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Annelid Fauna of the Prince Gustav Channel, a Previously Ice-Covered Seaway on the Northeastern Antarctic Peninsula
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The Prince Gustav Channel is a narrow seaway located in the western Weddell Sea on the northeastern-most tip of the Antarctic Peninsula. The channel is notable for both its deep (>1200 m) basins, and a dynamic glacial history that most recently includes the break-up of the Prince Gustav Ice Shelf, which covered the southern portion of the channel until its collapse in 1995. However, the channel remains mostly unsampled, with very little known about its benthic biology. We present a preliminary account of the benthic annelid fauna of the Prince Gustav Channel in addition to samples from Duse Bay, a sheltered, glacier-influenced embayment in the northwestern portion of the channel. Samples were collected using an Agassiz Trawl, targeting megafaunal and large macrofaunal sized animals at depths ranging between 200–1200 m; the seafloor and associated fauna were also documented in situ using a Shallow Underwater Camera System (SUCS). Sample sites varied in terms of depth, substrate type, and current regime, and communities were locally variable across sites in terms of richness, abundance, and both taxonomic and functional composition. The most diverse family included the motile predator/scavenger Polynoidae, with 105 individuals in at least 12 morphospecies, primarily from a single site. This study provides first insights into diverse and spatially heterogeneous benthic communities in a dynamic habitat with continuing glacial influence, filling sampling gaps in a poorly studied region of the Southern Ocean at direct risk from climate change. These specimens will also be utilized in future molecular investigations, both in terms of describing the genetic biodiversity of this site and as part of wider phylogeographic and population genetic analyses assessing the connectivity, evolutionary origins, and demographic history of annelid fauna in the region.
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INTRODUCTION

Ice shelves are vast, floating platforms of ice that form where continental ice sheets meet the ocean, fringing much of the Antarctic coastline and covering over 30% of the Antarctic continental shelf (Barnes and Peck, 2008). Sub-ice shelf ecosystems thus constitute a significant portion of available benthic habitat in the Southern Ocean, though remain amongst the least known on the planet due to general inaccessibility and are at a direct risk of being lost due to climate change. Ice shelves are extensive along both sides of the Antarctic Peninsula, covering approximately 120,000 km2 of seafloor today (Cook and Vaughan, 2010). However, in recent decades the Antarctic Peninsula has experienced amongst some of the fastest regional warming on the planet (Vaughan et al., 2003), with substantial increases in both atmospheric and ocean temperatures (e.g., Meredith and King, 2005; Turner et al., 2005). These increases are largely thought to have contributed to the significant thinning, retreat and collapse of ice shelves along the Antarctic Peninsula over the past 60 years (Cook and Vaughan, 2010; Rignot et al., 2013; Etourneau et al., 2019), with significant losses including the collapse of the Larsen A and Prince Gustav Ice Shelves in 1995 (Rott et al., 1996), the Larsen B ice shelf in 2002 (Rack and Rott, 2004), and the calving of a massive 5,800 km2 iceberg from the Larsen C Ice Shelf in 2017 (Marchant, 2017).

Until its collapse in the early 1990s, the Prince Gustav Ice Shelf (PGIS) was the most northerly ice shelf on the Antarctic Peninsula, spanning the southern portion of the Prince Gustav Channel (PGC) (see Ferrigno et al., 2006), a deep, narrow seaway located on the inner continental shelf of the northwestern Weddell Sea that separates James Ross Island from the northernmost tip of the Antarctic Peninsula (see Figure 1). Broadly categorized as a fjord (Camerlenghi et al., 2001), the PGC consists of a discontinuous u-shaped glacial trough with steep sided walls and three over-deepened basins (approximately 900 m, 1000 m, and 1200 m deep moving north to south), separated by two shallower sills (approximately 350 m and 600 m deep respectively) (Camerlenghi et al., 2001). The channel formed before the late Miocene and was progressively deepened by several advances of grounded glaciers during the Neogene and Quaternary periods (Nývlt et al., 2011), and with evidence of floating ice shelves from the end of the Pleistocene (Evans et al., 2005; Johnson et al., 2011).
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FIGURE 1. Map of study area within the Prince Gustav Channel, showing the six Agassiz trawl sites, marked with event number and sample name. Modified from RRS James Clark Ross expedition JR17003a cruise report, accessible via https://www.bodc.ac.uk/resources/inventories/cruise_inventory/report/16954/. See Dreutter et al. (2020) for archived bathymetry data from the JR17003a expedition.


In contemporary terms, the PGIS and other small ice shelves on the northeastern Antarctic Peninsula have been observed for a far longer period than many other Antarctic ice shelves; first visited over 170 years ago and mapped by the Swedish Antarctic Expedition 1901–1903 (Nordenskjöld and Andersson, 1905), these ice shelves are generally thought to have been in retreat since historical observations began, with the PGIS itself once contiguous with the Larsen A ice shelf until the mid 20th century (Cooper, 1997). In contrast to larger ice shelves that can remain stable over tens of thousands of years, these small northern ice shelves are at the climactic limit of ice shelf viability (Morris and Vaughan, 2003) and may therefore act as more sensitive indicators of recent climatic and oceanographic change (Pudsey et al., 2006), with evidence of periodic advance and retreat of ice shelves in the region throughout the Holocene, as demonstrated by several studies of data from sediment cores (e.g., Pudsey and Evans, 2001; Brachfeld et al., 2003; Pudsey et al., 2006). This includes a period of retreat during the mid-Holocene (∼5–2 ka) in which the PGIS was completely absent (Pudsey and Evans, 2001), though with break up and regrowth appearing to occur gradually over centuries as opposed to the decadal scale of changes to contemporary ice shelf extent (Pudsey et al., 2006).

Understanding the biology of previously ice covered habitats is important in the context of unprecedented ice loss along the Antarctic Peninsula. However, despite the dynamic glacial history of the channel, the biology of the PGC, both before and after ice shelf collapse, is virtually unknown. In May 2000, a number of geological and geophysical surveys of the PGC were conducted by the RVIB Nathaniel B. Palmer as part of a larger investigation of the seafloor exposed by the then recent 1995 break-up of the Larsen A ice shelf (Domack et al., 2001). Biological samples were also obtained from collected sediment, however, these sampling sites were restricted to the southern portion of the channel (see Blake, 2015). Furthermore, while a number of polychete specimens collected from this cruise have been included in several broader taxonomic publications (Blake, 2015, 2017, 2018), a summary of these samples and of the southern PGC benthic community is not currently available. In addition, no further biological investigations have taken place subsequent years, and the channel remains otherwise unsampled, which is not uncommon for the region, with the western Weddell Sea considered to be one of the most poorly sampled areas of the Southern Ocean (Griffiths et al., 2014).

