 123-139. Gonothecae: length with funnel 762-942, maximum diameter 289-326. 

Cnidome: larger microbasic mastigophores, range 9.44-9.9 x 2.42-3.58, mean 9.64±0.17 x 

3.13±0.48 (n=6); ratio, range 3.99-2.63, mean 3.14±0.55 (n=6).  

Remarks. Symplectoscyphus frondosus is a well-characterized species. The closely 

packed hydrothecae remind other Antarctic species, i.e. S. aggregatus (Jäderholm, 1917), 

S. densus Peña Cantero, 2017 and S. liouvillei (Billard, 1914), but S. frondosus is clearly 

distinguishable by the colony structure [see Peña Cantero (2010) for a discussion about 

the similarities and differences with S. liouvillei]. Symplectoscyphus aggregatus and S. 

densus have a distincly higher hydrothecal packaging than S. frondosus and, moreover, 

the size and shape of the hydrothecae are clearly different between S. densus and S. 

frondosus. Finally, there are differences in the cnidome, with S. liouvillei and S. 

aggregatus having larger nematocysts. 
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Fig. 1.10 a-f Symplectoscyphus frondosus: a detail of a colony; b-c hydrotheca d gonotheca; 

d-f nematocyst 
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Ecology. Symplectoscyphus frondosus has been collected between 400 m (Peña Cantero 

2017) and 2283 m (Peña Cantero 2018); present material from 256 to 612 m. Epilithic on 

stones and epibiotic on coral, bryozoans and sponges (Peña Cantero 2018). With 

gonothecae in February (Peña Cantero 2010, 2017, 2018), our material with gonothecae 

in January and February .  

Distribution. Endemic to the Ross Sea (Peña Cantero 2017); all records from this region 

(Peña Cantero 2010; 2017; 2018), including the present one. 

Symplectoscyphus glacialis	(Jäderholm, 1904) (Fig. 1.11) 

Sertularella glacialis Jäderholm, 1904: 9; 1905: 26, pl. 10, figs 3–7; 1917: 11, pl. 1, fig. 9; 1926: 

5; Ritchie, 1913: 10, 29, fig. 10; Billard, 1914: 23–24; Leloup, 1960: 234; Naumov and 

Stepanjants, 1965: 82; 1972: 34, 41; Stepanjants, 1972: 68; 1979: 73, pl. 13, fig. 3. 

Sertularella glacialis — Jäderholm, 1917: 9, pl. 1, fig. 9 (part belongs to S. vanhoeffeni 

Totton, 1930). 

Symplectoscyphus glacialis — Stechow, 1922: 148; 1923: 171, 174; Totton 1930: 188, fig. 39a, 

b, pl. 1, figs 8, 9, pl. 2, fig. 7; Briggs, 1938: 32; Rees and Thursfield, 1965: 129; Blanco, 

1982: 40; 1984: 26–28, pl. 23, figs 51, 52, pl. 24, fig. 53; 1992: 149–153, figs 1–6; Blanco 

and Bellusci de Miralles 1972: 16, figs 28–32; Vervoort, 1972b: 171, figs 56, 57b, c; 

1972b: 351, figs 6b–d, 7, 8a; 1993: 239; Tang, 1991: 3, 5; Bouillon et al. 1995: 73, Peña 

Cantero and García Carrascosa 1995: 77, figs 34a–f, 64b; Peña Cantero et al. 2002: 

1533–1538, fig. 6; Peña Cantero, 2006: 943, fig. 4H; 2008: 460–461; 2010: 770, fig. 5d; 

2013: 133, fig 4D; 2014: fig. 6D; Peña Cantero and Gili, 2006: 768; Peña Cantero 

and Ramil, 2006: 956, fig. 3E; Peña Cantero and Vervoort, 2009: 88, fig. 2g; Soto 

Àngel and Peña Cantero 2015: 995 fig. 6j-l; 2019: fig. 4.11f, 4.12e. 

Not Sertularella (Symplectoscyphus) glacialis — Broch, 1948: 5, 9–13, figs 2d, e, 3a (= 

Symplectoscyphus frigidus Peña Cantero et al. 2002). 

Not Symplectoscyphus glacialis — Blanco, 1967: 265, pl. 4, figs 3–6, 9–12 [= S. pinnatus 

(Clark, 1876)] 

Material examined. Eltanin: 12/1002, seven fragments up to 15 mm long; 12/1003, several 

fragments up to 7 mm long; 12/1001, a mass of stems 20 mm in diameter and several 

stems up to 6 mm high; 22/1535, four fragments up to 8 mm long; 27/1924, one fragment 

3 mm long; 32/2125, two fragments up to 19 mm long, with gonothecae; 32/2083, a mass  
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Fig. 1.11 a-h Symplectoscyphus glacialis: a detail of a colony; b gonotheca; c-e hydrotheca; f-h 
nematocyst. 
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of stems 20 mm in diameter; 32/2123, three small fragments up to 12 mm long; 027/1877, 

a mass of stems 70 mm in diameter. Glacier: 002/002, eight fragments up to 25 mm long; 

002/009, three fragments up to 10 mm long; 766, one fragment 15 mm long, with 

gonothecae; SOSC L142, a mas of stems 20 mm in diameter; SOSC L26, five fragments 

up to 9 mm long; SOSC L66, several fragments up to 7 mm long; SOSC L109, four 

fragments up to 3 mm long; SOSC L118, a few stems up to 10 mm long, with gonothecae. 

Hero: 100H74, a mass of stems 20 mm in diameter; 721/704, a mass of stems 15 mm in 

diameter; 731/1912, one colony fragment 10 mm long, with gonothecae; 702/464, several 

fragments up to 15 mm long, with gonothecae; 691/026, eight fragments up to 15 mm 

long; 691/027, several fragments up to 19 mm long, with gonothecae; 691/033, several 

fragments up to 23 mm long; 691/12-A, three fragments up to 10 mm long; 824/4-1, 

several fragments up to 5 mm long; 833/018-1, six small fragments up to 12 mm long, 

with gonothecae. Islas Orcadas: 575/061,  five fragments up to 20 mm long; 575/067, one 

stem 17 mm high; 575/88, several fragments up to 8 mm long; 575/095, several stems up 

to 12 mm high; 575/097, a mass of stems 25 mm in diameter; 575/098, one fragment 19 

mm long; 575/101, several fragments up to 10 mm long; 575/070, several fragments up to 

15 mm long. Pr Siedlecki: 601/64, three stems up to 5 mm high; 601/65, a mass of stems 40 

mm in diameter; 601/083; two fragments up to 12 mm long. Wilkes station: 000AH, 

several fragments up to 10 mm long; 000AZ, six fragments up to 15 mm long; 000DAB, 

a mass of stems 25 mm in diameter; 000DX, two colonies up to 15 mm high; 000AM, 

four fragments up to 7 mm long. Other: 57/993, one fragment 3 mm long; 721/765, one 

fragment 18 mm long; UCDA603, one stem 8 mm high; UCDA604B, several fragments 

up to 10 mm long. 

Diagnosis. Colonies typically composed of numerous tangled monosiphonic stems 

and branches forming a dense mesh up to 70 mm in diameter (Fig 1.11a). Branching 

frequent, usually irregular in several planes, sometimes alternate. With anastomosis. 

Hydrotheca strongly bet outwards, typically with distinct inflexion point where it 

becomes free. Adcauline hydrothecal wall adnate to internode for about half its length; 

free part straight or slightly convex. Abcauline wall slightly convex basally and 

concave distally. Cusps of hydrothecal aperture blunt and separated by shallow 

embayments. Rim with frequent renovations (Fig 1.11c-d). Gonothecae fusiform, with 

smooth or slightly wavy walls; aperture at the end of a short distal neck (Fig 1.11b). 
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Measurements (in μm). Hydrothecae: length abcauline wall 374-192, length free part of 

adcauline wall 357-143, length adnate part of adcauline wall 351-154, diameter at 

aperture 187-98. Gonothecae: length with funnel 1465-752, maximum diameter 622-292, 

length of distal tube 88-116, diameter at aperture 174-179. 

Cnidome: larger microbasic mastigophores, range 8.95-12.27 x 2.01-4.19, mean 10.6±0.7 

x 3.18±0.42 (n=311); ratio, range 5.09-2.3, mean 3.37±0.44 (n=311).  

Remarks. Symplectoscyphus glacialis belongs to the group of Antarctic species of 

Symplectoscyphus with smooth or wavy gonothecae. It is morphologically close to S. 

anae by the shape of hydrothecae and gonothecae, but they are clearly distinguishable 

by their size; S. anae has larger gonothecae and hydrothecae. In addition, the 

hydrotheca in S. anae is free in a distinctly greater portion of its adcauline length. 

Finally, the larger microbasic mastigophores are distinctly larger in S. anae (13.3 ± 0.8 X 

3.5 ± 0.4, n=108).  

The similarities and differences between Jäderholm’s species and S. exochus 

have been dealt when dealing with the latter (see above). 

Ecology. Eurybathic species (Peña Cantero 2010), found at depths from 5 (Naumov and 

Stepanjants 1972) to 1157 m (Peña Cantero 2014a); here reported  between 1.5 and 728 m. 

Recorded on a wide range of sea bottoms, including bottoms of detritus, mud, sand, 

gravel, stones, boulders, rocks and different mixed bottoms (Billard 1914; Naumov and 

Stepanjants 1972; Peña Cantero 2013; Peña Cantero et al. 2002; Peña antero and García 

Carrascosa 1995; Totton 1930). Epilithic on stones (Peña Cantero 2010) and epibiotic on 

hydroids (Naumov and Stepanjants 1972; Stepanjants 1979; Peña Cantero et al. 2002; 

Peña Cantero 2008; 2013; 2014; Peña Cantero and Vervoort 2009; Soto Àngel and Peña 

Cantero 2019), tubes of polychaetes (Soto Àngel and Peña Cantero 2019), tubes of 

polychaetes and bryozoans (Naumov and Stepanjants 1972; Peña Cantero et al. 2002; 

Peña Cantero 2008, 2013, 2014), sponges (Naumov and Stepanjants 1972; Stepanjants 

1979; Peña Cantero 2013), sea cucumbers (Naumov and Stepanjants 1972), gorgonians 

(Peña Cantero and Ramil 2006; Peña Cantero 2013), ascidians (Naumov and 

Stepanjants 1972; Peña Cantero 2006, 2008, 2010) and algae (Peña Cantero 2008). 

Basibiont for other hydroids (Stepanjants 1979; Peña Cantero and Vervoort 2009). 

Gonothecae in January (Totton 1930; Stepanjants 1979; Peña Cantero and García 

Carrascosa 1995; Peña Cantero et al. 2002; Peña Cantero 2008), February (Stepanjants 
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1979; Peña Cantero et al. 2002; Peña Cantero and Vervoort 2009), March, September 

and December (Stepanjants 1979) and December (Soto Àngel and Peña Cantero 2019); 

in our material present in March. 

Distribution. Antarctic-Kerguelen (Peña Cantero et al. 2002). Sub-Antarctic waters: 

Lena Bank and Crozet Island (Stepanjants 1979). West Antarctica: Clerke Rocks, in the 

South Georgia area (Peña Cantero and García Carrascosa 1995), Powell Island, in the 

South Orkney Islands (Peña Cantero and García Carrascosa 1995), Elephant Island 

(Peña Cantero and García Carrascosa 1995; Peña Cantero and Vervoort 2009), 

Bransfield Strait (Peña Cantero and Ramil 2006), Bransfield Island (Peña Cantero and 

Vervoort 2009), King George Island (Peña Cantero and García Carrascosa 1995), Low 

Island (Blanco 1984; 1992; Peña Cantero and Vervoort 2009; Peña Cantero 2013), 

Deception Island (Peña Cantero 2008), Livingston Island (Peña Cantero 2006, 2008), 

the South Shetland Islands (Stepanjants 1979), Marguerite Bay (Billard 1914), Snow Hill 

(Graham Land) (Jäderholm 1917), Península de Sanavirón (Blanco 1984, 1992), Palmer 

Archipelago (Vervoort 1972b), Peter I (Blanco and Bellusci de Miralles 1972; Peña 

Cantero 2010) and the Weddell Sea (Peña Cantero et al. 2002). East Antarctica: off 

Discovery Island (Jäderholm 1926), Cape Royds (Ritchie 1913), Cape Adare and 

McMurdo Sound, in the Ross Sea (Totton 1930), Oates Coast (Totton 1930), the Davis 

Sea (Stepanjants 1972, 1979), Adélie Land (Naumov and Stepanjants 1972; Stepanjants 

1979), Queen Mary Coast (Peña Cantero 2014), Sabrina Coast (Stepanjants 1979), and 

the Friendship Sea, off Mawson Coast, the Cosmonauts Sea and off Enderby Land 

(Stepanjants 1979). Our material supports this pattern of distribution, having been 

collected from the Antarctic Peninsula, the South Shetlands Islands, Scotia arc, South 

Georgia, the Weddell Sea, off Wilkes Land, the Balleny Islands and the Ross Sea. 

Symplectoscyphus hero	Blanco, 1977 (Fig. 1.12) 

Symplectoscyphus hero Blanco, 1977: 4–6, figs 1–13, 19–20; Vervoort, 1993: 240; Peña 

Cantero et al. 2002: 1538-1539, fig. 7; Peña Cantero, 2008: 461, fig. 2h; 2013: 132 fig. 

4E, F; Peña Cantero and Vervoort, 2009: 88, fig. 2h. 

Material examined. Glacier: 6/418, three fragments up to 10 mm long, with gonothecae; 

824/30-1, small fragment 5 mm long. Hero: 691/026, several fragments up to 15 mm long, 

with gonothecae. Wilkes station: 000AZ, several fragments up to 20 mm long.  
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Fig. 1.12 a-e Symplectoscyphus hero: a hydrothecal arrangement b hydrotheca; c nematocyst; d-e 
gonotheca. 
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Diagnosis.  Erect, monosiphonic stems up to 60 mm high, irregularly branched, 

sometimes alternate. With anastomoses. Internodes arranged roughly in straight line. 

Hydrotheca slightly curved abcaudally. Adcauline hydrothecal wall adnate for less 

than half its length; free portion straight or slightly convex. Abcauline hydrothecal 

wall straight or slightly concave. Hydrothecal aperture strongly directed upwards. 

Cusps of hydrothecal aperture blunt and separated by deep embayments (Fig. 1.12a-b). 

Gonothecae fusiform, with smooth gonothecal walls, slightly striated transversally; 

aperture at the end of a short distal neck. 

Measurements (in μm). Hydrothecae: length abcauline wall 363-541, length free part of 

adcauline wall 236-430, length adnate part of adcauline wall 219-333, diameter at 

aperture 157-183. Gonothecae: length with funnel 1216-1831, maximum diameter 626-719, 

length of distal tube 70-122, diameter at aperture 200-247. Cnidome: larger microbasic 

mastigophores, range 12.07-14.87 x 2.46-4.14, mean 13.3±0.7 x 3.45±0.42 (n=17); ratio, 

range 2.91-5.08, mean 3.93±0.56 (n=17). 

Remarks. As highlighted by Peña Cantero (2013), the shape of the hydrotheca of S. hero 

resembles that of S. anae. They also share the size of the larger microbasic 

mastigophores. However, as Peña Cantero (2013) indicated, they can be distinguished 

because the internodes in S. hero form a rough straight line and are separated by 

strongly marked, oblique nodes, whereas internodes form a distinct zigzag pattern in 

S. anae. In addition, in the latter, hydrothecae are distinctly bent outwards and have a 

longer free portion of the adcauline wall (Fig. 1.12d-e).  

Ecology. Shelf species (Peña Cantero 2010), collected at depths between 70 (Peña 

Cantero 2008) and 135 m (Peña Cantero and Vervoort 2009); our material from 119 to 

426 m. Epibiotic on hydroids (Peña Cantero 2008, 2013), gorgonians (Peña Cantero and 

Vervoort 2009), bryozoans and ascidians (Peña Cantero 2013). Gonothecae in February 

(Peña Cantero and Vervoort 2009). 

Distribution. So far only known from off Low Island (Blanco 1977a; Peña Cantero and 

Vervoort 2009; Peña Cantero 2013) and the north of Livingston Island, in the South 

Shetland Islands (Peña Cantero 2008). Our material comes from the Antarctic 

Peninsula and off Low Island, in the West Antarctica, but also from off Wilkes Land, 

in the East Antarctica, therefore extending its known distribution to circum-Antarctic. 
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Fig. 1.13 a-f Symplectoscyphus interruptus: a hydrothecal arrangement; b-c hydrotheca lateral 
view; d detail of a stem; e-f gonotheca. Scale bar = 200µm 
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Symplectoscyphus hesperides	Peña Cantero, 2012	(*) 

Symplectoscyphus hesperides Peña Cantero, 2012: 862, figs 5b, 8. 

Diagnosis. Erect, basally polysiphonic stems up to 22 mm high, irregularly branched 

in one plane. Internodes in slight zigzag. Hydrothecae alternately arranged in one 

plane. Hydrotheca almost cylindrical, markedly directed outwards, with distinct 

inflexion point where it becomes free. Adcauline hydrothecal wall adnate to internode 

is less than half its length; free part slightly convex. Abcauline wall slightly concave. 

Hydrothecal aperture directed up- and outwards. Cusps of hydrothecal aperture 

sharp, separated by deep embayments. Hydrothecal rim usually with renovations. 

Incipient gonothecae cone-shaped, with smooth walls. 

Ecology. Symplectoscyphus hesperides is only known from a depth of 1432 m (Peña 

Cantero 2012). 

Distribution. Only known from the western limit of the Bellingshausen Sea (Peña 

Cantero 2012). 

Symplectoscyphus interruptus	(Pfeffer, 1889) (*) (Fig. 1.13) 

Sertularia interrupta Pfeffer, 1889: 55; 1890: 519, 568. 

Sertularella interrupta — Hartlaub, 1901: 15, 24, 43, 108; pl. 1 fig. 2, pl. 2 fig. 26; 1905: 508, 

618, 633 (fig. z3); Jäderholm, 1910: 1, 4, pl. 1 figs 3, 4; Blanco, 1963: 177. 

Symplectoscyphus interruptus — Stechow, 1922: 148; 1923: 172; Vervoort 1993: 240; Blanco, 

1994a: 154; Blanco 1994b: 203. 

Diagnosis. Erect, monosiphonic stems. Internodes arranged in a straight line, short, 

separated by strongly marked oblique nodes (Fig. 1.13a). Hydrotheca bent outwards, 

sometimes with a marked inflexion point. Adcauline hydrothecal wall adnate to 

internode in about half its length; free part straight or slightly convex. Abcauline wall 

slightly concave. Hydrothecal aperture strongly directed upwards. Cusps of 

hydrothecal aperture blunt, separated by shallow embayments. Rim of hydrothecal 

aperture with renovations (Fig. 1.13b-c). Gonotheca fusiform with a series of incomplete 

rings. Aperture small, at the end of a distal short neck (Fig. 1.133-f).  

Remarks. The original description of Symplectoscyphus interruptus, based on material 

without gonothecae, is rather vague and it does not include figures (see Pfeffer 1889).  
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 Fig. 1.15 a-e Symplectoscyphus laurae sp. nov.: a stem division; b-c gonotheca d hydrotheca; e hydrothecal 

arrangement. Scale bar: 200 µm (a, b, d, e); 500 µm (c). 
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Fig. 1.14 a-f Symplectoscyphus laurae sp. nov.: a colony; b detail of a stem c-e hydrotheca; f 
gonotheca 
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Jäderholm (1910) referered to this species material from same area (South Georgia), 

including figures and measurements. We had the opportunity to re-examine 

Jäderholm’s material and the diagnosis above is based mainly on it. 

Ecology. Symplectoscyphus interruptus was collected at a depth of 5 m, epibiotic on algae 

and gravel (Jäderholm 1910). Gonothecae in April (Jäderholm 1910). 

Distribution. Only known from off South Georgia (Pfeffer 1889; Jäderholm 1910). 

Symplectoscyphus laurae sp. nov. (Fig. 1.14; 1.15) 

Material examined. Islas Orcadas: 575/047, a colony with several stems up to 70 mm 

high, with gonothecae. 

Diagnosis (Holotype). Erect, monosiphonic stems up to 70 mm high. Some 

annulations present at the base of main stem. Branching in several planes; secondary 

and tertiary branches arising at base of hydrothecae, with one or two basal 

annulations. Branching pattern consisting of two contiguous sub-opposite branches. 

With two or three hydrothecae between successive pairs (Fig. 1.14b). One hydrothecae 

per internode. Main stem with hydrothecae approximately in one plane. Branches 

with hydrothecae in two planes, forming an angle of 90° in some cases (Fig. 1.15e). 

Hydrothecae roughly cylindrical, almost straight, smoothly directed abcaudally. 

Adcauline hydrothecal wall adnate to internode in less than half its length; free part 

slightly convex. Abcauline wall straight or slightly concave. Hydrothecal aperture 

directed up- and outwards. Cusps of hydrothecal aperture blunt, separated by shallow 

embayments (Fig. 1.14d). Abcauline cusps longer than adcauline one; in some 

hydrothecae one abcauline cusp much more developed (Fig. 1.14e; 1.15d). Rim of 

hydrothecal aperture with thicker perisarc. Gonothecae inserted at hydrothecal base, 

elongated, pear-shaped, walls smooth or slightly wavy. Gonothecal aperture distal, 

large, circular; some gonotheace with a kind of short distal neck. With acrocyst (Fig. 

1.14f; 1.15b-c). 

Measurements (in μm). Hydrothecae: length abcauline wall 515-594, length free part 

of adcauline wall 327-403, length adnate part of adcauline wall 197-345, diameter at 

aperture 263-279. Gonothecae: 255-441, length 2006-2241, maximum diameter 652-910 

Cnidome: larger microbasic mastigophores, range 9.64-11.02 x 3.26-3.8, mean 

10.10±0.79 x 3.49±0.27 (n=3); ratio, range 2.82-2.95, mean 2.89±0.06 (n=3). 
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Remarks. Symplectoscyphus laurae sp. nov. belongs to the group of Antarctic species 

with gonothecae having smooth or wavy walls (S.anae, S. glacialis, S. hero, S. plectilis, S. 

naumovi). It clearly differs from all these species by the shape and size of the 

hydrotheca, the branching pattern and the presence of acrocyst. Symplectoscyphus 

laurae sp. nov. has similarities with S. interruptus. However, after re-examining the 

material identified as S. interruptus by Jäderholm (1910), we consider that the present 

material belongs to a different species.  Even when the size of the hydrotheca is similar 

in both species, the shape is markedly different. The hydrotheca of S. laurae sp. nov. is 

more upwardly directed, its adcauline wall is distinctly less adnate to the internode 

and the cusps of the hydrothecal aperture are sharper. In addition, as indicated above, 

the abcauline cusps usually surpass the adcauline one, which does not happen in 

Pfeffer’s species. Finally, the shape of the gonothecae is also different.  

The presence of acrocyst makes S. laurae sp. nov. unique amongst the species of 

Symplectoscyphus as it has never been described before in the genus, though acrocysts 

are present in the species of Antarctoscyphus, the other genus of the family. 

Nevertheless, S. laurae sp. nov. has neither of the defining characters of 

Antarctoscyphus.  

Ecology and distribution. Symplectoscyphus laurae sp. nov was collected at a depth of 

16-22 m, epibiotic on algae. Gonothecae in May. The material comes from off 

Candlemas Island, in the Scotia Arc region. 

Etymology. This species is dedicated to Laura Cádiz Barrera, for her support during 

the development of this study. 

Symplectoscyphus liouvillei	(Billard, 1914) (Fig.1.16) 

Sertularella liouvillei Billard, 1914: 24–26, figs 14, 15. 

Symplectoscyphus liouvillei — Stechow, 1922 148; 1923: 172; Gravier-Bonnet, 1979: 52; 

Blanco 1982: 41; Vervoort 1993: 240; Peña Cantero et al. 2002: 1540–1545, figs 8–

10; Peña Cantero 2006: 943, fig. 4I; 2008: 461, fig. 2i; 2013: 162 figs 4G, H; 2017: 37 

fig. 12G; 2018: fig. 6G: 871; Peña Cantero & Gili 2006: 768; Soto Àngel and Peña 

Cantero 2019: figs 4.11g, 4.12 f-g. 

Sertularella (Symplectoscyphus) liouvillei — Broch, 1948: 5, 9–13, fig. 3b–d [in part, part 

belongs to S. cumberlandicus (Jäderholm, 1905)]. 
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 Fig. 1.16 a-e Symplectoscyphus liouvillei.: a detail of a fragment; b-d hydrotheca; e-f cnidoma 
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? Sertularella liouvillei — Stepanjants, 1972: 71, fig. 46; 1979: 80, pl. 14, fig. 2. 

Sertularella aggregata — Stepanjants 1979: 82, pl. 15, fig. 2A, B. 

Lafoea weddelli — Blanco, 1991: 12–13, fig. 3.  

Material examined. Hero: 702/464, a stem 55 mm high. 

Diagnosis. Erect, strongly polysiphonic stems up to 210 mm high, giving rise to spirally 

arranged primary branches (Fig. 1.16a). Internodes roughly arranged in straight line. 

Hydrotheca bent abcaudally. Adcauline hydrothecal wall adnate to internode for 

about two-thirds of its length; free part straight or slightly convex. Abcauline 

hydrothecal wall straight or slightly concave. Hydrothecal aperture directed up- and 

outwards. Cusps of hydrothecal aperture sharp and separated by deep embayments 

(Fig. 1.16b-d). Male gonotheca relatively long and thin, with smooth walls; aperture at 

the end of a short distal neck. Female gonothecae fusiform, maximum diameter by the 

middle, walls ringed distally and faintly striated; aperture at the end of a short distal 

neck.  

Measurements (in μm). Hydrothecae: length of abcauline wall 410-415, length free part 

of adcauline wall 169-234, length adnate part of adcauline wall 353-397, diameter at 

aperture 179-190. Cnidome: larger microbasic mastigophores, range 8.41-10.43 x 

2.02-3.79, mean 9.63±0.5 x 2.84±0.46 (n=10); ratio, range 2.53-4.95, mean 3.49±0.71 (n=10). 

Remarks. Sympletoscyphus liouvillei is morphologically closer to S. frondosus, though 

they can be easily distinguished by several important features (see discussion on S. 

fondosus above).  

Ecology. Shelf species (Peña Cantero 2010) collected at depths from 65 (Peña Cantero 

2008) to 536 m (Peña Cantero 2018); present material at 110-137 m. Recorded on bottoms 

of mud and gravel (Billard 1914; Broch 1948) and gravel (Soto Àngel and Peña Cantero 

2019) 

Observed growing on gravel and rocks (Stepanjants 1979), stones (Peña Cantero 2006) 

and debris (Peña Cantero 2017). Used as substratum by other hydroids (Peña Cantero 

et al. 2002). Gonothecae in January (Peña Cantero et al. 2002), February (Stepanjants 

1979; Peña Cantero et al. 2002, Peña Cantero 2013; 2017; 2018; (Soto Àngel and Peña 

Cantero 2019) and March (Stepanjants 1979). 
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Distribution. Antarctic-Patagonian (Peña Cantero 2017). West Antarctica: King George 

Island (Billard 1914) and Livingston Island (Peña Cantero 2006; 2008), in the South 

Shetland Islands, Bouvet Island (Broch 1948), the South Orkney Islands (Stepanjants 

1979), the Weddell Sea (Blanco 1991; Peña Cantero et al. 2002; Soto Àngel 2017) and Low 

island (Peña Cantero 2013). East Antarctica: The Ross Sea (Peña Cantero 2017; 2018). Sub-

Antarctic waters: Falkland Islands (Stepanjants 1979). Our material comes from off 

Deception Island. 

Symplectoscyphus magnificus	Peña Cantero and Vervoort, 2009 (*) 

Symplectoscyphus magnificus Peña Cantero and Vervoort 2009: 88, fig. 3. 

Diagnosis. Erect, monosiphonic stems up to 55 mm high, irregularly divided into 

internodes provided with four to ten hydrothecae. Branching irregular. Internodes 

roughly arranged in straight line. Hydrothecae roughly arranged in one plane twisting 

along stem. Plane in a particular branch almost perpendicular to that of supporting 

branch or stem. Hydrothecae rather packed, distal part usually surpassing basal part 

of following alternate hydrotheca. Hydrotheca relatively large, bent abcaudally. 

Adcauline hydrothecal wall adnate to internode in about two-thirds of its length; free 

portion straight or slightly concave. Abcauline wall slightly concave. Hydrothecal 

aperture directed up- and outwards. Cusps of hydrothecal aperture blunt and 

separated by deep embayments. Gonotheca oval- elongated, walls smooth; aperture at 

the end of a distal, wide neck with three blunt cusps separated by shallow embayments. 

Ecology. Only known from a depth of 265 m. Basibiont of hydroids. Gonothecae in 

February (Peña Cantero and Vervoort 2009). 

Distribution. West Antarctic (Peña Cantero 2010). Only known from the Bransfield 

Strait area (Peña Cantero and Vervoort 2009). 

Symplectoscyphus naumovi Blanco, 1969 (Fig.1.17) 

Sertularella sp.1 Naumov and Stepanjants 1965: 85–86, fig. 8. 

Symplectoscyphus naumovi Blanco, 1969: 14, figs 1–9; 1984: 28–29, pl. 24 fig. 54, pl. 25 figs 

55–57; Blanco and Bellusci de Miralles, 1970: 1–9, figs 1, 2; Tang, 1991: 3, 5; 

Vervoort, 1993: 240; Peña Cantero et al., 2002: 1545–1549, fig. 11; Peña Cantero 

and Ramil, 2006: 956–957, fig. 2f, 3f; Peña Cantero, 2008: 461; 2014: 1723 fig. 6e; 

2017: 44; 2018; Soto Àngel and Peña Cantero 2019: fig. 4.11h, 4.12h. 
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 Fig. 1.17 a-e Symplectoscyphus naumovi.: a detail of a colony; b gonotheca; c-d hydrotheca; e-f 
nematocyst 
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Sertularella naumovi — Naumov and Stepanjants, 1972: 34, 48, figs 10, 11; Stepanjants 

1979: 70, pl. 13, fig. 1. 

Symplectoscyphus plectilis — Blanco, 1984: 29–31, pl. 26 figs 58–60, pl. 27 fig. 61. 

Symplectoscyphus densestriatus Tang, 1991: 1–5, fig. 1A–D. 

Not Symplectoscyphus naumovi — Blanco and Bellusci de Miralles, 1972: 19, fig. 53 [=S. 

plectilis (Hickson and Gravely, 1907)]. 

