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Abstract
An integrative inventory of the amphipod scavenging fauna (Lysianassoidea), combining morphological identifications with 
DNA barcoding, is provided here for the Filchner area situated in the south-eastern Weddell Sea. Over 4400 lysianassoids 
were investigated for species richness and relative abundances, covering 20 different stations and using different sampling 
devices, including the southernmost baited traps deployed so far (76°S). High species richness was observed: 29 morphos-
pecies of which 5 were new to science. Molecular species delimitation methods were carried out with 109 cytochrome c 
oxidase I gene (COI) sequences obtained during this study as well as sequences from specimens sampled in other Antarctic 
regions. These distance-based analyses (trees and the Automatic Barcode Gap Discovery method) indicated the presence of 
42 lineages; for 4 species, several (cryptic) lineages were found. More than 96% of the lysianassoids collected with baited 
traps belonged to the species Orchomenella pinguides s. l. The diversity of the amphipod scavenger guild in this ice-bound 
ecosystem of the Weddell Sea is discussed in the light of bottom–up selective forces. In this southernmost part of the Weddell 
Sea, harbouring spawning and nursery grounds for silverfish and icefishes, abundant fish and mammalian food falls are likely 
to represent the major food for scavengers. Finally, the importance of biodiversity surveys in the context of the establishment 
of a marine protected area in this region (Weddell Sea MPA) is highlighted and how future studies can contribute to a better 
understanding the ecological role of scavengers in this system is discussed.
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Introduction

The exploitation of natural resources as well as rapid 
environmental changes, with their cascading conse-
quences such as community and regime shifts, are known 
to have major impacts on the stability of ecosystems and 
thus ecosystem function (Scheffer and Carpenter 2003; 
Worm et al. 2006; Harley 2011; Bellard et al. 2012). The 
resilience of an ecosystem is dependent on its response 
to the loss and disturbances of critical key species and 
communities. The prevention of this accelerating loss of 
biodiversity in both coastal (e.g., Jackson et al. 2001) and 
open-ocean ecosystems (e.g., Worm et al. 2005), as well 
as ecosystem functioning and services (e.g., see Worm 
et al. 2006) is one of major aims of global conservation 
organisations like the International Union for Conser-
vation for Nature (IUCN). One of the goals within the 
Aichi biodiversity targets of the convention on biologi-
cal diversity (CBD), which was later reaffirmed as Goal 
14 within the United Nations sustainable development 
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goals (UNSDG), is to protect 10% of the worlds coastal 
and marine areas (CBD 2010; UNSDG 2015). The estab-
lishment of marine protected areas (MPAs) is considered 
a suitable tool that designates certain marine areas of 
specific economic, biodiversity, and species conserva-
tion interest (CBD 2004). MPAs benefit from measures 
preventing the exploitation of marine resources, e.g., by 
implementing a sustainable fishery or fishing prohibition 
in no-take areas as well as tourism management. While 
nearly every coastal country has implemented an MPA-
like structure (Agardy et al. 2003), the Southern Ocean 
has been long time neglected in this regard despite its 
pristine character and large area. The Southern Ocean 
(sensu lato, i.e., including sub-Antarctic areas sensu 
De Broyer et al. 2014, hereafter SO) harbours complex 
ecosystems and communities which can vary over small 
geographical scales (Gutt et al. 2013). Its marine fauna is 
rich in species, particularly in the benthos, with many rep-
resentatives in groups such as crustaceans, polychaetes, 
sponges, gastropods, and bryozoans (e.g., Arntz et al. 
1994; Clarke 2008). Its unique features, e.g., geographic 
and climatic isolation, low and stable temperatures, and 
an extreme seasonality, are thought to have contributed 
to the evolution of a high endemicity, adaptive radiations, 
and species flocks observed in several taxa (reviewed in 
Chenuil et al. 2018).

The Antarctic treaty signatory powers, through the con-
vention for the conservation of Antarctic marine living 
resources (CCAMLR), have been working on the assign-
ment of a network of MPAs across the SO. To do so, they 
have agreed on a system, dividing the SO into nine marine 
large-scale planning domains covering convention areas in 
which both scientific research as well as MPAs are planned 
and considered (CCAMLR 2005, 2011, 2012). The South 
Orkney Islands Southern Shelf MPA was the first no-take 
area in the SO designated by CCAMLR (2009). The world’s 
largest MPA, situated in the Ross Sea, was recently resolved 
in October 2016 and will be taken into force in December 
2017 with 72% of its assigned area planned as a no-take 
area (CCAMLR 2016). Since 2011, an MPA for the East 
Antarctic domain is under negotiation, being proposed by 
Australia and the European Union (CCAMLR 2011). The 
European Union recently submitted a further proposal, con-
ceptualised by Germany, requesting the Weddell Sea as a 
MPA covering eco-regions with characteristic biodiversity 
and biogeographic patterns (Teschke et al. 2016). Besides 
being a region of international research focus over many 
decades, our current knowledge of the Weddell Sea environ-
ment and the ecology of its key species are rather patchy. 
This particularly holds true for the southernmost eastern 
shelf region: the Filchner area, in which six special protec-
tion zones are proposed inside the planned MPA (Teschke 
et al. 2016). This area has been undersampled compared to 

the north-eastern Weddell Sea continental shelf (Griffiths 
et al. 2010), and until recently, only a handful of stations has 
been quantitatively sampled in the Filchner Trench (Knust 
and Schröder 2014).

Situated in the south-eastern Weddell Sea, the Filchner 
area is considered to be a key oceanographic region, char-
acterized by a complex system of formation and mixing of 
water masses with various in- and outflows (Darelius et al. 
2014). The Filchner Trough, intersecting the continental 
shelf break at 33°W, is bounded by the Filchner-Ronne 
Ice Shelf, the world’s largest ice shelf by volume (Fox and 
Cooper 1994; Grosfeld et al. 2001). In this region, strong 
sea-ice formation creates brine rejection and dense saline 
shelf water production (Haid and Timmermann 2013), whilst 
melting and freezing events at the base of the ice shelf are 
responsible for the production of ice shelf water, a precur-
sor of the Antarctic Bottom Water (Foldvik et al. 2004). 
Hence, this area is of major importance for the global ocean 
circulation and ventilation of the world’s abyss (Foldvik 
et al. 2004). Changes in sea-ice conditions, warming surface 
waters (Grosfeld and Gerdes 1998), and calving icebergs 
(Grosfeld et al. 2001) may have severe consequences for the 
Filchner-Ronne ice shelf and the production of bottom water, 
which are, however, difficult to predict due to the complex-
ity of the regionally heterogeneous hydrographic conditions 
(Darelius et al. 2014) and the interplay between winds, eddy 
processes, hydrographic forcing from precipitation, sea ice, 
and ice shelf melting (Hellmer et al. 2017). Nevertheless, 
certain simulations with IPCC-simulated scenarios, based 
on coupled ice-ocean models, project an increase in basal 
melting and ice shelf thinning with a tipping point where 
these changes will be irreversible with strong implications 
on the Antarctic ice sheet (Hellmer et al. 2017).