Annelid worms, or polychetes, are amongst the most species rich groups in the Southern Ocean (Clarke and Johnston, 2003), and can represent a dominant component of Antarctic benthic assemblages in terms of both abundance and biomass (e.g., Gambi et al., 1997; Piepenburg et al., 2002; Hilbig et al., 2006; Sañé et al., 2012). Found across the Southern Ocean from intertidal to abyssal depths (Brandt et al., 2009), polychetes fill a diverse array of trophic guilds and functional groups on both hard and soft substrates (e.g., Gambi et al., 1997), and are thus both an important and informative group to consider when assessing the biology of Antarctic benthic ecosystems. The following report documents a preliminary overview of the benthic annelid fauna of the Prince Gustav Channel collected during the expedition JR17003a on board RSS James Clark Ross February–March 2018. Samples were collected using an Agassiz trawl from several sites along the northern portion of the channel including the deepest (>1200 m) basin of the PGC. In contrast to the more open channel, samples were additionally collected from Duse Bay, a sheltered, glacier influenced embayment located in the northwestern portion of the PGC. The aims of this study were to (1) characterize the annelid fauna of the PGC, a previously ice covered channel in the northwestern Weddell Sea and (2) examine spatial variation in annelid assemblages in this habitat by comparing samples from open and sheltered areas of the PGC.



MATERIALS AND METHODS


Sample Sites and Sample Collection

The annelid specimens examined in this study were collected using an Agassiz Trawl (AGT) during the expedition JR17003a on board the RRS James Clark Ross February–March 2018, which sampled the northern portion of the Prince Gustav Channel (PGC) situated on the northeastern tip of the Antarctic Peninsula. The three main sampling sites were as follows: (1) Duse Bay, a sheltered, glacier influenced bay located in the northwestern portion of the PGC; (2) PGC Mid, located in the main channel, including the second deepest basin of the PGC; (3) PGC South, the southernmost sample site, located in the main channel and including the deepest basin of the PGC (Figure 1).

Three trawling depths (200 m, 500 m, 800/1000 m) were initially planned for each of the main sampling sites, with an additional deep 1200 m trawl of the basin at PGC South. However, only at Duse Bay sites were all three trawling depths achieved, as 200 and 500 m sites in the channel proper were too influenced by boulders to deploy the AGT. In total, six successful AGT deployments between depths of 204 m and 1270 m were carried out across the three sites (Figure 1 and Table 1) and sorted on board for benthic fauna. The AGT apparatus used comprised of a 1 cm mesh with a mouth width of 2 m, and once on the seabed was trawled at 1 knot for 5–10 min at each site. The AGT targeted macro- and megafaunal sized animals 1 cm and larger, though with some smaller animals additionally captured in the sediment retained in trawls.


TABLE 1. Details of Agassiz Trawl stations within the Prince Gustav Channel sampled during the expedition JR17003a.

[image: Table 1]A ‘cold-chain’ live sorting pipeline was followed on board, as outlined in detail in Glover et al. (2016). In summary, AGT sub-samples were carefully washed on 300-micron sieves in cold filtered seawater (CFSW), and annelid specimens were picked from sieve residue, cleaned and maintained in CFSW, and relaxed in Magnesium Chloride solution prior to specimen photography. Specimens were imaged using Canon EOS600D cameras either with 100 mm Macro lens or through a Leica MZ7.5 microscope with SLR camera mount. Specimens were preliminary identified on-board to family level, numbered and recorded into a database, and fixed in 80% non-denatured ethanol. Samples that could not be fully sorted on board due to time restrictions were fixed in bulk for later sorting.

A Shallow Underwater Camera System (SUCS) (Nolan et al., 2017) comprised of a 1000 m fiber optic cable (allowing operation to ∼ 900 m) and a tripod-mounted HD camera system was deployed at twelve stations along the PGC, ranging in depth from 200–800 m. SUCS deployments typically involved three consecutive transects spaced 100 m apart, with each transect consisting of 10 photos taken at 10 m intervals. Photos consisted of high resolution stills (2448 × 2050 pixels) covering approximately 0.51 m2 of seafloor (Almond, 2019). Four SUCS stations corresponded closely with AGT localities, providing a snapshot of the habitat heterogeneity in the vicinity of these samples and in situ images of some of the most common species encountered. A dataset of all JR17003a SUCS imagery can be accessed through the following doi: 10.5285/48DCEF16-6719-45E5-A335-3A97F099E451 (Linse et al., 2020).



Laboratory Sorting and Identification

In the laboratory, remaining bulk-fixed samples were sorted and all specimens were re-examined using a Leica M216 stereomicroscope, and key morphological characters were imaged using a fitted Canon EOS600D camera. Specimens were identified to the best possible taxonomic level using original literature, specimen keys, and comparison with type specimen material from NHM collections. Where named species identifications were not possible, specimens were described as a morphospecies where the voucher number of a representative specimen is used as an informal species name for all specimens deemed to be the same species as the representative individual, e.g., Polynoidae sp. NHM_228. Where named species identifications were uncertain, the open nomenclature ‘cf.’ was used as a precautionary approach along with a representative voucher number, e.g., Antarctinoe cf. ferox NHM_232. Where specimens were fragmented, only fragments that clearly bore heads were counted and included in abundance records, as standard practice.



Data Analysis

Specimen data were assembled into a Microsoft Excel database, and data visualization and analyses were carried out using the software R v.3.6.2 (R Core Team, 2019) and the R package ‘vegan’ v.2.5-6 (Oksanen et al., 2019). Local diversity was assessed for each site using the Shannon-Wiener diversity index (H’) and Pielou’s evenness (J’) (Shannon and Weaver, 1949; Pielou, 1969). Figures were assembled and edited using Microsoft PowerPoint and Adobe Photoshop software.

Specimen data are included as supplementary material (see Supplementary Table 1) and are also made available through the Global Biodiversity Information Facility (GBIF; http://www.gbif.org/) and Ocean Biogeographic Information Systems (OBIS; http://iobis.org/) databases via the SCAR Antarctic Biodiversity Portal (biodiversity.aq), accessible through the following doi: 10.15468/t223v4 (Drennan et al., 2020).



RESULTS


Sample Sites and SUCS Imagery

Four Shallow Underwater Camera System (SUCS) stations corresponded closely with the following AGT sample sites: Duse Bay 200 m, Duse Bay 500 m, PGC Mid 850 m, and PGC South 800 m (see Figure 1).

Duse Bay (Figure 2A), a sheltered bay located in the northwestern portion of the PGC, is influenced by several local glacier drainage basins (Ferrigno et al., 2006; Scambos et al., 2014); SUCS imagery at both 200 m (Figures 2B,C) and 500 m (Figures 2D,E). Duse Bay sites revealed substrate characterized by mud and soft sediments, though with the presence of coarser sediments and very small dropstones or gravel at the 200 m site. Additional SUCS deployments at 300 m and 400 m (not shown) show similar soft muddy substrates to the 500 m site. While SUCS imagery was not available for the deepest site at this locality, Duse Bay 1000 m, high abundances of burrowing subsurface deposit feeding polychetes in the families Sternaspidae and Maldanidae (see sections “Sample Overview,” “Comparison of Sampling Sites”) suggest that the substrate here similarly includes soft sediments.
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FIGURE 2. Overview of sites within the Prince Gustav Channel (PGC) including Shallow-water camera system (SUCS) imagery of localities corresponding to AGT sampling sites. (A–E) Duse bay sites, (F–J) PGC sites. SUCS imagery for deepest sites (Duse Bay 1000 m and PGC South 1200 m) was not available due to depth limitations. (A) Above water image of Duse Bay (image credit Angelika Brandt); (B) SUCS event no. 15, Duse Bay 200 m site; (C) SUCS event no. 15, Duse Bay 200 m site, with detail of sabellidae polychete; (D) SUCS event no. 11, Duse Bay 500 m site, with detail of terebellid polychete; (E) SUCS event no. 11, Duse Bay 500 m site, with detail of polynoid polychete, possibly Austrolaenilla antarctica (see Figure 4D); (F) Above water image of the Prince Gustav Channel (image credit Angelika Brandt); (G) SUCS event no. 45, PGC Mid 850 m site, with detail of flabelligerid polychete, possibly Flabegraviera mundata (see Figure 3B); (H) SUCS event no. 45, PGC Mid 850 m site; (I) SUCS event no. 22, PGC South 800 m site; (J) SUCS event no. 22, PGC South 800 m site, with detail of sabellid polychete.