Material examined. Eltanin: 12/1002, one fragment 3 mm long; 12/1001, three fragments 

up to 5 mm long. Hero: 166-H-74, five fragments up to 21 mm long, with gonothecae; 

405-H-75, several fragments up to 13 mm long; 721/1077, two fragments up to 15 mm long; 

731/1756, three stems up to 5 mm high; 702/511, one fragment 20 mm long; 824/8-1, 

several stems up to 13 mm long, with gonothecae; 824/14-1, several stems up to 20 mm 

high, with gonothecae; 824/16-1, four stems up to 12 mm high, with gonothecae; 824/26-

1, one fragment 17 mm long; 824/5-1, a few fragments up to 10 mm long, with 

gonothecae. Islas Orcadas: 575/088, several stems up to 25 mm high. Wilkes station: 

000AM, several fragments up to 15 mm long, with gonothecae; 000AG, one stem 7 mm 

high. 

Diagnosis. Erect, monosiphonic stems, up to 25 mm high, unbranched or sparely 

branched. Without anastomoses. Internodes long and thin, slightly arranged in zigzag. 

Hydrothecae alternately in one plane. Hydrothecae cylindrical, straight or slightly 

bent abcaudally. Adcauline hydrothecal wall adnate to internode in about one-third of 

its length; free part straight or slightly convex. Abcauline wall straight or slightly 

concave. Hydrothecal aperture directed up- and outwards. Cusps of the hydrothecal 

aperture sharp and separated by deep embayments. (Fig 1.17 c-d) Gonothecae ovoid,  

walls smooth or slightly wavy, transversally striated; aperture at the end of a distal neck 

(Fig. 1.16b).  

Measurements (in μm). Hydrothecae: length of abcauline wall 399-704, length free part 

of adcauline wall 438-745, length adnate part of adcauline wall 90-269, diameter at 

aperture 174-285, length of distal tube 128, diameter at aperture 265. 

Cnidome: larger microbasic mastigophores, range 10.21-14.88 x 2.2-4.64, mean 12.9±0.96 

x 3.23±0.57 (n=30); ratio, range 2.75-5.65, mean 4.06±0.75 (n=30). 
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Remarks. Symplectoscyphus naumovi is a well-diferenciated species due to the shape of 

the hydrotheca. It can only be confused with S. plectilis, whose hydrothecae are alike, 

but distinctly smaller. They also differ in colony structure, as S. plectilis form mesh-

shaped colonies. 

Ecology. Eurybathic species (Peña Cantero 2010), recorded from the tidal level (Blanco 

1984) to a depth of 1379 m (Peña Cantero and Ramil 2006); present material collected 

from 30.5 to 329 m. Found on bottoms of detritus, mud, sand, stones, boulders, rocks 

and mixed bottoms (Naumov and Stepanjants 1972; Tang 1991; Peña Cantero et al. 2002) 

and pebbles and stones (Peña Cantero 2017). Epibiotic on sponges (Tang 1991; Peña 

Cantero et al. 2002), hydroids (Naumov and Stepanjants 1972; Peña Cantero et al. 2002; 

Peña Cantero 2008, 2014a, 2017; Soto Àngel and Peña Cantero 2019), tubes of polychaete 

(Naumov and Stepanjants 1972; Peña Cantero et al. 2002; Peña Cantero 2008, 2014a), 

ascidians (Naumov and Stepanjants 1972), bryozoans (Peña Cantero and Ramil 2006; 

Peña Cantero 2008) and dead gorgonians (Peña Cantero and Ramil 2006, Peña Cantero 

2014a). Basibiont for other hydroids (Peña Cantero 2008). Gonothecae in January (Peña 

Cantero et al. 2002; Peña Cantero and Ramil 2006; Peña Cantero 2008; 2014a), February 

(Tang 1991; Peña Cantero et al. 2002; Peña Cantero 2018), and March (Blanco and 

Bellusci de Miralles 1970); in our material from December to March. 

Distribution. Circum-Antarctic (Peña Cantero and Ramil 2006). West Antarctica: Bahía 

Esperanza, 63°24'S, 56°59'W (Blanco 1969), 65°54'S, 62°53'W (Blanco and Bellusci de 

Miralles 1970), Bahía de Punt Vidt, Bryde Island and Sanavirón Peninsula (Blanco 1984) 

and at 64°24.5'S, 61°41.0'W (Tang 1991), all in the Antarctic Peninsula area, the South 

Shetland Islands (Peña Cantero and Ramil 2006; Peña Cantero 2008), and the Weddell 

Sea (Peña Cantero et al. 2002; Soto Àngel and Peña Cantero 2019). East Antarctica: 

Adélie Land (Naumov and Stepanjants 1972), the Friendship Sea (Naumov and 

Stepanjants 1962), the Davis Sea (Stepanjants 1979), off Queen Mary coast (Peña 

Cantero 2014) and the Ross Sea (Peña Cantero 2017; 2018). Our material agrees with this 

distribution pattern, coming from the South Shetland Islands, South Georgia, and off 

Wilkes Land. 

Symplectoscyphus nesioticus Blanco, 1977 (Fig1.18)  

Symplectoscyphus nesioticus Blanco 1977b: 4; 1994: 204; Peña Cantero et al. 2002: 1549–

1550, fig. 11e, g; Peña Cantero, 2006: 943–944, fig. 4j, k; 2010: 770, fig. 5e; 2013: 136; 
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2014: 1723, fig. 6f, 2017: 45; 2018: 6h: 871; Soto Àngel and Peña Cantero 2015: 995, 

fig. 6m–o. 

Material examined. Eltanin: 12/1002, two fragments up to 8 mm long; 12/1003, three 

fragments up to 6 mm long; Glacier: 6/418, several stems up to 20 mm high, with 

gonothecae. Hero: 100H74, two stems up to 12 mm high; 691/027, several fragments up 

to 25 mm long; 691/033, five stems up to 7 mm high; 833/018-1, several fragments up to 

20 mm long, with gonothecae. Islas Orcadas 575/061, two fragments up to 15 mm high; 

575/070, one stem 3 mm high. Wilkes station: 00DAQ, six stems up to 8 mm high. Other: 

12/953, three fragments up to 3 mm long; 6/445, two fragments up to 15 mm long; 721/776, 

several fragments up to 25 mm long, with gonothecae; SOSC L128, one fragment 8 mm 

long. 

Diagnosis. Erect, monosiphonic stems up to 25 mm high. Internodes long and strongly 

arranged in zigzag fashion (Fig. 1.18a). Hydrotheca almost cylindrical, but distinctly 

widening at the aperture, straight or slightly bent abcaudally. Adcauline hydrothecal 

wall adnate to internode in one-fourth of its length, with distinct inflexion point where 

it becomes free; free part straight. Abcauline wall straight or slightly concave. 

Hydrothecal aperture directed up- and outwards. Cusps of hydrothecal aperture sharp 

and separated by deep embayments (Fig. 1.18f-h). Gonotheca ovoid, walls with about 

eight wide isolated rings; aperture at the end of a short, distal funnel not surpassing 

last ring (Fig. 18b-c).  

Measurements (in μm). Hydrothecae: length abcauline wall 343-581, length free part 

of adcauline wall 302-550, length adnate part of adcauline wall 111-219, diameter at 

aperture 198-268. Gonothecae: length with funnel 867-1477, maximum diameter 

292-871, length of distal tube 400-460, diameter at aperture 500-510. Cnidome: larger  

microbasic mastigophores, range 10.62-13.96 x 2.97-4.52, mean 11.8±0.79 x 3.6±0.46 

(n=13); ratio, range 2.7-3.88, mean 3.24±0.34 (n=13). 

Ecology. Symplectoscyphus nesioticus is a shelf species (Peña Cantero 2010), collected at 

depths from 56 (Peña Cantero 2006) to 701 m (Peña Cantero 2014); our material comes 

from 36 to 426 m. It has been recorded epibiotic on gorgonians (Peña Cantero 2013), 

bryozoans (Blanco 1977b; Peña Cantero 2006; 2010; 2013; 2014; 2017), ascidians (Peña  
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 Fig. 1.18 a-h Symplectoscyphus nesioticus: a detail of a colony; b-d gonotheca; e hydrothecal 
arrangement; f.h hydrotheca 
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Cantero 2013), tubes of polychaete (Peña Cantero 2017) and hydroids (Blanco 1977b; 

Peña Cantero et al. 2002; Peña Cantero 2013; 2014; 2017; 2018). Gonothecae in February 

(Peña Cantero 2006) and March (Peña Cantero 2018). 

Distribution. Circum-Antarctic (Peña Cantero 2014). West Antarctica: off Low Island 

(Blanco 1977b; Peña Cantero 2013), Livingston Island, the South Shetland Islands (Peña 

Cantero 2006), Peter I Island (Peña Cantero 2010), the Weddell Sea (Peña Cantero et al. 

2002), and the South Sandwich Islands (Soto Àngel and Peña Cantero 2015). East 

Antarctica: Queen Mary coast (Peña Cantero 2014), the Ross Sea, Possession Islands, 

Moubray Bay and Cape Hallett (Peña Cantero 2017) and Scott Island (Peña Cantero 

2018). Our material comes from off the Antarctic Peninsula, the South Shetland 

Islands, Low Island, Scotia Arc and Wilkes land. 

Symplectoscyphus paulensis Stechow, 1923 (*) 

Symplectoscyphus paulensis Stechow, 1923: 8-10; Vervoort, 1972a: 180, figs 60b, 61; 

Millard, 1975: 183-184; Stepanjants, 1979: 71, pl. 17 fig. 2; Vervoort, 1993: 263, figs 

63a-d, 65a; Blanco, 1994: 154; Bouillon et al. 1995: 74; Watson, 2003: 171, fig. 20a-d; 

Vervoort and Watson, 2003: 223, fig. 53a-b; Peña Cantero, 2012: 861, fig. 7 c-e; Soto 

Àngel and Peña Cantero 2019: 4.11i.  

Symplectoscyphus bathyalis — Soto Àngel and Peña Cantero, 2015: 995, fig. 6 f-g. 

Diagnosis. Erect, basally monosiphonic stems, up to 78 mm high. Branching scarce, in 

one plane, alternate every third hydrotheca. Internodes arranged in a distict zigzag 

pattern. Hydrothecae relatively large, almost cylindrical, bent abcaudally. Adcauline 

hydrothecal wall adnate to internode in one-third of its length; free part convex. 

Abcauline hydrothecal wall concave. Hydrothecal aperture directed up- and outwards. 

Cusps of hydrothecal aperture sharp and separated by deep embayments. Gonotheca 

oval, walls smooth or with a few undulations at distal part; aperture at the end of a 

short distal neck.  

Remarks. Symplectoscyphus paulensis was considered by Calder and Vervoort (1998) 

similar, perhaps conspecific, to S. bathyalis. The shape and size of the hydrotheca is 

alike. However, these authors kept both species separated, mainly due to differences 

in the shape of the gonothecae. In Symplectoscyphus paulensis, the gonotheca has slight 

corrugations concentrated on the distal part, whereas in S. bathyalis it has a well-
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developed frill over the most distal 2/3 or more of its length (Calder and Vervoort 1998; 

Altuna et al. 2012).  

We consider the material assigned to S. bathyalis by Soto Àngel and Peña Cantero 

(2015) to correspond to S. paulensis. The gonotheca figured by these authors is similar 

to that of S. paulensis, lacking the ribs characteristic of S. bathyalis. Peña Cantero (2012) 

figured a gonotheca from material assigned to S. paulensis. Previously, only Millard 

(1967; 1975) had figured the gonotheca of this species, though Altuna et al. (2012) pointed 

out that Millard’s material was crushed and not useful. In any case, in both Peña 

Cantero’s (2012) and Millard’s (1975) studies, the differences with S. bathyalis are clearly 

shown and, as a result, the hypothesis of Calder and Vervoort (1998) to differentiate 

both species based on the shape of the gonotheca is supported. Despite this, it would 

be desirable a revision of material of both species to evaluate the size and shape of the 

hydrothecae. In addition, currently, we only have data from the cnidome of material 

assigned to S. paulensis and therefore no comparison is possible with S. bathyalis. 

Table 1.1 Measurements of Symplectosyphus paulensis (in μm). 

 
Peña Cantero, 

2012 

Soto Ángel and Peña 

Cantero, 2015 (as S. 

bathyalis) 

Soto Angel, 2017 

Abcauline wall 894 823 971 

Free adcauline wall 952 946 1009 

Adnate adcauline wall 481 411 420 

Diameter aperture 412 466 355 

Larger nematocysts 10,7 ± 0,5 (10) 10,9 ± 0,3 (9) - 

 

Ecology. Symplectoscyphus paulensis has been collected, in Antarctic waters, from 249 

(Soto Àngel and Peña Cantero 2015) to 603 m (Peña Cantero 2012). It has been observed 

epibiotic on bryozoans (Soto Àngel and Peña Cantero 2015). Gonothecae in January 

(Peña Cantero 2012) and April (Soto Àngel and Peña Cantero 2015). 
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Distribution. Widely distributed through the Southern Hemisphere (see Peña 

Cantero 2012). In Antarctic waters, only reported three times, from the Bellingshausen 

Sea (Peña Cantero 2012), the Scotia sea (Soto Àngel and Peña Cantero 2015) and the 

Weddell Sea (Soto Àngel and Peña Cantero 2019). 

Symplectoscyphus plectilis	(Hickson and Gravely, 1907) (Fig1.18) 

Sertularella plectilis Hickson and Gravely, 1907: 20, pl. 3, fig. 21; Ritchie, 1913: 10, 30, figs 8, 

9, 11; Jäderholm, 1917: 10, pl. 1, fig. 8; 1926: 5; Stepanjants 1972: 69, fig. 14; 1979: 74, 

pl. 13, fig. 4. 

Sertularella (Symplectoscyphus) plectilis — Broch, 1948: 5, 9–13, fig. 2f, g. 

Symplectoscyphus plectilis — Stechow, 1922: 148; 1923: 172; Totton, 1930: 193, fig. 41, pl. 2, 

figs 4, 5; Rees and Thursfield, 1965: 131; Blanco, 1967b: 77, pl. 5, figs 11–15; 1992: 149–

153, figs 7–10; Vervoort, 1972a: 354, fig. 8b, c; 1993: 241; Bouillon et al. 1995: 74; Peña 

Cantero et al. 2002: 1550–1553, fig. 12; Peña Cantero and Gili, 2006: 768; Peña 

Cantero, 2008: 461; 2012: 862; 2013: 748, fig. 9e, f; 2014: 1723, fig 6g; 2017: 45; Peña 

Cantero and Vervoort, 2009: 88; Soto Àngel, and Peña Cantero 2017: 37, fig. 4.11j, 

4.12i. 

? Symplectoscyphus plectilis ¾ Vervoort, 1972b: 133, fig. 42; Naumov and Stepanjants, 

1972: 34, 42; Millard, 1977: 34, fig. 11A–C. 

Sertularella glacialis ¾ Vanhöffen, 1910: 325, fig. 40a–c. 

Symplectoscyphus naumovi ¾ Blanco and Bellusci de Miralles, 1972: 19, fig. 33. 

Symplectoscyphus sp. 4 Peña Cantero and García Carrascosa, 1995: 92, fig. 40f–h. 

Not Symplectoscyphus plectilis ¾ Blanco, 1984: 29–31, pl. 26 figs 58–60, pl. 27 fig. 61 [= S. 

naumovi Blanco, 1969] 

Material examined. Eltanin: 12/1002, several stems up to 15 mm high; 27/1952, two 

fragments up to 10 mm long; 32/2021, several stems up to 5 mm high; 32/2068, several 

fragments up to 10 mm long, with gonothecae; 32/2083, a mass of stems 20 mm in 

diameter, with gonothecae. Glacier: GLD-13, several stems up to 5 mm high. Hero: 163-

H-74, a mass of stems 25 mm in diameter; 702/461, several stems up to 15 mm high, with 

gonothecae; 721/739, four fragments up to 10 mm long; 824/025-2, a mass of stems 30 

mm in diameter, with gonothecae; 824/13-1, two fragmets up to 5 mm long; 824/4-1, one  
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Fig. 1.19 a-h Symplectoscyphus plectilis: a-b gonotheca; c-e hydrotheca; f hydrothecal 
arrangement; g-h nematocyst 
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fragment 10 mm long. Islas Orcadas: 575/032, several stems up to 7 mm high.  Pr Siedlecki: 

601/076, one stem 15 mm high. Wilkes station: 000AM, two fragments up to 10 mm long; 

000DAB, a mass of stems 20 mm in diameter; Others: 721/816, several stems up to 10 mm 

high; 731/1812, one fragment 10 mm long; 731/1938, a mass of stems 30 mm in diameter; 

SOSC L46, one fragment 5 mm long. 

Diagnosis. Erect, monosiphonic stems re-branching frequently, resulting in mass-

shaped colonies up to 30 mm in diameter. With anastomoses. Internodes long and thin, 

arranged in a slight zigzag pattern. Hydrothecae in one plane. Hydrotheca curved 

outwards, cylindrical and delicate, collapsing frequently. Adcauline hydrothecal wall 

adnate to internode in one-third of its length; free part convex. Abcauline hydrothecal 

wall slightly concave. Hydrothecal aperture directed up- and outwards. Cusps of 

hydrothecal aperture sharp and separated by deep embayments (Fig. 1.19c-e). 

Gonotheca fusiform, with smooth or slightly waved walls; aperture at the end of a short 

distal funnel (Fig 1.19a). 

Measurements (in μm). Hydrothecae: length abcauline wall 273-694, length free part of 

adcauline wall 244-639, length adnate part of adcauline wall 90-291, diameter at 

aperture 94-177. Gonothecae: length with funnel 855-925, maximum diameter 344-461, 

length of distal tube 86-89, diameter at aperture 137-129. 

Cnidome: larger microbasic mastigophores, range 11.12-8.49 x 1.82-4, mean 9.94±0.54 x 

2.82±0.41 (n=67); ratio, range 2.3-5.21, mean 3.58±0.53 (n=67). 

Remarks. Symplectoscyphus plectilis belongs to the group of Antarctic species with 

smooth or wavy gonothecal walls (e.g. Symplectoscyphus anae, S. glacialis or S. naumovi). 

It is easily distinguishable due to its colony structure, the fragility of its perisarc and 

the shape of its hydrothecae. Symplectoscyphus naumovi has similar hydrothecae, but 

much larger. In addition, the larger microbasic mastigophores in S. plectilis are 

distinctly smaller than in the above-mentioned species, constituting a useful character 

to differentiate them.  

Ecology. Eurybathic species (Peña Cantero 2014), found at depths from seven 

(Vervoort 1972a) to 1958 m (Peña Cantero 2012); our material comes from 20 to 600 m. 

Recorded on bottoms of detritus, mud, sand, stones, boulders, rocks and different 

mixed bottoms (Totton 1930; Broch 1948; Naumov and Stepanjants 1972; Stepanjants 

1979; Peña Cantero et al. 2002) and gravel (Soto Àngel and Peña Cantero 2019). Epibiotic 
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on hydroids (Naumov and Stepanjants 1972; Stepanjants 1979; Peña Cantero et al. 2002; 

Peña Cantero 2014; Soto Àngel 2017), sponges (Naumov and Stepanjants 1972; Peña 

Cantero 2008), gorgonians (Peña Cantero 2014) and bryozoans (Naumov and 

Stepanjants 1972; Soto Àngel 2017). Used as substratum for other hydroids (Peña 

Cantero 2013). Gonothecae in January (Totton 1930; Peña Cantero 2008; 2013), February 

(Totton 1930; Peña Cantero et al. 2002; Soto Àngel 2017), December (Soto Àngel 2017), 

from June to August (Ritchie 1913), and from January to December (Stepanjants 1979); 

present material in January, February and March. 

Distribution. Circum-Antarctic (Stepanjants 1979). West Antarctica: Bouvet (Broch 

1948; Peña Cantero and Gili 2006), South Georgia (Jäderholm 1917), Leith Harbour, 

South Georgia (Blanco 1992), Peter I Island (Blanco and Bellusci de Miralles 1972; Peña 

Cantero 2010), Deception Island (Peña Cantero 2008), Palmer Archipelago (Vervoort 

1972b), Bransfield Island (Peña Cantero and Vervoort 2009), Low Island (Peña Cantero 

2013), Peninsula Sanaviron, Peterman Island, Bryde Island (Blanco 1992) and the 

Weddell Sea (Peña Cantero et al. 2002; Soto Àngel 2017). East Antarctica: McMurdo 

Sound (Ritchie 1913; Totton 1930), Cape Royds (Ritchie 1913), Discovery Island 

(Jäderholm 1926), the Ross Sea (Peña Cantero 2018), Adélie Land (Naumov and 

Stepanjants 1972; Peña Cantero 2013), the Davis Sea (Stepanjants 1972; 1979), the 

Friendship Sea (Stepanjants 1979) and Queen Mary Coast (Peña Cantero 2014). 

Doubtful records from Kerguelen (Millard 1977) and Palmer Archipelago (Vervoort 

1972a). Our material comes from the South Shetland Islands, Antarctic Peninsula, 

Scotia Arc, Wilkes land, the Balleny Islands and the Ross Sea. 

Symplectoscyphus sofiae Peña Cantero, Svoboda and Vervoort, 2002 (*) 

Symplectoscyphus sofiae Peña Cantero et al. 2002: 1553–1556, figs 13, 14. 

Diagnosis. Erect, polysiphonic stems up to 75 mm high. Branching irregular in one 

plane, sometimes alternate. Internodes arranged in a straight or slightly geniculate 

line. Hydrothecae in one plane. Hydrotheca cylindrical, curved abcaudally. Adcauline 

hydrothecal wall adnate to internode for more than half its length; free part straight or 

slightly convex. Abcauline wall concave. Hydrothecal aperture up- and outwards 

directed, cusps sharp and separated by deep embayments. Only immature gonothecae 

known, inverted cone-shaped with ringed walls. 

Remarks. Symplectoscyphus sofiae has only being recorded once. Unfortunately, the 

holotype had inmature gonothecae, although it was clearly distinguishable the pattern 
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of rings, clearly indicating that this species belongs to the group of Antarctic species 

characterized by ringed gonothecal walls (S. antarcticus, S. cumberlandicus, S. 

curvatus, S. exochus, S. nesioticus, S. vanhoeffeni and S. weddelli). Due to its polisiphonic 

structure, it could be considered similar to S. cumberlandicus. However, both species 

differ in the shape and size of the hydrothecae, being larger in the latter. 

Ecology. Shelf species (Peña Cantero 2010), collected at depths from 420 to 470 m (Peña 

Cantero et al. 2002). Epibiotic on hydroids and in turn basibiont for other species of 

hydrozoans. Gonothecae in January (Peña Cantero et al. 2002). 

Distribution. Endemic to the east coast of the Weddell Sea (Peña Cantero et al. 2002). 

 

Symplectoscyphus subdichotomus Kirchenpauer, 1884 (*) 

Sertularella subdichotoma Kirchenpauer, 1884: 46, pl. 16 fig. 1; Hartlaub, 1905: 629, figs 3v, 

3w; Jäderholm, 1905: 25, pl. 9 fig. 8; 1926: 6; Stepanjants 1979: 77, pl. 17 fig. 7. 

Symplectoscyphus subdichotomus ¾ Blanco 1967a: 273, pl. 3 figs 6–8, 10–11, pl. 4 figs 1, 2; 

1967b: 118, pl. 4 figs 5–10; 1984: 34, pl. 29 figs 64–66; Vervoort 1972b: 140, figs 44b–

d, 45; Millard 1977: 37, figs 11d–f; Peña Cantero and García Carrascosa 1995: 81–

82, fig. 42d. 

Sertularella divaricata var. sub-dichotoma Jäderholm, 1917: 9. 

Sertularella johnstoni ¾ Naumov and Stepanjants, 1965: 82, fig. 6. 

Sertularella filiformes ¾ Naumov and Stepanjants, 1972: 40, fig. 36. 

Diagnosis. Monosiphonic, repetedly branched, reticulate colonies. With anastomoses. 

Nodes absent or marked by slight constrictions of perisarc. Hydrothecae arranged 

roughly in one plane. Hydrotheca approximately cylindrical, bent abcaudally. 

Adcauline hydrothecal wall adnate to internode over half its length; free part roughly 

straight. Abcauline wall straight basally and slightly concave distally. Hydrothecal 

aperture directed up- and outwards. Cusps of hydrothecal aperture sharp and 

separated by deep embayments. Gonotheca ovoid, with a spirally arranged, narrow 

frill along its length, resulting in ten to 13 turns; aperture at the end of a distal, short 

funnel.  
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Remarks. Even when this species has been reported from Antarctic waters, there is 

uncertainty about whether or not it is present in the region. According to Vervoort and 

Watson (2003), records based on well-identified material come from the seas bordering 

southeast Australia, including Bass Strait, and from New Zealand waters. A revision of 

the reported Antarctic material would be desirable to solve this issue. Until then, we 

prefer leaving aside this species. 

Symplectoscyphus vanhoeffeni	Totton, 1930 (Fig1.20) 

Sertularella subdichotoma ¾ Vanhöffen, 1910: 326, fig. 41a–e. 

Symplectoscyphus vanhoeffeni Totton 1930: 187, fig. 38a–d; Briggs, 1938: 31; Leloup, 1974: 

47, fig. 39; Blanco, 1982: 40; 1984: 36-37, pl. 30, figs 67, 68; Branch and Williams, 

1993: 13, fig.; Vervoort, 1993: 241; Bouillon et al. 1995: 74; Peña Cantero and García 

Carrascosa, 1995: 82, fig. 35; Peña Cantero et al. 2002: 1556–1560, fig. 15; Peña 

Cantero, 2008: 461; 2014: 1723, fig. 6h; 2017: 37, fig. 12h, Soto Àngel and Peña 

Cantero 2019: fig. 4.11k, 4.12j.  

Sertularella vanhoeffeni ¾ Naumov and Stepanjants, 1972: 34, 40, fig. 4; Stepanjants, 1972: 

70; 1979: 77, pl. 17, fig. 5. 

Symplectoscyphus vanhoeffeni ¾ Ralph, 1961: 817, fig. 19a–c. 

Sertularella vanhoeffeni ¾ Naumov and Stepanjants, 1962: 82 (in part). 

Material examined. Eltanin: 12/1002, a mass of stems 30 mm in diameter. Hero: 691/2-7, 

four stems up to 10 mm high. 

Diagnosis. Mass-shaped colonies, up to 50 mm in diameter, consisting of irregularly 

branching stems and branches. No distinct main stem (Fig. 1.20a). With anastomoses. 

Internodes arranged in slight zigzag, limited by little-marked nodes (Fig. 1.20b). 

Hydrothecae almost cyclindrical, relatively short and wide, bent abcaudally. 

Adcauline hydrothecal wall adnate to internode at least in half its length; free part 

slightly convex or straight. Abcauline wall concave distally and frequently convex 

basally. Hydrothecal aperture directed up- and outwards; cusps blunt and separated 

by shallow embayments (Fig. 1.20c). Gonotheca ovoid with a spirally arranged frill 

along its length, resulting in seven to 12 turns; aperture at the end of a long distal funnel 

surpassing last turn. 
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 Fig. 1.20 a-e Symplectoscyphus vanhoeffeni: a colony; b-c hydrotheca; d-e nematocyst 

 



 82 

Measurements (in μm). Hydrothecae: length abcauline wall 229-330, length free part of 

adcauline wall 173-227, length adnate part of adcauline wall 232-282, diameter at 

aperture 167-194. 

Cnidome: larger microbasic mastigophores, range 9.43-11.2 x 2.44-3.15, mean 10.13±0.42 

x 2.73±0.22 (n=11); ratio, range 3.40-4.17, mean 3.72±0.25 (n=11) 

Remarks. Symplectoscyphus vanhoeffeni is morphologically closer to S. exochus, but 

there are several characters distinguishing them (see above when dealing with S. 

exochus). They also differ in the size of the larger microbasic mastigophores, slightly 

larger on average in Totton’s species.  

Ecology. Symplectoscyphus vanhoeffeni is shelf species (Peña Cantero 2010), recorded 

from 6 (Naumov and Stepanjants 1972) to 964 m (Peña Cantero 2014); present material 

from 73 to 265 m. Recorded on bottoms of detritus, mud, gravel, stones and rocks 

(Totton 1930; Briggs 1938; Naumov and Stepanjants 1972; Peña Cantero et al. 2002). 

Epibiotic on seaweeds (Naumov and Stepanjants 1972), hydroids (Totton 1930; Naumov 

and Stepanjants 1972; Peña Cantero 2014, 2017), bryozoans (Totton 1930; Naumov and 

Stepanjants 1972; Peña Cantero et al. 2002), holothurians (Peña Cantero 2017), 

polychaete tubes (Totton 1930; Peña Cantero 2008; 2014) and sponges (Soto Àngel 2017). 

Basibiont for other hydroids (Stepanjants 1979; Peña Cantero 2008). Gonothecae in 

January (Totton 1930; Stepanjants 1979; Peña Cantero et al. 2002; Peña Cantero 2008; 

Peña Cantero 2014; Soto Àngel 2017), February (Stepanjants 1979; Peña Cantero et al. 

2002; Peña Cantero 2017), March and from July to December (Stepanjants 1979). 

Distribution. Circum-Antarctic (Peña Cantero and García Carrascosa 1995). West 

Antarctica: Laurie Island, in the South Orkney Islands (Peña Cantero and García 

Carrascosa 1995), Low Island (Blanco 1984), Livingston Island, in the South Shetland 

Islands (Peña Cantero 2008), Antarctic Peninsula (Peña Cantero 2008), the Weddell 

Sea (Peña Cantero et al. 2002, Soto Àngel 2017). East Antarctica: Cape Adare and 

McMurdo Sound, in the Ross Sea (Totton 1930; Peña Cantero 2017), Adélie Land 

(Naumov and Stepanjants 1972), the Davis Sea (Vanhöffen 1910; Briggs 1938; 

Stepanjants 1972, 1979), the Cosmonauts Sea (Stepanjants 1979) and off Queen Mary 

Coast (Peña Cantero 2014). Our material comes from off Anvers Island, Peninsula 

Antarctica, and Elephant Island, the South Shetland Islands. 
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Symplectoscyphus weddelli	Peña Cantero, Svoboda and Vervoort, 2002 (Fig. 1.21) 

Symplectoscyphus weddelli Peña Cantero et al. 2002: 1560–1562, fig. 16; Peña Cantero, 

2010: 41–42; 2017: 37 fig. 12i, 13b; Soto Àngel and Peña Cantero, 2019: fig. 4.11l, 

4.12k. 

Material examined. Eltanin: 12/1002, a small fragment 10 mm long; 51/5762, three small 

fragments up to 23 mm long; 691/20, one fragment 15 mm long; 824/4-1, one small 

fragment 20 mm long; 00000X, several fragments up to 13 mm long; 702/409, several 

fragments up to 25 mm long, with gonothecae; SOSC-L108, a mass of stems 20 mm in 

diameter. 