In addition, from a faunal point of view, the Filchner area 
has been referred to as a hotspot, both in terms of diversity 
and abundance of certain taxa, mainly fish and marine mam-
mals (Knust and Schröder 2014). In the area, the outflow 
of ice shelf water mixes with the oceanic deep waters of 
the Weddell Gyre circulation, resulting in physical fronts. 
This is believed to be the primary cause of this area being 
a biological hotspot, where upper and intermediate trophic 
levels are maximized (Bornemann et al. 2014). This complex 
regional hydrography influences the downward flux of sea-
ice algae, phytoplankton, and derived organic matter (Auel 
et al. 2014). Both meso- and macro-zooplankton appear to 
be particularly diverse in the Filchner Trough but compara-
tively lower in biomass than in the more northern region 
of the eastern Weddell Sea (Boysen-Ennen 1987; Boysen-
Ennen and Piatkowski 1988; Auel et al. 2014). Conversely, 
nekton biomass and production have been reported to be 
high in the southern part of the Weddell Sea, largely due 
to the high abundances of the Antarctic silverfish Pleura-
gramma antarcticum Boulenger, 1902 (Hubold 1984), which 
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are linked with high foraging occurrences of marine mam-
mals such as Weddell seals (Plötz et al. 2001). Hence, a 
high number of larger carcasses of fish and mammals are 
expected to represent an important food source for scaveng-
ing benthic and bentho-pelagic communities.

Marine scavengers—feeding on dead organisms of plant 
or animal origin—are found throughout all phyla and habi-
tats (King et al. 2007), represented by a variety of inverte-
brate taxa, e.g., asteroids, ophiuroids, holothurians, deca-
pods, amphipods, and isopods but also vertebrates such as 
fish and seabird species (see Britton and Morton 1994 for a 
review). Amphipod scavengers from the superfamily Lysia-
nassoidea are amongst the most ubiquitous and species-rich 
taxa in the Antarctic bentho-pelagic realm at all depths (e.g., 
Slattery and Oliver 1986; De Broyer et al. 2004). Despite 
their importance as food for higher trophic levels (fish, 
seabirds) and in recycling the organic carbon reaching the 
ocean floor, their diversity and food-web interactions are 
poorly studied, both globally and in the SO (Havermans and 
Smetacek submitted). In particular, the Filchner area, where 
year-round heavy sea-ice conditions severely hampered ben-
thic diversity studies, stands in contrast with the frequently 
sampled north-eastern Weddell Sea (e.g., Griffiths 2010). 
With the exception of 4 baited trap deployments in Hal-
ley Bay (74°S 27°W) during the EASIZ II cruise of R/V 
Polarstern in 1998 (De Broyer et al. 2004), the crustacean 
scavenger fauna of this region has remained virtually unstud-
ied. Therefore, we here present an inventory of the Filchner 
outflow region to investigate the different amphipod species 
belonging to the superfamily Lysianassoidea, of which many 
are known to be scavengers. This has been accomplished by 
means of an approach combining both in-depth morphologi-
cal examinations and DNA barcoding, allowing to evaluate 
the congruence between barcode clusters and morphospe-
cies. With this integrative study, we aim to contribute to the 
biodiversity assessment of a recently proposed MPA and 
to deliver baseline information for subsequent monitoring 
studies.

Materials and methods

Sampling

Lysianassoid amphipods were collected at 20 different sta-
tions during the expedition PS82 (ANT-XXIX/9) of R/V 
“Polarstern” in the austral summer of 2013–2014, 18 of 
which are situated in the Filchner area and two stations fur-
ther north near Kapp Norvegia (Fig. 1). Amphipods were 
collected using Agassiz and bottom trawls, rectangular mid-
water trawls as well as Rauschert dredge deployments. The 
Agassiz trawl (AGT) with an opening of 3-m width, was 
equipped with 10-mm mesh in the cod end, and towed at 

1 knot for 10–30 min, whereas the bottom trawl (BT) was 
equipped with 40-mm mesh in the cod end, and was towed at 
3 knots for 30 min. The much smaller Rauschert Dredge was 
deployed sideways from the ship, had an opening of 0.5 m 
width and a mesh size of 500 μm. It was towed at 0.5 knots 
for 10 min. Moreover, a lander equipped both with fish and 
amphipod traps was deployed at station 118–1 at a bottom 
depth of 274 m. Three rectangular amphipod traps, equipped 
with a nylon gauze (500 µm mesh size) and two inverse 
funnel-shaped openings (4 cm diameter) (see De Broyer 
et al. (2004) for a detailed description) and baited with large 
pieces of notothenioid fish from the previous sampling sta-
tions, were kept on the seafloor for 4 days. Thereafter, the 
lander was retrieved and thousands of crustacean specimens 
recovered. All amphipod specimens sampled during the 
PS82 expedition were fixed in pre-cooled 96–99% ethanol. 
Details on the sampling sites are listed in Table 1 and sam-
pling sites represented on Fig. 1. The species record data 
based on this study were deposited at the World Data Center 
 PANGAEA® (www.panga ea.de), an open-access library, and 
is available with the Digital Object Identifier doi.pangaea.
de/https ://doi.org/10.1594/panga ea.88116 1. 

Morphological studies

Morphospecies were sorted and counted using the stereomi-
croscope Leica MZ16. Morphospecies were identified based 
on a wide taxonomic literature including original species 
descriptions (Stebbing 1888; Walker 1903; Schellenberg 
1926; Barnard 1932; Hurley 1963, 1965a; Andres 1986) 
as well as re-descriptions and revisions (Hurley 1965b; De 
Broyer 1985a, b; d’Udekem d’Acoz and Havermans 2012; 
Lowry and Kilgallen 2014a, b; Kilgallen and Lowry 2014, 
2015a, b). Due to ongoing taxonomic changes and uncertain-
ties in lysianassoid systematics, the assignment of several 
species to genera or families remained uncertain (referred to 
as inc. sed.). For this reason, some generic or specific assign-
ments will be subjected to changes in future works; however, 
a taxonomical revision is by far beyond the scope of our 
study. Hence, we decided to use species names according 
to their actual taxonomic assignment in the World Amphi-
pod Database, which updates each taxon’s status according 
to the most recent literature (Horton et al. 2017). Museum 
type and non-type material was examined of the following 
species: [non-Uristidae] incertae sedis (inc. sed.). albinus 
(ZMH: K-32419), Orchomenella zschaui (Pfeffer, 1888) 
(K-32409), Tryphosella analogica (K.H. Barnard, 1932) 
(K-32415); Hippomedon kergueleni (Miers, 1875) (types; 
BMNH: 1876.27), Uristidae inc. sed. trigonica (Steb-
bing, 1888) (types; BMNH: 1889.5.15.10), Tryphosella 
analogica (types; BMNH: 1936.11.2.298-300), Cicadosa 
cicadoides (Stebbing, 1888) (types; BMNH: 1889.5.15.3-
5), and Uristes murrayi (Walker, 1903) (types; BMNH: 

http://www.pangaea.de
https://doi.org/10.1594/pangaea.881161
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1902.11-5-136-137). Specimens are currently stored in the 
Alfred Wegener Institute Helmholtz Centre for Polar and 
Marine Research, Bremerhaven, Germany.