Though also fed by a number of small outlet glaciers (Ferrigno et al., 2006; Scambos et al., 2014), the Prince Gustav Channel proper (Figure 2F) is more open than Duse Bay sites, with the narrow, steep-sided nature of channel allowing for a more energetic setting with high current speeds and tidal influence (e.g., Camerlenghi et al., 2001). SUCS imagery from the PGC Mid 850 m site (Figures 2G,H) revealed substrate dominated by gravel and small stones covered with a thin sediment, and with a number of small dropstones present. Imagery from PGC South 800 m site (Figures 2I,J) revealed compacted mud and sediment with coarse gravel, and the presence of both small and large dropstones. SUCS imagery from the deepest PGC site, PGC South 1200 m, was similarly unavailable, however an abundance of large surface deposit feeders in the family Flabelligeridae (see section “Comparison of Sampling Sites”) suggest that some input of food-bearing sediment is occurring here, though with a notable absence of burrowing taxa.

A number of polychetes were visible in situ in SUCS imagery (Figures 2C,D,E,G,J) including several taxa that possibly correspond with morphospecies collected in AGT samples, such as the flabelligerid Flabegraviera mundata (Figures 2G, 3B) and the polynoid Austrolaenilla antarctica (Figures 2E, 4D).


[image: image]

FIGURE 3. Live specimen imagery taken on board the expedition JR17003a of several annelid species or morphospecies across a range of families collected by AGT trawls. (A) Brada mammillata (Flabelligeridae); (B) Flabegraviera mundata (Flabelligeridae); (C) Augeneria tentaculata (Lumbrineridae), whole specimen (bottom), with detail of prostomium (top); (D) Maldane sarsi (Maldanidae), whole specimen (bottom) with detail of prostomium (top); (E) Aglaophamus trissophyllus (Nephtyidae), (F) Paranaitis bowersi (Phyllodocidae), whole specimen (top) with detail of anterior (bottom); (G) Sabellidae sp. NHM_272; (H) Sternaspis sendalli (Sternaspidae); (I) Polyeunoa laevis (Polynoidae), whole specimen living within branches of coral (top) and detail of specimen anterior (bottom); (J) Trypanosyllis gigantea (Syllidae), whole specimen (bottom) with detail of anterior (top); (K) Pista mirabilis (Terebellidae) whole specimen (left) alongside portion of tube (right). All scale bars = 1 cm.
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FIGURE 4. Specimen imagery highlighting morphospecies diversity of the family Polynoidae collected JR17003a expedition. See also Figure 3I. (A) Antarctinoe ferox live image, lateral view (top), detail of elytra on preserved specimen (middle) and live, in situ image of specimen sitting in glass sponge; (B) Antarctinoe cf. ferox NHM_232, live image, with detail of midbody elytron (preserved); (C) Antarctinoe spicoides, preserved specimen, lateral view (bottom), detail of long notochaetal spine with pin tip (top left) and detail of midbody elytron (right); (D) Austrolaenilla antarctica live image, with detail of midbody elytron (preserved); (E) Barrukia cristata, preserved specimen, with detail of elytron with arrow highlighting large macrotubercles; F Harmothoe cf. fuligineum NHM_233, live image, with detail of elytron (preserved); (G) Harmothoe fuligineum, with detail of elytron; (H) Harmothoe cf. fullo NHM_330, preserved specimen, with detail of elytron, arrow highlighting mound on posterior margin; (I) Macellicephalinae sp. NHM_234L, preserved specimen, with detail of anterior (top left); (J) Polynoidae sp. NHM_140, preserved specimen, with detail of elytra; (K) Polynoidae sp. NHM_228, live image, with detail of elytron (preserved specimen, different individual to one shown in live image). All scale bars = 1 cm.




Sample Overview

In total, approximately 598 individual annelid specimens in roughly 57 morphospecies and at least 25 families were collected across all six AGT deployments (Tables 1–3 and Supplementary Table 1). The preservation quality of the collected specimens was excellent, with many individuals recovered in full without fragmentation, and delicate features such as cirri and elytra often remaining intact (Figures 3, 4). Of the morphospecies, 22 were identified to named species, while five were designated as “cf.” and the remaining as morphospecies only (Table 3), due to a lack of appropriate taxonomic references and/or poor specimen condition. Morphospecies identified in this study will be subject to future molecular taxonomic and connectivity studies, which may change taxon assignments, for example through the use of genetic data as an error check for morphological assignments (e.g., Neal et al., 2018), and through the discovery of new taxa and cryptic diversity (e.g., Brasier et al., 2016).


TABLE 2. Number of individuals and morphospecies per polychete family (or higher taxonomic rank in the case of oligochaeta) sampled during cruise JR17003a.

[image: Table 2]
TABLE 3. List of morphospecies identified from Agassiz Trawl samples collected on cruise JR17003a, with individual counts for each site provided.

[image: Table 3]The two most abundant species (Table 3) were the sternaspid Sternaspis sendalli (Figure 3H) with 176 individuals, and the maldanid Maldane sarsi (Figure 3D) with 121 individuals. If these two species are excluded from the total specimen count, the whole site ratio of individuals to morphospecies is reduced markedly to 301 individuals in 55 morphospecies. Notably, the majority of both of these species were found at a single site, Duse Bay 1000 m (Table 3). The most diverse group were scale worms in the family Polynoidae, with 10–12 morphospecies recorded (Table 3 and Figures 3I, 4), though with the majority, both in terms of richness and abundance, also found at a single site (Table 2). One polynoid individual (Figure 4I) was identified as a representative of the near-exclusively deep-sea subfamily Macellicephalinae (Neal et al., 2012).

Almost all specimens collected were considered benthic with only one individual recovered from a pelagic family, Tomopteridae. One specimen from the parasitic/commensal family Myzostomidae was recovered, though without an obvious host. Several examples of commensalism were also observed, including two individuals of the Polynoid Polyeunoa laevis, a known alcyonacean coral associate (Barnich et al., 2012), found living within coral branches (Figure 3I); individuals from the families Syllidae and Polynoidae were also found living within glass sponges (e.g., Figure 4A). The majority of specimens exceeded 1 cm in length, however individual animals ranged in size from several millimeters in families such as Cirratulidae, Dorvilleidae, and Ophelidae to between 15 and 18 cm long in families such as Maldanidae, Nephtyidae, and Terebellidae.