Diagnosis. Erect, monosiphonic stems, up to 25 mm high, sometimes forming mass-

shaped colonies. Branching irregular in several planes. Internodes roughly arranged 

in straight line. Hydrothecae arranged in one plane. Hydrotheca cylindrical, directed 

abcaudally.  Adcauline hydrothecal wall adnate to internode over half its length; free 

part straight or slightly convex. Abcauline hydrothecal wall basally straight and 

slightly concave distally. Hydrothecal aperture directed up- and outwards; cusps sharp 

and separated by deep embayments (Fig 1.21b-d). Gonothecae oval with a narrow frill 

spirally arranged along its length, resulting in eight to 13 turns; aperture at the end of a 

distal funnel surpassing last turn (Fig 1.21a).  

Measurements (in μm). Hydrothecae: length abcauline wall 281-399, length free part of 

adcauline wall 168-335, length adnate part of adcauline wall 212-336, diameter at 

aperture 119-184. Cnidome: larger microbasic mastigophores, range 8.56-9.95 x 

2.22-3.22, mean 9.19±0.40 x 2.74±0.29 (n=20); ratio, range 2.66-4.13, mean 3.38±0.39 

(n=20) 

Remarks. Symplectoscyphus weddelli shares the ringed gonothecal wall with other 

Antarctic species of the genus (S. antarcticus, S. cumberlandicus, S. curvatus, S. 

exochus, S. nesioticus, S. sofiae and S. vanhoeffeni). Morphologically, the most allied 

species with this pattern of rings are S. exochus and S. vanhoeffeni which have similar 

hydrothecae. It differs from the latter by the robustness of the hydrotheca, greater in 

S. vanhoeffeni, and the direction of the hydrothecal aperture, upwards directed in S. 

vanhoeffeni. Regarding S. exochus, Blanco’s species has smaller hydrothecae and an 

inflexion point where it becomes free. In addition, in S. exochus the hydrotheca is  
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Fig. 1.21 a-g Symplectoscyphus weddelli: a gonotheca; b-e hydrotheca; f-g nematocyst 
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adnate to the internode in more than half its length and its hydrothecal cusps are blunt 

and separated by deep embayments.  

Ecology. Shelf species (Peña Cantero 2010), collected at depths from 119 (Peña Cantero 

et al. 2002) to 417 m (Peña Cantero 2017); present material between 344 and 351 m. 

Recorded on muddy and rocky bottoms (Peña Cantero et al. 2002). Epibiotic on 

uncalcifed Bryozoa, polychaete tubes (Peña Cantero 2017) and hydroids (Soto Àngel 

and Peña Cantero 2019). Basibiont for colonies of other hydroids. Gonothecae in 

January and February (Peña Cantero et al. 2002) and in February, April and December 

(Soto Àngel and Peña Cantero 2019).  

Distribution. Considered endemic to the Weddell Sea (Peña Cantero 2002; Soto Àngel 

2017) until recently, when Peña Cantero (2017) reported it from the Ross Sea, extending 

its distribution to Circum-Antarctic. Our material supports this pattern of distribution, 

coming from the South Shetland Islands, Biscoe Islands, Anvers Island and Deception 

Island, in West Antarctica, and from the Ross Sea and off Wilkes land, in East 

Antarctica. 

Symplectoscyphus sp. 1 (Fig. 1.22) 

Material examined. Eltanin: 32/1996, small stems up to 5 mm high. Other: 5/254, one 

stem 3 mm high. 

Diagnosis. Erect, monosiphonic stems, up to 5 mm high, divided into relatively long 

and thin internodes arranged in a distinctly zigzag pattern (Fig 1.21a). Hydrothecae 

cylindrical, strongly directed abcaudally and arranged in one plane. Adcauline 

hydrothecal wall adnate to internode in less than half its length; free part convex. 

Abcauline wall concave. Hydrothecal aperture directed outwards; cusps blunt, 

separated by shallow embayments. Rim with numerous renovations (Fig. 1.21b). 

Measurements (in μm). Hydrothecae: length abcauline wall 247-271, length free part of 

adcauline wall 242-279, length adnate part of adcauline wall 149-157, diameter at 

aperture 110-120. 

Cnidome: larger microbasic mastigophores, range 8.49-8.84 x 2.69-3.35, mean 8.6±0.28 

x 3.02±0.46 (n=2); ratio, range 2.65-3.15, mean 2.9±0.35 (n=2). 

Remarks. The scarcity of material and the absence of reproductive structures, prevent 

us from completely characterizing this species. By the shape of the hydrotheca it  
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 Fig. 1.21 a-b Symplectoscyphus sp. 1; c-d Symplectoscyphus sp. 2; e-f Symplectoscyphus sp. 3 
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reminds S. glacialis, but the hydrotheca is more cylindrical and the larger microbasic 

mastigophores are distinctly smaller than in Jäderholm’s species. By the shape of the 

hydrotheca, Symplectoscyphus sp. 1 is also allied to S. plectilis, though the hydrothecae 

are smaller and the cups are blunt in our material. 

Distribution. Material collected at depths between 344 and 351 m, off Peninsula 

Antarctica, and off Cape Adare, in the Ross Sea. 

Symplectoscyphus sp. 2 (Fig. 1.22) 

Material examined. Eltanin: 32/2016, a fragment 10 mm long. 

Diagnosis. Internodes arranged in a slight zigzag pattern, limited by strongly marked 

nodes. Hydrothecae roughly in one plane. Branches arising at hydrothecal base, in the 

same plane of the hydrothecae (Fig. 1.21d). Hydrotheca almost cylindrical, slightly bent 

abcaudally. Adcauline hydrothecal wall adnate to internode in half or less of its length; 

free part straight or slightly convex. Abcauline wall slightly concave. Hydrothecal 

aperture directed up- and outwards; cusps sharp and separated by deep embayments 

(Fig. 1.21c). 

Measurements (in μm). Hydrothecae: length abcauline wall 358-445, length free part of 

adcauline wall 237-313, length adnate part of adcauline wall 250-287, diameter at 

aperture 156-169. 

Cnidome: larger microbasic mastigophores, range 7.41-8.82 x 2.42-3.66, mean 8.23±0.46 

x 2.98±0.34 (n=15); ratio, range 2.40-3.28, mean 2.7±0.26 (n=15). 

Remarks. This material could belong to an undescribed species, but the scarcity 

material and the absence of gonothecae do not allow us to describe it properly. It is 

close to S. cumberlandicus in the shape of the hydrotheca and in the size of the larger 

microbasic mastigophores. The branching is also similar to that represented by Peña 

Cantero et al. (2002) for Jäderholm’s species. However, S. cumberlandicus has 

polysiphonic stems and hydrothecae adnate to the internode in a much larger 

extension.  

Ecology and distribution. Material collected from depths between 413 and 462 m, off 

South Georgia. 
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Symplectoscyphus sp. 3 (Fig. 1.22) 

Material examined. Eltanin: 32/1996, a few fragments up to 15 mm long. 

Diagnosis. Monosiphonic fragments, up to 15 mm long. First internode distinctly 

longer. Some branches arising at base of hydrothecae. Stems divided into internodes 

by little marked nodes. Hydrothecae roughly in one plane, cylindrical, smoothly bent 

abcaudally. Adcauline hydrothecal wall adnate to internode is less than half its length; 

free part convex. Abcauline wall convex. Hydrothecal aperture directed up- and 

outwards; cusps sharp and separated by shallow enbayments (Fig. 1.21e-f). 

Measurements (in μm). Hydrothecae: length abcauline wall 276-403, length free part of 

adcauline wall 227-290, length adnate part of adcauline wall 205-256, diameter at 

aperture 125-154. 

Cnidome: larger microbasic mastigophores, range 7.56-8.26 x 2.33-2.55, mean 7.93±0.32 

x 2.46±0.095 (n=4); ratio, range 3.04-3.3, mean 3.21±0.11 (n=4). 

Remarks. The scarcity of material and the absence of gonothecae prevent us from 

characterizing the species properly. It is similar to S. glacialis and S. hesperides in the 

shape of the hydrothecae. However, contrary to S. glacialis, the hydrotheca is more or 

less cylindrical, not narrowing towards the aperture. They also differ in the size of the 

larger microbasic mastigophores, larger in S. glacialis. As for S. hesperides, 

Symplectoscyphus sp. 3. has smaller hydrothecae and likely monosiphonic stems.  

Ecology and distribution. Material collected at a depth of 256-258 m, at Pennell Bank, 

Ross Sea. 

1.4 General discussion 

The study of the species of Symplectoscyphus present in the USARP hydroid collection 

has revealed the importance of this collection due to the high diversity represented. 

Sixteen out of the 24 known Antarctic species of the genus are present, in addition to 

two new species to science, S. antarcticus sp. nov. and S. laurae sp. nov. It is also worth 

mentioning the finding of S. densus, previously known only from the original 

description. The most frequent species is S. glacialis, present in 48 of the 132 of the 

samples (36%), which coincides with the results by Soto Àngel and Peña Cantero (2019), 

who highlighted its high occurrence in the Weddell Sea. Symplectoscyphus exochus is 
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second, observed in 29% of the samples (40 out of 132 samples). Interestingly, on the 

other hand, six species appeared once (S. antarcticus sp. nov., S. densus, S. frigidus, S. 

laurae sp. nov., S. liouvillei and S. paulensis), indicating that the genus includes quite 

common species, but also rather rare ones.  

Regarding the bathymetric distribution, four of the bathymetric proposed by 

Peña (2004) are represented: species restricted to the shallowest waters (<30 m) (S. 

antarcticus sp. nov. and S. laurae sp. nov.); continental shelf species (<500) absent from 

the shallowest waters (S. frigidus, S. hero and S. weddelli); species dwelling on the 

continental shelf and deep-sea bottoms, but absent from the shallowest waters (S. 

densus, S. curvatus, S. frondosus, S. liouvillei, S. nesioticus and S.paulensis); and eurybathic 

species present from the shallowest waters to the Deep Sea (S. anae, S. cumberlandicus, 

S. exochus, S. glacialis, S. naumovi and S. plectilis). Our study has extended the known 

bathymetric range for S. densus, S. hero, S. frondosus and S. nestioticus. However, the last 

three species are kept within the groups in which were allocated by Peña Cantero 

(2010). Only S. densus, which was previously known only from bottoms beyond the 

continental shelf break, is now also known from continental shelf bottoms (fig. 1.2).  

The finding of two new species (S. antarcticus sp. nov. and S. laurae sp. nov.) 

above the 30-m-deep limit demonstrates the still poor knowledge of shallow Antarctic 

waters. As Mercado Casares and Peña Cantero (2018) pointed out, the bathymetric 

range between the tidal level and 50 m deep has some peculiarities (e.g. the presence 

of anchor ice) that make it interesting for biodiversity studies. Only three leptothecates 

were so far known exclusively from this zone (see Mercado Casares and Peña Cantero 

2018), but with the two new species, the number is raised to five. 

The present study has shown that the cnidome is a useful taxonomic tool for 

resolving some issues in Symplectoscyphus. The cnidome has already been considered 

an important taxonomic character for the phylum (Mariscal 1974; Fautin 2009). The 

type of nematocysts, together with their size and shape, are used to identify some 

cnidarian species. But the usefulness of the cnidome at lower taxonomic levels is 

variable (Fautin 2009; Pica and Puce 2017). In some hydrozoan families, like 

Eudendriidae, the cnidome is considered crucial for the species identification (Puce et  

al. 2002) The taxonomy of Leptothecata is however mainly based on the colony 

structure and thecal shape (Bouillon et al. 2006) and thus, accordingly, species of  
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Symplectoscyphus have been identified exclusively by their colony structure and shape 

of gonothecae and hydrothecae. It was not until recently (cf. Peña Cantero 2012) that 

information about the cnidome in Symplectoscyphus species was considered. This 

information, together with that obtained in this study, has been analysed and, as a 

result, we have found significant differences in the size of the larger microbasic 

mastigophores, allowing the distinction between some morphologically similar 

species (fig. 1.23). Even when further studies are necessary, our results suggest that 

nematocysts are a character that must be taken into account when studying material 

of Symplectoscyphus. 

s 

 

The geographic distribution of the species of Symplectoscyphus inhabiting 

Antarctic waters is mainly circum-Antarctic; 50% of the species found in this study and 

44% of all known species in Antarctic waters show this pattern (e.g. S. anae). Two of the 

species present in the studied collection (S. glacialis and S. liouvillei) have been recorded 

in the sub-Antarctic waters of the Patagonian region (see Peña Cantero 2010; Oliveira 

et al. 2016) and are considered to have an Antarctic-Patagonian distribution. The most 

interesting information regarding the geographic distribution, concerns those species 

restricted to either West or East Antarctica. Symplectoscyphus antarcticus sp. nov., S. 

frigidus, S. laurae sp. nov. and S. paulensis have only been recorded from West 

Antarctica, whereas S. densus, and S. frondosus are restricted so far to East Antarctica, in 

particular to the Ross Sea, an area considered to have a high level of endemism 

(Mercado Casares et al. 2017; Peña Cantero 2018). Only the geographic distribution 

pattern of S. hero, previously known only from West Antarctica, has been changed to 

Fig. 1.23 Box and whiskers chart showing the variation in length of the larger microbasic 

mastigophores of the Symplectoscyphus species studied (x=mean; black line= median) 
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circum-Antarctic after our study, as we found it also in material collected from off 

Wilkes Land, in East Antarctica.  

The genus Symplectoscyphus has a remarkable high degree of endemism in the 

Antarctic Region. Twenty (c. 80%) of the reported species are endemic to the Antarctic 

Ocean. On the contrary, five (c. 20%) have also been reported outside Antarctic waters 

(see Ronowicz et al. 2019). High levels of endemism are characteristics for the Antarctic 

fauna in general (De Broyer and Jażdżewska 2014; Saucède et al. 2014) and hydroids 

show, at species level, a high endemism (Peña Cantero and García Carrascosa 1999; 

Marques and Peña Cantero 2010; Miranda et al. 2013). Similarly to the results obtained 

by Peña Cantero et al. (2002), for Symplectoscyphus, and Peña Cantero (2017), for 

Antarctoscyphus, supporting an unequal distribution of endemism between East and 

West Antarctica, our study still support the separation between East and West 

Antarctica proposed Hedgpeth (1969) and later supported in other studies (e.g. Pierrat 

et al. 2013; Peña Cantero 2018). Two species are only known from East Antarctica and 

five are exclusive of West Antarctica. However, the more we know about benthic 

hydroids, the weaker the support, as species previously considered to have a restricted 

distribution are being demonstrated to have a circum-Antarctic one. It is worth 

mentioning that four of the seven species restricted to either East or West Antarctica, 

have been recorded once, which shows an obvious lack of information concerning the 

Antarctic hydroid fauna. Improved knowledge may lead eventually to consider the 

Antarctic Region as a single biogeographic unit, as it seems to be the case for other taxa 

(Griffiths et al 2009; Briggs and Bowen 2012). 
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2.1 Introduction 

It is a commonly accepted idea in the scientific community that Antarctica has special 

features that make it different. Besides its low temperature and ice cover, Antarctica 

differs from other world regions by its bathymetric profile. There are three main ocean 

basins surrounding Antarctica (the Pacific, Indian and Atlantic basins), separated by 

submarine ridges, plateaux and island chains (e.g. Scotia Arc), and exceeding 3000 m 

in depth. Continental shelf-break occurs at 450 m on average and exceeds 1000 m in 

some cases, which means that it is 2-4 times deeper than in other oceanic areas, where 

it is typically located at depths of 100-200 m (Clarke and Johnston 2003; Gili et al. 2016). 

The deeper shelf resulted from both glacial erosion and crust depression by isostatic 

loading during ice sheet expansion (Post et al. 2014).  

Fundamental differences in geological history also explain the distinct size and 

shape of the two main geographical domains within Antarctica. East Antarctica sits 

mostly above sea level, with slope gradients ranging between 2 and <10%. In contrast, 

West Antarctica mainly lies below sea surface and its corresponding ice sheet is 

grounded below sea level (Fretwell et al. 2013; Liggett et al. 2015). The geomorphology 

also varies considerably around Antarctica, going from large glacial embayments, with 

1000 km separating the continental shelf-break from the edge of the ice shelf (i.e. the 

Ross and Weddell seas), to places with shelfs as narrow as 15 km (i.e. Dronning Maud 

Land). Environmental conditions related to depth, such as light, sea-ice cover, iceberg 

scouring, or circulation patterns, fluctuate greatly within the Antarctic benthic 

ecosystem. Nevertheless, compared with other marine benthic ecosystems, the 

Southern Ocean shows remarkably constant physical conditions (Arntz et al. 1994; Gili 

et al. 2016). 

The remoteness of the Southern Ocean and technological hurdles make 

Antarctic benthic assemblages difficult to investigate. However, from the nineteenth 

century up to the present time, a great number of scientific expeditions have been 

carried out, stimulated by the ecological and economic importance of the Antarctic 

ecosystems and their unique biodiversity (Headland 1989; Xavier et al. 2013). The first 

records of Antarctic benthic hydroids are from the last period of that century (e.g. 

Allman 1888). The bathymetric distribution of Antarctic and sub-Antarctic benthic 

hydroids was first studied by Stepanjants (1979). Since then, numerous studies on 

benthic hydroids have been conducted to the present. Examples include the Weddell 
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Sea projects with RV Polarstern (e.g. Peña Cantero et al. 1997), the Bellingshausen Sea 

and Peninsula Antarctica surveys of the BENTART projects (e.g. Peña Cantero 2006) 

or the Ross Sea projects with the RV Tangaroa (e.g Peña Cantero 2009). All these 

expeditions, and many others, have expanded our knowledge of Antarctic marine 

benthic diversity (Clarke and Johnston 2003), including benthic hydroids. Peña 

Cantero (2004) summarized all known bathymetric information concerning Antarctic 

benthic hydroids and analysed their distribution. He recognised six bathymetric 

groups and also highlighted the relatively high hydrozoan diversity of the Antarctic 

deep-sea (beyond the continental shelf-break). For his study, he established the shelf 

break at a depth of 500 m, based on the bathymetric distribution of the Antarctic 

benthic hydroids. As with most Antarctic zoobenthos, benthic hydroids tend to have 

wide bathymetric ranges (Brey et al. 1996; Peña Cantero 2004). However, most species 

(ca. 93%) are limited to, or partially occur, on the continental shelf. Only 7% of the 

species are considered as strict inhabitants of the deep sea (Peña Cantero 2014). The 

main objective of this study was to analyse the bathymetric distribution of Antarctic 

benthic hydroids, including the Stylasteridae, in order to establish bathymetric 

groupings and patterns, correlate them with environmental conditions, and identify 

species that characterise each group. In addition, the depth range of each known 

species was updated based on the information obtained from the research carried out 

since Peña Cantero (2004). Also, the present study includes a discussion on how 

benthic hydroid bathymetric distribution could have been influenced by ice 

movement during glacial-interglacial periods, and its links with the emersion and 

submersion hypotheses, as benthic hydroids constitute a valuable tool for 

investigating historical and future environmental change and establishing biological 

boundaries. These animals are sessile, and their predominant life cycle pattern in the 

Antarctic ocean is characterised by the suppression of the free-swimming stage, which 

theoretically limits their capacity for dispersal (Peña Cantero and García Carrascosa 

1999). 

2.2 Methodology 

The northern limit of the Antarctic benthic ecosystem is difficult to define (Gili et al. 

2016). Peña Cantero (2004), following Picken (1985), used the northern limit of the pack 

ice as the most valid limit of the Antarctic benthos. For the present study, this approach 

was adopted to delimit the study area (Fig. 2.1).  
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Data from each species were obtained through the revision of all relevant 

literature on Antarctic benthic hydroids, including the Stylasteridae. Any records that 

were not identified at the species level, as well as doubtful records, were excluded from 

the study. The bathymetric information gathered was incorporated into a data matrix. 

For data-entry, a series of bathymetric intervals were considered as samples. These 

were designed considering the environmental characteristics of the Antarctic marine 

ecosystem, the general decrease in biodiversity with depth (Brandt et al. 2009; Barnes 

and Kuklinski 2010), and the results of preliminary analyses carried out in order to 

detect changes in hydroid assemblages with depth. The first bathymetric range 

corresponds to the shallowest waters (i.e. 0-50 m). At this level, ice, either as sea ice or 

as anchor-ice, is one of the major recognised factors affecting the Antarctic benthos 

and its direct influence extends to a depth of at least 33 m (Picken 1985). Additionally, 

this bathymetric interval was defined according to the study by Stepanjants (1979), who 

found peculiarities in the hydroid fauna inhabiting the shallowest 50 m. From 100 to 

1000 m depth, the bathymetric profile was divided into 100-m intervals; from 1000 to 

2000, into 500-m intervals; and, from there to the beginning of the Abyssal plain, 1000-

m intervals were considered.  

Fig. 2.1 Area covered by the study. 
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From the data set, similarity matrices were generated based on binary data (species 

presence/absence), using Sørensen coefficient and the PRIMER 6.0 software (Clarke 

and Warwick 2001). A similarity matrix was later employed to construct dendrograms 

with the hierarchical clustering criterion. This methodology was selected following 

Murguia and Villasenor (2003), Barnes and Kuklinski (2010) and Soto Àngel and Peña 

Cantero (2017). To establish which species characterise each main bathymetric group, 

only those occurring in more than 50% of the samples were considered.  

2.3Results 

According to the results obtained in this study the greatest hydroid species richness 

(approximately 90%) occurs on the continental shelf to 700 m depth. In fact, over 60% 

of the hydroid diversity occurs at 300-400 m, with the highest species richness 

occurring within the 200-300 m depth interval (Fig. 2.2). From the shallowest waters 

to that bathymetric interval, biodiversity increases 63%. From that point downward, 

the number of species decreases continually, reaching a minimum value at 3000-4000 

m. However, the most significant decrease in diversity occurs between 600 and 800 m. 

At the family level, this pattern is not as marked, although there is a gradual decrease 

in family diversity from the shelf to the abyssal plain. From shallow waters to 600-700 

m, the highest number of families is 22, and the lowest 17. From 700 m to the abyssal  

Fig. 2.2 Family (red line) and species (blue bars) richness for each depth range. Green 

dotted line shows accumulated percentage. 
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plain, the number of families decreases, with a minimum of five at 3000-4000 m. 

Throughout the Slope, 14 families are represented, three of them occurring in 100% of 

the samples (Stylasteridae, Schizotrichidae and Kirchenpaueridae). However, in the 

Abyss, only nine families are represented (Fig. 2.2). 

The cluster analyses show three main divisions for both species and families 

(Fig. 2.3). However, the SIMPROF test highlights four significant groups at the species 

level, and only two at the family level. Taking into account both approaches, three 

main groups were considered. The first one is situated between 0 and 700 m, with c. 

46% similarity, and is not supported at the species level by the SIMPROF test. 

However, due to its dissimilarity with the other two groups, its structure, and the strong 

affinity at the family level (c. 78%), it has been considered and named hereafter as Shelf. 

It is divided into two main sub-groups, which are sustained by the SIMPROF test. The 

first one corresponds to the Upper Shelf, from 50 to 400 m, whereas the second subset 

corresponds to the Lower Shelf, between 400 and 600 m. The second aggregation, 

named as Slope (c. 33% similarity at the species level), comprises depth intervals 

between 700 and 1500 m. This aggregation is retrieved from both the species and family 

analyses; the latter also includes the 1500-2000 m interval and the similarity increases 

to 67%. The third group comprises the 2000-3000 m and 3000-4000 m depth intervals 

(c. 18% similarity) and is named as Abyss (it is not supported at the family level). 

Another interesting result concerns the boundary definition of each main aggregation. 

Between them, there are three bathymetric intervals that the SIMPROF test at the 

species level does not include in their closest group. The first interval corresponds to 

the shallowest waters down to 50 m and the second one to the 600-700 m interval. Both 

intervals are linked to the Shelf group (c. 47% and c. 51% similarity, respectively) and 

included in it in the SIMPROF test at the family level. A third boundary, situated 

between the Slope and Abyss groups, corresponds to the 1500-2000 m interval and has 

higher similarity with shallower ranges (Slope and Shelf) than with deeper ones 

(Abyss). From the statistical support obtained in the analyses of the bathymetric 

distribution of benthic hydroids, three main groups are suggested for the Antarctic 

bathymetric profile: The Shelf (0-700 m), the Slope (700-2000 m) and the Abyss 

(>2000 m). The study of the species associated with each bathymetric group allows us 

to determine the hydroid fauna that characterises them. The Shelf comprises 39 

species (20%). Among them, Halecium banzare Watson, 2008 and Stegella lobata 

(Vanhöffen, 1910) are present at all depth ranges (Fig. S1,S2,S3 of the apendix A). It is 
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remarkable that all families are present in the Shelf, although only 10 are restricted to 

it, and four of them are widely distributed throughout it (Eudendriidae, 

Campanulinidae, Sertulariidae and Candelabridae; the first two are present in 100% of 

the intervals). However, it should be noted that there are few records of Sertulariidae 

and Candelabridae in the Antarctic waters. The Slope is not so well characterised; 

there are no species present in more than 50% of the intervals. However, six species are 

exclusive to the Slope, although they occur in a single interval: Halisiphonia prolifica 

Peña Cantero, 2014 (945 m), Oswaldella crassa Peña Cantero & Vervoort, 1998 (891 m), 

Oswaldella curiosa Peña Cantero & Vervoort, 1998 (891 m), Oswaldella niobae Peña 

Cantero & Ramil, 2006 (810 m), Staurotheca profunda Peña Cantero & Vervoort, 2003 

(1846 m) and Symplectoscyphus hesperides Peña Cantero, 2012 (1462 m). Finally, the Abyss 

is characterised by four species: Branchioceriantus norvegicus Brattström, 1956 (3987 m), 

Clathrozoella abyssalis Peña Cantero, Vervoort & Watson, 2003 (3083 m), Staurotheca 

abyssalis Peña Cantero, Vervoort & Watson, 2003 (3879 m) and Staurotheca vervoorti (El 

beshbeeshy, 2011) (2720 m). 

2.4 Discussion 

Bathymetric patterns of benthic hydroid diversity  

Changes in hydroid diversity with depth have been studied in different parts of the 

world, with quite similar results (Altuna 2007). All of them show a unimodal pattern, 

with an increase of diversity with depth, reaching the maximum value at c. 100 m, and 

decreasing afterwards (Millard 1978; Stepanjants 1989; Calder 1996; Schuchert 2000; 

Altuna 2007). In general, the results of the present study are in agreement with this 

unimodal depth distribution pattern, although with a maximum value located at 

around 200-300 m. The greater depth of this maximum for Antarctic hydroids 

diversity could be related to the fact that the Antarctic continental shelf is much 

deeper, and it could be highly influenced by iceberg perturbation. Stuart et al. (1997), 

studying deep-sea benthic species, stated that disturbance, among other factors such 

as nutrient input, increases diversity, although they highlighted the difficulty in 

determining the cause of disturbance. In the Antarctic benthic ecosystem, however, it 

is well known that iceberg scouring is a key disturbance factor greatly affecting 

Antarctic benthic communities, and is considered one of the five most significant 

disturbance factors in any ecosystem on Earth (Gutt et al. 1996; Gutt and Piepenburg 

2003). According to this, diversity values for Antarctic benthic hydroids indicate that 
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iceberg scouring would provide the right amount of disturbance at 200-300 m (see also 

Huston 1979; Brown et al. 2004).  

 Gutt et al. (2013) pointed out that a general depth profile pattern exists in 

Antarctica for both biomass and abundances. The lowest values are found in shallow 

habitats (<50 m), physically disturbed by sea-scour, and in intermediately deep shelf 

areas, scoured by icebergs [see also Post et al. (2014)]. However, these authors did not 

discuss depths below 800 m. In the present study, the lowest values of hydroid diversity 

are from bathyal and abyssal depths, and not for the shallowest habitats. This pattern 

of diversity is similar in other places. Calder (1996) reported 37 species of hydroids 

below 1000 m from the North-Western Atlantic, and 39 from the same bathymetric 

interval in the Bay of Biscay (Spain). In Antarctica, 41 species have been reported 

beyond 1000 m, with a maximum of 23 species occurring between 1000-1500 m. Peña 

Cantero (2004) concluded that the hydrozoan diversity of the Antarctic deep-sea is 

relatively high, with 62 species out of the 147 considered in his study occurring below 

500 m. Currently, the number of hydroids known to inhabit waters below 500 m has 

risen to 110 species, based on new, recent records [e.g. Peña Cantero (2014)]. Evidently, 

this pattern of bathymetric distribution is not exclusive to hydroids, since other taxa, 

such as bryozoans (Schopf 1969; Barnes and Kuklinski 2010) or molluscs (Brandt et al. 

2009), follow a similar distribution. Even so, this pattern may be influenced by 

sampling effort, which is much greater at low-medium depths, and because the 

sampling procedures underestimate tiny soft-bodied animals (Altuna 2007). 

In addition to disturbance, the distribution pattern could also be related to 

different environmental factors, like food availability, light, sea ice, or substrate. 

Barnes (1995) considered the substrate as the most important factor influencing 

community composition, and Kirkwood and Burton (1988) found a correlation 

between sediment and the benthic fauna [see also David and Saucède (2015)]. 

Ronowicz et al. (2013) pointed out that the basic prerequisite for the occurrence of the 

majority of hydroid species is the presence of firm substrate. Altuna (2007) suggested 

that hard substrates (including those of biotic origin) enhance hydroid presence. 

Eighty-eight percent of the Antarctic fauna belongs to the benthos and is mainly 

composed of invertebrates, which are dominated by sessile suspension feeders (Gili et 

al. 2016; Arntz et al. 1994). This community of suspension feeders exists in patches all 

around the Antarctic continent between 30 m and the shelf break at c. 600 m (Gutt 

2007), and could be reflected in the Shelf group of the present study (cf. Fig. 2.3). The 
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suspension feeders community is considered unique as it develops a complex three-

dimensional biogenic structure that increases the substrate availability, allowing the 

settlement of epibionts such as hydroids (Gili et al. 2000). In general, most of the 

Antarctic continental shelf sediments consist of basal tils or glacial sediments whose 

fine fraction has been removed by marine currents (Anderson et al. 1980). On the 

contrary, fine-grain sediments are deposited on continental shelf depressions, at the 

end of the slope and on the abyssal plain (David and Saucède 2015). These small-sized 

grain sediments do not allow the settlement of bio-constructor organisms like 

stylasterids, considered as one of the main habitat-forming taxa in the Antarctic ocean 

(Cairns 2011; Bax 2014; Bax and Cairns 2014). This distribution related to the type of 

substrate supports the bathymetric divisions obtained, each with its own specific 

features. 