Molecular characterization of lysianassoid diversity

For most of the morphospecies sampled, one or more speci-
mens were isolated for genetic analyses (details are given 
in Online Resource 1). Genomic DNA was isolated from 

Fig. 1  Map of the investigated area with all sampling localities examined in this study. Different symbols are used for the different gear with 
which the amphipods were sampled. Map information: 1, 2a, 2b: Ocean data view (Schlitzer 2015); 2: SCAR Antarctic digital database
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112 specimens directly after the expedition in 2014 and 64 
specimens in 2017. Pereopod six or one of the pleopods 
were used for DNA extractions that were prepared with 
the Nucleospin Tissue kit (Macherey–Nagel) as well as the 
Blood and Tissue DNeasy Kit (QIAGEN), according to the 
manufacturer’s protocols. PCR amplifications of a fragment 
of the mitochondrial cytochrome oxidase subunit I gene (and 
hereafter COI) were carried out using the LCO1490 and 
HCO2198 primers (Folmer et al. 1994). The 25 µl PCR reac-
tions consisted of 0.02U/µl Hotmaster Taq (5Prime GmbH), 
0.2 mM dNTPs, 0.5 µM of forward and reverse primers, 1 × 
PCR-buffer, and 1 µl (about 30 ng) of template DNA. PCR 
conditions were: initial denaturation at 94 °C for 2 min, fol-
lowed by 36 cycles of 94 °C for 20 s, annealing at 42 °C for 
20 s, extension at 65 °C for 1 min, and a final extension at 
65 °C for 15 min. For the PCR products, both forward and 
reverse strands were sequenced using the sequencing ser-
vices of EUROFINS (Germany). Sequences were checked 
for ambiguities and aligned using the software CodonCode 
Aligner v.3.7.1.1. (CodonCode Corporation, Deham, MA, 
USA). ClustalW (Thompson et al. 1994) was used as align-
ment algorithm. Sequence control was conducted with the 
basic local alignment search tool (BLAST) provided by 
the National Center for biotechnology information website 
(http://blast .ncbi.nlm.nih.gov/Blast .cgi). To prevent inclu-
sion of pseudogenes in the analyses, electropherograms were 
checked for ambiguous base calls and sequences were trans-
lated into amino acids and checked for stop codons. DNA 
barcode data of all genetically analysed specimens (Online 

Resource 1) were stored and made publically available in the 
project “LyAmF” (LYsianassoid AMphipods of the Filchner 
area) of the Barcode of Life Data System (BOLD, Ratnasin-
gham and Hebert 2007).

First, with all COI sequences of the lysianassoid spe-
cies investigated, a neighbour-joining tree was constructed 
with MEGA 6.06 (Tamura et al. 2013) under the Kimura-
2-parameter (K2P) substitution model, with 2000 bootstrap 
replicates and using the pairwise deletion option. In addition 
to the COI sequences obtained for this study, supplementary 
sequences of the morphospecies identified here or those of 
sister species from the previous studies (Havermans et al. 
2011; Havermans 2012; Seefeldt et al. 2017a) were added 
in the alignment, to assess the intraspecific variation over 
a wider geographical scale or for identification purposes. 
Detailed information on these sequences can be found in 
Online Resource 1. Second, based on this data set, sequence 
divergences within and between the different clusters were 
calculated with the K2P distance model, using the pairwise 
deletion option in MEGA 6.06. Even though the K2P model 
for sequence correction has been discussed in the literature, 
it remains the most frequently used correction in barcoding 
studies (Hebert et al. 2003) and the only one allowing a 
comparison with genetic divergences amongst other (amphi-
pod) taxa. Furthermore, the results of distance-based identi-
fications do not significantly differ when using uncorrected 
p distances or K2P distances (Collins et al. 2012). Since 
divergences within species are in general smaller than those 
between species, we calculated the divergences within each 

Table 1  Information on the 20 
sampling stations and the gears 
used to collect lysianassoid 
amphipods for this study

PS 82 station Id Latitude Longitude Depth [m] Date Gear

007 74° 43.67′S 29° 48.53′W 0–399 03.01.2014 Rectangular midwater trawl
011 74° 42.30′S 29° 53.99′W 406 03.01.2014 Bottom trawl
043 76° 4.22′S 30° 8.70′W 473 07.01.2014 Agassiz trawl
050 76° 19.32′S 29° 0.17′W 229 08.01.2014 Agassiz trawl
091 76° 58.07′S 32° 51.48′W 294 14.01.2014 Agassiz trawl
097 77° 43.45′S 35° 58.84′W 573 15.01.2014 Agassiz trawl
118 76° 58.06′S 32° 56.17′W 274 18.01.2014 Amphipod trap
127 75° 28.78′S 27° 21.66′W 276 19.01.2014 Rauschert dredge
166 74° 54.43′S 26° 41.30′W 306 24.01.2014 Bottom trawl
176 74° 32.05′S 30° 56.50′W 529 25.01.2014 Rauschert dredge
227 74° 19,09′S 37° 40.83′W 0–841 31.01.2014 Rectangular midwater trawl
251 74° 29.58′S 37° 29.96′W 386 03.02.2014 Rauschert dredge
284 74° 59.87′S 29° 22.90′W 409 07.02.2014 Agassiz Trawl
293 75° 31.50′S 28° 59.08′W 462 08.02.2014 Agassiz trawl
295 75° 31.34′S 28° 49.66′W 421 08.02.2014 Rauschert dredge
307 75° 31.34′S 28° 39.95′W 446 09.02.2014 Rauschert dredge
314 74° 39.93′S 28° 41.89′W 712 10.02.2014 Agassiz Trawl
331 74° 35.41′ 26° 53.21′W 763 12.02.2014 Bottom Trawl
349 70° 55.57′S 10° 28.22′W 214 16.02.2014 Agassiz trawl
351 70° 56.41′S 10° 32.58′W 315 16.02.2014 Rauschert dredge