Comparison of Sampling Sites

As the size of the sampled area cannot be accurately determined, trawled sampling gear such as the Agassiz trawl are semi-quantitative in nature (Eleftheriou and Holme, 1984), and thus, reliable quantitative assessments and comparisons of abundance and diversity between sites within this study is not possible. However, trawls are efficient at sampling large areas and are useful in preliminary studies in terms of providing a broad qualitative overview of the distribution and structure of communities (Arnaud et al., 1998).

Each of the six sample sites varied in terms of abundance, morphospecies richness, Shannon-Wiener diversity, Pielou’s evenness, and familial composition (Tables 1–3 and Figure 5). Sites further varied in terms of the dominant functional group present, and the overall size classes of component specimens (Figure 6). Duse Bay sites in general had high proportions of burrowing specimens (Figure 6) with representatives of burrowing families such as Cirratulidae, Lumbrineridae (e.g., Figure 4C), and Maldanidae (e.g., Figure 4D) present at each site, though with overall taxonomic composition varying between individual sites (Figure 5). Sites in the channel proper varied somewhat more in terms of dominant taxa and functional groups (Figures 5 and 6).
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FIGURE 5. Proportions of total specimen abundance by annelid family for each Agassiz Trawl sample site. (A) Duse Bay 200 m (B) Duse Bay 500 m (C) Duse Bay 1000 m (D) PGC Mid 850 m (E) PGC South 800 m (F) PGC South 1200 m. Families that had less than ten individuals across all sites (14 out of a total of 25 families) were combined into a single category, “other.”
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FIGURE 6. Composition of annelid (A) “functional groups” and (B) size classes in terms of percentage abundance of individuals across all sampled AGT stations. (A) Polychete families were separated into broad functional categories based on shared functional traits such as life habit, motility and feeding behavior as follows: msom (motile surface-dwelling omnivorous); msdf (motile surface-dwelling deposit-feeding); tbsdf (tube-building surface deposit-feeding); tbsf (tube-building suspension-feeding); b (burrowing). See Table 2 for list of functional groups by family. * Singleton specimens representing parasitic (pa) and pelagic (pe) functional groups (see Table 2) were excluded from PGC South 800 m. (B) Specimens were organized into general size classes as follows: small (less than 1 cm in length); medium (between 1–5 cm in length, or for long, slender taxa, less than 0.5 cm in width); large (exceeding 5 cm in length and 0.5 cm in width).


Duse Bay 200 m, the shallowest site sampled, displayed moderate abundance and richness, relative to other sites, and possessed the highest proportion of suspension feeders with 25 individuals from the tube building family Sabellidae in two morphospecies. However, the majority of these consisted of 14 individuals of the morphospecies Sabellidae sp. NHM_272 (Figure 3G) that formed a single cluster of tubes on the end of a large empty tube, possibly belonging to the terebellid Pista mirabilis (Figure 3K) of which there were three individuals also present in the sample, up to 15 cm in length.

Duse Bay 500 m displayed relatively high abundances and the highest morphospecies and familial richness by considerable margin, with 32 morphospecies in 19 families across 99 individuals. The sample was dominated by burrowing taxa (Figure 6), with Maldanidae representing the most abundant family (36 individuals across three morphospecies), comprising mainly of Maldane sarsi (33 individuals) (Figure 4D). In addition to families not well represented at other sites such as Cirratulidae, many families such as Dorvilleidae, Hesionidae, Opheliidae, Orbiniidae, Paraonidae, and Scalibregmatidae were found exclusively at this site (Table 2). These families primarily included small, macrofaunal sized individuals approximately 1 cm in length or shorter. In contrast, the sample also included several notably large specimens, including an individual of the terebellid Pista mirabilis (Figure 3K) exceeding 18 cm in length, an anterior fragment of the large nephtyid Aglaophamus trissophyllus (Figure 3E) exceeding 15 cm in length, and six individuals of the large syllid Trypanosyllis gigantea (Figure 3J) (2.5–10 cm long) found living within a glass sponge.

Duse Bay 1000 m presented the highest abundances observed across all sites with 260 individuals, though as discussed in section “Sample Overview,” this sample was primarily made up of two species, Sternaspis sendalli and Maldane sarsi, with richness otherwise relatively low with 10 morphospecies. While M. sarsi is moderate in size (∼2 mm wide though reaching lengths of up to 12 cm in the largest specimens), S. sendalli is small with most specimens not exceeding 1 cm in length – this site therefore displayed the highest proportion of small macrofaunal sized taxa (Figure 6). While M. sarsi was found at relatively high abundances in all but two sites (PGC Mid 850 m and PGC South 800 m), notably only a handful of S. sendalli were found at other sites despite being the most abundant species overall. Both species are burrowing deposit feeders, and Duse Bay 1000 m further presented the highest proportion of burrowing taxa across all sites (Figure 6). The remaining sample was primarily composed of medium to large sized motile scavenger/predator taxa including the large nephtyid Aglaophamus trissophyllus, the phyllodocid Paranaitis bowersi (Figure 3F) and the polynoids Antarctinoe ferox and Austrolaenilla antarctica (Figures 4A,D).

Sites in the channel proper were more variable. PGC Mid 850 m presented relatively high diversity and both the second highest abundance and richness of any site, with 126 individuals in 21 morphospecies, and is notable in that no burrowing taxa were present (Figure 6). While representatives of the family Polynoidae were present in small to moderate numbers across every site, PGC Mid 850 m is further notable in terms of a striking abundance and richness of polynoids with 82 individuals in at least 10 morphospecies (Figures 3I, 4A–I), ranging in size from 2 cm to >6 cm. Other motile scavenger/predator taxa in Nephtyidae, Phyllodocidae, and Syllidae were also moderately abundant. Ten individuals in the motile surface deposit feeding family Flabelligeridae were also present at the site, including nine individuals of the species Flabegraviera mundata (Figure 3B), possibly visible in situ in SUCS imagery of this site (Figure 2G). Additionally, 15 individuals of an unidentified oweniid morphospecies, Oweniidae sp. NHM_234C, were present at this site, with the family being rare or absent entirely from other sites.

PGC South 800 m displayed relatively low abundance but moderate richness, with 41 individuals in 19 morphospecies, and was the only non-Duse Bay site with burrowing taxa, primarily comprised of the family Maldanidae (Figures 5, 6) but also including representatives in families Lumbrineridae, Sternaspis and Travisiidae. The remaining taxa were mainly composed of motile surface scavenger/predators in families Polynoidae and Syllidae.

PGC South 1200 m was the deepest site sampled, with a maximum depth of 1270 m. The site displayed both the lowest abundance and richness of any site, with 24 individuals in four morphospecies, dominated by 17 individuals of the large (4–7 cm) flabelligerid Brada mammillata (Figure 3A), in addition to two species of polynoid (Austrolaenilla antarctica and Antarctinoe cf. ferox sp. NHM_232) and the nephtyid Aglaophamus trissophyllus. The site therefore was entirely composed of motile surface dwelling taxa, and further displayed the greatest proportion of large, megafaunal sized animals exceeding 5 cm (Figure 6).

Shannon-Wiener diversity indexes were lowest in the deepest stations, Duse Bay 1000 m and PGC South 1200 m (H’ = 0.95 and 0.84, respectively) and highest at Duse Bay 500 m (H’ = 2.75). Values for Pielou’s Evenness were also lowest for the two deepest stations (J’ = 0.41 and 0.60, respectively), ranging between J’ = 0.76 and J’ = 0.83 at the remaining sites.