Antarctic continental Shelf 

It extends between 0 and 700 m in depth and has four subdivisions according to 

hydroid distribution. The first one, from 0 to 50 m, may be considered as the anchor ice 

zone. In this narrow stretch of the Antarctic marine ecosystem, the distribution of 

benthic organisms is influenced by different physical factors, like wave action or 

changes related to ice formation. Anchor ice seems to be the main factor that 

determines benthic assemblages on this zone (Gutt 2001; Smale 2008). Dayton et al 

(1969) had already highlighted the influence of anchor ice on sessile organisms. This 

bathymetric zone is characterised, among other organisms, by cnidarians 

(alcyonarians, actinians, and hydrozoans). All of them might be either resistant to 

anchor ice formation or have very fast recruitment rates (Dayton et al. 1970 in Gutt 

2001; Teixido et al. 2004). There are only seven hydroid species exclusive to this zone: 

four anthoatecates [e.g. Gymnogonos ameriensis (Stepanjants, 1979)] and three 

leptothecates [e.g. Symplectosyphus interruptus (Pfeffer, 1889)]. All of them are included 

in the Shallow water group of Peña Cantero (2004), with the exception of Rhysia halecii 

(Hickson & Gravely, 1907) found at 36 m, below the lower limit considered by this 

author (i.e. 30 m). It is difficult to establish a common link among these species, 

although Stepanjants (1979) suggested that the large representation of anthoatecates in 

shallow waters could be related to the lower salinities found there. That hypothesis 

could be supported by the presence of Sarsia tubulosa (M. Sars, 1835), a species able to 

tolerate low salinities (Schuchert 2001).  
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The second group of the Shelf goes beyond the lower limit of the anchor ice zone 

down to 400 m. It is considered here the upper continental shelf zone, which provides a 

more stable oceanographic environment. However, iceberg scouring affects strongly 

this zone and its benthic communities (Smale et al. 2007; Liggett et al. 2015). In fact, 

iceberg traffic, among other causes (e.g. nutrients supply), has been considered an 

important factor in some Antarctic regions, like the Bellingshausen Sea (Peña Cantero 

and Manjón-Cabeza 2014). There are four hydroid species characterising this zone: 

Staurotheca multifurcata Peña Cantero, García Carrascosa & Vervoort, 1999, Schizotricha 

falcata Peña Cantero, 1998, Symplectoscyphus subdichotomus (Kirchenpauer, 1884) and 

Symplectoscyphus weddelli Peña Cantero, Svoboda & Vervoort, 2002, all of them 

considered as shelf species by Peña Cantero (2004). Staurotheca multifurcata and S. 

falcata are used as substrate by other hydroids, and the former is usually found on 

stony and rocky bottoms (Peña Cantero and Vervoort 2003, 2005; Peña Cantero 2013). 

In contrast, S. weddelli and S. subdichotomus present a different strategy. Both have been 

described as epibiotic organisms growing on muddy and rocky bottoms. In Antarctica, 

S. subdichotomus is considered as a shelf species, but in the sub-Antarctic Kerguelen 

area it has been recorded deeper (Millard 1977). Through the Southern Ocean, it is 

estimated that iceberg effects reach depths up to 500 m (Lee et al. 2001). This depth 

coincides with our third group, the lower continental shelf zone, which extends from 400 

to 600 m. The maximum depth of iceberg scouring could be underpinning the division 

between both continental shelf zones. In this zone, there is low iceberg influence and 

bottoms are characterised by poorly sorted glacial marine sediments. Here, the 

decrease in food availability, together with the small grain-size, restricts the settlement 

of sessile megabenthic species, reducing the chance of finding a proper substrate. This 

could be the reason behind the gradual reduction of benthic hydroid diversity with 

depth. In fact, Douglass et al. (2014), following the results of Peña Cantero (2004), 

established 500 m as the lowest limit for most hydroid species. This supports the 

results obtained by Gutt and Starmans (1998), who pointed out an ecological boundary 

close to 500 m. Five hydroid species are exclusive to this zone: Antarctoscyphus fragilis 

Peña Cantero, Svoboda & Vervoort, 1999 (465 m), Eudendrium ramosum (Linnaeus, 1758) 

(550 m), Oswaldella gracilis Peña Cantero, Svoboda & Vervoort, 1997 (440 m), 

Parascyphus simplex (Lamouroux, 1816) (600 m) and Symplectoscyphus frondosus Peña 

Cantero, 2010 (562 m). There is information about the substrate only for P. simplex and 

S. frondosus, both being found on small stones. They could benefit from the scarce hard 

substrata of this zone to settle and develop. Below the lower continental shelf zone, 
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between 600-700 m, there is a transition zone between Shelf and Slope. Here, it is worth 

mentioning the exclusive presence of two stylasterids, Stylaster eguchii (Boschma, 1966) 

and Stylaster profundus (Moseley, 1879). The increase of stylasterid occurrence at this 

depth range was pointed out by Post et al. (2010), who related it to the oceanographic 

and bathymetric features of the continental slope. Other hydroids that occur 

exclusively at the beginning of the slope are Lafoea annulata Watson, 2003, Stegolaria 

irregularis Totton, 1930, Symplectoscyphus bellingshauseni Peña Cantero, 2012 and 

Symplectoscyphus paulensis Stechow, 1923. For the first species, there are only two 

records, one from Antarctica, at depths between 500 and 600 m (Peña Cantero 2012), 

and another from Macquarie Island, at 603 m (Watson 2003). Although we need more 

information about the species ecology, we can currently consider L. annulata as a lower 

shelf or upper slope species. Symplectoscyphus bellingshauseni was collected growing on 

a small rock being used as substratum by other stolonal hydroids. Symplectoscyphus 

paulensis is widely distributed throughout the southern hemisphere and has been 

sampled down to a depth of 1,064 m. Interestingly, all these species form erect 

polysiphonic colonies; this is supposedly an advantage in deep environments because 

it could allow them to get higher into the benthic boundary layer to reach an increased 

food supply. 

 

Antarctic continental Slope 

The bathymetric distribution of benthic hydroids results in a distinct aggrupation 

between 700-1500 m depth (cf. Fig. 2.3) that is related to the continental slope. It 

represents the link between the shelf and abyssal faunas and has distinct 

environmental features (Gage and Tyler 1991). The slope is often considered energetic, 

a current-swept environment, and deeply incised by canyons (Post et al. 2014). These 

characteristics seem to be reflected in the peculiar fauna found here (see Kaiser et al. 

2011). The distinctness of the slope fauna from that of the shelf and the abyss has been 

highlighted for other zoological groups, such as bryozoans, crustaceans and 

echinoderms (Kaiser et al 2011). Pagés and Schnack-Schiel (1996) also pointed out the 

distinction between the shelf and slope fauna for Antarctic planktonic cnidarians. The 

present study supports this distinction as well. In this zone, some exclusive benthic 

hydroids have been reported, namely H. prolifica, O. crassa, O. curiosa, O. niobae and S. 

hesperides. Currently, there is not enough information to determine whether O. crassa 
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is either polysiphonic or monosiphonic; however, the other two congeners are both 

monosiphonic (see Peña Cantero and Vervoort 2004). In this case, the structural 

support of the erect colonies, provided by the polysiphony habit in other species, could 

be achieved through the development of a thick perisarc (see Peña Cantero and 

Vervoort 1998). On the contrary, H. prolifica and S. hesperides might represent two 

different growth strategies: The former has stolonal colonies and was recorded 

epibiotic on another hydroid, while S. hesperides develops polysiphonic colonies. The 

scarcity of information about the hydroid fauna inhabiting the Antarctic slope does 

not allow us to better clarify the links between the ecology of the species involved with 

their environment. The occurrence of benthic hydroids throughout the slope is low, 

and mainly consists of rare species. This could be due to the sampling effort. However, 

despite the known differences in the sampling effort through the Antarctic Ocean (over 

90% of the samples come from shelf areas), there is a clear decrease in species richness 

with depth. Nevertheless, it should be noted that there are other groups, such as 

isopods (Brandt et al 2009 and Kaiser et al 2011), in which species number clearly 

increases. Beyond the lower limit of the Slope Zone, between 1500 and 2000 m, there 

is a transition zone inhabited by a contingent of species that, interestingly, are not 

present in the Abyss (the only exception is Bouillonia denhartogi Svoboda, Stepanjants 

& Ljubenkov, 2006). All the species of this transition zone are widely distributed in 

shallower waters, but some of them have not been recorded on the Slope (e.g. 

Oswaldella stepanjantase Peña Cantero, Svoboda & Vervoort, 1997 and Sertularella 

sanmatiasensis El Beshbeeshy, 2011). This supports the idea of poor knowledge of the 

fauna inhabiting the slope, as those species should also occur in the Slope, but have not 

yet been recorded. 

 

Abyss 

The last bathymetric zone retrieved from the analyses corresponds to the Abyss. In 

general, based on faunal distributions and environmental characteristics, the abyssal 

plain is considered to occur at depths between 3000 and 6000 m (Smith et al. 2008). 

However, from the obtained Antarctic hydroid distribution (Fig. 2.3), this Abyssal Zone 

actually begins at 2000 m. The abyssal sea floor is mostly covered by fine sediments, 

and it is considered to be ‘food limited’ as it depends on the input of detrital organic 

material produced in the euphotic zone, thousands of meters above (Smith et al. 2008). 
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Information from taxonomic studies on hydroids shows that only a few species have 

been recorded as part of the abyssal and hadal benthos (Calder 1996). In Antarctica, out 

of 200 known species, only 10 have been reported from depths exceeding 2000 m. A 

priori, four of these (B. norvegicus, C. abyssalis, S. abyssalis and S. vervoorti) could be 

considered as strict inhabitants of the abyssal bottoms. However, B. norvegicus has to 

be excluded as it has been recorded outside Antarctica (off Norway) at depths of 210-

240 m. The other three species form erect colonies with a disc-shaped hydrorhiza that 

clearly indicates attachment to hard substrates (Peña Cantero et al. 2003; Peña Cantero 

and Vervoort 2003, personal observation). This could indicate that these species need 

a firm substrate to grow and thus could explain the scarcity of their records, due to the 

limited availability of this type of substrate in the abyssal plain. Supporting this idea, 

Ronowicz et al. (2013), studying Arctic hydroid distribution, did not observe any species 

on soft bottoms unless a hard element was available (e.g. mollusc shells or small rocks); 

soft bottoms are only colonised by few solitary species, like B. norvegius (Gili and 

Hughes 1995). 

 

Bathymetry and emersion/submersion hypotheses 

The Antarctic fauna has a complex evolutionary history (Menzies et al. 1973). Among 

multiple factors involved, there are the bathymetric migrations. There are two main 

hypotheses related to this: polar submersion and evolutionary emergence. The former 

suggests that some shallow-water taxa would have moved to deeper areas, whereas the 

latter suggests the opposite, i.e. taxa from deep waters would have colonized the 

Antarctic continental shelf (Brandt et al. 2007; Gili et al. 2016). The emersion and 

submersion hypotheses are not mutually exclusive and, as Clarke and Crame (1989) 

indicated, all fauna contains a mixture of species with different histories. The present 

study with benthic hydroids would support both the submersion and emergence 

hypotheses. As for the latter, as it happens to other groups (see Brandt et al. 2007), there 

are some hydrozoan representatives of typical deep-water fauna that have reached 

Antarctic shelf bottoms. This is the case of B. denhartogi, considered by Svoboda et al. 

(2006) as a typical deep water inhabitant, which in Antarctica has been recorded at 

depths of up to 340 m, and several species of the genus Halisiphonia, which was 

considered by Marques et al. (2006) a genus inhabiting exclusively the deep waters. 

The emergence from deep waters could be facilitated by the isothermal water column 



 114 

from shallow to deep waters around the continent. Concerning the submersion 

hypothesis, it is worth mentioning the large number of typical Antarctic hydroids that 

have a large bathymetric range, many extending from the shelf to the slope (Peña 

Cantero 2014). This eurybathy is not exclusive to the hydrozoan fauna, as it is also 

considered as characteristic of other Antarctic taxa (Brey et al. 1996). This eurybathy 

could be attributed to the ice shelf expansion during glacial periods, pushing shelf 

species downwards along the slope during the glacial maxima (Brey et al. 1996). The 

regression of ice during interglacial periods allowed survivors to recolonize the shelf 

from the slope or from refugia, places on the shelf that remained free of ice during 

glacial periods (Gili et al. 2006; Brandt et al. 2007).  

General conclusions  

The Antarctic benthic hydroid distribution shows a unimodal pattern with the 

maximum peak of diversity at depths between 200 and 300 m. This model seems to be 

related to ice disturbance and substrate characteristics/types among other factors. The 

benthic hydroid depth distribution suggests the division of the bathymetric profile into 

three main zones, named Shelf, Slope and Abyss. The Shelf zone is in turn divided into 

the Anchor-ice, Upper continental shelf and Lower continental shelf sub-zones. All zones 

have special characteristics that clearly affect benthic hydroid assemblages. A 

transitional zone apparently exists between the Shelf and the Slope zones and between 

the Slope and the Abyss zones. The growth habit of many hydroid species, forming erect 

colonies, would allow them to reach higher levels into the benthic boundary layer 

where the flow is higher and, consequently, particle flux is also higher, which would 

be advantageous for this group of passive suspension feeders in deep water 

environments with low food input. The structural support needed for these erect 

colonies is achieved by having either polysiphonic stems or a thick perisarc. 

Alternatively, species with stolonal growth habit, or with little developed colonies, 

would use an epibiotic life strategy to reach higher nutrient flows. The different 

environmental factors that seem to constrain hydroid distribution could also have 

played a role in the evolutionary history of the Antarctic fauna. Among them, ice could 

have been the most important one. Two of the main hypotheses that aim to explain the 

evolutionary history of the Antarctic fauna due to ice movements during 

glacial/interglacial periods (polar submersion and evolutionary emergence) have 

support in the depth distribution of Antarctic benthic hydroids, which have a peculiar 

bathymetric pattern, not observed elsewhere. 
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3.1 Introduction 

During the last years great efforts have been made to study Antarctic marine fauna. 

The results of all those studies have helped to corroborate the fact that the Antarctic 

region has higher diversity levels than expected (Clarke and Johnston 2003; Clarke 

2008). Current distribution of Antarctic benthic organisms reflects a complex net of 

interactions with the environment over space and time.  

With the Antarctic continent in the south and the Polar Front in the north, the 

Antarctic Ocean is one of the most isolated marine ecosystems on Earth (Clarke et al. 

2005). This isolation began 30 Ma ago when the opening of the Drake Passage allowed 

the establishment of the Antarctic Circumpolar Current. This current and the 

Antarctic Ocean geodynamics history contributed to the evolution of a very distinct 

fauna characterized, among other things, by a high degree of endemism (De Broyer 

and Jażdżewska 2014; Saucède et al. 2014). 

First Antarctic expeditions, such as those carried out with H.M.S Challenger 

(1872-76) and R.R.S Discovery (1925-1927), focussed on sampling and identifying fauna. 

It was not until years later that scientists started to study the distribution patterns of 

the Antarctic fauna (e.g. Griffiths et al. 2009). Ekman (1935, 1953) pointed out that the 

Antarctic shelf fauna differed, and was highly independent, from that of neighbour 

areas, like the Magellan zone or New Zealand. He divided the Southern Ocean into 

three regions, namely South Georgia, West Antarctica and East Antarctica, while 

acknowledging the gap in knowledge on some Antarctic areas (e.g. the east part of the 

Antarctic Peninsula or the Amundsen Sea). On the other hand, Powell (1951, 1955, 1960) 

divided the sub-Antarctic area into three regions: Magellan, Kerguelen and 

Antipodean. As Ekman, Powell also assumed the sampling shortage in some important 

areas of the Southern Ocean [fide Griffiths et al. (2009)]. Hedgpeth (1969) proposed his 

biogeographic division of the Southern Ocean, establishing the foundation of current 

Antarctic biogeography. He grouped as sub-Antarctic the Kerguelen islands, Tristan 

da Cunha and the Magellan region and, as Ekman previously did, considered an East-

West Antarctica split. His proposal was later adapted by Dell (1972), who unified all the 

Antarctic areas including South Georgia, in one region (High Antarctica), highlighting 

again the lack of knowledge. 

During the last years, some contributions have tried, without a priori 

assumptions, and using different zoological groups, to establish biogeographic regions 
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and to determine west/east Antarctic boundaries. Furthermore, they have tried to 

explain taxonomic relationships and the origin of the current Antarctic fauna. Most of 

their results have been in agreement with Hedgpeth’s (1969) proposals [see Sara et al. 

(1992), Gorny (1999), Munilla and Soler Membrives (2008) and Griffiths et al. (2011)]. As 

stated by Clarke et al. (2007), there is limited knowledge on Antarctic benthos and 

paucity of samples from some regions (e.g. the Amundsen Sea and the Bellingshausen 

Sea). Although information has increased over the last years (Clarke and Johnston 

2003), the most recent online databases on Antarctic species distribution still show 

deficient knowledge, particularly in some benthic groups, such as cnidarians (see Gili 

et al. 2006). 

Benthic hydroids are worldwide distributed, and one of the most important 

zoological groups of the Southern Ocean fauna, contributing about 6% of its 

biodiversity (Clarke 2008). In spite of the studies carried out on this group, particularly 

in recent years (cf. Peña Cantero 2014a), there is still insufficient information about 

them, particularly when compared with other benthic groups (e.g. echinoderms or 

pycnogonids). The Antarctic representatives are characterized by a high degree of 

endemism at species level (Peña Cantero and García Carrascosa 1999; Marques and 

Peña Cantero 2010). This phenomenon is not exclusive for hydroids, being also a 

feature of other Antarctic taxa, like pycnogonids or gastropods (Munilla and Soler 

Membrives 2008; Griffiths et al. 2009; De Broyer and Danis 2010). The percentage of 

endemism in Antarctic benthic hydroids has increased over the years [from 48% in 

Stepanjants (1979), to 70% in Peña Cantero and García Carrascosa (1999) and 80% in 

Peña Cantero (2014a)] clearly reflecting the improvement in knowledge. This 

endemism is mainly due to species restricted either to East or West Antarctica, while 

only 29% comes from circum-Antarctic species (Peña Cantero 2014c). Some species 

even have a much more clearly reduced distribution being only known from small 

geographic areas like South Georgia (Peña Cantero and García Carrascosa 1995; Peña 

Cantero et al. 1995) or the Balleny Islands (Peña Cantero 2009). Benthic hydroids seems 

to follow the classic biogeographic model proposed by Hedgpeth (1969) and others, 

who distinguished between West and East Antarctic regions (e.g. Marques and Peña 

Cantero 2010). 

A few studies have tried to respond Southern Ocean biogeographic questions 

using hydroids distribution. Peña Cantero and García Carrascosa (1999) described 

patterns of distribution of benthic Leptothecata hydroids and compared them between 
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the Magellan and Antarctic areas. A few years later, Marques and Peña Cantero (2010) 

and Miranda et al. (2013) established areas of endemism using different genera of 

benthic hydroids and discussed about the links between different Antarctic areas, like 

the Ross Sea and the Weddell Sea. Recently, Soto Àngel and Peña Cantero (2016) 

studied faunistical affinities focussing on the singular area of the Scotia Arc. The 

present contribution constitutes the first approach dealing with Antarctic benthic 

hydroids in which all main Antarctic and Sub-Antarctic areas are considered. 

For this study two previous divisions of the Southern Ocean were selected. In the first 

one, Douglass et al. (2014) divided the Southern Ocean into 23 areas. The Antarctic 

continent was divided into 10 areas, the Kerguelen region in five and the Scotia arc in 

three; the remaining 5 divisions correspond to the main Antarctic basins. Alternately, 

Linse et al. (2006), in a study with shelled gastropods and bivalves, considered divisions 

of the southern New Zealand islands, the Magellan region, the sub-Antarctic islands, 

and Antarctica, the last one split into 12 sub-regions. The selection of these two division 

schemes was based on the different criteria used by those authors. While Linse et al. 

(2006) only used GIS for delimiting each area, Douglas et al. (2014) followed the 

hierarchical classification of Last et al. (2010), which encompasses many of the 

environmental and faunistical characteristics of each region. Thus, our selection will 

allow two different interpretations of the Southern Ocean division, both of them based 

on benthic hydroids occurrence. The main objective of this study is to explore the 

relationships between the different Antarctic areas considered in both divisions, using 

the available data on Antarctic and Sub-Antarctic benthic hydroid distribution. The 

interpretation of the results could shed light on some specific and currently opened 

questions in Antarctic biogeography, such as the biogeographical affinity of the Ross 

and the Weddell seas with East or West Antarctica, as well as the relationship between 

both, or the affinity of Bouvet Island with Antarctic or Sub-Antarctic waters. Present 

analysis with benthic hydrozoans will bring us to a better understanding of the 

Southern Ocean biogeography. 

 

3.2 Methodology 

To develop this study, the distribution of benthic hydroids was considered as the 

comparative factor between the selected areas. All existing scientific literature about 

Antarctic benthic hydroids was comprehensively reviewed, from the studies of the  
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  Fig 3.1 Areas selected from a Douglass et al. (2014) and b Linse et al. (2006) (modified from original figure). 
Mean position of the Antarctic Polar Front (dotted line) according to Moore et al. (1999). [Antarctic 
Peninsula (AP), Bouvet Island (BI), Central Indian-East Kerguelen (CI-EK), Central Indian-Prydz Bay (CI-
PB), Central Indian-Wilkes (CI-W), Central Indian-West Kerguelen (CI-WK), Crozet Island (CRI), 
Dronning Maud (DM), East Antarctica Dronning Maud Land (EADML), East Antarctica Enderby Land 
(EAEL), East Antarctica Wilkes Land (EAWL), Falkland Islands (FI), Kerguelen Islands (KI), Kerguelen-
Kerguelen Plateau (K-KP), Patagonia (PT), Prince Edward Island (PEI), Ross Sea (RS), South Georgia (SG), 
South Orkney Islands (SO), South Sandwich Islands (SSI), South Shetland 
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heroic epoch of early explorations to the most recent ones. A presence/absence matrix 

was created including all the material identified at species level. However, records in 

which the authors were not certain of their identifications and those in which there 

was not enough evidence to confirm the identification (e.g. due to the lack of 

description) were not included. The validity of all species has been checked following 

the criteria of the latest contributions (e.g. Peña Cantero, 2015). 

The Southern Ocean is considered the region south of the Polar Front. 

However, the position of the Polar Front has changed during Antarctic history and 

some islands currently situated north of it were south in the past. For this reason, in 

addition to all Antarctic areas (including the Scotia arc and Bouvet Island), we have 

also considered the sub-Antarctic islands of Kerguelen archipelago, Crozet, Prince 

Edwards and both Patagonia and Falkland regions (Fig. 3.1). 

The lower bathymetric limit for this study was established at a depth of 2000 

m. Thus, the bathymetric range considered includes the Antarctic continental shelf, 

which is extremely deep, more than 1000 m in some areas, and the upper part of the 

continental slope, which has also been relatively well sampled (Dell 1972; Clarke et al. 

2007). As Peña Cantero (2004) mentioned, most records of benthic hydroids come from 

the continental shelf or at the limit of the continental shelf break. Deeper areas 

(>2000m) have not been taken into account due to the scarcity of data (Clarke and 

Johnston 2003). 

The sub-regions used by Linse et al. (2006), named “Linse” hereafter, 

considered in the present study are: Weddell Sea (WS), East Antarctica Dronning 

Maud Land (EADML), East Antarctica Wilkes Land (EAWL), Ross Sea (RS), Antarctic 

Peninsula (AP), South Shetland Islands (SH), South Orkney Islands (SO), South 

Sandwich Islands (SSI), Bouvet Island (BI) and South Georgia (SG) for the Antarctic 

region. For the sub-Antarctic one, the divisions Kerguelen Archipelago, Prince 

Edwards Islands and Crozet Islands were considered. The Patagonian region has been 

divided into two regions, Patagonia (PT) and Falkland Islands (FI). Note that three 

Antarctic areas in Linse’s division [i.e. Bellingshausen Sea (BS), Peninsula (P) and Eight 

Coast (EC)] are here considered as a single one, named Antarctic Peninsula (AP). 

Similarly, the Patagonian region was only divided into two regions, one named 

Patagonian, which refers to the Chilean and Argentinian Patagonia, and another 

referring to the Falkland Islands (see Fig. 3.1b). 
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Fig. 3.2 Species richness for each studied area. a Douglass’s scheme, b Linse’s scheme (same legend 
as Fig. 3.1) 
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Fig 3.3 Cluster analysis of Sorensen similarity with the Simprof test among a Douglass’s 
regions, b Linse’s region (same legend as fig 3.1) 
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Of the 23 ecoregions defined by Douglass et al. (2014), named “Douglass” 

hereafter, only 19 are included here (Fig. 3.1a). The K-B ecoregion was not included 

because there is a single record from a doubtful description. Concerning the other 

three ecoregions not considered (Atlantic Basin, East Indian Abyssal and Pacific 

Basin), all available records fall outside the established lower bathymetric limit (i.e. 

>2000 m). It is also worthwhile to mention that some ecoregions mainly encompass 

areas deeper than the bathymetric range considered in this study, but they also include 

shelf areas corresponding to isolated islands and consequently are included in the 

analysis. Thus, for the South Atlantic and the Pacific Antarctic Ridge ecoregions, data 

correspond only to Bouvet and the Balleny Islands, respectively (see Douglass et al. 

2014). As with Linse’s division, Patagonian region was also divided into two regions.  

For the statistical analysis, a similarity matrix was calculated using Sørensen 

similarity index. It has been selected following the methodology used in Soto Àngel 

and Peña Cantero (2016). This methodology was supported by Murguia and Villasenor 

(2003), who compared different similarity index and obtained that the best indexes for 

analysing presence/absence data are Jaccard and Sørensen. Cluster analysis 

(hierarchical agglomerate by group average) was performed with the SIMPROF test in 

order to determine the relationship among zones with statistical support of the groups. 

A non-metric multi-dimensional scaling (nMDS) analysis was also employed to verify 

the division suggested by the cluster. To find out which species are the most 

representative for each region, we have carried out a SIMPER test. This was only 

performed for Antarctica and Sub-Antarctic islands regions, because the results for the 

Patagonian region are not informative since this wide region is only divided into two 

areas and we are using presence/absence data. The PRIMER 6 (v.6.1.6) software 

package (Clarke and Warwick 2001) was used to run all statistical analysis. 

 

3.3 Results  

A total of 376 species has been considered, corresponding to 91 genera and 32 families. 

The regions with the highest number of species for Douglass’ division are Patagonia, 

Antarctic Peninsula and Falkland (Fig. 3.2a). Patagonia is distinctly the region with the 

highest species diversity (206 species). Second is Antarctic Peninsula, with 112 species 

reported to date. Interestingly, Falkland Islands is third, with more reported species 
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than any other Antarctic or Sub-Antarctic region (with the exception of the Antarctic 

Peninsula). Other Antarctic regions with large numbers of species, are the Ross Sea, 

the Weddell Shelf and South Georgia. Concerning Linse’s division (Fig. 3.2b), both 

Patagonia and Antarctic Peninsula are also placed in the forefront of the regions with 

the highest numbers of species, as it occurs with Douglass’ division. Nevertheless, 

there are differences between both division schemes. In Linse’s division, South 

Shetland Islands, which are considered as a distinct region, surprisingly, harbours 

more species than other much larger regions, like EAWL, Weddell Sea or Ross Sea. 

The fourth region is EAWL, with 83 species, having higher diversity than Falkland 

Islands and Ross Sea, which are the third and the fourth regions in Douglass’. The 

regions with the lowest species diversity are CI-W and EAEL, in Douglass’ and Linse’s 

divisions, respectively (Fig. 3.2).  

The East Sub-Antarctic archipelagos of Prince Edwards, Kerguelen and Crozet, 

harbours 60 species. Patagonia and Falkland include 214 species and the whole 

Antarctic region, which includes both High Antarctica and Scotia Arc, 209 species. One 

hundred and twenty-three of the 209 (59%) are endemic. Within the Antarctic region 

the areas with highest endemism are Antarctic Peninsula (18%), Weddell Sea (14%), 

South Georgia (12%) and Ross Sea (10%).  

The results obtained from the multivariate analyses with Sørensen index and 

carried out with the data matrix of the two division schemes [i.e., Linse et al. (2006) and 

Douglas et al (2014)], show three distinct assemblages with a cut-off point of 22% 

similarity (Fig. 3.3). These three groups were found to be distinct, as ANOSIM test shows 

(Table 1), and are clearly identifiable in the nMDS (Fig. 3.4). They are here referred as 

Patagonia region, Sub-Antarctic Islands region and Antarctic region. The first group is 

distinguished in both Southern Ocean divisions and is composed of Patagonia and 

Falkland Islands regions. As shown in the clusters, the faunistic affinity with Antarctica 

is low (<10%). 

For Douglass’ division (Fig. 3a), the second assemblage consists of Eastern Sub-

Antarctic archipelagos and Bouvet (here named as South Atlantic). These areas are 

north of the Polar Front and undoubtedly belong to the sub-Antarctic region, with the 

exception of Bouvet Island. The third group is the largest and the main region of the 

study. It includes all the Antarctic continental regions and the Scotia Arc (including 

South Georgia). Within this group, two sub-groups are considered. The first one refers  
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Fig 3.4 Non-metric multidimensional scalins (nMDS) of a Douglass’s regions b Linse’s regions. (same 
legends as figure 1) [ Groups: Antarctic (A); Sub-Antarctic islands (K); Patagonian (P)] 



 133 

to the Scotia arc region and is composed of South Georgia, the South Orkneys Islands 

and the South Sandwich Islands. The second one corresponds to the High Antarctica 

region, which includes all the Antarctic continental shelf. This group is in turn divided 

into other two. On the one hand, Oates, CI-WK and CI-PB are clustered together, 

corresponding to the region considered as East Antarctica. On the other hand, 

Amundsen, AP, Ross Sea, CI-EK, and Weddell Shelf are grouped, corresponding to 

West Antarctica. A third group is observed, formed by CI-W and Pacific Antarctic 

Ridge, the latter corresponding to the Balleny Islands, that clearly fall apart. However, 

they are considered Antarctic. Their doubtful position in the cluster may be related to 

the scarcity of data from both areas. The results with Linse’s division show the same 

general pattern (Fig. 3.3b). The sub-Antarctic assemblage includes Kerguelen, Crozet, 

Prince Edwards and Bouvet as it happens with Douglass. The main Antarctic group is 

maintained, although with some peculiarities. The transitional group, between the 

Antarctic and Sub-Antarctic regions, is also present here, but excluding South Georgia. 