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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cluster representing a morphospecies, and compared them 
with the interclade (or interspecific) distances observed and 
known from the literature. Third, the automatic barcode 
gap discovery (ABGD) method (Puillandre et al. 2012), 
also based on pairwise distance calculations, was used to 
independently partition the sequences into different groups 
or molecular operational taxonomic units (MOTUs), in a 
way that the distances between sequences from two distinct 
groups exceed a particular threshold distance (determined 
based on the barcode gap principle, sensu Hebert et al. 
2003). As minimum intraspecific distance the default value 
of 0.001, and as allowed maximum intraspecific variation 
(Pmax), we used 0.03 and 0.05, based on the previous stud-
ies on COI sequences of amphipods in general (Costa et al. 
2007, 2009) and lysianassoids in particular (Havermans 
et al. 2011; Havermans 2012).

Results

Species composition

A total of 4405 lysianassoid specimens were investigated 
from samples originating from 18 stations throughout the 
Filchner area and two stations near Kapp Norvegia (Fig. 1), 
collected with different gear. These specimens could be 
identified to 29 different morphospecies (Table 2) whilst 5 
morphospecies were recognized as being new to science: 
Allogaussia sp. n., Tryphosella sp. n. A, Tryphosella sp. n. 
B, Cheirimedon sp. n. and Hippomedon sp. n. Instead of 
a full description which is out of the scope of this species 
inventory, details on their diagnostic characters are listed 
in Online Resource 2. Due to a poor, insufficient condition 
(broken or dried out), 81 specimens could not be assigned 
to any morphospecies. A majority of 4230 specimens, rep-
resenting 96.3% of all collected scavenging lysianassoid 
amphipods during this study, were sampled using the baited 
traps. At this station (St 118), representing the southern-
most baited trap deployment carried out so far, we identified 
12 morphospecies of which Orchomenella pinguides s. l. 
Walker, 1903 was, with 79.41%, the most dominant spe-
cies collected. The other most abundant lysianassoid spe-
cies were Waldeckia sp. (6.5%; cluster B sensu Havermans 
2012, hereafter designated as W. obesa morphospecies B), 
Abyssorchomene nodimanus (Walker, 1903) (5.65%), and 
Uristes murrayi (Walker, 1903) (2.36%). Taxonomical issues 
on several species identified herein are discussed below.

Despite differences between sampling methods, depth, 
and localities of sampling stations, influencing the observed 
species composition, a comparison between relative abun-
dances and species richness at the different stations can be 
drawn. The highest number of morphospecies was found at 
station 251 using the Rauschert Dredge (14 morphospecies), 

followed by station 091 using the Agassiz Trawl (13), and 
station 118 (12), with baited traps. Stations 118 and 091 
were situated in close proximity, however, consisting of a 
different species composition and far less specimens recov-
ered with the trawl deployment compared to the baited traps. 
At station 251, on the western part of the Filchner TroLy-
sianassoidea indet.ugh, the highest number of specimens: 
number of morphospecies ratio was recovered. Here, 84 
specimens were sampled belonging to 14 morphospecies. 
Uristes murrayi morphospecies B, corresponding to U. 
murrayi s. str. (discussed in Havermans 2012 and Seefeldt 
2012), dominated the catch with 35 specimens (41.67%). A 
very low specimen and species number was found for sev-
eral other stations; and for many of them, single specimens 
only were recovered in the gear (e.g., stations 043, 097, 166, 
284, 293, 314, 331) (see Table 2). In all samples, only a 
single specimen of both Parschisturella carinata (Schellen-
berg, 1926) and Lepidepecreella ctenophora Schellenberg, 
1926 was found at Kapp Norvegia and nowhere else. At 
the southernmost sampling station (097) near the ice shelf, 
only a single specimen was sampled, belonging to the else-
where common and abundant species Pseudorchomene plebs 
(Hurley, 1965a). The morphospecies Adeliella olivieri De 
Broyer 1975, Hippomedon major (K.H. Barnard, 1932), 
[non-Uristidae] inc. sed. albinus (K.H. Barnard, 1932), and 
Cicadodosa cicadoides (Stebbing, 1888) are reported for 
the Weddell Sea for the first time. As an illustration of their 
full distributions hitherto acknowledged, we have presented 
the different species and their literature records in Online 
Resource 3.

Morphological diversity

We observed morphological variations between different 
specimens belonging to the species Orchomenella acan-
thurus (Schellenberg, 1931) s. l., O. pinguides (Walker, 
1903) s. l., O. franklini (Walker, 1903) s. l. Waldeckia obesa 
(Chevreux, 1905) and Uristes murrayi (Walker, 1903), all of 
which have been reported to consist of (pseudo)cryptic spe-
cies complexes (Havermans et al. 2011; Havermans 2014). 
These variations occurred in both sexes and were not related 
to different sizes except in the case of U. murrayi. Here, 
morphological variations could not be excluded as a result of 
different maturity stages, since the observed variations were 
reported in smaller specimens. Within the species complex 
O. acanthurus, there were different character states of (1) 
the protrusion of epistome (moderate vs. strongly rounded, 
strongly projecting or not, inclining proximally or not), (2) 
the dorsoposterior margin of pleonite 3 (slightly vs. strongly 
protruding over urosomite 1), and (3) the dorsal hump on 
urosomite 1 (acute long hump vs. a moderate, more rounded 
hump) were observed. However, these morphological dif-
ferences are not consistent with the genetic clades observed 
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(see next section). In the O. pinguides complex, we could 
not confirm the morphological differentiation between the 
re-established species Orchomenella lobata (Barnard, 1932) 
and O. pinguides, as suggested by Havermans et al. (2011). 
One of the characters believed to be varying between the 
different clades is the epistome, which was observed to be 
proximally expanded and straight in all specimens examined 
for this study. A further re-examination of the type as well 
as the previously studied material (Havermans et al. 2011) 
would be needed to either confirm or reject the re-establish-
ment of O. lobata, which is, however, out of the scope of 
this study. Moreover, sexual dimorphisms in O. pinguides 
s. l. were observed: (1) the flagellum article 1 of antenna 1 
being more elongated in males than in females, (2) the coxal 
plates of gnathopod 1 being distally more narrow (taper-
ing) in females compared to males, and (3) the calceoli are 
present on antennae 1 and 2 in males but absent in females.