DISCUSSION


General Overview

This study provides a first insight into the benthic annelid fauna of the Prince Gustav Channel, revealing locally variable communities in terms of abundance, richness, and both taxonomic and functional composition.

Fine scale habitat heterogeneity, for example in terms of substrate type and composition and the presence or absence of dropstones, can account for much of the variation observed in faunal composition in several previous studies of Antarctic shelf benthos, including investigations of the East Antarctic Shelf (Post et al., 2017), the Ross Sea (Cummings et al., 2006), King George Island (Quartino et al., 2001), and the South Orkney Islands (Brasier et al., 2018). In the present study, SUCS imagery at Duse Bay sites revealed substrate characterized by mud and soft sediments, reflected in high abundances of burrowing taxa at these sites, primarily subsurface deposit feeding families such as Maldanidae and Sternaspidae. Though SUCS imagery was not available for the deepest site (Duse Bay 1000 m), high abundances of these taxa suggest substrate also composed of soft sediments. Previous studies of Antarctic shelf annelids have found high abundances of subsurface deposit feeding taxa to correspond with enhanced productivity and food availability in sediments (e.g., Neal et al., 2011). Duse Bay is a sheltered embayment influenced by a number of local outlet glaciers (Ferrigno et al., 2006; Scambos et al., 2014); in addition to the collapse of floating ice shelves, maritime glaciers along the Antarctic Peninsula have also experienced dramatic retreat in recent decades (Cook et al., 2005), with freshening and sedimentation events becoming more frequent due to increased influxes of glacial meltwater and sediment runoff associated with glacial retreat (Smale and Barnes, 2008). These disturbances can affect adjacent benthic communities in a number of ways. For example, the presence of surface meltwater has been associated with nearshore phytoplankton blooms and increased primary productivity (Dierssen et al., 2002), and increased sedimentation with shifts in benthic community structures (Sahade et al., 2015), favoring soft substrate adapted taxa. Glacial input can also locally increase habitat complexity through the deposition of dropstones – land derived rock frozen into glacial ice that enter the sea via icebergs, which deposit the stones as they melt, providing hard substrata where they land (Smale and Barnes, 2008). Both large and small dropstones were visible throughout the channel where SUCS imagery was available, though in Duse Bay these were mainly restricted to the shallowest site (Duse Bay 200 m).

Glaciers that previously fed into the Prince Gustav Ice Shelf experienced accelerated ice loss and discharge into PGC embayments following the collapse of the ice shelf and its buttressing effect in 1995, though with a significant reduction in losses since 2013 (Rott et al., 2014, 2018). In addition to glacial input into the channel, the depth and north-south continuity of the PGC may further facilitate the flow of fine grained sediment and organic matter through the channel from adjacent shelf areas and more productive, seasonally open water, even during periods when the channel was covered by a floating ice shelf, which is possibly indicated by a measurable drape of diatom bearing sediment in the deepest parts of the channel, much thicker than for other glacial troughs in the region (Pudsey et al., 2001). This may have relevance to benthic communities in the channel today, as while the collapse of ice shelves exposed open water leading to massive increases in primary production in the region (Bertolin and Schloss, 2009), the east coast of the Antarctic Peninsula experiences dense pack ice cover for much of the year, with pack ice in the channel occasionally lasting year round (Pudsey et al., 2006). Cut off from surface primary production, benthic communities beneath floating ice shelves are known to rely on the horizontal advection of food particles from open water as a primary food source (Riddle et al., 2007), with distance from the ice shelf edge a major factor in terms of the abundance, diversity and structure of sub-ice benthic communities (e.g., Riddle et al., 2007; Post et al., 2014).

In this study, SUCS imagery corresponding to sampled channel sites revealed higher proportions of hard substrate relative to Duse Bay sites, though with mud and compacted sediment present at PGC South 800 m (possibly reflected in an abundance of maldanids) and only a thin sediment drape at PGC Mid 850 m, the latter displaying remarkable abundance and diversity in the motile predator/scavenger family Polynoidae and the complete absence of sub-surface deposit feeding taxa. While SUCS imagery was not possible for the deepest basin of the channel, PGC South 1200 m, previous acoustic investigations have shown that the deeper parts of the channel are filled by a measurable sediment drape (Pudsey et al., 2001). The benthic fauna of this site was distinct from other samples with the lowest richness, abundance, and diversity, entirely dominated by large motile megafauna, primarily in the surface deposit feeding family Flabelligeridae but also including predator/scavenger families Polynoidae and Nephtyidae. In a comparative study of depth zonation in polychete communities from Scotia and Amundsen seas, deep glacial troughs up to 1500 m deep in the inner shelf of the glacier-influenced Pine Island Bay in the Amundsen Sea were dominated by motile predator/scavengers such as Polynoidae and Nephtyidae and deposit feeding families (both surface and subsurface) at 500 m depth horizons; deeper sites were entirely dominated by the former with a complete absence of deposit feeders (Neal et al., 2018). The basins of the PGC are amongst a number of deep glacial troughs that exceed depths of 800 m in the greater Larsen A area, though are distinct in having a much thicker drape of diatom bearing sediment than other troughs in the region, suggesting that the bathymetry of the channel facilitates the advection of food bearing particles from more productive waters through the channel and to these troughs (Pudsey et al., 2001). This could possibly support deposit feeding communities in the deep basins of the PGC, however comparative samples from other troughs in the region are not available.

In the Amundsen Sea, Antarctic Circumpolar Deep water is known to intrude onto the inner shelf of Pine Island Bay (Thoma et al., 2008), connecting the shelf troughs with deep water and acting as a potential source of the deep-water species found in these troughs (e.g., Kaiser et al., 2009; Riehl and Kaiser, 2012; Linse et al., 2013), including polynoids in the deep sea sub-family Macellicephalinae (Neal et al., 2012, 2018). An individual of this subfamily was collected in the present study from PGC Mid 850 m site. On the continental shelf of the greater Larsen region, glacial troughs running out to the continental shelf break allow for the inflow of Modified Weddell Deep Water, a derivative of Circumpolar Deep Water, onto the shelf and toward the coast and ice shelf fronts (Nicholls et al., 2004), though it is unknown whether this could similarly act as a source of deep sea taxa on the western Weddell shelf without comparative faunistic studies with deep Weddell communities.

Southern Ocean polychetes are typically reported to have wide depth ranges (Schüller, 2011), however this notion is beginning to be challenged, with recent comparative investigations finding depth to be one of the main factors structuring shelf and slope polychete communities (Neal et al., 2018). As the sample size in this study was small and qualitative, and with three sampling depths only achieved at Duse Bay sites, any effects of depth are difficult to discern. In a separate analysis of the 12 SUCS deployments taken throughout the channel on the JR17003a expedition from depths ranging from 200 m to 850 m, heterogeneity and complexity was found to decrease with depth, with the most complex and heterogeneous sites found at the southern-most sample sites (Almond, 2019).