The assemblage named above as Antarctic region does not consider Dronning Maud 

Land (EADML). Inside this Antarctic group both sub-divisions are present too. The 

first one, which represents West Antarctica, consists of South Shetland and Antarctic 

Peninsula, both having the highest similarity (68%) as expected, due to their 

geographical proximity, just separated by the Bransfield Strait. The second 

aggrupation, which represents the Eastern Antarctic zone, embraces Weddell Sea, 

EAWL and Ross Sea 

3.4 Discussion 

Faunistic features 

As stated above, Patagonian region has the highest species diversity, in agreement with 

the results by Peña Cantero and Garcia Carrascosa (1999). These authors obtained that 

the Magellan area is richer than the Antarctic region concerning the diversity of 

Leptothecata. This could be due to the sampling effort, the wide area that it 

encompasses, and other geological or evolutionary reasons. Antarctic Peninsula is the 

second region with more species. It is also noteworthy the number of species described 

in the South Shetland archipelago following Linse’s division (86 species from South 

Shetland and 105 from Peninsula). The high species richness in these regions agrees 

with the results obtained by other authors (Clarke et al. 2007; Griffiths et al. 2011). These 

areas have special features with highly varied geomorphology and geology, including 
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deep troughs, canyons, shelf, slopes, abyss (Griffiths 2010). Falkland Islands area is also 

in the first positions in both schemes, (82 species). Following are Ross Sea, Weddell 

Shelf and South Georgia which occupied more or less the same position, with similar 

number of species. EAWL has high species diversity, being situated ahead of Weddell 

Sea or Ross Sea, in Linse’s proposal. This area covers several regions of Douglass’ 

division, amongst them CI-EK, where 57 species have been reported, representing 68% 

of benthic hydroid diversity found in EAWL. It would be interesting for future studies 

to consider CI-EK as a peculiar area whose characteristics allow high values of 

diversity, as occurs in Weddell Sea, Ross Sea or Antarctic Peninsula. High endemism 

is typically associated with areas old enough for taxa to have evolved there, but isolated 

enough so that they have not spread elsewhere. In the sea this becomes complicated 

by the ability of some organisms, like hydroids, to use different dispersion strategies 

[e.g. kelp rafting phenomenon (Griffiths 2010)]. Antarctic benthic hydroids have some 

interesting features related to their origin and evolution, such as the relatively low 

diversity at the genus level, or the high degree of endemism at species level (Peña 

Cantero et al. 2010). In recent years, some areas of endemism have been proposed using 

benthic hydroids. Marques and Peña Cantero (2010) suggested four: Magellan region, 

Antarctic Peninsula, West Antarctic and East Antarctic. These regions were defined 

with a Parsimony Analysis of Endemicity (PAE) for the genus Oswaldella. Miranda et 

al. (2013), using the same methodology but with four genera (Antarctoscyphus, 

Mixoscyphus, Staurotheca and Oswaldella), defined eight areas: Magellan region, 

Antarctic Peninsula, Sub-Antarctic Islands, Ross Sea, Weddell Sea and Wilkes Land. 

When considering all the species from the studied region, our results indicate that 59% 

of the benthic hydroids of the Antarctic waters are endemic. It is remarkable that most 

endemic species do not have medusa stage. Only four species are known to produce 

medusa [e.g. Halisiphonia prolifica (Peña Cantero 2014a)]. The endemism is similar to 

the 63% obtained by Soto Àngel and Peña Cantero (2016). However, it is different from 

the 69% obtained by Peña Cantero and García Carrascosa (1999), who did not consider 

anthoathecates, and the 80% indicated by Peña Cantero (2014a), who did not include 

Stylasteridae. There are four areas in the Antarctic region with the highest endemism 

values (Antarctic Peninsula, Weddell Shelf, South Georgia and Ross Sea), all of them 

studied by Miranda et al. (2013) and selected as important areas of endemism. Despite 

of the lower endemism obtained, compared with those previous hydrozoans studies, it 

is distinctly higher than the average of 50% provided by Griffiths et al. (2009) for the 

benthic fauna (Peña Cantero 2014a). Accordingly, Antarctica should be considered as 
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a region with high level of endemism in benthic hydroids, as already stated by other 

authors (Marques and Peña Cantero 2010; Miranda et al. 2013 or Peña Cantero 2014a). 

In general the degree of endemism at species level is high through the Antarctic 

Ocean (Linse et al. 2006; Barnes and Downey 2014; Saucède et al. 2014). Endemism rates 

are as high as 97% in some marine groups (Gili et al. 2016). Linse et al. (2006) obtained 

the highest values, for both bivalves and gastropods, in South Georgia and Bouvet, 

both areas situated at the Polar Front boundary. Our results also show South Georgia 

as one of the regions with higher endemism (12%), compared with other Antarctic 

areas. Alternatively, Bouvet only has one known endemic species, namely Filellum 

bouvetensis Marques, Peña Cantero, Miranda and Migotto 2011. However, Bouvet’s 

benthic hydroid fauna has been poorly studied and its coastal marine fauna is little 

known (Barnes 2006; Peña Cantero and Gili 2006). When Linse et al. (2006) considered 

gastropods alone, the areas with the highest endemism were South Georgia and the 

Weddell Sea. The high degree of endemism of the Weddell Sea was previously 

emphasized by Marques and Peña Cantero (2010) and Miranda et al. (2013), and it is 

also seen in our results. This fact supports the hypothesis that considers this Antarctic 

sea as a hot spot of endemism (De Broyer and Jażdżewska 2014), probably due to the 

Weddell Sea gyre, considered as an important barrier for genetic exchange with other 

regions. 

Zoogeography 

During the last years there have been conflicting opinions concerning the position of 

the Ross Sea and the Weddell Sea. Our study also shows contrasting results: whereas 

both seas form part of West Antarctica in Douglass’ division, they are included closer 

to East Antarctica in Linse’s one (Fig. 3.3b). This fact reveals the difficulty of 

establishing boundaries between East and West Antarctica and the indisputable 

influence of the geographic units established a priori. Linse (2000), using molluscs to 

study the links between Southern Ocean areas, includes the Eastern part of the 

Weddell Sea in West Antarctica, and Clarke (2008) even considered both the Weddell 

Sea and the Ross Sea part of the Western division. However, other studies (e.g. Munilla 

and Soler Membrives 2008) have associated the Weddell Sea with the East Antarctica 

region, following the schemes of Dell (1972) or De Broyer and Jazdewski (1996). These 

authors included Eastern Weddell Sea and the Ross Sea within East Antarctica. On the 

contrary, our results show more affinity of the Weddell Sea and the Ross Sea with West 
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Antarctica in Douglass’ division. However, it is remarkable the existence of a clear 

relationship between Weddell Sea and the Ross Sea with a specific region of East 

Antarctica, namely CI-EK. The relationship amongst these three areas could be 

justified by the connexion of their gyres. McCartney and Donohue (2007) described a 

cyclonic gyre, referred to as unnamed gyre, in the East Antarctic region. As in the case 

of the Weddell Sea and Ross Sea gyres, the unnamed gyre might change temperature 

and salinity conditions on the Antarctic coast, allowing warmer water from the 

circumpolar current to reach the continental shelf where deep cold water is produced. 

They suggested a strong connectivity between the three major gyres with a westward 

flow along their southern limbs and an eastward flow joining their northern ones 

(McCartney and Donohue 2007). The water exchanged between the Weddell Sea and 

the east part of Antarctica is produced thorough the Princess Elisabeth region and goes 

north to the Australian basin. There are evidences that the unnamed gyre goes beyond 

the Balleny Islands to the Ross Sea gyre in the South Pacific, therefore linking these 

three areas. The Weddell Sea faunistical link with the Ross Sea might also be related 

with the presence of similar environmental conditions. In both areas much of the 

continental shelf is covered by floating ice shelves, the Filchner and Ronne Ice shelves 

and the Ross Ice Shelf respectively, profoundly influencing the near-shore circulation 

and water properties, perhaps allowing the establishment of a similar fauna (Clarke 

and Johnston 2003; Knox 2006). Faunal affinities between these distant zones have 

been reported from other taxa like molluscs (Linse et al. 2006) and the connection 

between them has been discussed by different authors (e.g. Pierrat et al. 2013). Barnes 

and Hillenbrand (2010) suggested that the most plausible explanation for this Weddell 

Sea-Ross Sea link is a direct connection in the past via a trans-Antarctic seaway. In fact, 

this relationship between Weddell Sea and Ross Sea based on a trans-Antarctic 

current is the origin of the traditional boundary of East / West Antarctica (Primo and 

Vázquez 2007). 

Other interesting result concerns the faunistic affinities of Bouvet. The links of 

this island with neighbouring regions have been discussed and Bouvet is considered 

an interesting piece in the conundrum of Antarctic marine biogeography (Barnes 2006; 

Peña Cantero and Gili 2006). There are only 20 species of benthic hydroids currently 

described and accepted from this region. Primo and Vázquez (2007) obtained that the 

Bouvet region is apparently different from the rest of the Southern Ocean provinces. 

Griffiths et al. (2009) also did not find enough evidence for establishing a relation with 
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the neighbouring areas. Soto Àngel and Peña Cantero (2016) linked it with the South 

Sandwich Islands, although it must be indicated that they did not take into account the 

eastern Sub-Antarctic islands. Pierrat et al. (2013) and Ramos-esplá et al. (2005) 

included it within the Sub-Antarctic islands. In agreement with these authors, our 

results, in both divisions, also connect Bouvet Island with Kerguelen, Prince Edward 

and Crozet archipelagos. On the other hand, Bouvet has been considered within the 

Antarctic area by other authors, such as Barnes (2006) and Linse et al. (2006). In this 

sense, it is worth to mention that Peña Cantero and Gili (2006), studying benthic 

hydroids from Bouvet, emphasized the Antarctic nature of Bouvet hydroids and the 

poor knowledge of this isolated island. On the contrary, Arntz et al. (2006) suggested 

that the general composition of its fauna is more similar to Magellanic South America 

than to the Antarctic Region. Our results show that Bouvet is allocated in a transition 

route West-East, supporting the hypothesis highlighted by Griffiths (2010), that 

situated it inside an east current, acting as a dispersal platform for some species from 

South America, through Bouvet, to the Kerguelen archipelago. 

The division of High Antarctica into West and East Antarctica is clearly 

supported by our results, although it is difficult to establish where the precise limits 

are situated. This is in agreement with Pierrat et al. (2013), who discussed the existence 

of these sub-regions, as well as their connection through the Ross Sea. They also 

pointed out a strong discontinuity between the Weddell Sea and Dronning Maud 

Land, which might be the reason for the doubtful position of DM with Douglass’ 

division (Fig. 3.3A) or EADML with Linse’s one (Fig. 3.3B). According to our results, and 

some previous main proposals of the Southern Ocean division (e.g. Hedgpeth 1969), we 

suggest the division of the Southern Ocean into three main biogeographical regions. 

The first one named Patagonian, includes the Magellan area and Falkland Islands. 

Second one, called Sub-Antarctic islands, is composed of Prince Edwards, Crozet and 

Kerguelen archipelagos, and also the isolated Bouvet Island. Finally, the third one is 

the Antarctic Region. This wide group includes all the high Antarctic areas and the 

Scotia arc, including South Georgia.  

Patagonian and Sub-Antarctic Islands 

Faunistic affinities between South America and Antarctica has been a growing topic of 

discussion over the last years. The main hypothesis to explain the connection between 

Antarctica and Patagonia is the role of the Scotia arc as a biogeographic bridge. Soto 

Àngel and Peña Cantero (2016), among others (e.g. Zelaya 2005; Munilla and Soler 
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Membrives 2008), pointed out the great connectivity between both regions for benthic 

hydroids. Our results, when comparing both Falkland and Patagonian with other 

Antarctic and Sub-Antarctic regions, show low affinities with Antarctic and Sub-

Antarctic areas, but certainly the affinity with Antarctic might higher when compared 

with other regions such as South Africa or New Zealand. Their geological history 

(South America was the last continent to separate from Antarctica) and their 

geographical proximity might have allowed the exchange of their fauna (Clarke et al. 

2005; Primo and Vázquez 2007) The presence of some hydroids species shared between 

Antarctica and South America confirms this relationship. Peña Cantero and García 

Carrascosa (1999) assigned an Antarctic-Patagonian distribution to some species like 

Acryptolaria operculata or Billardia subrufa. But as these authors suggested, it is difficult 

to establish which species inhabiting the Antarctic region are of Magellan origin and 

migrated to Antarctica. It would also be necessary to know the relationships between 

the Antarctic hydroid fauna and other areas, mainly of the Sub-Antarctic islands, but 

also that of New Zealand, South Australia and South Africa (see Peña Cantero and 

García Carrascosa 1999).  

Despite its geographical position, mainly north of the Polar Front, the Sub-

Antarctic Islands region has an important Antarctic influence. Approximately 29% of 

the benthic hydroids present in this sub-Antarctic region also inhabit truly Antarctic 

areas. For example, Antarctoscyphus elongatus (Jäederholm, 1904), reported from 

Kerguelen by Naumov & Stepanjants (1965), is widely present in Antarctic waters (cf. 

Peña Cantero et al. 1997), and Halecium incertus Naumov and Stepanjants, 1962, 

recorded from both Crozet and Kerguelen by Millard (1977) and Stepanjants (1979), is 

also present in the East Antarctic region of Queen Mary Coast (Peña Cantero 2014b). 

The high percentage of shared species between the sub-Antarctic archipelagos of 

Kerguelen, Prince Edward and Crozet with Antarctic shelf areas might be related to 

the changing position of the Polar front over the time (Moore et al. 1999). During some 

periods those archipelagos were south of the Polar Front. Without the effects of this 

oceanographic barrier, the faunal exchange between the shelf Antarctic and sub-

Antarctic islands could be facilitated. Another argument suggested by some authors 

for the high number of shared species with the continent is the proximity of the 

Kerguelen shelf (Downey et al. 2012). This shallow shelf could also have allowed the 

passage between these areas of some eurybathic species, such as H. incertus (see Peña 

Cantero 2014b). These archipelagos were previously considered a region with low 
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Antarctic influences (Hedgpeth 1969). Griffiths (2010) described a South American 

“signature” for some taxa in this region, like bryozoans and bivalves, but not for 

gastropods which were classified as Antarctic. The west-wind drift and the ACC 

disperse organisms in the Southern Hemisphere in a clockwise direction from South 

America towards Bouvet and from the latter to other Sub-Antarctic areas (Griffiths 

2010). New studies, however, have revealed higher affinity with areas of the Antarctic 

shelf (Downey et al. 2012). The high affinity of this region with the Antarctic continent 

occurs in different taxa, like amphipods, decapods and sponges (Gorny 1999; De Broyer 

and Jażdżewska 2014; Janussen and Downey 2014). 

 Antarctic 

It is well known that the Antarctic continental shelf is isolated from adjacent regions. 

The Polar Front is an effective isolation barrier for pelagic organisms inhabiting the 

upper water column. Even so, it is not known with certainty how it affects benthic and 

deeper pelagic organisms (see Liggett et al. 2015). Benthic organisms distribution is 

influenced by different factors, i.e. depth, topography or currents. The Polar Front has 

been considered a barrier for the organisms that have some relationship with the water 

column during their life cycle, such as hydroids (Clarke et al. 1996).Nevertheless, an 

important connection with areas north of the Polar Front exists thorough the Antarctic 

Peninsula and the Scotia arc (Clarke et al. 2005). Some authors have considered both 

the Scotia Arc and the Antarctic Peninsula, together with island shelves and 

seamounts south of New Zealand, one of the regions throughout which species 

exchange between the Antarctic and the Sub-Antarctic regions occurs (Dell 1972; 

Pierrat et al. 2013). Our results supports the inclusion of the Scotia Arc (including South 

Georgia) within the Antarctic region, in agreement with some authors (e.g. Soto Àngel 

and Peña Cantero 2016). The South Orkneys and the South Sandwich Islands share, 

86% of their species with High Antarctica, whereas it falls to 68% in the case of South 

Georgia (its proximity to South America could certainly be underpinning this result). 

Staurotheca antarctica Hartlaub, 1904, Halecium banzare Watson, 2008 or Oswaldella 

erratum Peña Cantero and Vervoort, 1997 are three eurybathic species present in both 

High Antarctica shelf and the Scotia Arc region. The case of Acryptolaria operculata 

Stepanjants, 1979 is also remarkable. This species was previously considered as 

Patagonian, but Soto Àngel and Peña Cantero (2015) recently reported it from the 

Discovery Bank (Scotia arc), constituting an example of species dispersion between 

Antarctica and South America through this region. In this sense, Primo and Vázquez 
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(2007) considered South Georgia as an overlapping region whose fauna composition 

results of several successive invasions from South America and Antarctica. In any case, 

as obtained by Soto Àngel and Peña Cantero (2016), South Georgia has greater affinity 

with the Antarctic region than with sub-Antarctic regions. As described by different 

authors (see Primo and Vázquez 2007) and present data, the whole Scotia Arc 

(including South Georgia) could be considered an intermediate region between 

Antarctica and South America, but closer to the Antarctic region in terms of benthic 

fauna. Consequently, the present study supports the inclusion of the Scotia Arc in the 

Antarctic region, but as a distinct area. 

On the other hand, within the Antarctic Region, High Antarctica covers the area 

close to the continent. According to Pierrat et al. (2013), all these areas present high 

faunal similarities following a strong circum-Antarctic pattern. In the present study, 

two sub-groups are clearly recognized within High Antarctica regardless of the 

division employed. With Douglass’, the cluster including Oates, CI-WK and CI-PB 

represents East Antarctica, whereas that composed of DM, Amundsen, Antarctic 

Peninsula, Ross Sea, Weddell Shelf and CI-EK, corresponds to West Antarctic. The 

only anomaly concerns to CI-EK, which geographically belongs to East Antarctica. 

In Linse’s division, the West Antarctica group consists of Antarctic Peninsula 

and Shetlands, whereas East Antarctica is composed of Weddell Sea, EAWL and the 

Ross Sea. In this division the situation of Dronning Maud Land is remarkable, because 

it falls within the Antarctic Region but with low similarity. Pierrat et al. (2013) also 

observed this discontinuity along the Antarctic shore for echinoids and bivalves. These 

authors also proposed the division of High Antarctica into two sub-regions, both 

connected through the Ross Sea. Gastropod distribution showed a small West 

Antarctic region and a much larger East Antarctic one, as reported here for Linse’s 

division. Similarly, Pierrat et al. (2013) assigned the Weddell Sea to West Antarctica, as 

found with Douglass’ division. Some species of hydroids show contrasting 

distributions: e.g. Campanularia antarctica Ritchie, 1903 has only been described in 

these three areas (The Weddell Sea, The Ross Sea and CI-EK) and Oswaldella rigida 

Peña Cantero, Svoboda & Vervoort, 1997 has only been found in CI-EK and Weddell 

Sea (cf. Peña Cantero 2014b). The division of High Antarctica into two regions (East-

West) could be influenced by the consideration of East Antarctica as a wide region in 

Linse’s division, overlaying areas with special features that could be considered as 

independent areas. Indeed, some species considered as circum-Antarctic have only 
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been reported in these three regions (Weddell Sea, Ross Sea and CI-EK). For example, 

Symplectoscyphus exochus Blanco, 1982 was considered to have a West Antarctic 

distribution until Peña Cantero (2014c) reported it from CI-EK. On the other hand, 

seven species are widely distributed in the Antarctic region and 11 in the Sub-Antarctic 

islands region (Table 2). For the Antarctic, the most widespread species are Stegella 

lobata Vanhöffen, 1910, which is present in all Antarctic areas (100%), and it has also 

been reported for the Patagonian and Sub-Antarctic islands regions, and Billardia 

subrufa (Jäderholm, 1904), which is present in 93% of the Antarctic areas, and it has also 

been reported for the Patagonian Region. It is remarkable that, between those seven 

widely distributed species, only two, Schizotricha nana Peña Cantero, Svoboda and 

Vervoort, 1996 and Staurotheca glomulosa Peña Cantero Svoboda and Vervoort, 1997, are 

restricted to Antarctic waters. For the Sub-Antarctic Islands region, four species are 

present in all areas (Bouvet, K-KP, Del Cano and Ob & Lena). From these, Hydrodendron 

arboreum (Allman, 1888) is also present in both the Antarctic and Patagonian regions. 

Conversely, Campanularia diverticulata (Totton, 1930) and Zygophylax crozetensis 

Millard, 1977 are only present in the Sub-Antarctic islands region. It is worth to 

mention that, despite the wide distribution range of all these species, any of them 

produce free medusa. However, they are eurybathic species, extending from shallow 

waters to bathyal depths, which could undoubtedly help explain their wide geographic 

distribution including in some cases areas separated by deep waters.  

3.5 Conclusions 

Biogeographic studies based on the analysis of different taxa are important to 

understand the relationships amongst different Southern Ocean regions. In this study 

we have used benthic hydroids for comparing two division proposals and providing 

new arguments to confirm/dismiss previous biogeographic hypotheses about the 

Antarctic Region. In general, our study shows that Douglass’ scheme, based on more 

solid grounds, provides a better approach for studying the links between the different 

Southern Ocean areas. The results are in agreement with findings with different taxa 

(Linse et al. 2006; Griffiths et al. 2011; Downey et al. 2012; Pierrat et al. 2013; Douglass et 

al. 2014), thus confirming that general biogeographic patterns can be attributed to 

Southern Ocean. Our results show the existence of three clearly differentiated regions, 

namely the Patagonia region, Sub-Antarctic Islands and Antarctic region. The Scotia 

arc can be ascribed to the latter, but as a different entity. On the other hand, the 
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division of High Antarctica into two sub-regions is not completely resolved, although 

the benthic hydroid distribution points out to the traditional division into two regions, 

one embracing Oates, CI-WK and CI-PB and another including Amundsen, Ross Sea, 

Weddell Sea and CI-EK, which would correspond to East and West Antarctica 

respectively. The results also confirm the relationship between the Ross Sea and the 

Weddell Sea and the problems to situate them in one of the two major sub-groups of 

High Antarctica, as well as the East Antarctic discontinuity represented by Dronning 

Maud land, previously described by Pierrat et al. (2013). The links of Bouvet with the 

neighbouring regions are still not well resolved. However, our results show more 

affinity with the Sub-Antarctic islands. There are two Antarctic regions [CI-W and the 

Balleny islands (Pacific Antarctic Ridge)] with uncertain relationship with the 

remaining Antarctic areas. Both regions have a low number of records for benthic 

hydroids, which may be one of the reasons, together with the isolation of the Balleny 

islands, for their unclear relationship with other Southern Ocean areas. Biodiversity 

studies aim to fill the gaps in some Antarctic areas, and will allow to continue studying 

biogeographic patterns in Antarctica in order to resolve some questions about the 

limits of the different Southern Ocean regions and to understand past changes and 

foresee future ones. 
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4.1 Introduction 

The isolation of the Antarctic marine biota, together with the geological history of the 

Southern Ocean, has resulted in an original fauna, clearly different from elsewhere in 

the world’s oceans (Gutt et al. 2010). This isolation relates in particular to the main 

biogeographic barrier that surrounds the Southern Ocean, the Polar front (PF), which 

difficults the dispersal of marine organisms, especially the planktonic ones (Crame 

1999; Primo and Vázquez 2007; Soto Àngel and Peña Cantero 2016). It is well known 

that the different oceanographic conditions on both sides of the PF limit the migration 

of faunas from low latitudes towards the Southern Ocean (Griffiths et al. 2009) and 

viceversa. Additionally, south of the PF it has been reported the existence of 

hydrographic and geographic barriers that limit different regions in Antarctica 

(Patarnello et al. 2011), although the boundaries and division of these Antarctic regions 

into biogeographic areas are still in debate.  

Until years later of the first Antarctic expeditions, scientists did not begin to 

investigate the distribution of the Antarctic fauna (Griffiths 2010a). First works about 

Antarctic biogeography carried out by Ekman (1935, 1953) highlighted the 

independence of the Antarctic fauna and the division of this huge region into three 

main sub-regions: South Georgia, West Antarctica and East Antarctica. Nevertheless, this 

author, like others through the Antarctic scientific history, pointed out the existence 

of poorly studied regions that could be important to clarify the findings. In 1969, 

Hedgpeth proposed his biogeographic zones, recognising two main regions, the 

Antarctic and the Sub-Antarctic. The Antarctic Region, south to the Antarctic 

Convergence, was in turn divided into the High Antarctic Sub-Region and the Scotia Sub-

Region (Peninsula and Scotia Sea), considering South Georgia a separate district. 

Hedgpeth’s (1969) proposal was accepted by subsequent authors for different taxa 

(Clarke and Johnston 2003; Arntz et al. 2005). Few years later, Dell (1972) combined the 

sub-regions proposed earlier into a single one, named Continental Antarctica, but 

highlighting the independence of South Georgia inside this region. The work carried 

out during the last years, based on benthic organisms like sea anemones (Rodríguez et 

al. 2007), bryozoans (Barnes and Downey 2014), amphipods (De Broyer and Jazdewski 

1996) or molluscs (Linse et al. 2006), are in general agreement with the results obtained 

by Hedgpeth (1969).  
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Only a few studies have focussed on hydrozoans to increase biogeographic 

knowledge. Marques and Peña Cantero (2010) used, for the first time in the Southern 

Ocean, a parsimony analysis of endemism (PAE). These authors studied the 

distribution of the genus Oswaldella Stechow, 1919 and proposed four areas of 

endemism: the Magellanic Zone, which encompasses the southern region of South 

America; the Antarctic Peninsula, situated between 90°W and 90°E; the West Antarctica, 

extending from the east part of the Weddell Sea to the east part of the Ross Sea; and 

the East Antarctica, comprising a large area from the east Ross Sea to the Davis Sea, 

from 140° to 90°E. Posteriorly, Miranda et al. (2013), using the same methodology, 

studied three of the most important genera of Antarctic hydroids (Antarctoscyphus Peña 

Cantero, García Carrascosa & Vervoort, 1997, Oswaldella and Staurotheca Allman, 1888) 

and Mixoscyphus Peña Cantero & Vervoort, 2005. As a result, the authors obtained eight 

areas of endemism that were in agreement with the results by Marques and Peña 

Cantero (2010) and also partly coherent ecological areas based on previous 

biogeographic analyses (see Hedgpeth 1969; Spalding et al. 2007). Shortly after, Soto 

Àngel and Peña Cantero (2015), using a cluster analysis and focusing on the peculiar 

region of the Scotia Arc, including South Georgia, discussed about its biogeographic 

affinities with the remaining Antarctic region and the Patagonian. The study clearly 

showed the independence of the Antarctic fauna and highlighted the peculiarities of 

the Scotia Sea region, although considering it as part of the Antarctic Region. Finally, 

Mercado Casares et al. (2017), using all available data on Antarctic hydrozoans, 

compared two different approaches of Antarctic biogeographic divisions using the 

methodology by Soto Àngel and Peña Cantero (2015). Again, the study gave support to 

the independence of the High Antarctic Region, and pointed out the doubts about the 

biogeographic role of the Scotia Arc archipelago, as well as the division of Antarctica 

into different biogeographic zones.  

The main objective of the present study to obtain Antarctic areas of endemism 

using the latest information about benthic hydroids and thus to shed light over the 

conundrum of the Antarctic marine biogeography. 

4.2 Materials and methods 

Areas of endemism are considered regions where more than one taxon recorded in it 

have non-random distributional congruence patterns (Morrone 1994). These areas are 

consequence of historical and ecological factors that isolated the biota during a period 
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of time (Harold and Mooi 1994; Morrone 2014) and are considered basic units of 

analysis in biogeography (Morales-Guerrero et al. 2017). In order to compare our 

results with previous studies, and due to the usefulness of the method (Morrone 2014), 

we used a Parsimony Analysis of Endemism (PAE) to detect and delimit areas of 

endemism in the Southern Ocean.  

In preliminary analyses data from the six most important hydrozoan genus of 

the Southern Ocean were used, namely Antarctoscyphus, Halecium Oken, 1815, 

Oswaldella, Schizotricha Allman, 1883, Staurotheca and Symplectoscyphus Marktanner-

Turneretscher, 1890. However, inconclusive results led us to reconsider their validity 

for the PAE. In order to solve this, we followed the suggestions by Peterson (2008), who 

highlighted that PAE can only be used in closed systems where taxa must be endemic. 

Due to the high isolation of Antarctica, we have here considered it as a closed system 

and, consequently, only taken into account those genera almost exclusively restricted 

to the Southern Ocean. Thus, the genera Halecium and Symplectoscyphus, which have 

been recorded from the Artic to the Antarctic (Peña Cantero et al. 2002; Voronkov et  

Fig 4.1 Division of the Southern Ocean in 10° x 10° and the three regions proposed. 
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al. 2016; Ronowicz et al. 2019) and have high species diversity outside the Southern 

Ocean, were excluded for the final analysis as they do not represent good candidates 

for the PAE. As a result, for this study, we only analysed the distribution of the genus 

Antarctoscyphus, Oswaldella and Staurotheca.  

The Antarctic Region was divided into 10° latitude and 10° longitude sectors (fig 

4.1). All records of the three genera were updated and checked to include de latest 

information available for each sector. Subsequently, a species occurrence matrix was 

built using (1) for presence and (0) for absence in each sector. Sectors (rows) with no 

recorded taxa (columns) were omitted and a hypothetical sector coded 0 for all 

columns was added to root the tree (Marques and Peña Cantero 2010; Morrone 2014). 

To analyse the matrix, we used heuristic search algorithms of PAUP 4.0a163 (Swofford, 

2001). The most parsimonious trees were summarized in a majority-rule consensus 

tree to maximize the information. Clades were considered joining their sectors into a 

continuous area if two or more sectors were adjacent. The results were represented in 

a cartography using Arcmap 10.0 software (Esri, Inc). 

 

4.4 Results 

The Parsimony Analysis of Endemicity (PAE) of our data matrix resulted in 10,000 

most parsimonious trees which, after successive weighting, were reduced to 22, with a 

consistency index of 0.6016 and a retention index of 0.6776. Four clusters were 

obtained, although one of them was not considered because none of its sectors fell 

together (fig 4.2). The three main groups obtained represent the following Antarctic 

regions: West Antarctic zone, extending from 10°E to 170°E throughout the west 

Antarctic part, and including Bouvet and South Georgia, the Weddell Sea, Antarctic 

Peninsula and the Ross Sea; Continental East Antarctica, from 10°E to 80°W, including 

all the east part of the Antarctic coast, the Ross Sea and the coast of Ellsworth Land; 

and East Antarctica, covering from 0° to 80°W, overlapping with Continental East 

Antarctica, but including the Balleny Islands, Peter I and off-shore sectors situated 

between 50° and 60° south in the Riiser-Larsen Sea. All three regions overlap in the 

Ross-Bellingshausen area. 
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4.5 Discussion 

The results from the PAE carried out with the data from three of the most important 

genus of Antarctic benthic hydroids, suggest an interesting hypothesis for explaining 

their distribution. As Marques and Peña Cantero (2010) suggested, and it is also seen in 

our results, their distribution could be related to sea depth and current patterns, due 

to the isolation and dispersal phenomena associated with both factors.  

In order to interpret the results obtained, it is important to pay attention to the 

causes of endemism, as proposed by Rosen (1988), the ecology of the taxa, and historical 

events (Nihei 2006). An important step, before using the PAE, is to select which taxa 

are going to be used as a model. If we used all the available information of any 

Antarctic zoological group, we would probably conclude that Antarctica acts as a 

single isolated biogeographical unit with no clear biogeographic zones, as some 

authors have suggested (Hedgpeth 1969; Griffiths et al. 2011; Gooday et al. 2014; 

Mercado Casares et al. 2017). This is clearly associated to the Antarctic Circumpolar 

Current (ACC), which is linked with other currents and coastal gyres and provides 

most species with the potential to have a circum-Antarctic distribution (Clarke and 

Johnston 2003; Downey et al. 2012). If we want to solve the conundrum of the Antarctic 

zone subdivision, and interpret these patterns in terms of history, we must use taxa 

restricted to the Southern Ocean because their evolutive histories could be better 

explained by the geological and oceanographic history of the Southern Ocean. Starting 

from the premise that Antarctica acts as an isolated biogeographic unit, as some studies 

have revealed (Ekman 1935, 1953; Hedgpeth 1969; Griffiths et al. 2009; Downey et al. 