In O. franklini s. l., several variations in character states 
were detected for the urosomite 1, the telson, the epistome, 
and the first antenna. In both Walkers original description 
(1903) as well as in the re-description of Hurley (1965b), 
the urosomite 1 is described as being “without carina or 
depression” or “without keel”, respectively. The speci-
mens investigated for this study, however, revealed either 
no depression (♂, PS82OspC77) or a depression and weak 
carina (♀, PS82OspC74), suggesting that this character may 
be sexually dimorphic. While in the original species descrip-
tion (Walker 1903), the telson is described as “divided to 
about one-third of its length”, we have observed interme-
diate states in our analysed specimens with a telson cleft 
at less than one-third, to a widely notched up to one-third 
cleft telson. These subtle differences were observed between 
two specimens belonging to the same genetic cluster (♂, 
PS82OspC77; ♀, PS82OspC74) as well as between these 
and specimens from the Filchner area recovered in another 
cluster (see next section and Fig. 2). In addition, the proxi-
mal angle of the epistome varies in some degrees. The same 
holds true for the first article of the flagellum of antenna 1 
which can be more elongated in some specimens compared 
to the descriptions of Walker (1903) and Hurley (1965b) 
that are less or not elongated at all. In total, the characters of 
the O. franklini s. l. specimens are too inconsistent between 
gender and clusters to be considered as adequate characters 
for species or cluster delimitations.

For the two morphospecies of Waldeckia, morphological 
differences have already been detected and described in the 
previous studies (Havermans 2012; Seefeldt et al. 2017a) 
and the re-description of W. obesa s. str. (corresponding 
to morphospecies A) as well as the description of the new 
Waldeckia species (morphospecies B) is in the process of 
publication (d’Udekem d’Acoz, pers. comm.). Similarly, 
morphological differences are consistent with the genetic 
clade in the U. murrayi complex, in which morphospecies Ta
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Fig. 2  Neighbour-joining tree 
based on K2P distances inferred 
from the COI sequences of 
lysianassoid amphipods inves-
tigated in this study (names 
indicated in bold) as well as 
supplementary sequences from 
Havermans et al. (2011), Haver-
mans (2012, 2014) and Seefeldt 
et al. (2017). Bootstrap values 
(Nreps = 2000) higher than 70% 
are shown. For clarity, large 
clusters representing the mor-
phospecies Pseudorchomene 
plebs, P. rossi, Orchomenella 
pinguides, O. acanthurus, and 
Uristes murrayi morphospecies 
A and B have been collapsed 
and the number of specimens 
belonging to the clusters added 
between brackets. Morphospe-
cies identified in this and other 
studies are identified by light 
grey vertical bars. The dark grey 
vertical bars next to the different 
morphospecies represent spe-
cies delimitations based on the 
results of the ABGD analyses. 
For the ABGD analysis based 
on a maximum intraspecific 
variation (Pmax) of 0.03 and of 
0.05, the same 42 clusters were 
recovered. Note that this tree 
is based on distances and does 
not represent the phylogenetic 
relationships between the spe-
cies but only supports species 
clustering and delimitation. 
Geographic localities are added 
after each specimen code for the 
non-collapsed clusters. Abbre-
viations: FOS Filchner outflow 
system, SE south-eastern part, 
W western part, E eastern part, 
KN Kapp Norvegia, HVIIS 
Haakon VII Sea, KGI King 
George Island, EI Elephant 
Island, AP Antarctic Peninsula 
region, SS Scotia Sea
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B corresponds to U. murrayi s. str., whilst morphospecies 
A is yet undescribed, but reported in Seefeldt (2012) and 
Havermans (2012). Morphological characteristics of the yet 
to be described new species are given in Online Resource 2. 
Nonetheless, a full description of these species is out of the 
scope of this paper and will be published elsewhere, together 
with detailed molecular analyses.

DNA barcode data and analyses

From the 176 DNA extracts from amphipods collected dur-
ing the expedition PS82, 109 successful PCRs were carried 
out for the barcode region of the COI gene, corresponding 
to an average of ca. 60% success rate. This was much lower 
(ca. 30%) for the PCRs accomplished on the DNA extracts 
isolated in 2017, most likely due to the degradation of DNA 
over time. The complete COI dataset of lysianassoid speci-
mens used for analyses consisted of 165 sequences. Besides 
the 109 sequences generated for this study, 56 sequences 
were added from the previous studies for the species Pseu-
dorchomene plebs, P. rossi, Orchomenella franklini, O. 
pinguides, O. acanthurus, O. cavimanus, Abyssorchomene 
nodimanus, Uristes murrayi, Hippomedon kergueleni 
(Miers, 1875), Tryphosinae inc. sed. intermedia, Cheir-
imedon femoratus (Pfeffer, 1888), and Waldeckia obesa. 
First-time DNA barcode data were established and added 
to the BOLD System library for Adeliella olivieri, [non-
Uristidae] inc. sed. albinus, Lepidepecreum urometacarina-
tum, Tryphosella bispinosa, Cheirimedon crenatipalmatus, 
Cicadosa cicadoides, Lepidepecreella ctenophora, and five 
new, yet undescribed lysianassoid species. Details on the 
newly obtained sequences as well as sequences from previ-
ous studies can be found in Online Resource 1. The align-
ment consisted of 657 bases, 322 of which were conserved 
and 335 variables, with 315 parsimony-informative sites. 
Translation revealed a higher mutation rate at third codon 
positions as well as the absence of stop codons, typical for a 
functional protein-coding gene as opposed to a pseudogene.

The results of the neighbour-joining analysis (Figs. 2, 3, 
4) show that most morphospecies of which multiple speci-
mens were sampled have been recovered as monophyletic 
clusters that were well supported by bootstrap values exceed-
ing 95%. In addition, the morphospecies of which only one 
specimen was sampled were shown as distinct lineages of 
which the elevated branch lengths and high divergences 
clearly supported their distinct species status. This also was 
true for the morphospecies corresponding to undescribed 
species Allogaussia sp. n., Tryphosella sp. n. A, Tryphosella 
sp. n. B, Cheirimedon sp. n., and Hippomedon sp. n. The 
tree also confirmed the previously documented existence of 
distinct genetic lineages within the species O. pinguides, 
O. franklini, O. acanthurus, U. murrayi, and W. obesa. 
The ABGD analyses recovered 42 clusters or molecular 

operational taxonomic units (MOTUs) for both priors (Pmax 
= 0.03 and 0.05), and the (in) congruence of both molecular 
and morphological species delimitation was indicated on 
the trees shown in Figs. 2 and 3. The morphospecies O. 
franklini s. l. consisted of minimum four clades consisting 
of sequences from the Filchner area, as well as sequences 
from previous studies, all supported by high bootstrap val-
ues and with an intraclade variation (see Table 3) consider-
ably exceeding values commonly used for amphipod species 
delimitation (3–5%, also used as thresholds in the ABGD 
analyses). In O. pinguides s. l., 3 clusters were recovered 
with the ABGD analyses and well supported by high boot-
strap values (100%) in the Neighbour-Joining Tree (Figs. 2 
and 4). The same was true for O. acanthurus, consisting 
of seven well-supported species-level lineages according to 
the ABGD analyses (see Figs. 2 and 4), of which several 
were singletons. Specimens from the different clusters were 
separated by a mean intraclade variation of 10% (Table 3), 
which clearly exceeds the threshold of interspecific diver-
gences commonly observed in amphipods. Finally, in Tryph-
osella bispinosa, two lineages were observed, one cluster 
of 7 sequences and one divergent sequence, of which the 
specimen was, however, identified as belonging to the same 
morphospecies.