Without comparable baseline records from the Prince Gustav Channel, either before or directly after ice shelf collapse, any effects of ice loss on the benthos of the channel are similarly difficult to discern. Based on historical records, the maximum northern extent of the Prince Gustav Ice shelf in contemporary terms would have extended to just south of the PGC South 1200 m sampling site (Cooper, 1997; Ferrigno et al., 2006). Sites in this study therefore would have been just proximal to the ice shelf rather than directly covered by it, however the effects of this are similarly unknown.



Sampling Biases and Comparability

The Agassiz Trawl is best suited for collecting large epifauna or large infauna at or close to the sediment surface interface, and can be hindered by very rocky substrate, hence why 200 m and 500 m trawls in the main channel were not possible due to the influence of boulders. This may explain why the sample site with the largest dropstones, PGC South 800 m, displayed relatively low abundances despite moderately high morphospecies richness. The nature of the trawl further limits the collection of smaller encrusting species, and larger numbers of small infaunal species than otherwise targeted can occasionally be collected when the trawl becomes embedded in soft sediment (Brasier et al., 2018), as likely occurred at Duse Bay 500 m site, which displayed the highest diversity and highest overall familial and morphospecies richness, largely from small infaunal taxa.

Placing these results in wider comparative terms is difficult due to the above sampling biases and general qualitative nature of the AGT, in addition to the range of sampling devices and different spatial and bathymetric scales used by previous benthic sampling projects. The majority of Antarctic macrobenthic abundance and diversity assessments have been carried out using grabs and corers (Linse et al., 2007), including the only previous biological sampling effort of the Prince Gustav Channel in 2000 (see Blake, 2015), and a number of large-scale assessments of Antarctic polychete diversity (e.g., Hilbig et al., 2006; Neal et al., 2011; Parapar et al., 2011). Coring devices, which are considered more quantitative than dragged gear at the cost of area sampled, may only have a low degree of species overlap with sledged or trawled sampling gear even at the same site (Hilbig, 2004). Several large Antarctic polychete studies have collected samples using an epibenthic sledge (EBS) (e.g., Schüller et al., 2009; Neal et al., 2018), however while the EBS is similarly a dragged sampling gear, it targets a smaller size class of fauna than the Agassiz trawl, again limiting comparability. The standardized use of multiple gear types at any one station is an efficient method of getting a comprehensive impression of the benthic fauna of an area, particularly where seafloor is sparsely colonized (Hilbig, 2004). Core and EBS samples were also taken during the JR17003a expedition and will be incorporated in future taxonomic studies using an integrative taxonomy approach (Glover et al., 2016), whereby morphological assessments are streamlined by molecular barcoding, and will provide a more holistic and comparable account of polychete diversity in the Prince Gustav Channel. However, AGT samples provide a good preliminary overview of the megafaunal and larger macrofaunal communities of the channel.

Antarctic AGT-based sampling efforts that are broadly comparable include the second expedition of the Ecology of the Antarctic Sea Ice Zone (EASIZ) program on board the RV Polarstern in 1998, in which 11 AGT trawls from depths ranging from 230 m–2070 m, primarily from the continental shelf and slope of the southeastern Weddell Sea, were sorted to family level (Arntz and Gutt, 1999). If excluding single locally abundant species such as Sternaspis sendalli at Duse Bay 1000 m, then the EASIZ AGT samples are broadly similar to the samples of this study in terms of total annelid abundances and familial richness, ranging from 28–101 individuals and 5–17 families per trawl1. However, familial composition does differ somewhat, with Syllidae and Terebellidae amongst the most dominant families numerically, and families such as Maldanidae scarce relative to PGC samples. Furthermore, families that are moderately common in the EASIZ samples such as Glyceridae and Nereididae are totally absent from the PGC AGT samples. Maximum abundances also tended to be lower, with 43 syllid individuals the maximum recorded abundance in a single family for a single trawl, in contrast to individual counts of up to 173, 81, and 70 for Sternaspidae, Polynoidae, and Maldanidae respectively in PGC samples.

Closer to the PGC, several AGT trawls were taken from seabed formerly covered by Larsen A and B ice shelves during the expedition ANT-XXIII/8 RV on the Polarstern 2006/2007 (Gutt, 2008) as part of a larger study investigating the biodiversity of the then recently uncovered seabed (Gutt et al., 2011). Macrofaunal presence/absence data published show that several named species identified in the current study were also present in these samples, such as Antarctinoe ferox, Antarctinoe spicoides, Austrolaeniella antarctica, Flabelligera mundata (synonym of Flabegraviera mundata), Harmothoe fuligineum, Harmothoe fullo, Maldane sarsi and Pista mirabilis (Gutt et al., 2010), 12 and 5 years after the collapse of the Larsen A and B ice shelves. The large flabelligerid Flabegraviera mundata, found at relatively high abundances at PGC Mid 850 m, is also thought to have been observed under the Amery Ice shelf, East Antarctica, 100 km from open water (as Flabelligera mundata) (Riddle et al., 2007), however it is a relatively common species in the Southern Ocean with an assumed circumpolar distribution (though see section “Morphological Limitations and Future Molecular Work”).



Morphological Limitations and Future Molecular Work

This study provides a good preliminary assessment of polychete communities in the Prince Gustav channel in terms of broad dominant functional groups present and taxonomic composition at the family level. The turnover in community structure and diversity is important to understand in a wider perspective; significantly increased burial of organic carbon caused by loss of ice cover and increased primary production has recently been reported from Antarctic areas (Barnes, 2015; Fogwill et al., 2020; Pineda-Metz et al., 2020; Rogers et al., 2020) but the role of the faunal response to changed nutrient availability and sedimentation rates are not known (Smith and DeMaster, 2008; Gogarty et al., 2020). However, diversity at the species level can be difficult to assess based on morphological identification alone.

Many of the named species identified in this study are considered to have widespread, circum-Antarctic distributions and broad depth ranges – a phenomenon well reported both for Southern Ocean polychetes and for Antarctic benthos in general (Schüller, 2011). The increasing use of molecular methods such as DNA barcoding in Antarctic sampling however is beginning to challenge this traditional notion (Grant et al., 2011), with numerous studies finding that many previously widespread species across several phyla are instead composed of cryptic species complexes (see Riesgo et al., 2015 and references therein) – morphologically similar yet genetically distinct species. In 2016, DNA barcoding of 16 Antarctic polychete morphospecies found evidence of cryptic diversity in over half the morphospecies examined, including taxa identified in the present study, such as Aglaophamus trissophyllus and Maldane sarsi (Brasier et al., 2016), suggesting that assessment based on morphology alone may significantly underestimate true species diversity. More recently, evidence of cryptic diversity has been found in Southern Ocean lineages of the polynoid Polyeunoa laevis (Bogantes et al., 2020), a taxon also present in the JR17003a samples.

A further consideration is the fact that traditional faunal lists and taxonomic identification literature available for Southern Ocean polychetes are considered to be outdated (Neal et al., 2018), with the presence of several globally widespread taxa with Northern Hemisphere type localities questionable. For example, the supposed cosmopolitan Maldane sarsi and its Antarctic subspecies Maldane sarsi antarctica Arwidsson, 1911 have both been reported from throughout the Southern Ocean (e.g., Hartman, 1966, 1967) – while the stem and subspecies differ primarily by color and gland pattern, these are not considered to be robust taxonomic characters (Wang and Li, 2016). However, Brasier et al. (2016) found that DNA barcode data of morphospecies identified as M. sarsi collected from Scotia and Amundsen seas differed from barcodes of M. sarsi collected from the stem species’ type locality in northwestern Europe. The authors subsequently assigned their Antarctic morphospecies to M. sarsi antarctica, questioning whether the subspecies should be investigated as a separate morpho- or cryptic species given the genetic difference and geographic distance from the parent species, and querying the presence of the parent species in the Southern Ocean altogether. Maldane sarsi was amongst the most common morphospecies collected in the present study, with all morphotypes assigned to the parent taxon as a conservative approach until further assessment.