2012), it is also well known that High Antarctica has different regions in terms of 

oceanography and biology (Clarke and Johnston 2003; Griffiths 2010b, a; Douglass et 

al. 2014). The boundaries of these regions are hypothesized to be taxa-dependent and 

there are still uncertainty about their precise geographic position, specially concerning 

the limits between the two main regions, i.e. East and West Antarctica (see Marques and 

Peña Cantero, 2010; Miranda et al., 2013; De Broyer and Koubbi, 2014). Our results 

clearly support the division of the Antarctic Ocean into two main regions, East and 

West Antarctica, in turn splitting the former into Continental East Antarctica and East 

Antarctica. As we mentioned earlier, the first study on Antarctic hydrozoan 

biogeography based on PAE (Marques and Peña Cantero 2010) divided the Antarctic 

region into three main domains with doubts on the position of the East-West 
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boundaries. Their Antarctic Peninsula Zone embraces all the area comprised between 

90°W and 90° E, with no clear and congruent limit between East and West Antarctica. 

It could be compared to our West Antarctica because ours also includes South Georgia 

and the Scotia Arc, together with the Antarctic Peninsula. The other two regions 

proposed by Marques and Peña Cantero (2010) fall in our East Antarctica, but with no 

overlapping. Therefore, the similarities between their results and ours are focussed on 

the connectivity between the Scotia Sea, including South Georgia, and the Antarctic 

Peninsula, and its biogeographic peculiarities. Knox (1960), among other authors, 

considered the Scotian Sub-province, which comprises the Antarctic Peninsula and the 

Scotia arc. And Hedgpeth (1969) highlighted in the Antarctic region the Scotia Sub-region. 

Due to these and other previous hypotheses (see De Broyer and Jazdewski, 1996), 

Clarke and Johnston (2003) suggested that the basic biogeographic subdivisions of 

Antarctica are South Georgia, the Antarctic Peninsula and High Antarctica, with 

significance differences between East and West Antarctica. The differentiation of the 

Antarctic Peninsula and South Georgia could be due to its geographical position close to 

the Patagonia, acting as a bridge between Antarctica and South America (Arntz et al. 

2005; Crame 1999; Soto Àngel and Peña Cantero 2015). In addition, it is well known that 

the Antarctic Peninsula has a peculiar marine geology and, together with South 

Georgia, high species richness, which indicates that this region has different features 

from other Antarctic zones (see chapter 5). Furthermore, our West Antarctica includes 

the Weddell Sea region, in accordance with Hedgpeth (1969), who situated this 

Antarctic sea in West Antarctica. Nevertheless, in the same decade other studies 

considered the Weddell Sea part of the East Antarctica (Kussakin 1967), and Dell (1972) 

even included part of the Weddell and Bellingshausen seas in the East Antarctica. 

Despite the last biogeographic studies (e.g De Broyer and Koubbi 2014), this question 

is still under discussion. Linse et al. (2006), studying the distributional patterns of 

Antarctic molluscs, found the Weddell Sea closer to the east Region, and Pierrat et al. 

(2013), comparing the distributional patterns of mollusc and echinoids, supported the 

results obtained by Linse et al. (2006) for gastropods. However, for echinoids the results 

were different, including the Weddell Sea in the west region with the Antarctic 

Peninsula. All these results, including ours, indicate that the position of the Weddell 

Sea depends on the taxa studied, but we must take into account that these different 

results could be influenced by the hypothetical connectivity between the 

Bellingshausen, Ross and Weddell seas (Linse et al. 2006; Brandt et al. 2007; Barnes and 



 156 

Hillenbrand 2010; Pierrat et al. 2013). This hypotheses suggests the existence of a past 

trans-Antarctic seaway between these areas that was closed during the glaciations until 

de Oligocene, and reopened in the Pliocene as a result of the collapse of the west 

Antarctic ice sheet (Pollard and DeConto 2009; Barnes and Hillenbrand 2010). Our 

results support this hypothesis due to the link obtained between cells of the 

Bellingshausen and Ross seas with the Weddell Sea, all three grouped in West 

Antarctica. The geographic distribution of the hydrozoan species of these regions could 

be indicating a previous connectivity between these two important Antarctic seas, as 

many others groups seem to indicate (Linse et al. 2006; Griffiths et al. 2011; Pierrat et al. 

2013) and Barnes and Hillenbrand (2010) explained. Mercado Casares et al. (2017) 

supported this connectivity, but with a third east Antarctic region related with them. 

These authors discussed their results giving both oceanographic and geological 

explanations.  

Fig 4.3 Area covered by the proposed regions (red = West Antarctica, green= Continental East 
Antarctica; blue= East Antarctica) 
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As the PAE shows (figure 4.2), the limits of East Antarctica lie at the west of the Antarctic 

Peninsula and at 10°E. This zone extends from these locations throughout all the east 

region with a transition zone, also highlighted by other authors (Pierrat et al. 2013), in 

the Ross and Bellingshausen seas. Since the first studies by Ekman (1953), most authors 

recognised a High Antarctic biogeographic unit for the benthos and a longitudinal 

division into “West” and “East” Antarctica, including the Ross Sea in the latter (De 

Broyer and Koubbi 2014). For us, the assignation of the Ross Sea to East or West 

Antarctica is not clear and, due to the overlapping in this region of the obtained areas, 

it could be better to consider the Ross Sea as a transition zone between both regions.  

Less difficult a priori is the allocation of the different east regions of the 

Southern Ocean (e.g. Wilkes Land or Victoria Land), which are undoubtedly assigned 

biogeographically to the East Antarctic biogeographic region (e.g. Linse et al. 2006). 

However, in our analysis, two different regions are recognised for the east part. One 

that only embraces the coastal cells (Continental East Antarctica) and another that 

includes the islands and deep regions (East Antarctica). Despite the overlap of both 

regions (see fig 4.3), its differentiation could be related with the depth and geological 

features. This approach of East Antarctica division is different from previous ones. The 

majority of the results obtained by other authors (Ekman 1953; Hedgpeth 1969; Dell 

1972; Linse et al. 2006; Marques and Peña Cantero 2010) did not reflect the influence of 

depth. Here, as Kaiser et al. (2011) and Douglass et al. (2014) suggested, the influence of 

deep fauna on the biogeographic boundaries was considered to explain our proposal. 

Continental East Antarctica, as we mentioned earlier, is composed of the coastal sectors, 

having the totality of them on the continental shelf. In the Ross Sea and the 

Bellingshausen Sea, where the continental shelf is wider, there are only sectors 

belonging to the Continental East Antarctica. On the contrary, at the islands (the Balleny 

Islands and Peter I) and sectors situated offshore, where the continental shelf is 

narrower or absent, only cells from the East Antarctica group have been allocated, 

supporting the hypothesis of the influence of deep fauna on the East Antarctica region 

to differentiate it from the Continental East Antarctica. One of the main reasons for the 

overlap of both groups along the whole east part, could be related to the 

characteristically narrow continental shelf of East Antarctica (Post et al. 2014), situating 

sectors of both clusters closer due to the proximity of the continental slope to the 

Antarctic coast. The islands and those regions situated far from the East Antarctic 

coast, could be acting as stepping places for the Antarctic deep fauna radiation to the 
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surrounding oceans, as Peña Cantero and Gili (2006) considered for Bouvet, giving rise 

to a different composition from the coastal sectors. Thus, we can consider that 

Continental East Antarctica connects all East Antarctica continental shelves, whereas 

East Antarctica embraces the continental slope and island fauna. 

One of the most important issues that could be highlighted from our analysis is 

the influence of the ACC, which could be unifying the East Antarctica fauna from 

Princess Astrid Coast to the Bellingshausen Sea. Clarke et al. (2009) pointed out that 

the regions less affected by the ACC are the Weddell and Ross seas, both separated 

from it by large regional gyres. In addition, the Weddell Sea is situated in a “shaded 

area”, produced by the Antarctic Peninsula towards the east, diverting the ACC to 

lower latitudes, isolating the Weddell Sea continental shelf from the ACC influence. 

The confluence between the ACC and the Weddell Sea waters is situated in the central 

part of the Scotia Sea (Maldonado et al. 2003). However, the isolation of the Ross Sea 

is less evident in our study, where the Continental East Antarctica and the West Antarctica 

overlap (see fig 4.3). Despite our inconclusive results about the Ross Sea isolation, some 

studies have highlighted that oceanographic features of the ACC, like the lower 

concentrations of dissolved iron, the increase of sea-ice coverture during the winter 

and the seabed temperature of the Ross Sea continental shelf could be differentiating 

the Ross Sea benthic communities from the adjacent areas, as those belonging to the 

East Antarctica group (Gutt and Starmans 1998; Barry et al. 2003; Coale et al. 2005; Clarke 

et al. 2009; Soto Àngel and Peña Cantero 2019).  

4.5 Conclusions 

The Antarctic fauna in general, and the Antarctic hydrozoans in particular, are 

different from faunas elsewhere (Griffiths et al. 2011; Peña Cantero 2014). As a result, 

High Antarctica, together with Scotia Arc, including South Georgia, acts as a single 

biogeographic unit. However, as far as benthic hydrozoans are concerned, it can be 

divided into three main sub-regions; West Antarctica (Ross Sea, Antarctic Peninsula, 

Weddell Sea and Scotia Sea), Continental East Antarctica (from 10°E to 80°W across east 

High Antarctica) and East Antarctica (islands and east deep regions). From this division, 

we can interpret that the Ross – Bellingshausen seas region could be a transition area 

between the east and west sectors due to the overlapping of the obtained groups, 

although it should be highlighted the almost inexistent knowledge of the hydroid 

fauna from the area between the Bellingshausen Sea and the west part of the Ross Sea. 
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Our results, brings us future challenges to resolve the faunistical links between the 

Ross Sea and the surrounding areas. In addition, our proposal clearly reflects the 

eastward influence of the ACC and the “shadow” produced by the Antarctic Peninsula, 

leaving the Weddell Sea continental shelf free from the direct influence of the ACC. 

This, together with the Weddell Sea local gyre contributes to the isolation of the 

Weddell Sea from East Antarctica. Nevertheless, we cannot overlook that our study, 

focussed on Antarctic benthic hydroids, and those previously carried out by other 

authors with other taxonomic groups, show the difficulty in adopting a consistent 

consensus for the biogeographical subdivisions of the Antarctic region. The only 

certainty we have is the current role of the Southern Ocean as a unique biogeographic 

unit and the faunistical peculiarities of some Antarctic areas, in particular the Antarctic 

Peninsula and South Georgia. This prompts us to increase our knowledge of the 

Antarctic fauna, particularly from those poorly studied regions, to deal with 

unresolved issues about the Antarctic ecosystem and thus to manage properly this 

important Earth's ecosystem. 
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5.1 Introduction 

Despite the advance in knowledge of the Antarctic marine biota, many gaps still need 

to be resolved before fully understanding this ecosystem. Many datasets of 

environmental factors, that give us a detailed picture of the Antarctic environment, 

must be processed in order to know the relationship between environmental 

parameters and the marine biota (Post et al. 2014). 

As in other oceans, the Antarctic marine habitat is influenced by physical and 

chemical processes, including among others productivity, iceberg incidence or 

temperature (Gutt 2001, 2007; Gili et al. 2006). The distribution of benthic communities 

is closely related to local marine geology (Barry et al. 2003; Beaman and Harris 2005; 

Post et al. 2010; Koubbi et al. 2010), which together with oceanographic characteristics 

define Antarctic shelf communities (Gutt 2007). Mobile deposit feeders and infaunal 

communities are for example restricted to shelf depressions where modern fine 

sediment accumulates. The relation between marine geology and benthic fauna 

biodiversity is confirmed in the case of seamounts, areas supporting rich communities 

with a high number of endemic species (Richer de Forges et al. 2000). 

Several studies have contemplated depth and geologic characteristics the two 

most important variables affecting the marine biota distribution in the Antarctic (Post 

et al. 2010, 2014; Kaiser et al. 2011). Nevertheless, while the relationship between the 

distribution of Antarctic benthic hydroids and depth is clearly supported by several 

studies (Peña Cantero 2004; Mercado Casares and Peña Cantero 2018), the association 

with geologic parameters of the marine environment is more diffuse and so far not 

clearly established. Post et al. (2010), studying the physical factors that control deep 

water coral communities in East Antarctica, suggested that the distribution of the 

anthoathecate hydrozoan Errina sp. seems to be related with oceanography and 

bathymetry. In addition, Peña Cantero and Manjón-Cabeza (2014) concluded that 

abiotic factors contribute to determine hydroid assemblages and species dominance.  

To obtain effective tools to evaluate and manage the peculiar ecosystems of the 

Antarctic Region, it is important to understand the relationship between abiotic 

factors, like marine geologic parameters, and diversity patterns. The use of physical 

parameters to map benthic communities or diversity hot spots would facilitate to 

gather information from wide areas in a relatively easy and consistent way, allowing 

more comprehensive mapping of bioregions. The application of these methodologies  
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Fig 5.2 Cartography of the geologic categories (modified from Post et al. 2014) 
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allows a more rigorous designation of marine protected areas and the identification of 

vulnerable marine ecosystems (Post et al. 2010, 2014).  

The main objective of our study is to test if there is a link between species 

richness distribution and seafloor geologic parameters using benthic hydroids as a 

model. Our preliminary hypothesis is that the more geologic categories (geologic 

diversity) are present in a sector the higher its hydrozoan diversity. 

 

5.2 Material and methods 

Our study zone includes Antarctic areas south the Polar Front, namely the High 

Antarctic Region and the Scotia Arc archipelago, including South Georgia, and Bouvet 

Island (fig. 5.1). The region has been intensively sampled along the last decades, 

although sampling intensity varies with the geographic location. Throughout scientific 

history, South American and European nations have concentrated their sampling 

effort on the West Antarctic region, while Australia, New Zealand and Asian nations 

have covered the east part of the Southern Ocean. Russia and the United States have 

sampled both. Despite this wide sampling effort some remote regions, like the 

Admunsen Sea, are still poorly sampled (Griffiths 2010a)  

To relate geological and biological parameters to hydrozoan diversity, we built 

a GIS, based on a grid layer containing the geological cartography proposed by Post et 

al. (2014) (fig. 5.2) and the valid records from the six most important genera of Antarctic 

benthic hydroids: Antarctoscyphus Peña Cantero, García Carrascosa and Vervoort, 1997, 

Halecium Oken, 1815, Oswaldella Stechow, 1919, Schizotricha Allman 1883, Staurotheca 

Allman 1888 and Symplectoscyphus Marktanner-Turneretscher, 1980 (see Peña Cantero 

2014). The area of study was divided into 5° longitude by 5° latitude sectors (grid layer).  

Based on bathymetric data obtained by GEBCO08 bathymetry contours and 

ETOPO02 satellite bathymetry (see Smith and Sandwell, 1997) and using the criteria of 

O’Brien et al. (2009), Post et al. (2014) digitalised Antarctic geologic categories, 

expanding them to accommodate additional features of the Antarctic region. A total of 

27 geologic categories were considered in our analysis [for the description of each 

category see Post et al (2014)]. In order to know the type/s of categories contained in 

each 5° x 5° sectors, we related the grid layer with the cartography generated by Post et 
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al. (2014). In this way, we could characterize each sector by the type/s of geological 

units.  

From the information of the Antarctic benthic hydroid diversity, a layer 

containing the spatial location (x, y), in EPSG4326 format (Datum WGS84), for each 

species was built, resulting in a set of 1420 registers, belonging to 112 species of the 

genera Antarctoscyphus, Halecium, Oswaldella, Schizotricha, Staurotheca and 

Symplectoscyphus. To relate spatial location of the valid records of this layer with those 

of the grid layer, we assigned each hydroid register to an individualized sector of the 

grid layer. Thus, each sector contains information about presence/absence (1/0) of each 

taxon considered, resulting in the number of hydrozoan species recorded in the sector. 

For all of this we used ArcMap software (Esri, Inc). 

In order to test the relation between both variables, we performed a Spearman 

correlation test, which would indicate if there is a positive, negative or non-linear 

relation and, thus, support or dismiss our preliminary hypothesis. 

5.3 Results 

Our results clearly show the highest values of species richness (51-60) located at the 

Antarctic Peninsula and the Ross Sea, which represent 3.29% of the total sectors 

considered (91). A single sector, located at the eastern part of the Weddell Sea, has 

41-50 species. Sectors with 31-40 species represent 2.19% and are located at South 

Georgia and north of the Antarctic Peninsula. The South Sandwich archipelago, 

together with other four sectors situated around the Antarctic continent, including 

Peter I and the Balleny Islands, have 21-30 species. Most sectors have from one to 10 

species (52.7%) or from 11 to 20 species (35.16%).  

Regarding the number of geologic categories in each sector, those situated close 

to the Antarctic Peninsula and South Georgia, along with two off Droning Maud Land, 

one off Amery glacier, one off Shackleton Ice Shelf and the Balleny Islands sector, have 

the highest number of categories, between 7 and 13, representing 5.5% of the total 

sectors considered. Most of the sectors, however, have medium and low values, 56.04% 

and 38.5% respectively. 

Spearman’s test has shown a correlation coefficient of 0.603, indicating a 

positive linear relation between both variables; as one variable increases, the other 
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does it proportionally. The significance level is below 0.05 (0.000), rejecting the null 

hypothesis, therefore giving support to the alternative, i.e. the more geologic features 

in a sector, the higher its species diversity. (see table 5.1). 

 

Fig 5.3 Hydrozoan diversity related with the geologic diversity 

5.4 Discussion  

Contrary to previous expectations, early biodiversity studies on different taxa from the 

Southern Ocean found high species richness and a varied fauna (Griffiths 2010b). 

Sampling campaigns associated with the Census of Marine Life supported this idea 

(Chown et al. 2015). However, as our results suggest, this high diversity would not be 

homogeneously distributed around the continent (see figure 5.1). This could be related 

with sampling effort, because areas with high number of species are often associated 

with high number of samples. However, Griffiths (2010) obtain quite similar values of 

diversity between two areas with intense sampling effort (West Antarctic Peninsula 

and East Antarctica between 50°E and 165°E) and other two less sampled (i.e. east 

Weddell Sea and the Ross Sea). This could be indicating that for these four important 

Antarctic regions a good level of sampling has been reached. Taking this into account, 

together with our results and those obtained by different authors (e.g. Griffiths 2014), 

it could be considered that there are some diversity hotspots in the Southern Ocean, 
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like the Antarctic Peninsula, the east part of the Ross and Weddell seas and South 

Georgia. However, it is important to highlight the need of sampling poorly studied 

areas, like the Amundsen Sea, and peculiar areas, like the South Sandwich Islands, in 

order to better know their fauna and manage the protection of these important regions 

properly.  

The above-mentioned regions, considered like possible diversity hot spots, 

have, as we expected, high and medium values of geologic diversity (categories). This 

is clearly seen in the Antarctic Peninsula region, where high species richness is found 

together with a high number of geologic categories. However, as we mentioned earlier, 

not all Antarctic sectors have this direct relation. There are sectors with low or medium 

values of hydrozoan species richness, but with high number of geomorphic categories. 

There could be three reasons behind this mismatch. The first one is related with the 

sampling effort and study goal. On the one hand, there are sectors poorly sampled and, 

on the other hand, others well sampled, but whose hydrozoans were not the subject of 

study. In both cases the hydrozoan species richness is obviously underestimated. The 

second reason is related with the predominant geologic category. A sector might have 

a high number of categories, but be dominated by a few that could not favour 

hydrozoan settlement (e.g. sectors dominated by soft sediments). Consequently, 

species have less probability to colonize different environments. Finally, samples from 

these sectors are likely to be unrepresentative because they have probably been 

collected in the same geologic category. Some of these arguments seem to explain the 

values recovered in some sectors of Dronning Maud Land, where the continental shelf 

is narrow and the upper and lower slope dominate, covering the major part of the cell. 

The same occurs between Antarctic Peninsula and South Georgia. This area has some 

banks that increases the number of categories but the most important is rough seafloor 

(see Post et al. 2014).  

Conversely, there are some sectors with high or medium values of species 

richness, but with low or medium number of categories. In all cases, these sectors are 

related with islands, like the Scotia Arc archipelago, Peter I and the Balleny Islands. 

The link between islands and species richness increase is widely studied (Ricklefs and 

Lovette 1999). Additionally, the Scotia Arc archipelago could be acting as a net due to 

its location, perpendicular to the ACC, receiving potential settlers, which would 

increase its species richness, apart from being considered one of the most likely routes 
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for invasions (Barnes 2005; Soto Àngel and Peña Cantero 2016; Mercado Casares et al. 

2017).  

Ecology and environmental setting 

Hydrozoans are considered one of the most important components of the suspension 

feeder community, which is dependent on the water column organic material. The 

presence of high hydrozoan species richness could be indicating that a large amount 

of material in suspension is available due to the hydrodynamism. This could be 

occurring in the Antarctic Peninsula, where sectors situated in this area are clearly 

influenced by the ACC, which transports deep, relatively warm and nutrient-rich 

water, to the continental shelf (Hofmann et al. 1996). Furthermore, in these sectors we 

can find several troughs that act as a conduit for organic material and sediment from 

the continental shelves (Puig et al. 2000; Danovaro et al. 2010) and are considered, like 

submarine canyons, geologically heterogeneous on a small spatial scale and that play 

a central role by increasing ecosystem diversity (Orejas et al. 2009).  

In the eastern part of the Ross Sea, other region with high species richness, 

hydrozoans are also considered an important part of the zoobenthos, especially in 

shallow and current-swept areas. They are more abundant in crests and banks than on 

slopes and basins (Barry et al. 2003). This could be indicating that in areas where slope 

and basins dominate hydrozoan richness decreases, as it happens around the islands 

and offshore in some Antarctic regions like Dronning Maud Land, where the slope 

dominates the seafloor.  

  Geomorphology 

 Correlation coef. 0,603 

Total species richness Sig. (2 tailed) 0,000 

 N 91 

 

Table 5.1 Results of the Spearman’s correlation between species richness and 
geomorphology (geology) 

The majority of hydrozoan species are related with hard substrate bottoms. 

Some authors even considered the nature of the substrate a basic prerequisite for 

hydrozoan settlement (Ronowicz et al. 2013; Post et al. 2017). Therefore, if we 

considered this ecological information, those regions with high hydrozoan species 
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richness could be indicating the dominance of hard substrate. Our results are in 

agreement with those obtained by Gutt and Starmans (1998), from the eastern Weddell 

sea, despite they did not consider the hydroids, supporting the association between 

sediment type and fauna. Between 0° and 15°W (eastern Weddell Sea), close to the 

Antarctic coast, the high presence of suspension feeder communities and the low 

presence of detritus feeder communities could be associated with two phenomena, 

namely the high current speed of the Weddell gyre in these sectors and the domination 

of hard substrate. High current speeds do not allow the deposition of detritus and are 

associated with higher grain size due to the removal of the smallest particles (J.Tarbuck 

et al. 2005), producing good conditions for the development of suspension feeder 

communities, of which hydrozoans are an important component. As we have 

described for the Antarctic environment, the relationship between oceanography and 

geology with species distribution and diversity is found in other world ecosystems. For 

example, species distribution in shallow-water reefs from Belize is correlated with 

wave energy (Burke 1982). Submarine canyons in the Mediterranean, like the troughs 

associated to the Antarctic Peninsula, have communities associated to their peculiar 

environment with high movement of material (Lo Iacono et al. 2012) 

5.5 Conclusions 

Harrys (2012) describes how to apply the term surrogacy to explain the correspondence 

of environmental parameters, like grain size, hydrodynamism or substrate type among 

others, with the occurrence of benthic species. In the present study, we have tested the 

relation between geology and hydrozoan species richness in order to use species 

diversity and geologic cartography to guide future sampling and management of 

important locations in the Southern Ocean. Our results show the importance in 

species richness of some regions of the Southern Ocean ecosystem, like the Antarctic 

Peninsula and the east part of the Ross Sea, as well as its correlation with geologic 

parameters. Some sectors located in these regions have high hydrozoan species 

richness and high number of geologic categories. As we expected, the correlation 

analysis supports our hypothesis, and thus, greater number of geologic categories 

support more species richness. It is important to highlight the need to sample poorly 

known regions in order to enlarge our dataset and obtain higher support in this issue. 

New studies will allow us to test our predictions and manage properly the regions of 

the Southern Ocean. In this sense, we should use the current information to focus our 
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efforts on regions that we expect will be interesting due to its environmental 

heterogenity 
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he results of the work carried out show that the collection gathered during 

several US Antarctic expeditions under the United States Antarctic Research 

Program (USARP) contains 16 of the 24 known species of Symplectoscyphus and 

among them, two new species to science: Symplectoscyphus antarcticus sp. nov and 

Symplectoscyphus laurae sp. nov. This supports the predictions of the Census of 

Antarctic Marine Life foundation, which, in 2014, highlighted that we are reaching 

good levels of the knowledge on the Antarctic biodiversity. In that moment, a quarter 

of a million of species had been recorded and identified for Antarctic waters. However, 

they estimated that three times that number were still awaiting to be processed and 

identified (Michael 2014). In addition, Soto Àngel (2017) pointed out that our knowledge 

of the species richness and diversity of Antarctic benthic hydroids is far from being 

complete.  

As it was expected, due to several authors found it in other studies (Peña 

Cantero et al. 2002; Ronowicz et al. 2019; Soto Àngel and Peña Cantero 2019), 

Symplectoscyphus glacialis was the most frequent species in the collection, being 

recorded in c. 36% of the samples. In addition, it was also the most recorded in all 

expeditions (Fig. 6.1). The second species with the highest occurrence in the present 

study was S. exochus (29%). However, the second species with the highest number of 

records throughout the Antarctic scientific history is S. vanhoeffeni (see Fig. 6.1). Both 

species can be easily confused and this could be behind the discrepancy in the results. 

There is still much to be done in this issue, but with the new molecular techniques we 

could advance towards a better differentiation of species morphologically alike. 

Unfortunately, much material from old expeditions is not valid for molecular analysis. 

In the meantime, and in order to help in the identification of Symplectoscyphus species, 

we propose the study of the cnidome, as an additional taxonomic tool. The cnidome 

had been considered useful to identify some cnidarian species (Mariscal 1974; Fautin 

2009). Even, some identifications had been left aside due to the impossibility of 

studying nematocysts (Puce et al. 2002). In 2012, Peña Cantero published for the first 

time information about the cnidome of Symplectoscyphus. His data, and those obtained 

until this moment (including those from the present study), allowed us to compare 

them, finding enough size differences as to differentiate some morphologically allied 

species, like S.glacialis and S. exochus.  

T 
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 Seventy-five percent of the species of Symplectoscyphus in Antarctic waters are 

endemic to the region. This is not exclusive from this genus, as studies carried out 

during the last years, have estimated an average endemism of 75-80% (Peña Cantero 

2014; Ronowicz et al. 2019). The relative isolation and unique evolutionary history have 

resulted in a high degree of endemism in the Southern Ocean (Last et al. 2010). In the 

collection studied here, 50% of the species are considered circum-Antarctic, which 

represent an increase in this pattern of distribution [46.1% (Peña Cantero et al. 2002); 

36.8% (Peña Cantero 2010); 44% (Ronowicz et al. 2019)]. However, it is highlighted the 

restricted distribution, so far limited to the Ross Sea, of Symplectoscyphus densus and S. 

frondosus, the former with two records and the latter with 11. 

From the six bathymetric groups proposed by Peña Cantero (2004), that 

representing species present across the entire depth range has the largest 

representation, with 50% of the species. On the contrary, the group of species restricted 

to the shallowest waters has the lowest (only two species) (see chapter 1, Fig. 1.22). This 

is in accordance with Peña Cantero (2014), who highlighted the low number of 

hydrozoan species restricted to the shallowest levels, a mere 6%. Regarding the 

distribution of species diversity with depth, the maximum number of Symplectoscyphus 

records was found between 100 and 200 m (Fig. 6.2). This peak is shallower than the 

peak for hydrozoans as a whole (see chapter two), which is situated between 200-300 

m. However, it coincides with the maximum described in other parts of the world, c. 

100 m for hydrozoans (Millard 1978; Stepanjants 1989; Calder 1996; Schuchert 2000; 

Altuna 2007). Despite this difference in the maximum-diversity depth, the study 

Fig. 6.1 Number of stations in which the species have been recorded. 
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carried out here (see chapter two) shows that in general the distribution in depth 

follows the same unimodal pattern described in other parts of the world. The greater 

depth of this maximum for Antarctic benthic hydroids, could be related with the 

deeper Antarctic continental shelf, ice disturbance or sampling effort among other 

factors. It is well accepted that ice disturbance is one of the most important factors 

influencing community distribution (Gutt et al. 1996; Gutt and Piepenburg 2003).  

Faunal depth zonation and the drivers of the species distribution are 

considered a main topic of studies in aquatic systems (Aldea et al. 2008). In this study 

we have proposed the division of the bathymetric profile into three main groups: The 

shelf (0-700 m), the slope (700-1500) and the abyss (>2000). Hilbig et al. (2006) proposed 

the limit for the Antarctic shelf fauna at 1500-2000 m deep for isopods, amphipods and 

some mollusc, which coincides with our transition zone between Slope and Abyss. 

Clearly, as Brandt et al. (2009) suggested, the spatial distribution and the impact of 

depth varies with the zoological group. Despite these differences, Gutt et al. (2013) 

proposed/found a general pattern of distribution throughout the Antarctic 

bathymetric profile where the lowest biodiversity values were found in shallow 

habitats situated at our Anchor ice zone, which is physically disturbed by sea-ice 

scouring and icebergs. In the present study, however, the lowest values for hydrozoan 

Fig. 6.2 Symplectoscyphus records throughout the bathymetric profile, blue line (trend 

line). 
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diversity were located at bathyal and abyssal depths. Even when it should be taken into 

account the poor sampling effort in deep waters, this diversity decline has also been 

described outside Antarctica by other authors (e.g. Calder 1996), suggesting lower 

values of deep-water diversity compared with shallower environments. The low 

diversity values obtained are apparently in opposition with the results obtained by 

Peña Cantero (2004), who concluded that the hydrozoan deep fauna was relatively 

high. However, both results are not directly comparable because the bathymetric 

region considered by Peña Cantero (2004) is larger (extending beyond 500 m deep) 

than ours (beginning at 2000 m deep). Currently, Peña Cantero (2004) proposal is still 

supported because the number of species recorded below 500 m deep  has increased 

from 62 to 110 based on new recent records. In any case, it would be necessary to 

increase Antarctic deep-water studies in order to better know the diversity at these 

depths and to increase our knowledge of this environment. Until that moment, while 

future information does not dismiss the current hypothesis, we consider that the 

lowest values of hydrozoan diversity through the whole bathymetric profile are 

situated below 2000 m deep.  