Genetic structure of lysianassoid species 
in the Weddell Sea and across the Southern Ocean

Within several species, a high genetic homogeneity was 
observed across a wide geographic range, based on low 
genetic divergences observed between sequences from 
specimens sampled in the Filchner area and those from 
other localities across the Southern Ocean (Havermans 
et al. 2011; Havermans 2012). A mean intraspecific vari-
ation of 0.3% for K2P was observed in the case of Pseu-
dorchomene plebs, for which half of the haplotypes were 
shared between all specimens sequenced (see Table 3). 
Across the Filchner area, genetic diversity was particu-
larly low, since only three distinct haplotypes were found 
for the 14 specimens sequenced. A low genetic diversity 
was observed between specimens from localities compris-
ing the Scotia Sea, several areas in the Peninsula region, 
Elephant Island, Bouvet Island, Kapp Norvegia, and the 
Filchner area (see Fig. 3), and across a depth ranging from 
270 to 2889 m. Moreover, several individuals from this 
study were sampled by means of a rectangular midwa-
ter trawl (station 007). This indicates their occurrence in 
the pelagic environment, where they have been sampled 
between 500 m and the surface, as found in the previ-
ous studies (De Broyer et al. 2007; d’Udekem d’Acoz and 
Havermans 2012). For P. rossi, a mean genetic diversity of 
0.9% was observed between specimens from the Peninsula, 
Kapp Norvegia, and the western and eastern side of the 
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Filchner Trough (Fig. 3); however, the haplotypic diver-
sity was higher with each sequence obtained representing 
a different haplotype (Table 3). Similarly, specimens of 
Abyssorchomene nodimanus were also characterized by 
low genetic divergences between localities in the Filchner 
area and the Weddell Sea (Kapp Norvegia) (for localities 
of the specimens, we refer to Online Resource 1).

The sequences belonging to specimens of O. franklini 
sampled for this study were found in two distinct lineages 
(Fig. 2), of which one consisted only of new sequences from 
specimens sampled in the eastern part of the Filchner area, 
whilst the other cluster consisted of sequences from speci-
mens from the south-eastern Filchner area, together with a 
sequence (OF-1010075) belonging to a specimen sampled 

Fig. 3  Details of the concat-
enated clusters in Fig. 2 of 
Pseudorchomene plebs and P. 
rossi, Bootstrap values (Nreps 
= 2000) higher than 70% are 
shown. For both Pseudor-
chomene species, a genetic 
homogeneity was observed 
across all sequences from this 
and other studies (Havermans 
et al. 2011; Havermans 2012) 
and the localities where the 
specimens originated from are 
indicated next to the names. 
Specimens sequenced for this 
study are indicated in bold
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at Kapp Norvegia. Whether the lineage represented only by 
Filchner samples is endemic to the region or more wide-
spread needs to be tested with further genetic analyses on 
additional samples. In addition, for O. pinguides s. l., two 
lineages were found to occur in the Filchner area. For T. 
bispinosa, a divergent lineage representing a single sequence 
was found to occur in sympatry at station 251 (separated 
by distances 1–2 km) with the cluster consisting of other 
specimens originating from several localities throughout the 

Filchner area (south-eastern, eastern, and western sides of 
the Filchner Trough). Both morphospecies A and B of U. 
murrayi are present in the samples investigated here, and 
both were recovered at station 127. For morphospecies B, 
low genetic divergences were observed between specimens 
sampled in the Ross Sea, the Haakon VII Sea, Kapp Nor-
vegia, and the Filchner area (Fig. 4). T. inc. sed. intermedia 
showed a genetic homogeneity between specimens from the 
Filchner area and one sampled in the Scotia Sea. Finally, 

Fig. 4  Details of the concat-
enated clusters in Fig. 2 of the 
species complexes Orchome-
nella pinguides, O. acanthurus 
and the two morphospecies A 
and B found within U. murrayi 
with sequences from this and 
other studies (Havermans et al. 
2011; Havermans 2012). Boot-
strap values (Nreps = 2000) 
higher than 70% are shown. The 
localities where the specimens 
originated from are indicated 
next to the names. Results from 
the ABGD analyses (same clus-
ters were recovered for Pmax = 
0.03 and 0.05) are added next to 
the clusters, and the sampling 
localities specified. Specimens 
sequenced for this study are 
indicated in bold
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both morphospecies of W. obesa were found to occur at the 
same sampling station (the trap deployment, station 118), 
and morphospecies B showed low genetic divergences 
between specimens found in the southern and eastern parts 
of the Filchner outflow system and in the Haakon VII Sea.

Discussion

An integrative method for biodiversity studies: 
congruence between barcodes and morphology

From the previous integrative studies on amphipods using 
the barcoding gene ( Radulovici et al. 2009; Havermans 
et al. 2011, 2013; Seefeldt et al. 2017a; Jażdżewska et al. 
2018), the use of thresholds for species delimitation analy-
ses appeared to be straightforward, since, in most cases, the 
average intraspecific variation was an order of magnitude 
smaller than the observed average interspecific divergence, 
and in many instances, a barcode gap could be detected 
(Havermans et al. 2011; Seefeldt et al. 2017a). In this study, 
the ABGD method using a threshold based on the level of 
divergence previously established for lysianassoids (Haver-
mans et al. 2011; Havermans 2012), revealed 42 clusters, 
which did not correspond to the 30 morphospecies isolated 
for the molecular analysis. The main incongruences between 

the molecular and morphological species delimitation were 
caused by the presence of species complexes, of which all 
but one (T. bispinosa) were already detected in the previous 
studies (O. acanthurus, O. pinguides and O. franklini, see 
Havermans et al. 2011). For both W. obesa and U. murrayi, 
two recognized morphospecies are currently being described 
elsewhere. In the cases of the species complexes O. pin-
guides, O. franklini, and O. acanthurus, no significant or 
consistent morphological differences could be found after 
a detailed examination of the specimens belonging to the 
different genetic clusters observed, and hence, we argue that 
these represent cases of cryptic speciation. This is corrobo-
rated by the fact that most of the lineages detected occurred 
in relative sympatry (i.e., separated by a maximum distance 
of 1–2 km, depending on the distance covered by the trawl 
or dredge). As an example, specimens belonging to the four 
different lineages of O. acanthurus present in the Filchner 
area were sampled at station 050.