Annelids are also prone to fragmentation, and morphology cannot account for missing characters from damaged or incomplete specimens that could otherwise identify or delimit species. Although the preservation quality in the current study was high, the samples still included many posteriorly incomplete or damaged individuals, in addition to fragments without heads that were not included at all, but could be potentially be identified using DNA.

However, morphology can also overestimate species diversity. For example, the only two species of sternaspid polychetes described from the Southern Ocean, Sternaspis sendalli and Sternaspis monroi, were recently synonymized (the latter now the junior synonym) based on a molecular investigation that found little genetic structure between the two despite considerable variation in diagnostic morphological characters (Drennan et al., 2019). Furthermore, Polynoidae, the most morphospecies rich family in the current study, can display considerable degrees of intraspecific variation yet remain a single genetic species, as in the case of Harmothoe imbricata (Linnaeus, 1767) from waters off Scandinavia and Svalbard, which has at least ten distinct color morphs yet little genetic variation (Nygren et al., 2011). Additionally, juvenile polychetes can also show marked morphological differences from adult counterparts, and thus can often be misidentified as separate species when using morphology alone (Neal et al., 2014).

While molecular-based taxonomy can allow for a faster, statistically-rigorous assessment of diversity (though with its own caveats, see Riesgo et al., 2015), morphological assessments are still necessary in terms of providing information on life history, ecology, and ecosystem function, in addition to linking molecular results to described species and traditional pre-molecular taxonomic literature, and are a requisite for useful field identification guides (Glover et al., 2016). Molecular taxonomy should thus complement rather than supplant existing taxonomic methods (Bucklin et al., 2011).

The morphospecies identified in the present study will be subject to future molecular taxonomic and connectivity analyses, which will include the DNA barcoding of all specimens; additional annelid specimens collected from the PGC sampling sites on the expedition JR170003a using both Epibenthic Sledge (EBS) and multi-corer sampling gear will also be included in these analyses. This will allow for a more thorough and comparable assessment of annelid diversity in the channel, for example through assessments of cryptic diversity and as an error check for morphological assignments. Furthermore, while the number of molecular investigations of Southern Ocean fauna have rapidly expanded in recent decades (Grant et al., 2011; Riesgo et al., 2015), major gaps in taxonomic and geographic coverage in terms of genetic data still exist, with annelids poorly represented relative to other groups such as Mollusca and Arthropoda (Riesgo et al., 2015), and regions of the Southern Ocean such as the Western Weddell Sea rarely sampled at all (Griffiths et al., 2014). Future molecular investigations of these samples will aid in filling these sampling gaps and will be included as part of wider phylogeographic and population genetic analyses assessing the connectivity, demographic history, and evolutionary origins of annelid fauna in this ice-influenced region. Understanding how the benthos of the Southern Ocean evolved and persisted through past environmental change over multimillion year timescales can provide insight into their resilience against current and future climactic change (Lau et al., 2020) and could inform current glacial and climactic models by providing an independent biological line of evidence for past ice sheet behavior (Strugnell et al., 2018).



CONCLUSION

This study provides a good snapshot of diverse benthic communities in a habitat with a dynamic recent glacial history and continuing glacial influence, which may be relevant to future habitats if present rates of ice loss and retreat along the Antarctic Peninsula continue. In addition, these specimens begin to fill sampling gaps in a poorly sampled region of the Southern Ocean and will be utilized in future molecular investigations, both in terms of assessing the genetic diversity of the channel and as part of wider phylogeographic and population genetic analyses of annelid fauna in this ice-influenced region. Curating accurate taxonomic and distributional data provides a necessary and important baseline for monitoring ecosystems and understanding current and future environmental change, while insights into the evolutionary history of the Southern Ocean benthos can help inform current climatic debate.

The channel is of further interest as its southern portion (south of 64°N) is currently included within the margins of a proposed Marine Protected Area for the Weddell Sea, presented in 2014 to the Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR), though as of 2018 has not yet been agreed upon (UN Ocean Conference, 2018). Increased knowledge of the fauna of this region may contribute to future decisions in regards to conservation policy implementation for the Weddell Sea area.
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FOOTNOTES

1 Excluding the deepest trawl that consisted of mud, which was sieved entirely through a 0.5 mm mesh screen, resulting in a maximum abundance of 2427 individuals in 20 families.
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Event Site Date Decimal Decimal Max No. of No. of No. of H’ J’

no. latitude longitude depth (m) individuals families morphos-
pecies

56 Duse Bay 200 m 2018-03-07 —63.62531 —57.48627 203.85 48 10 13 1.99 0.77
52 Duse Bay 500 m 2018-03-07 —63.61614 —57.50349 483.01 99 19 32 2.76 0.80
4 Duse Bay 1000 m 2018-03-01 —63.57554 —57.29537 1080.63 260 8 10 0.95 0.41
46 PGC Mid 850 m 2018-03-06 —63.80603 —58.06523 869.95 126 8 21 2.33 0.76
38 PGC South 800 m 2018-03-05 —64.05515 —58.47654 868.42 4 12 19 245 0.83
43 PGC South 1200m  2018-03-06 —63.98811 —58.42253 1271.42 24 3 4 0.84 0.60

H’ = Shannon-Weiner diversity index, J’ = Pielou’s Evenness.
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Family Morphospecies Taxon authority Sites