The distributional pattern of hydrozoan diversity has not only been studied on 

the bathymetric profile, but also throughout the horizontal plane across the Antarctic 

region, where some hydrozoan diversity hot spots are described. There are several 

studies focussed on Antarctic diversity (Clarke et al. 1996, 2007; Chown et al. 2015) and 

some of them concluded that its distribution around the Antarctic continent is not 

uniform (Gutt et al. 2013; Post et al. 2017). As our results show, there are four main 

diversity hot spots: the Antarctic Peninsula, the east part of the Weddell Sea, the east 

part of the Ross Sea and South Georgia. In order to evaluate this species diversity, one 

parameter that could be considered a good estimator of the local biodiversity would be 

the geology (Barry et al. 2003; Beaman and Harris 2005; Post et al. 2014). The statistical 

analysis carried out here supports a positive correlation between number of 

geomorphic categories and species richness for Antarctic waters. The more 

geomorphic features (habitats), the higher the probability to find high species richness 

(see chapter 5, table 5.1). This relation is clearly reflected at the Antarctic Peninsula, 

where high species diversity is found along with a high number of geomorphic 

categories. Nevertheless, not all regions behave in the same way and there are some 

zones with low values of hydrozoan species richness, but with a high number of 

geomorphic features or cells having high or medium values of species diversity, but 
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lower number of geomorphic categories. The former could be related with the 

sampling effort, the dominance of an inappropriate geologic category in a sector or the 

substrate nature. As generally acknowledged, substrate type influence taxa 

distribution, which is particularly true for hydrozoans (Mcarthur et al. 2010; Peña 

Cantero and Manjón-Cabeza 2014; Post et al. 2017). The latter could be associated with 

the presence of islands, like the Scotia Arc archipelago, Peter I and the Balleny Islands. 

It is well known the role of islands in the species diversity of a region (Ricklefs and 

Lovette 1999; Selmi and Boulinier 2001). Is particularly interesting the archipelago of 

the Scotia Arc, situated perpendicular to the Antarctic Circumpolar Current (ACC) 

and close to the sub-Antarctic region. The ACC could be acting as a transport for 

potential settlers between this region and others situated far way, increasing the 

number of species compared to adjacent areas (e.g the Weddell Sea). In addition, the 

enrichment of species could be positively affected by the uptake of High Antarctic 

species from the south (e.g. through the South Orkneys Islands and Peninsula 

Antarctica) and Sub-Antarctic species from the north (Barnes 2005; Soto Àngel and 

Peña Cantero 2016; Mercado Casares et al. 2017).  

As mentioned in chapter five, physical environmental data, like geology, can be 

used as surrogates for species diversity in those places where biological data are scarce 

(Pressey and Bottrill 2009). Unfortunately, paucity in biological information is 

prevalent across marine ecosystems, which prompts the necessity of using surrogates 

(Huang et al. 2011), especially in the Southern Ocean. The study of the distribution of 

both biodiversity and environmental factors is important to manage Marine Protected 

Areas (MPA) and identify biogeographic patterns that could explain the Natural 

History of the Antarctic ecosystem (Pressey and Bottrill 2009; Mcarthur et al. 2010; 

Douglass et al. 2014). In order to better understand the evolutionary history of the 

Southern Ocean and manage some important regions is essential to consider the 

biogeographic approach. The interpretation of the Antarctic marine organism 

distributions can lead to a greatly increased understanding of the Southern Ocean role 

in shaping ecological processes in the Southern Hemisphere (Griffiths et al. 2011).  

Several biogeographic schemes have been proposed during the last years trying 

to delimit the different regions based on different taxa (Hedgpeth 1969; Dell 1972; Linse 

et al. 2006; Primo and Vázquez 2007; Griffiths et al. 2009). The comparison of the 

results obtained from two different criteria for the division of the Southern Ocean 

(Linse et al. 2006 and Douglass et al. 2014) suggests that the scheme based on more solid 
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grounds provides a better approach for studying the links between different Antarctic 

marine areas.  

Despite studies that highlight the arrival of foreign fauna (Frenot et al. 2005; Linse 

et al. 2006; Aronson et al. 2007; Griffiths et al. 2013), most studies carried out with 

different taxa confirms a general biogeographic pattern for the Antarctic benthos 

based on the independence and peculiarity of the Southern Ocean (Linse et al. 2006; 

Griffiths et al. 2011; Downey et al. 2012; Pierrat et al. 2013; Douglass et al. 2014). 

From a general point of view, and as our results support, the Southern Ocean is 

divided into a Sub-Antarctic region and a High-Antarctic region. The Sub-Antarctic 

region embraces the Patagonian region and the Sub-Antarctic Islands of the Kerguelen 

archipelago. The High Antarctic region is composed of the Antarctic coastal waters and 

the Scotia Sea, considering the last one as a different entity due to its peculiarities 

(Barnes 2005; Soto Àngel and Peña Cantero 2016).  

However, at a local scale, inside the High Antarctic region there is much 

controversy, particularly concerning the boundaries of the East-West division due to 

differences obtained using different taxa (Alistair Crame 2000; Van Soest et al. 2012). 

The differences could be related, among other reasons, to the hypothetic link between 

the Ross Sea and the Weddell Sea. This connectivity, named Trans-Antarctic seaway 

(Barnes and Hillenbrand 2010), could be supported by the results of our Parsimony 

Analysis of Endemicity (PAE) due to the inclusion of both seas in the same group. The 

trans-Antarctic seaway was produced by the collapse of the West Antarctica ice sheet 

during the Later Quaternary, connecting both Antarctic seas (Barnes and Hillenbrand 

2010; Vaughan et al. 2011). Our results raised an interesting approach dividing the 

Antarctic Region into three main sub-regions: West Antarctica (Ross Sea, Antarctic 

Peninsula, Weddell Sea and Scotia Sea), Continental East Antarctica (from 10°E to 80°W 

across East Southern Ocean) and East Antarctica (islands and deep regions of the east 

part). The inclusion in the West Antarctica sub-region of the Weddell and the Ross 

seas, apart from the above-mentioned connectivity, could also be related with a 

connection throughout the Bellingshausen Sea due to the ACC running in an east-west 

direction. This connectivity was previously highlighted by Marques and Peña Cantero 

(2010). These authors also suggested that the link between these distant regions could 

also be associated with the incorrect identification of some hydrozoan species related 

to the existence of cryptic lineages and the relatively simple morphology of 
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hydrozoans. In any case, both proposed hypotheses must be tested with more 

biogeographic studies, particularly involving the poorly known Bellingshausen Sea. 

We are here considering that both the Ross Sea and the Bellingshausen Sea are acting 

as a transition region. The overlapping of the three proposed regions throughout these 

seas could be explaining this role. However, additional studies with hydrozoans and 

other benthic groups should be carried out to test the hypotheses presented here and 

to better define and describe areas of endemism for the Southern Ocean. In order to 

interpret as better as possible the results of a PAE is important to select those species 

that currently can give us the correct information and these are the endemic ones. Due 

to its high level of endemism (Peña Cantero 2014), hydrozoans could be considered a 

good model for biogeographic studies based on endemicity. The circum-polarity of 

most Antarctic organisms (Allcock et al. 2011; Hemery et al. 2012) could be hiding 

important information to understand the Southern Ocean history. Gathering all the 

information, the only certainty we currently have is the role of the Southern Ocean as 

an independent biogeographic unit, which is divided in turn into the Sub-Antarctic and 

High Antarctic regions, and the peculiarities of some Antarctic areas like the Antarctic 

Peninsula, South Georgia or the Scotia Sea. All the information compiled in the 

present study should be considered in order to better manage and protect the 

important Antarctic Ocean ecosystem, and highlights the role of benthic hydroids as a 

model for understanding past and present processes. 
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Conclusions 

The results of this study have increased current knowledge about Antarctic benthic 

hydrozoans in different issues, like diversity and biogeography. The conclusions that 

can established are: 

 

§ The collection belonging to the United States Antarctic Research 

Program comprises 16 out of the 24 known Antarctic species of 

Symplectoscyphus. 

§ Two new species to science have been described: Symplectoscyphus 

antarcticus sp. nov and Symplectoscyphus laurae sp. nov., indicating 

that there is still a biodiversity awaiting to be discovered. 

§ The cnidome could be an important taxonomic tool to differentiate 

some morphologically close species. 

§ The main biogeographical pattern in the Antarctic species of 

Symplectoscyphus is circum-Antarctic. 

§ Currently only two species of Symplectoscyphus (S. densus and S. 

frondosus have a much-restricted geographic distribution, being 

endemic to the Ross Sea. This is particularly noticeable for the latter, 

as it is a common species that forms large, conspicuous colonies. 

§ Biogeographic schemes based on more solid grounds (e.g. Douglass 

et al. 2014) provide a better approach for to study the links between 

different Antarctic regions. 

§ A general biogeographic pattern for the Southern Ocean, including 

two main regions (Sub-Antarctic and High Antarctic)is recognised. 

§ The Scotia Arc is considered a different entity inside the High 

Antarctic region. 

§ The hypothetic past link between the Ross Sea and the Weddell Sea 

via the  Trans-Antarctic Seaway is supported. 

§ The affinities of Bouvet with the Sub-Antarctic region are still 

inconclusive. 

§ The three main Antarctic endemism regions for hydrozoans are 

West Antarctica (Ross Sea, Antarctic Peninsula, Weddell Sea and 

Scotia Sea), Continental East Antarctica (from 10°E to 80°W across 
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East Antarctica) and East Antarctica (islands and deep regions of East 

Antarctica). 

§ The Bellingshausen and Ross seas seem to play a transition role 

between East and West Antarctica. 

§ There seems to be a hypothetical “Shaded area”, produced by the 

Antarctic Peninsula, which leaves the Weddell Sea coasts free from 

the ACC influence. 

§ The hydrozoan depth distribution in Antarctic waters shows a 

unimodal pattern. 

§ The maximum peak of Antarctic hydrozoan diversity bathymetric 

distribution is situated at depths between 200-300 m. 

§ The benthic hydroid distribution throughout the whole bathymetric 

profile suggests the existence of three main zones: Shelf, Slope and 

Abyss. 

§ The Shelf zone is in turn divided into Anchor-ice, Upper continental 

shelf and Lower continental shelf. 

§ Two transitional zones are recognised, one between the Shelf and the 

Slope zones and another between Slope and Abyss. 

§ The erect growth pattern of some hydrozoan species would allow 

them to reach higher levels into the benthic boundary layer, which 

could be advantageous in deep, food-limited environments. 

§ The hydrozoan bathymetric distribution model supports two of the 

main hypotheses trying to explain the evolutionary history of 

Antarctic fauna: polar submersion and evolutionary emergence. 

§ In general, there is a positive correlation between species and 

geology diversity. 

§ Geology diversity is proposed as a surrogacy factor of species 

diversity. 

§ The main diversity hot spots for benthic hydrozoans are found in the 

Ross Sea and the Antarctic Peninsula. 
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Introducción: 
 
La Antártida, uno de los lugares más fríos y remotos del planeta, está considerada 

oceanográficamente uno de los ecosistemas más importantes. Junto con el Ártico, es el 

lugar donde se genera la circulación oceánica que mueve las grandes corrientes del 

planeta. En estas latitudes, las corrientes templadas que llegan del ecuador se 

enriquecen de nutrientes y se enfrían aumentando su densidad. Este proceso hace que 

se hundan hacia el fondo oceánico iniciando así lo que se denomina circulación 

termohalina o cinta de transporte oceánico. En este lugar de extremas condiciones 

ambientales encontramos unos fondos marinos caracterizados por una elevada 

diversidad, comparable a la de las regiones más templadas y tropicales del planeta 

donde predominan los filtradores epibentónicos sésiles como esponjas, briozoos, 

ascidias e hidrozoos. Estos últimos pertenecen al filo de los Cnidarios y son un 

importante componente de los fondos Antárticos, siendo uno de los grupos más 

diversos y característicos de la región.  

Los estudios faunísticos en el Océano Austral empezaron a finales del siglo XIX 

con la expedición del Challenger. La mayoría de estos estudios se centraban en la 

recolección e identificación de la fauna, sin embargo, años mas tarde los investigadores 

empezaron a estudiar la distribución de estos organismos. Los primeros trabajos 

biogeográficos, basados en una pequeña fracción de las especies que actualmente 

conocemos, fueron realizados por Ekman (1935, 1953). En ellos, ya se describe la 

independencia de la fauna antártica y la hipótesis de dividir la región en dos 

subregiones, la Antártida Oeste (occidental) y la Antártida Este (oriental). En estos 

trabajos ya se mencionaron las dificultades de interpretación de los datos debido a la 

falta de información en algunas regiones como el este de la Península Antártica o el 

mar de Admunsen. Años mas tarde Hedgpeth (1969) propuso su esquema de división 

destacando la zona de South Georgia como una región con entidad propia y apoyó la 

división de la Antártida propuesta por Ekman. Además, definió que la región Sub-

Antártica estaba formada por las sub-regiones Magallánica, Tristán da Cunha y el 

archipiélago de Kerguelen. En 1972, Dell propuso una única unidad antártica 

combinando la Antártida oriental y la occidental. En las ultimas décadas, han sido 

muchos los trabajos que han intentado definir estas bioregiones basadas 

principalmente en la propuesta de Hedgpeth (1969). En estas divisiones se han 

utilizado diferentes organismos marinos como modelo, entre ellos los hidrozoos 
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bentónicos. Marques y Peña Cantero en el 2010, analizando la distribución del género 

Oswaldella Stechow, 1919, definieron cuatro áreas de endemismos: América del Sur 

(Magellanic), alta Antártida oriental (Eastern High Antarctica), alta Antártida occidental 

(Western High Antarctic) y una amplia región denominada Península Antártica 

(Antarctic Peninsula), situada principalmente en el oeste del continente, pero 

alcanzando parte del este a través de la región de Dronning Maud Land. Unos pocos 

años mas tarde, Thais et al. (2013) propusieron ocho áreas de endemismos que 

apoyaban análisis biogeográficos anteriores como los de Hedgpeth (1969). A pesar de 

todos estos trabajos, actualmente sigue generando controversia la localización de los 

limites biogeográficos, especialmente entre las regiones oriental y occidental. Como 

han destacado algunos autores, estas divisiones fundamentadas en la distribución de 

los organismos marinos se ven afectadas por diferentes parámetros ambientales, como 

la productividad primaria, la presencia de hielo, la profundidad o el tipo de sustrato 

(geología). Algunos estudios destacan la profundidad y la geología como dos de los 

parámetros mas importantes a tener en cuenta en la distribución de las especies 

bentónicas. Otros se han planteado la estimación de la diversidad a partir de los 

parámetros ambientales (subrogación), siempre teniendo en cuenta que la 

subrogación per se nunca puede reemplazar un conocimiento mas detallado de las 

especies y su ecología. El uso de esta información acerca de la diversidad y los limites 

de una región, se establecen como una herramienta fundamental para establecer 

figuras de protección marina y otras medidas de gestión del medio marino, 

especialmente en regiones con un alto interés biológico y oceanográfico como el 

océano Antártico. 

Objetivos: 

Los principales objetivos generales de este trabajo son: aportar nueva información 

taxonómica y ecológica sobre los hidrozoos bentónicos antárticos e intentar resolver 

ciertas cuestiones biogeográficas del Océano Austral. Para alcanzarlos se plantean los 

siguientes objetivos particulares: 

1. Estudio de las especies del género Symplectoscyphus Marktanner-

Turneretscher, 1890 recolectadas durante campañas antárticas americanas 

llevadas a cabo bajo el United States Antarctic Research Program. 

2. Realizar una catalogación de todas las especies antárticas del género 

Symplectoscyphus aportando nueva información taxonómica y ecológica. 
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3. Estudiar la distribución batimétrica de las especies de hidrozoos bentónicos 

antárticos. 

4. Comparar, utilizando como modelo los hidrozoos bentónicos antárticos, dos 

propuestas biogeográficas de división del Océano Austral. 

5. Proponer un nuevo esquema de división del océano Antártico utilizando áreas 

de endemismo obtenidas mediante el estudio de hidrozoos bentónicos. 

6. Establecer qué relación existe entre la diversidad de hidrozoos y la geología en 

la región Antártica. 

 

Metodología: 

1. Estudio de diversidad del género Symplectoscyphus. 

Las muestras estudiadas proceden de las colecciones obtenidas a mediados del 

siglo XX durante las campañas americanas realizadas bajo el programa de 

investigación antártica de los Estados Unidos (United States Antarctic Research 

Program - USARP). Los muestreos se realizaron en varias zonas de las costas 

antárticas utilizando diferentes buques oceanográficos (Eltanin, Glacier, Hero, Islas 

Orcadas y Pr Siedlecki). En particular los muestreos se centraron en el arco de Scotia, 

la Península Antártica y el mar de Ross. Las muestras fueron fijadas en 

formaldehido al 6% y conservadas en alcohol al 70%. 

Para el estudio de las especies se utilizó un microscopio óptico Leica modelo 

DM3000. Las medidas de las estructuras con importancia taxonómica se tomaron 

utilizando el programa Leica application suite 4.0.  

2. Estudio Batimétrico de los hidrozoos bentónicos antárticos. 

El límite del área de estudio para este trabajo se sitúa en el borde norte alcanzado 

por el pack ice. Se recopilaron datos a través de una exhaustiva revisión 

bibliográfica de todos los trabajos publicados hasta el momento sobre los 

hidrozoos bentónicos Antárticos incluyendo los estilastéridos. Cualquier registro 

que no fuese identificado a nivel de especie o su identificación fuese dudosa fue 

excluido del estudio. Además, se delimitaron rangos batimétricos basados en la 

influencia de algunas variables ambientales (e.g. anchor ice) y el descenso general 

de la biodiversidad en profundidad. Con todos estos datos se diseño una matriz de 

similitud con datos de presencia/ausencia utilizando el coeficiente de SÆrensen. 
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Con esta matriz se calcularon dendrogramas con un criterio de agrupación 

jerárquica siguiendo la metodología de otros autores como Murgia y Villasenor 

(2013). Para los cálculos de los dendrogramas se utilizó el programa PRIMER 6.0 y 

como soporte estadístico se utilizó un test de SIMPROF.  

3. Comparación de dos propuestas biogeográficas. 

Para desarrollar este estudio se utilizó la distribución de los hidrozoos bentónicos 

como factor comparativo. Se revisó toda la bibliografía sobre los hidrozoos 

bentónicos antárticos desde las primeras expediciones a finales del siglo XIX hasta 

la actualidad, utilizando registros por encima de los 2000 metros de profundidad. 

Las regiones consideradas fueron la Patagonia, la Antártida y el archipiélago de las 

islas Kerguelen. Una de las propuestas utilizadas para la comparación es la 

planteada por Linse et al. (2006), en la que los autores diseñan una división de las 

regiones basada en polígonos que definen el rango geográfico que ocupa cada una 

de ellas. La otra propuesta contemplada es la planteada por Douglass et al. (2014), 

en la que se realiza una división de las diferentes regiones teniendo en cuenta 

diferentes factores que afectan la distribución de las especies. Se diseñó una matriz 

de presencia/ausencia de las especies de hidrozoos bentónicos antárticos en las 

regiones planteadas para cada una de las propuestas. Con esta matriz se realizó un 

análisis Clúster utilizando el índice de SÆrensen y un nMDS para determinar la 

relación entre las diferentes regiones. Para el análisis se utilizó el programa 

PRIMER 6.0.  

4. Áreas antárticas de endemismo. 

Para plantear un nuevo esquema de división biogeográfica se han utilizado las 

áreas de endemismo como unidades básicas de análisis biogeográfico. Con el 

objetivo de poder comparar nuestros resultados con otros estudios realizados 

anteriormente, se ha utilizado un análisis de parsimonia de endemismo (PAE), 

basado en la distribución de tres géneros de hidrozoos bentónicos antárticos 

(Antarctoscyphus Peña Cantero, García Carrascosa & Vervoort, 1997, Oswaldella 

Stechow, 1919 y Staurotheca Allman, 1888). Se ha utilizado estos tres géneros 

siguiendo las recomendaciones de Morrone (1994) que sugiere que para realizar un 

análisis PAE se deben de utilizar especies endémicas de una región, considerando 

dicha región como un sistema cerrado. La región antártica se ha dividido en una 

gradilla de cuadrículas (sectores), de 10º de latitud por 10º de longitud, a las que se 

han vinculado cada uno de los registros para obtener una matriz de 
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presencia/ausencia. Para analizar esta matriz utilizamos un algoritmo de búsqueda 

heurística del programa PAUP v. 4.0a 163, con el que calculamos el árbol consenso 

bajo el criterio de majority-rule. Solo se consideraron como regiones válidas 

aquellas que en el árbol obtenido unían dos o más sectores en un área 

geográficamente continua. Para representar los resultados se ha utilizado una 

cartografía calculada con ESRI ArcGis v. 10.0. 

5. Diversidad y geología. 

El área de estudio considerada para este trabajo es toda la región situada al sur del 

frente polar, esto incluye la región de la alta Antártida y los archipiélagos de 

Georgia del Sur y la isla Bouvet. Esta amplia región fue dividida en sectores de 5º 

de latitud por 5º de longitud a los que se vincularon todos los registros de las 

especies pertenecientes a los seis géneros mas diversos de los hidrozoos bentónicos 

antárticos (Antarctoscyphus, Halecium Oken, 1815, Oswaldella, Schizotricha Allman, 

1883, Staurotheca y Symplectoscyphus). Un total de 112 especies fueron incluidas en el 

estudio, cada una de ellas se codificó con 1 para presencia y 0 para ausencia en cada 

uno de los sectores. Para relacionar la diversidad de especies por sector con la 

diversidad geológica se utilizó la cartografía propuesta por Post et al. (2014), que 

contiene información geológica antártica resumida en un total de 27 categorías. 

Para cada sector se relacionó la presencia o ausencia de estas categorías geológicas 

considerando el total de categorías presentes en un sector como la diversidad 

geológica. Una vez extraída y vinculada la información con el programa ArcGIs, se 

realizó un análisis de correlación de Spearman para establecer la relación existente 

entre estas dos variables.  

 

Resultados y Discusión: 

En este trabajo se han estudiado 16 de las 24 especies de Symplectoscyphus presentes 

en aguas antárticas y, además, se ha llevado a cabo la descripción de dos nuevas 

especies para la ciencia: Symplectoscyphus antarcticus sp. nov. y Symplectoscyphus 

laurae sp. nov. En la colección destacamos el segundo registro de Symplectoscyphus 

densus, considerado endémico del mar de Ross, al igual que Symplectoscyphus 

frondosus. Symplectosyphus glacialis resultó ser la especie mas frecuente, lo que está 

de acuerdo con los resultados obtenidos por otros autores para otras regiones 

antárticas, como por ejemplo el mar de Weddell. 
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El género Symplectoscyphus tiene una amplia distribución a lo largo del perfil 

batimétrico y para esta colección se ha registrado la presencia de especies de este 

género en cuatro de los seis grupos batimétricos descritos por Peña Cantero (2004). 

Además, se ha ampliado el rango batimétrico de algunas especies como S. densus, 

S. frondosus y S. nesioticus. El registro de dos nuevas especies para la ciencia por 

encima de los 30 m de profundidad, pone de manifiesto el poco conocimiento que 

se tiene de la diversidad de las aguas menos profundad del continente antártico 

A lo largo del trabajo se ha presentado información detallada sobre el cnidoma 

de las especies de Symplectoscyphus estudiadas. Se ha considerado que el cnidoma 

puede ser una herramienta muy útil en los estudios taxonómicos de hidrozoos. Este 

planteamiento se estaba aplicando para algunas familias de hidrozoos bentónicos, 

como Eudendriidae L. Agassiz, 1862, pero su uso estaba bajo debate para otras 

familias. Los resultados obtenidos en nuestro trabajo apoyan la hipótesis de su 

validez como herramienta, al menos para Symplectoscyphus, ya que se observa 

claramente la presencia de diferentes grupos de especies en función del tamaño de 

sus nematocistos. 

En cuanto a la distribución geográfica de las especies de Symplectoscyphus, en la 

colección estudiada una gran parte de las especies (44%) tiene un patrón circum-

antártico, pudiéndose encontrar la mayoría de las especies alrededor de todo el 

continente antártico. Sin embargo, en algunos casos se han registrado especies que 

están restringidas a la región occidental o a la oriental, poniéndose de manifiesto 

algunas hipótesis biogeográficas como la división del Océano Austral en dos 

grandes sub-regiones: la Oriental y la Occidental. 

Los resultados obtenidos tras el estudio de la distribución batimétrica de los 

hidrozoos bentónicos sugieren la division del perfil batimétrico en tres grupos: el 

primer grupo se corresponde con la plataforma (Shelf). Este se extendería desde el 

nivel del mar hasta los 700 m de profundidad. El segundo es el talúd (Slope), que 

tendría su limite superior en los 700 metros y llegaría hasta los 1500 metros de 

profundidad. Por último el abisal (Abyss), superaría los 3000 metros de 

profundidad. El grupo de plataforma, a su vez, estaría dividido en tres subgrupos: 

Anchor-ice (0-50 m), Upper Shelf (50-400 m) y Lower Shelf (400-600). Todos estos 

grupos podrían reflejar la compleja relación entre la distribución batimétrica de 

los hidrozoos bentónicos con variables ambientales tales como el hielo o el tipo de 
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sustrato. Por ejemplo, el grupo de los 0-50 m se ve afectado por la formación de 

hielo marino. Esto hace que la fauna asociada al mismo tenga unas características 

determinadas adaptadas a ese ambiente.  

El máximo de diversidad en profundidad para los hidrozoos en la Antártida lo 

encontramos entre los 200 y 300 metros. A pesar de que este máximo se encuentra 

a una profundidad mayor que el descrito en otras regiones del planeta (por 

ejemplo, en el oeste del Atlántico Norte), en todos los casos comparten un patrón 

unimodal donde las regiones batiales son las que presentan una menor diversidad 

de estos cnidarios. No se sabe si esta baja diversidad en las zonas mas profundas 

puede deberse a una alteración por el esfuerzo de muestreo, o responde a 

características ecológicas de este grupo. Por tanto, se deberían plantear nuevos 

estudios sobre la diversidad de los fondos que se corresponden con el grupo Abisal 

para resolver esta cuestión.  

La fauna antártica ha tenido una compleja historia evolutiva. Entre otros 

factores que han formado parte de esa historia encontramos las migraciones 

batimétricas. Éstas están relacionadas con dos hipótesis: submergencia polar y 

emergencia evolutiva. La primera considera que fauna de las regiones mas someras 

ha sido forzada a desplazarse hacia zonas mas profundas mientras que la segunda 

propone lo contrario, que fauna profunda ha colonizado las regiones mas someras. 

En este trabajo consideramos que ambos planteamientos no son exclusivos y que 

la fauna antártica está compuesta por grupos que podrían responder a ambas 

hipótesis. Nuestros resultados apoyarían este planteamiento, ya que se han 

encontrado especies de hidrozoos, típicamente presentes en aguas profundas, que 

han alcanzado zonas mas someras de la plataforma antártica, como por ejemplo 

Bouillona denhartogi Svoboda, Stepanjants & Ljubenkov, 2006. Esta especie se 

consideraría un ejemplo de la emergencia evolutiva. Por otra parte, observamos 

muchas especies con una amplia distribución batimétrica, presentes tanto en aguas 

someras como en aguas mas profundas. Este segundo caso explicaría la adaptación, 

derivada de la submergencia polar, a sobrevivir a mayor profundidad en épocas de 

glaciación. 

El establecimiento de regiones o límites geográficos basados en la distribución 

de los organismos se debe de plantear como una herramienta para una mejor 

gestión de los ecosistemas, por ello han sido varios los trabajos que han tratado de 
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gestionar y establecer límites biogeográficos en la región antártica. Los resultados 

obtenidos tras la comparación de dos propuestas diferentes de división del Océano 

Austral sugieren que aquellas divisiones basadas en argumentos que consideran la 

interacción de diferentes variables, como la propuesta por Douglass et al (2014), 

generan un enfoque mas acertado para el estudio de los límites de las diferentes 

regiones antárticas. En cambio, aquellas propuestas como las de Linse et al. (2006) 

generarían mayor controversia al establecer sus límites geográficos basados en 

polígonos en los que sus límites no contemplan las variaciones naturales del medio. 

A pesar de las diferencias entre ambos planteamientos, se puede establecer que la 

independencia de la región del Alta Antártida está apoyada, no solo por nuestros 

resultados, sino también por los obtenidos en otros trabajos donde se utilizan otros 

taxones (e.g. picnogónidos, equinodermos o moluscos). Nuestros resultados 

sugieren que, siguiendo las propuestas establecidas en esos estudios, el océano 

Antártico se dividiría en dos grandes regiones: la sub-antártica, compuesta por la 

Patagonia y las islas del archipiélago de Kerguelen, y la alta Antártida, que agruparía 

las regiones del continente antártico (p. ej. el mar de Weddell o el mar de Ross) 

junto con South Georgia y el arco de Scotia. Sin embargo, a escala mas local, dentro 

de la Alta Antártida los limites de cada una de las sub-regiones estarían en 

controversia. Sobre todo, los de las dos grandes regiones propuestas en trabajos 

anteriores como son la Antártida oriental y la Antártida occidental. Las dudas en la 

delimitación de estas dos grandes regiones podrían estar fundamentadas en la 

distribución circum-antártica de muchos de los organismos que se han utilizado 

para probar las diferentes hipótesis biogeográficas, y a la conexión descrita entre el 

mar de Weddell y el mar de Ross en otras épocas geológicas (trans-Antarctic 

seaway). Esta conexión entre los dos mares podría estar apoyada por los resultados 

obtenidos en el análisis de parsimonia de endemismo (PAE). Después de realizar 

este análisis, se propone la existencia de tres grandes regiones: la Antártida oeste 

(mar de Ross, Península Antártica, mar de Weddell y arco de Scotia), la Antártida 

continental oriental (desde 10ºE hasta los 80ºO a través de la parte oriental) y la 

Antártida oriental (las islas y las regiones mas profundas de la Antártida oriental). La 

inclusión en el grupo occidental de dos regiones tan distantes como el mar de 

Weddell y el mar de Ross, separadas por una gran masa de hielo continental, 

podría explicarse a través de la hipótesis mencionada anteriormente como trans-

Antarctic seaway. No obstante, además del intercambio de especies debido a esta 

conexión, podría existir un intercambio de especies, que no se han encontrado en 
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la parte oriental, a través del mar de Bellingshausen. En cualquier caso, ambas 

hipótesis necesitarían mas argumentos para poder ser consideradas . Por tanto, 

nuevos estudios biogeográficos deberían de ser planteados teniendo en cuenta que 

las especies endémicas de una región son las que almacenan información sobre los 

fenómenos de aislamiento que establecerían los limites de las distintas regiones a 

lo largo de la historia.  