Taxonomic problems and cryptic species 
as an impediment for biodiversity studies?

Lysianassoid systematics has been a subject of discussions 
and taxonomic re-organizations for more than a century 
(e.g., Hurley 1963; De Broyer 1985a; Lowry and Stoddart 
1993, 1995, 1997, 2011; Lowry and Kilgallen 2014a, b, 

Table 3  Mean intraspecific 
variation within the identified 
morphospecies calculated 
using the Kimura 2-parameter 
(K2P) as well as the number 
of individuals per species 
and haplotypes within the 
species for the whole Southern 
Ocean and the Filchner area 
in particular. Species of which 
only a single specimen was 
sequenced are not listed. In bold 
are indicated the morphospecies 
of which the intraspecific 
variation exceeds the thresholds 
of 0.03 or 0.05

Morphospecies No. ind. No. hap-
lotypes

No. ind PS82 No. hap-
lotypes
PS82

K2P

Pseudorchomene plebs 28 13 14 3 0.003
Pseudorchomene rossi 9 9 6 6 0.009
Orchomenella franklini 10 9 4 3 0.054
Allogaussia sp. n. 3 1 3 1 0.000
Orchomenella pinguides 11 6 6 2 0.043
Orchomenella cavimanus 2 2 1 1 0.000
Cheirimedon femoratus 2 2 0 0 0.009
Orchomenella acanthurus 14 13 7 7 0.100
Abyssorchomene nodimanus 6 4 4 4 0.002
Lepidepecreum urometacarinatum 2 1 2 1 0.000
Uristes murrayi morphospecies A 3 3 3 3 0.003
Uristes murrayi morphospecies B 11 8 4 7 0.010
Uristes gigas 4 4 4 4 0.022
Hippomedon sp. n. 6 4 6 4 0.002
Hippomedon kergueleni 3 3 0 0 0.001
Tryphosella sp. n. A 2 1 2 1 0.000
Tryphosella sp. n. B 3 2 3 2 0.001
Tryphosinae incertae sedis intermedia 6 3 5 2 0.000
Tryphosella bispinosa 8 8 8 8 0.031
Waldeckia obesa morphospecies A (s. str.) 6 5 2 1 0.014
Waldeckia obesa morphospecies B 15 12 13 10 0.028
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2015a, b; Kilgallen and Lowry 2015a, b); however, several 
taxonomic issues remain unsolved, whilst others have been 
dealt with or are newly arising (discussed in Havermans 
2012). Some taxa, in particular within the genera Trypho-
sella and Uristes, are currently in an uncertain taxonomic 
placement, mainly due to the incompleteness of some recent 
taxonomic revisions (Lowry and Stoddart 2011; Lowry and 
Kilgallen 2014a), based on morphological analyses only 
and without an adequate re-organization of the taxa a pos-
teriori. The major challenge in lysianassoid taxonomy is 
the frequent use of diagnostic characters that are often the 
result of convergent evolution (e.g., Havermans et al. 2010) 
or that correspond to intraspecific variation (e.g., sexual 
dimorphism), as illustrated by the case of O. acanthurus in 
this study. The application of DNA barcoding has revealed 
an increasing number of cases where morphospecies were 
found to represent (pseudo)cryptic species complexes. Fur-
thermore, within the synthesized taxon “orchomenids”, 
incongruence between molecular and morphological results 
has often been encountered. As an example, morphologi-
cal differences within Orchomenella can be very minor for 
genetically distinct lineages, which were the case for O. 
lobata, O. kryptopinguides, and O. pinguides, as discussed 
in Havermans et al. (2011). On the contrary, morphological 
differences can be striking and consistent, while the genetic 
divergences observed were quite low compared with the 
usual interspecific variation observed between other, well-
defined, lysianassoid species. This is the case for O. rotun-
difrons vs. O. denticulata (Seefeldt et al. 2017a), and Pseu-
dorchomene coatsi and P. lophorachis (d’Udekem d’Acoz 
and Havermans 2012). Hence, for this group, it is neces-
sary to apply an integrative approach combining DNA and 
morphology, to carry out an effective biodiversity survey. 
Disentangling the systematics of “orchomenids” and other 
lysianassoid taxa urges a major comprehensive revision 
based on mitochondrial and nuclear genes, and a thorough 
comparison between molecular and morphological results to 
pinpoint suitable diagnostic characters for the different taxa.

The diversity and ecological niches of lysianassoid scav-
engers in general, and the importance of morphologically 
similar sister species (including cryptic species) in particu-
lar need to be clarified to evaluate species-specific func-
tional role and significance for ecosystem functioning. It has 
been demonstrated that a higher biodiversity is commonly 
associated with a higher biomass production in natural eco-
systems (Duffy et al. 2017) and that it also influences their 
resilience towards changes (e.g., disturbances caused by cli-
mate change or exploitation of natural resources). Indeed, 
even relatively small ecological units such as species and 
communities can influence the resilience of an ecosystem 
when it comes to community shifts or loss of species (Mori 
et al. 2013; Nimmo et al. 2015; Mori 2016). Whether spe-
cies complexes within scavenging amphipods have evolved 

different feeding strategies and life-history traits or whether 
they share the same (micro)habitats, needs to be determined 
to have a better understanding of their ecological roles and 
their significance for monitoring and conservation efforts. 
A recent study on subterranean amphipods has shown that 
morphologically cryptic species in fact occupied very dis-
tinct feeding niches ranging from predation to filter-feeding 
(Fišer et al. 2015). Furthermore, also within the scavenging 
guild, distinct succession patterns linked to feeding strate-
gies (carcass “openers” vs. “squeezers”) and morphologi-
cal adaptations to opportunistic or obligate carrion-feeding, 
may allow niche partitioning amongst closely related lysia-
nassoids (Seefeldt et al. 2017b). In this context, in-depth 
morphological investigations based on scanning electron 
microscopy of the feeding apparatus (e.g., a mouthpart-atlas, 
Arndt et al. 2005), as well as feeding experiments character-
izing feeding rates and preferences (Seefeldt et al. 2017b), 
can elucidate subtly different feeding methods within the 
scavenging guild.