(or higher)
DB bB DB PGCM  PGCS  PGCS  Total
200m  500m  1000m 850m  800m  1200m
Ampharetidee  Ampharetidae sp. NHM_280 2 2 - - 1 - 5
Ciratuiidae Aphelochaeta sp. NHM_301 - 3 - - = = 3
Chaetocirratulus Augener, 1932 2 1 - - - - 3
andersenensis
Cirratulidae sp. NHM_035 - 2 1 - = - 3
Cirratulidae sp. NHM_317 = 1 - - - - 1
Donvileidae Protodonvillea sp. NHM_290 - 5 - - - - 5
Flabeligeridae  Brada mammillata Grube, 1877 - - = 1 - 17 18
Flabegraviera mundata Gravier, 1906 . - - 9 - - 9
Hesionidae Hesionidae sp. NHM_291 - 1 - - - - 1
Lumbrineridae  Augeneria tentaculata Monro, 1930 1 5 4 - 1 - 1
Lumbrineridae sp. NHM_300 - 1 = - = = 1
Maldanidae Lumbriclymenella robusta Anwidsson, 1911 - 1 - - - 6
Maldane sarsi Malmgren, 1865 8 33 67 - 13 - 121
Maldanidae sp. NHM_125 - - 1 - 3 -
Maldanidae sp. NHM_302 - 2 - . - - 2
Myzostomatidae  Myzostoma cf. divisor NHM_123 Grygier, 1989 - - = - 1 -
Nephtyidae Aglaophamus trissophyllus Grube, 1877 . 3 6 6 - 1 16
Aglaophamus sp. NHM_280F - 1 - . . _ 1
Oligochaeta Oligochaeta sp. NHM_287 - 2 - - - - 2
Oligochaeta sp. NHM_289 - 1 - = - . 1
Ophelidae Ophelina breviata Ehlers, 1913 - 2 - - - - 2
Ophelina of. cylndricaudata Hansen, 1878 - 4 - - - - 4
Orbiniiae Leitoscoloplos kerguelensis Mcintosh, 1885 - 4 - - - - 4
Owenidae Oweniidae sp. NHM_234C - 1 - 15 - - 16
Paraonidae Paraonidae sp. NHM_295 - 1 - - = 1
Phyllodocidae  Paranaitis bowersi Benham, 1927 1 - 1 1 - - 3
Phyllodocidae sp. NHM_234D - - - 1 - - 1
Phyllodocidae sp. NHM_235D - = - 1 . - 1
Polynoidae Antarctinoe ferox Baird, 1865 - 1 1 7 1 - 10
Antarctinoe cf. ferox NHM_232 Baird, 1865 - - - 39 - 1 40
Antarctinoe spicoides Hartmann-Schréder, - - - 1 - - 1
1986
Austrolaenilla antarctica Bergstrom, 1916 - 1 5 1 1 5 13
Barrukia cristata Willey, 1902 - - - 9 - - 9
Harmothoe fuligineum Baird, 1865 - - - 18 1 - 19
Harmothoe cf. fuligineum Baird, 1865 - 1 - 2 - - 3
NHM_233
Harmothoe cf. fullo NHM_330 Grube, 1878 1 - - - - - 1
Macelicephalinae sp. NHV_234L - - - 1 . - 1
Polyeunoa laevis Mcintosh, 1885 - - . 1 1 - 2
Polynoidae sp. NHM_140D 1 - - - 2 = 3
Polynoidae sp. NHM_228 - = - 3 - - 3
Sabelidae Sabelidae sp. NHM_272 19 2 - 1 1 - 23
Sabelidae sp. NHM_332 6 = = - = - 6
Scalibregmatidae  Scalibregmatidae sp. NHM_281 - 1 - - - - 1
Serpulidae Serpuiidae sp. NHM_280K - 1 - . - . 1
Sternaspidae  Sternaspis sendalli Salazar-Vallejo, 2014 2 - 173 - 4 - 176
Sylidae Pionosyllis kerguelensis Mcintosh, 1885 - - - 6 1 - 7
Syliidae sp. NHM_140F - - - - 4 . 4
Sylidae sp. NHM_285 - 1 - - - - 1
Trypanosyllis gigantea Mcintosh, 1885 - 6 - 1 - - 7
Terebelidae Leaena collaris Hessle, 1917 - 1 - - - - 1
Pista mirabilis Mcintosh, 1885 3 1 - - - - 4
Terebelidae sp NHM_142 - - 1 - 1 _ 2
Terebelidae sp NHM_234P . - . 2 1 _ 3
Terebelidae sp NHM_337 1 - = - . - 1
Tomopteridae  Tomopteris sp NHM_131 - - - = 1 - 1
Travisiidae Travisia kerguelensis Mclntosh, 1885 - - - - 1 - 1
Trichobranchidae  Trichobranchidae sp. 280M 1 7 - - - - 8

Taxa identified to named species are highlighted in bold. DB Duse Bay; PGC Prince Gustav Channel; M Mid; S South.





OPS/images/fmars-07-595303-t002.jpg
Family Functional Sites

(or higher) category
Total Site Duse Bay 200 m Duse Bay 500 m Duse Bay 1000 m PGC Mid 850 m PGC South 800 m PGC South 1200 m
No. ind. No. sp. No. ind. No. sp. No. ind. No. sp. No. ind. No. sp. No. ind. No. sp. No. ind. No. sp. No. ind. No. sp.

Ampharetidae tbsdf 8 1 2 1 2 1 — — — — 1 1 _ _
Cirratulidae b 10 4 2 1 7 4 1 1 & = s - - s
Dorvilleidae msom 5 1 — — 5 1 — - e - e — - -
Flabelligeridae msdf 27 2 — - e = — - 10 2 s — 17 1
Hesionidae msom 1 1 — — 1 1 — = = — - — - —
Lumbrineridae b 12 2 1 1 6 2 4 1 — - 1 1 - -
Maldanidae b 133 4 8 1 36 3 68 2 — - 21 3 — —
Myzostomidae pa 1 1 - — — — — - = - 1 1 — _
Nephtyidae msom 17 2 — — 4 2 6 1 6 1 — — 1 1
Oligochaeta b 2 — — 8 9 - — — — — — _ _
Ophelidae b 6 2 — — 6 2 - — — — — — _ _
Orbiniidae b 1 — — 4 1 — — — — — — — _
Oweniidae tbsdf 16 1 — — 1 1 — - 15 1 — — — _
Paraonidae b 1 1 — — 1 1 — = I = s - s s
Phyllodocidae msom 5 3 1 1 — — 1 1 3 3 - s
Polynoidae msom 105 12 2 2 3 3 6 2 82 10 6 B 6 2
Sabellidae thsf 29 2 25 2 2 1 — — 1 1 1 1 — =
Scalibregmatidae b 1 1 - - 1 1 — s = = - — — —
Serpulidae thsf 1 1 — — 1 1 — - = = - — _ _
Sternaspidae b 176 1 2 1 — — 173 1 — 1 1 — —
Syllidae msom 19 4 - - 7 2 — — r 2 5 2 — —
Terebellidae tbsdf 11 5 4 2 2 2 1 1 2 1 2 2 — —
Tomopteridae pe 1 1 - — — — _ _ _ _ 1 1 _ _
Travisiidae b 1 1 — - - — — — — — 1 1 — —
Trichobranchidae  tbsdf 8 1 1 1 7 1 — — — — — — — _

Total 598 57 48 13 99 32 260 10 126 21 41 19 24 4

A broad functional category based on shared functional traits such as life habit, motility and feeding behavior is also provided for each family: b (burrowing); msom (motile surface-dwelling omnivorous); msdf (motile
surface-dwelling deposit-feeding); pe (pelagic); pa (parasitic); tbsdf (tube-building surface deposit-feeding); tbsf (tube-building suspension-feeding).





OPS/images/cover.jpg
, frontiers
in Marine Science








OPS/images/fmars-07-595303-g006.jpg
A “functional group” abundance by site B size class abundance by site

n=48 n=99 n=260 n=126 n=39" n=24 n=48 n=99 n=260 n=126 n=41 n=24
1.00 1.00

0.754 0.754

% abundance
o
an
o

% abundance
o
an
o

0.254 0.25 1

0.00- 0.00-
<& <& & <& <& &
$ & S X $ $
N \\6 ) b‘b (\‘b N 3\
\),oe &e 2 <2c,)C) O"o P o‘-’Q
Q Q Q¥ QO Q@O Q

msom - msdf . tbsf . tbsdf . b Small (<1 cm) Medium (1-5 cm). Large (>5 m)
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