Como se ha mencionado anteriormente, el océano Antártico tiene una gran 

diversidad de organismos. Esta diversidad no se distribuye de manera homogénea, 

sino que tiene una distribución parcheada, lo que puede estar relacionado con 

diferentes variables, como por ejemplo la geología. En este trabajo se ha planteado 

la hipótesis de que a mayor número de variables geológicas en una región, mayor 

diversidad de especies . Como nuestros datos demuestran, en la Antártida existen 

regiones que podrían considerarse puntos calientes de diversidad, por ejemplo, la 

Península Antártica, la parte este del mar de Ross, la parte este del mar de Weddell 

y la isla de Georgia del Sur. A favor de nuestro planteamiento inicial estas regiones 

tienen un número medio o elevado de diferentes categorías geológicas, es decir, 

tienen una elevada diversidad geológica. Este resultado junto con los obtenidos 

tras el análisis de correlación podría confirmar nuestra hipótesis inicial. Sin 

embargo, este patrón de relación no ocurre en todos los sectores estudiados, ya que 

podemos encontrar sectores con elevada diversidad geológica, pero con baja 

diversidad de especies. Esto podría explicarse por tres razones principalmente. La 

primera estaría relacionada con el esfuerzo de muestreo, ya que las estaciones 

muestreadas podrían no ser representativas y subestimar la diversidad de especies 

de la zona. La segunda razón podría deberse a la categoría geológica dominante, ya 

que aunque un sector tenga una elevada diversidad geológica, puede estar 

dominado por una sola categoría, disminuyendo las posibilidades de muestreo en 

diferentes categorías de menor área. La tercera y ultima hipótesis que explicaría 

este fenómeno, estaría relacionada con el tipo de sustrato. Podría ser que la 

naturaleza de los sustratos presentes en el sector no sea la adecuada para permitir 

el asentamiento de algunas especies de hidrozoos bentónicos, como por ejemplo 

aquellos sectores dominados por sustratos blandos.  

Dentro de los sectores analizados también está presente la situación opuesta a 

la planteada anteriormente, es decir, sectores con elevada diversidad de especies, 

pero con baja diversidad geológica. Estos casos están relacionados con islas como 
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el archipiélago del arco de Scotia. El papel que juegan las islas en cuanto al 

aumento de riqueza de especies ha sido ampliamente estudiado. Además, la 

posición geográfica del arco de Scotia, perpendicular a la corriente circumpolar 

antártica podría estar incrementando esta diversidad de especies debido a que 

captaría potenciales colonizadores que se desplazan con esta corriente.  

Teniendo en cuenta aspectos ecológicos de los hidrozoos, como por ejemplo la 

dependencia de la presencia de un sustrato duro en la mayoría de las especies, se 

podría considerar que aquellas regiones con una alta diversidad de especies 

estarían dominadas por sustratos duros con un cierto hidrodinamismo. La relación 

entre oceanografía, geología y biodiversidad ha sido descrita también en otros 

lugares del planeta (p. ej., en los arrecifes de coral de Belize o en los cañones 

submarinos del golfo de León en el Mediterráneo). Todas estas relaciones entre 

biodiversidad y factores ambientales pueden aplicarse al término subrogación 

(surrogacy). Este concepto explica la estimación de algunos parámetros como 

puede ser la biodiversidad a través de otros como la geología, permitiendo estimar 

a partir de datos geológicos la biodiversidad de una región. Esto puede resultar 

muy útil en el momento de establecer cierta protección en algunas regiones 

marinas o para diseñar debidamente un muestreo.  

 

Conclusiones: 

Durante el desarrollo de esta tesis se han estudiado diferentes cuestiones 

biogeográficas, ecológicas y de diversidad de los hidrozoos bentónicos antárticos. 

Se han estudiado un total de 16 especies de las 24 especies de Symplectoscyphus 

descritas para aguas antárticas, además de describir dos nuevas especies para la 

ciencia, S.antarcticus sp. nov. y S. laurae sp. nov. También se ha puesto de manifiesto 

la utilidad del cnidoma como herramienta taxonómica para identificación de 

algunas especies muy similares morfológicamente, como S. glacialis (Jäderholm, 

1904) y S. exochus Blanco, 1982. El principal patrón de distribución geográfica de las 

especies del género es circum-antártico, aunque algunas especies, como por 

ejemplo S. densus o S. frondosus, son consideradas endémicas del mar de Ross.  

De los dos planteamientos biogeográficos estudiados, el propuesto por 

Douglass et al. (2014) contempla múltiples parámetros y proporciona una mejor 
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aproximación que el de Linse et al (2006) para el estudio de los limites 

biogeográficos existentes entre las diferentes regiones. Sin embargo, en ambas 

propuestas se observa la independencia de la alta Antártida frente a las regiones 

mas Sub-Antárticas. Según los resultados obtenidos hay tres regiones 

biogeográficas: la región patagónica, las islas sub-antárticas y la región antártica. 

Dentro de esta última, la perteneciente al arco de Scotia, incluyendo la isla de 

Georgia del Sur, se considera una entidad propia con unas características 

oceanográficas y biológicas diferentes. La hipótesis planteada por otros autores en 

la que se establece una conexión entre el mar de Ross y el mar de Weddell en el 

pasado, podría explicar nuestros resultados al incluir ambas regiones en la 

Antártida occidental.  

Tras el análisis de parsimonia de endemismo realizado, se propone una nueva 

división del Océano Austral en tres grandes regiones: la Antártida occidental, la 

Antártida continental oriental y la Antártida oriental. Esta última estaría 

compuesta por las regiones mas profundas, junto con las islas situadas en la parte 

oriental. A pesar de las divisiones propuestas, destacamos el papel de transición 

que juegan el oeste del mar de Ross junto con el mar de Bellingshausen, 

cuestionando la posición de los limites biogeográficos de estas regiones.  

La distribución de la diversidad de hidrozoos a lo largo del perfil batimétrico 

tiene su máximo entre los 200-300 m de profundidad siguiendo un patrón 

unimodal. Este perfil batimétrico se podría dividir en tres grandes grupos: 

Plataforma, Talud y Abisal. El grupo de Plataforma a su vez estaría dividido en 

otros tres subgrupos: Anchor-ice, Plataforma Continental Superior y Plataforma 

Continental Inferior. Se han descrito dos zonas de transición, una entre Plataforma 

y Talud y otra entre Talud y Abisal. Nuestros resultados también apoyarían dos 

hipótesis planteadas sobre el origen evolutivo de la fauna antártica como son la 

“submergencia polar” y “emergencia evolutiva”. Además, se ha establecido una 

correlación positiva entre la diversidad de especies y la diversidad geológica de una 

región, planteando esta última como un factor de subrogación. Tras analizar todos 

los registros válidos de los hidrozoos bentónicos antárticos correspondientes a los 

seis géneros mas importantes, podemos concluir que las regiones con una mayor 

diversidad son la península Antártica y la parte mas oriental de mar de Ross. 
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Finalmente, se considera que estudios previos como el realizado en este trabajo 

resultan básicos para poder establecer nuevos objetivos de investigación en un 

futuro y diseñar nuevas herramientas de gestión de los recursos. 
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Table S1 Sampling stations (USARP) of the Symplectoscyphus species. 

Cruise Station Date Latitude Longitude Depth (m) Locality Species 

Eltanin 437 9 January 
1963 

62°50'S-62°51
'S 060°40'W-060°35'W 267-311 Off South 

Shetland 
S.curvatus 

Eltanin 
027/18

77 
15 January 

1967 
72°18'S 170°26'E 143-146 

Cape 
Adare, 

Victoria 
Land, Ross 

Sea 

S.glacialis 

Eltanin 12/100
1 

12 March 
1964 

62°39'S-62°39
'S 054°46'W-54°46'W 237 Antarctic 

peninsula 
S.glacialis, 

S.naumovi, S.anae 

Eltanin 
12/100

2 
15 March 

1964 
62°40'S-62°40

'S 054°45'W-054°44'W 265 

Elephant 
Island, 
South 

Shetland 
Islands 

S.curvatus, 
S.nesioticus, 

S.vanhoeffeni, 
S.exochus, 

S.glacialis, S.anae, 
S.plectilis, 
S.naumovi, 
S.weddelli 

Eltanin 12/100
3 

15 March 
1964 

62°40'S-62°40
'S 054°45'W-054°44'W 210-219 

NE of 
Joinville 
Island, 

Antarctic 
Peninsula 

S.curvatus, 
S.nesioticus, 
S.glacialis, 

S.exochus, S.anae 

Eltanin 22/153
5 

7 February 
1966 

53°51'S-53°52
'S 037°38'W-037°36'W 97-101 

South 
Georgia, 

Scotia Sea 
S.glacialis 

Eltanin 27/192
4 

27 January 
1967 

75°10'S-75°11
'S 176°13'W-176°07'W 728-732 Ross Sea S.glacialis, 

S.curvatus 

Eltanin 27/195
2 

5 February 
1957 

66°40'S-66°39
'S 162°48'E-162°48'E 157-150 

Buckle 
Island, 
Balleny 
Islands 

S.exochus, 
S.plectilis 

Eltanin 27/195
3 

5 February 
1967 

66°38'S-66°36
'S 162°56'E-162°59'E 201-234 

South end 
of Buckle 

Island, 
Balleny 
Islands 

S.exochus 

Eltanin 
32/199

6 
10 January 

1968 
72°05'S-72°05

'S 172°08'E-172°09'E 344-351m 
Ross Sea, 

Cape Adare 

S.exochus, S. 
densus, S. 

frondosus, Sp1, 
Sp3 

Eltanin 32/199
7 

10 January 
1968 

72°00'S-72°01
'S 172°28'E-172°33'E 530-549 

Moubray 
Bay, E Cape 

Hallett, 
Victoria 

Land, Ross 
Sea 

S.curvatus, 
S.exochus, S.anae 

Eltanin 32/200
7 

1 January 
1968 

73°05'S-73°06
'S 173°59'E-174°05'E 339-343 

Ross Sea, 
Mawson 

Bank 

S.curvatus, S.anae, 
S.frondosus 

Eltanin 32/201
6 

14 January 
1968 

73°58'S-73°59
'S 176°11'E-176°16'E 256-258 

Pennell 
Bank, 

Victoria 
Land, Ross 

Sea 

Sp2 

Eltanin 32/201
8 

14 January 
1968 

74°01'S-73°59
'S 178°53'E-179°04'E 256-258 

Pennell 
Bank, Ross 

Sea 

S.anae, S. 
Frondosus 

Eltanin 32/202
1 

15 January 
1968 

73°49'S-73°50
'S 178°13'W-178°14'W 495-503 

Ross Sea, 
Pennell 

Bank 

S.frondosus, 
S.anae, 

S.cumberlandicus, 
S.plectilis 

Eltanin 
32/206

3 
26 January 

1963 
78°17'S-78°17

'S 177°58'W-177°55'W 636-637 Ross Sea S.anae 

Eltanin 32/206
8 

27 January 
1968 

78°24'S-28°24
'S 169°00'W-168°59'W 562-564 Ross Sea S.exochus, 

S.plectilis 
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Eltanin 32/208
0 

31 January 
1968 

75°50'S-75°52
'S 173°08'W-173°08'W 468-474 Ross Sea S.frondosus, 

S.anae 

Eltanin 32/208
2 

31 January 
1968 

75°50'S-75°51
'S 173°08'W-173°08'W 595-600 

Ross Sea, 
centre of 

sea 
S.frondosus 

Eltanin 
32/208

3 
1 February 

1968 
77°40'S-77°40

'S 176°50'W-176°49'W 595-600 

SE of 
Pennell 

Bank, Ross 
Sea 

S.plectilis, 
S.glacialis, S.anae 

Eltanin 
32/212

3 
12 February 

1968 
72°28'S-72°26

'S 175°26'E-175°28'E 548-565 Ross Sea 
S.glacialis, 

S.frondosus 

Eltanin 
32/212

4 
12 February 

1968 
71°38'S-71°38

'S 172°00'E-172°00'E 606-612 
Victoria 

Land, Ross 
Sea 

S.frondosus 

Eltanin 32/212
5 

13 February 
1968 

71°22'S-71°22
'S 170°43'E-170°39'E 160-164 

Cape 
Adare, 

Victoria 
Land, Ross 

Sea 

S.glacialis, 
S.exochus 

Eltanin 51/576
2 

9 February 
1972 

76°02.1'S-76°
02.3'S 

179°57.0'W-179°52.1
'W 358-347 Ross Sea S.weddelli 

Glacier 766 10 February 
1974 

66°53’S 163°19’E 55-146 

Buckle 
Island, 
Balleny 
Islands 

S.glacialis 

Glacier 768 10 February 
1974 

66°53’S 163°19’E 55-146 Balleny 
islands 

S.exochus 

Glacier 002/00
2 

25 February 
1969 

75°31'S 030°08'W 412 
East off 
Weddell 

Sea 
S.glacialis 

Glacier 002/00
9 

3 March 
1969 

77°54.2'S 045°13.3'W 252 Weddell 
Sea S.glacialis 

Glacier 
371-H-

75 
February 

1975 
65°55'S 063°54'W  

Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.exochus 

Glacier 6/418  62°39'S 56°10'W 311-426 Antarctic 
peninsula 

S.hero, 
S.nesioticus, 

S.exochus 

Glacier 
731/19

44 
     S.curvatus, 

S.exochus 

Glacier 824/30-
1 

     S.hero, S.exochus 

Glacier GLD-1 11 November 
1986 

77°42'S 166°12'E 384 
Mc Murdo 

Sound, 
Ross Sea 

S.exochus 

Glacier GLD-13 30 November 
1958 

74°39'S 165°52'E 165 
Drygalski 

Basin, Ross 
Sea 

S.plectilis, 
S.exochus, S.anae 

Glacier SOSC 
L142 

4 March 
1971 

64°47'S 064°04'W 15,2-24,4 

Arthur 
Harbor, 
Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.glacialis 

Glacier SOSC 
L26 

23 February 
1972 

64°47'S 064°06'W  

Anverse 
Island, 
Palme 

Archipelago
, Antarctic 
peninsula 

S.glacialis 

Glacier 
SOSC 
L66 

8 November 
1973 

64°46'S 064°06'W 19,2-24,4 

Arthur 
Harbor, 
Anvers 
Island, 
Palmer 

S.glacialis 



 213 

Archipelago
, Antarctic 
Peninsula 

Glacier 
SOSC-
L109 

7 October 
1974 

64°47'25"S 064°03'00W 25,9 

Arthur 
Harbor, 
Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.glacialis 

Glacier SOSC-
L111 

22 October 
1974 

64°47'S 064°06'W 18,3-24 

Arthur 
Harbor, 
Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.cumberlandicus 

Glacier 
SOSC-
L118 

14 December 
1974 

64°49'S 064°02'W 1,5 m 

Arthur 
Harbor, 
Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.antarcticus, 
S.glacialis 

Glacier SOSC-
L48 

27 January 
1943 

64°47'S 064°05'W 17 

Arthur 
Harbor, 
Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.exochus 

Glacier SOSC-
L52 

1 March 
1973 

65°35'S 065°40'W  

Trinity 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.exochus 

Glacier V-3JAN 3 January 
1960 

77°49'58"S 166°36'50"E 8,5-33 
Mc Murdo 

Sound, 
Ross Sea 

S.exochus 

Glacier 
WQB26

1G4 1 April 1961 77°50'55"S 166°38'20"E 16 
Mc Murdo 

Sound, 
Ross Sea 

S.cumberlandicus 

Hero 100H74 12 January 
1974 

63°01'S 060°44'W  

Deception 
Island, 
South 

Shetland 
Islands 

S.nesioticus, 
S.glacialis 

Hero 152-H-
74 

15 January 
1974 

61°10'S 055°14'W 100 

Elephant 
Island, 
South 

Shetland 
Islands 

S.cumberlandicus 

Hero 163-H-
74 

21 January 
1974 

65°02'S 063°20'W 101 Antarctic 
peninsula 

S.plectilis 

Hero 166-H-
74 

21 January 
1974 

65°02'S 063°20'W 30,5 Antarctic 
peninsula S.naumovi 

Hero 405-H-
75 

17 February 
1975 

67°15'S 068°30'W 140 

Adelaide 
Island, 

Peninsula 
Antarctica 

S.exochus, 
S.naumovi 

Hero 691/02
6 

10 February 
1969 

63°26'S-63°25
'S 062°15'W-062°14'W 119-124 Low island S.hero, S.glacialis 

Hero 
691/02

7 
10 February 

1969 
63°24'S-23°24

'S 062°14'W-062°12'W 91-95 Low island 
S.nesioticus, 

S.glacialis 
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Hero 
691/03

3 
13 February 

1969 
63°45.3'S-63°

47.7'S 
061°48.5'W-061°47.2

'W 73-91  
S.nesioticus, 
S.glacialis, 
S.curvatus 

Hero 691/12-
A 

3 February 
1969 

64°19'56"S 063°58'20"W; 73-101 

Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.glacialis 

Hero 691/20 8 February 
1969 

65°35'S-65°37
'S 067°19'W-067°24'W 161 

W Renaud 
Island, 
Biscoe 
Islands, 

Antarctic 
Peninsula 

S.weddelli 

Hero 691/2-7 1 February 
1969 

64°50'S 63°47'W 73-128 

Anverse 
Island, 
Palme 

Archipelago
, Antarctic 
peninsula 

S.vanhoeffeni 

Hero 702/46
1 

25 March 
1970 

62°57.6'S 060°41.5'W 64-110 

Deception 
Island, 
South 

Shetland 
Islands 

S.plectilis 

Hero 
702/46

4 
28 March 

1970 
62°58.4'S 060°50.1'W 110-137 

Deception 
Island, 
South 

Shetland 
Islands 

S.liouvillei, 
S.glacialis 

Hero 702/46
5 

28 March 
1970 

62°56.9'S 060°50.1'W 154 

Deception 
Island, 
South 

Shetland 
Islands 

S.cumberlandicus, 
S.glacialis, 
S.curvatus 

Hero 
702/51

1 
18 March 

1970 
64°46.8'S 063°29.3'W 283-311 

Antarctic 
peninsula S.naumovi 

Hero 721/10
15 

15 December 
1971 

64°42.2'S 062°37.8'W 235 Antarctic 
peninsula 

S.cumberlandicus 

Hero 721/10
77 

23 February 
1972 

64°47.5'S-64°
47.5'S 

064°07.2'W-064°06.4
'W 73-128 

Anverse 
Island, 
Palme 

Archipelago
, Antarctic 
peninsula 

S.naumovi, 
S.exochus 

Hero 721/11
29 

10 March 
1972 

64°48.3'S 064°03.6'W 51-58 

Anverse 
Island, 
Palme 

Archipelago
, Antarctic 
peninsula 

S.anae 

Hero 
721/70

4 
21 December 

1971 
62°17.5'S-62°

17.9'S 
058°34.6'W-058°34:6

'W 55-78 

Bridgeman 
Islands, 
South 

Shetland 

S.exochus, 
S.glacialis 

Hero 721/73
9 

31 December 
1971 

64°46'23"S 064°04'54"W 20 

Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.plectilis 

Hero 721/76
0 

2 January 
1972 

64°45'53"S 064°07'14"W 111 

Arthur 
Harbor, 
Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.cumberlandicus 
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Hero 721/81
0 

15 January 
1972 

62°05.7'S 58°23.1'W 177 

Bridgeman 
Islands, 
South 

Shetland 

S.cumberlandicus 

Hero 721/93
8 

4 December 
1971 

64°47.5'S-64°
47.5'S 

064°19.4'W-064°19.5
'W 47 Antarctic 

peninsula 
S.anae 

Hero 721/97
2 

7 December 
1971 

64°48.96'S 063°33.4'W 40 

Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.exochus 

Hero 731/17
56 

17 February 
1973 

64°47'25"S-64
°47'02"S 

064°07.30'W-064°06.
13'W 91 

Arthur 
Harbor, 
Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.naumovi, 
S.exochus 

Hero 
731/19

12 
6 March 

1973 
64°46'53"S-64

°46'52"S 
064°03'35"W-064°04'

09"W 25-55 

Arthur 
Harbor, 
Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.glacialis, 
S.exochus 

Hero 
824/00

8-1 
18 March 

1982 
66°07.70'S 066°35.40'W 110-140 

Lavoisier 
Island, 
Biscoe 

archipelago 

S.exochus, 
S.naumovi 

Hero 824/02
5-2 

24 March 
1982 

64°20.90'S 061°35.50'W 92 Antarctic 
peninsula S.plectilis 

Hero 824/13-
1 

19 March 
1982 

65°14.00'S 064°12.00'W 310-360 

Arthur 
Harbor, 
Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.plectilis, 
S.exochus 

Hero 824/14-
1 

     S.naumovi 

Hero 824/16-
1 

22 March 
1982 

64°19.50'S 062°59.58'W 80 

Melchior 
Islands, 
Palmer 

archipelago 

S.naumovi 

Hero 824/26-
1 

24 March 
1982 

64°14.30'S-64
°13.00'S 

061°57.60'W; 
061°58.38'W 283-285 

Arthur 
Harbor, 
Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.naumovi 

Hero 824/27-
1 

24 March 
1982 

64°29.50'S 062°29.80’W 110-113 

Trinity 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.exochus 

Hero 
824/28-

1 
24  March 

1982 
64°14.20'S-64

°13.80'S 
062°35.10'W-062°34.

10'W 70-98 

Brabant 
Island, 
Palmer 

archipelago 

S.exochus 

Hero 
824/40-

1 
29 March 

1982 
64°48.42'S 064°07.00'W 75-110 

Anverse 
Island, 
Palme 

Archipelago

S.exochus 
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, Antarctic 
peninsula 

Hero 824/4-1 16 March 
1982 

65°13.6'S-65°
13.67'S 

064°14,72'W-064°15.
07'W 49-58 

Anverse 
Island, 
Palme 

Archipelago
, Antarctic 
peninsula 

S.exochus, 
S.plectilis, 
S.glacialis, 

S.weddelli, S.anae 

Hero 824/5-1 16 March 
1982 

65°54.50'S 065°17.50'W 246-270 

Arthur 
Harbor, 
Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.naumovi 

Hero 833/01
8-1 

 64º18,55'S-
64º19,00'S 

62º58,67'W-
62º58,00'W 85-130 

Melchior 
Islands, 
Palmer 

archipelago 

S.glacialis, 
S.exochus, 

S.nesioticus 

Islas 
Orcadas 

575/03
2 19 May 1975 54°21.6'S 035°58.7'W 144-164 

South 
Georgia, 

Scotia Sea 
S.plectilis 

Islas 
Orcadas 

575/03
9 23 May 1975 57°01.2'S 026°44.3'W 97-100 Scotia arc S.cumberlandicus 

Islas 
Orcadas 

575/04
7 25 May 1975 57°06.3'S 026°42.9'W 16-22 

Vindication 
Island, 

Sandwich 
archipelago 

S.laurae sp. nov. 

Islas 
Orcadas 

575/06
1 30 May 1975 027°00.4'W 56°42.3'S 93-121 

Visokoi 
Island,  
South 

Sandwich 
Islands 

S.glacialis, 
S.nesioticus 

Islas 
Orcadas 

575/06
5 31 May 1975 56°44.3'S 026°58.6'W 302-375 

Visokoi 
Island, 
South 

Sandwich 
Islands, 

Scotia Sea 

S.exochus 

Islas 
Orcadas 

575/06
7 31 May 1975 56°44.6'S 027°02.7'W 137-155 

Visokoi 
Island, 
South 

Sandwich 
Islands, 

Scotia Sea 

S.glacialis 

Islas 
Orcadas 

575/07
0 

2 June 1975 56°23.8'S 027°24.6'W 161-210 

Visokoi 
Island, 
South 

Sandwich 
Islands, 

Scotia Sea 

S.glacialis, 
S.nesioticus, 

S.exochus 

Islas 
Orcadas 

575/07
3 

2 June 1975 56°16.0'S 027°30.0'W 208-375 

Zavodovsky 
Island, 
South 

Sandwich 
archipelago 

S.curvatus 

Islas 
Orcadas 

575/08
5 6 June 1975 54°55.9'S 035°49.8`W 150-152 

South 
Georgia, 

Scotia Sea 
S.exochus 

Islas 
Orcadas 

575/08
8 

7 June 1975 54°31.9'S 036°48.7'W 150-154 
South 

Georgia, 
Scotia Sea 

S.glacialis, 
S.naumovi 

Islas 
Orcadas 

575/09
4 

9 June 1975 54°11.8'S 037°43.0W 80-90 
South 

Georgia, 
Scotia Sea 

S.exochus 

Islas 
Orcadas 

575/09
5 

9 June 1975 54°11.8'S 037°41.1'W 68-80 
South 

Georgia, 
Scotia Sea 

S.glacialis 
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Islas 
Orcadas 

575/09
7 10 June 1975 54°12.4'S 037°40.1'W 69-90 

South 
Georgia, 

Scotia Sea 
S.glacialis 

Islas 
Orcadas 

575/09
8 10 June 1975 54°11.9'S 37°36.4'W 57-79 

South 
Georgia, 

Scotia Sea 
S.glacialis 

Islas 
Orcadas 

575/10
1 

10 January 
1975 

54°14.1'S 037°54.2'W 164-183 
South 

Georgia, 
Scotia Sea 

S.anae, S.glacialis 

Islas 
Orcadas 575/31 19 May 1975 54°05.6'S 036°30.8'W 130-142 

South 
Georgia, 

Scotia Sea 

S.frigidus, 
S.exochus, 

S.cumberlandicus 

Pr 
Siedlecki 

601/02
3 

2 December 
1986 

54°06'S 038°41'W 197-207 
South 

Georgia, 
Scotia Sea 

S.exochus 

Pr 
Siedlecki 

601/04
4 

5 December 
1986 

54°28'S 037°24'W 152-162 
South 

Georgia, 
Scotia Sea 

S.anae 

Pr 
Siedlecki 

601/07
6 

10 December 
1986 

54°54'S 034°30'W 250-274 
South 

Georgia, 
Scotia Sea 

S.plectilis 

Pr 
Siedlecki 

601/08
3 

     S.glacialis 

Pr 
Siedlecki 601/64 8 December 

1986 
55°11'S 034°38'W 154-199  S.glacialis 

Pr 
Siedlecki 601/65 

9 December 
1986 

55°10'S; 
034°48'W 034°48'W 107-119 

South 
Georgia, 

Scotia Sea 
S.glacialis 

Wilkes 
station 

00000X 3 December 
1961 

66°21'13"S-66
°21'16"S 

110°28'04"E-110°28'
14"E 238 

North of 
Wilkes 

station, off 
Budd 
Coast, 
Wilkes 
Land 

S.weddelli 

Wilkes 
station 000AF 9 December 

1961 
66°20'05"S-66

°20'14"S 
110°26'00"E-110°26'

28"E 91 

North of 
Wilkes 

Station, off 
Budd 
Coast, 
Wilkes 
Land 

S.exochus 

Wilkes 
station 000AG 11 December 

1961 
66°17'42"S-66

°17'52"S 
110°32'03"E-110°32'

42"E 101 

North of 
Wilkes 

station, off 
Budd 
Coast, 
Wilkes 
Land 

S.ane, S.exochus, 
S.naumovi 

Wilkes 
station 000AH 11 December 

1961 
66°15'56"S-66

°15'57"S 
110°31'09"E-110°31'

47"E 
 

North of 
Wilkes 

station, off 
Budd 
Coast, 
Wilkes 
Land 

S.glacialis 

wilkes 
station 000AM 13 December 

1961 
66°21'54"S-66

°22'01"S 
110°29'50"E-110°30'

02"E 293-329 

North of 
Wilkes 

Station, off 
Budd 
Coast, 
Wilkes 
Land 

S.naumovi, 
S.exochus, 
S.plectilis, 
S.glacialis 

Wilkes 
station 000AZ 

12 February 
1961 

66°16'38"S-66
°16'20"S 

110°30.48'E-110°31'2
4"E 128-146 

North of 
Wilkes 

station, off 
Budd 
Coast, 
Wilkes 
Land 

S.hero, S.glacialis 
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Wilkes 
station 000DAB 16 December 

1961 
66°20'53"S-
66°27'10"S 

110°28'00"E-110°28'
00"E 237-183 

North of 
Wilkes 

station, off 
Budd 
Coast, 
Wilkes 
Land 

S.glacialis, 
S.plectilis 

Wilkes 
station 000DW 3 December 

1961 
66°22'19""S-6

6°22'26"S 
110°36'01"E-110°36'

10"E 18-21 

North of 
Wilkes 

station, off 
Budd 
Coast, 
Wilkes 
Land 

S.anae 

Wilkes 
station 000DX 3 December 

1961 
66°21’13“S-66

°21’16“S 
110°28’04“E-110°28’

14“E 237 

North of 
Wilkes 

station, off 
Budd 
Coast, 
Wilkes 
Land 

S.glacialis 

Wilkes 
station 00DAQ 

16 December 
1961 

66°15'47"S-66
°15'58"S 

110°29'56"E-110°29'
55"E 36-91 

North of 
Wilkes 

station, off 
Budd 
Coast, 
Wilkes 
Land 

S.nesioticus 

 12/953      S.nesioticus 

 5/254  59º49'S 68º52'W  
Off 

Peninsula 
Antarctica 

Sp1 

 57/993      S.glacialis 

 6/436      S.exohus 

 6/445  62°2'S 59°05'W 101 

Off 
Bridgeman 

Island, 
South 

Shetland 
Archipelago 

S.nesioticus 

 702/40
9 

 62°58,3'S 60°47.2'W 110-165 
Off 

Deception 
Island 

S.weddelli 

 721/76
5 

     S.glacialis 

 721/77
6 

     S.curvatus, 
S.nesioticus 

 721/81
6 

     S.plectilis 

 731/18
12 

     S.plectilis 

 731/19
38 

     S.plectilis 

 SOSC 
L46 

11 January 
1973 

63°17'S 062°09'W  Low island S.plectilis 

 SOSC-
L108 

24 
September 

1974 
64°47'25"S 064°03'00W 19,8 

Arthur 
Harbor, 
Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.weddelli 

 UCDA60
3 

22 October 
1973 

64°46'S 064°05'W 18 

Anverse 
Island, 
Palme 

Archipelago
, Antarctic 
peninsula 

S.anae, S.glacialis 
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 UCDA60
4B 

26 October 
1973 

64°46'S 064°05'W 17 

Arthur 
Harbor, 
Anvers 
Island, 
Palmer 

Archipelago
, Antarctic 
Peninsula 

S.glacialis 

 UCDA60
9 

11 November 
1963 

64°46'S 064°06'W 30,5 

Anverse 
Island, 
Palmer 

Archipelago
, Antarctic 
peninsula 

S.anae 
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Fig S1 Bathymetric distribution of Antarctic benthic hydroids (part 1) 
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Fig S2 Bathymetric distribution of Antarctic benthic hydroids (part 2) 
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Fig S3 Bathymetric distribution hydroids ( part 3) 
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