Lysianassoid species richness, distributions, 
and connectivity

Compared to other studies investigating lysianassoid diver-
sity in shallow high Antarctic waters, mostly using baited 
traps, the number of species encountered here is relatively 
high. Reports on amphipod trap deployments from the Sco-
tia Sea (Burdwood Banks and near South Georgia), King 
George and Elephant Islands as well as the Antarctic Penin-
sula region (Larsen B and C areas), no deeper than 500 m, 
showed a presence ranging from 1 to 6 lysianassoid species 
sampled and relative abundances varying from 173 to 20,000 
individuals (Presler 1986; De Broyer et al. 2003; d’Udekem 
d’Acoz and Robert 2008; Havermans et al. 2013). However, 
caution is needed when comparing trap deployments, since 
the distance from which traps draw scavengers depends on 
a myriad of factors, e.g., the type, surface-to-volume ratio 
of bait, the direction, and velocity of the currents transport-
ing the odour plume, species-specific swimming speeds, 
and daytime/night-time deployments (Sainte-Marie 1986, 
Sainte-Marie and Hargrave 1987). Similarly, the type of 
scavengers attracted by the bait depends on the type of the 
bait (reviewed in Havermans and Smetacek, submitted), and 
not all potentially attracted species may ultimately be feed-
ing on the bait. Succession is influenced by arrival times 
and behavioural interactions related to competition, as well 
as predatory interactions, may also influence the final com-
position of species sampled on the bait. In coastal waters of 
King George Island, ten lysianassoid species were counted 
for Potter Cove (Seefeldt et al. 2017a); 5 of these 10 were 
reported for Admiralty Bay (Presler 1986). A total of 37 dif-
ferent morphospecies were counted in an account of all 22 
trap deployments carried out in shallow waters by De Broyer 
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et al. (2004) in stations across the Antarctic Peninsula region 
and Weddell Sea, compared to a total of 29 morphospecies 
recovered in the eastern Weddell Sea with the different types 
of gear used in this study. The number of species sampled 
seemed to be much higher in the case of deeper water trap 
deployments, where a maximum number of 12 lysianas-
soid species were found in a trap (2280 m depth, ANDEEP 
expedition, De Broyer et al. 2004). In single deployment of 
traps carried out in this study, also 12 morphospecies were 
recovered, which may indicate high species diversity in the 
region. However, trap deployments not only have many vari-
ables (e.g., time on the bottom, current velocities) that are 
difficult to account for when comparing their yields, espe-
cially in terms of abundances, but it was also shown that 
scavenging amphipods have a very patchy distribution with 
abundances varying enormously between traps deployed 
over a small area (e.g., the Larsen B area in the Peninsula 
region, d’Udekem d’Acoz and Robert 2008). Here, the domi-
nant species was O. pinguides, whilst the proportion of P. 
plebs, the species usually dominating a trap sample, was 
quite low (0.4%) compared to other trap samples deployed 
in the Scotia Sea as well as near an ice shelf in the Antarctic 
Peninsula area (Larsen B and C), where proportions ranged 
from 3 to 100% (d’Udekem d’Acoz and Robert 2008; Haver-
mans et al. 2013). Further trap deployments are needed to 
confirm whether particular species dominate specific regions 
and depths or whether these can be linked to available food 
and feeding preferences. P. plebs, P. rossi, and P. coatsi 
seem to be frequently recovered in very high numbers in 
trap deployments in the Scotia Sea and Peninsula region, 
Cheirimedon femoratus in the inner part of a glacial cove of 
King George Island (Seefeldt et al. 2017a), and W. obesa and 
A. nodimanus were the two dominant species in deployments 
in the East Antarctic sector (Arnaud 1974; Havermans, pers. 
obs.).

In none of the cases where several specimens per mor-
phospecies, originating from distinct sampling localities, 
were sequenced, did we find a clear geographic or bathymet-
ric segregation. Often, the distinct lineages observed within 
a morphospecies were found to occur in sympatry. Moreo-
ver, in many cases, a genetic homogeneity within a species 
was observed throughout the Filchner area and even between 
distinct basins. This was the case for P. plebs, for specimens 
sampled in the Scotia and Weddell seas and for U. murrayi 
morphospecies B, between specimens from the Ross and 
Weddell seas. Even though fast-evolving markers such as 
microsatellites should be applied to evaluate the extent of 
gene flow realized between these populations, it is clear from 
these and previous results that closely related lysianassoid 
species are characterized by a wide, but overlapping geo-
graphic and bathymetric ranges and allopatric sister spe-
cies are rarely observed. This may still be a relic from the 
isolation of populations in glacial refugia, and subsequent 

diversification, as often hypothesized for Antarctic benthos 
(reviewed in Allcock and Strugnell 2012; Fraser et al. 2012). 
However, it may also indicate that selective forces other than 
vicariance, or physical barriers hampering dispersal, have 
been at play and that diversifications may likely have been 
caused by selective forces linked to the competition for food 
or predation pressure (discussed in Havermans and Smeta-
cek, submitted).

Hypotheses on feeding habits of the scavenging 
guild in the Filchner area and elsewhere

In the absence of direct observations on natural feeding hab-
its of scavenging animals, most of the information on their 
ecology and biogeography has been gathered from baited 
trap deployments (reviewed in Bailey et al. 2007). Lysianas-
soid amphipods are predominantly but not by default scav-
engers, but a few species are deposit-feeders or ectoparasites 
(Lowry and Stoddart 1983). Most lysianassoid genera and 
species identified in this study are known to be at least facul-
tative scavengers (Dauby et al. 2001a, b; Nyssen et al. 2002). 
However, in the genus Lepidepecreella, some species are 
supposed to be obligate ectoparasites on sea urchin species 
whilst others are known to feed on moribund, damaged echi-
noderms (Schiaparelli et al. 2015). Although virtually noth-
ing is known about members of the genus Lepidepecreum, 
including the here recorded L. urometacarinatum, neither 
associations with other invertebrates, nor occurrences 
in baited traps have been reported (Lowry and Stoddart 
2002), so they are generally not considered to be parasitic 
or carrion-feeding.

Scavengers may feed on smaller and larger carcasses 
ranging from dead zooplankton bodies to those of fish, 
squid, and marine mammals (then referred to as carrion-
feeders) but also plant material such as macrophytes or wood 
falls (reviewed in Havermans and Smetacek, submitted). The 
species-rich scavenging amphipod assemblage discovered in 
the Filchner area may be supported by a high diversity and 
abundance of resources in the region. Potential food falls 
for carrion-feeding amphipods and other scavenging organ-
isms are manifold. The Filchner area, with its supercooled 
ice shelf waters, represents a key area for the distribution 
of both adult and larval Antarctic silverfish, Pleuragramma 
antarcticum, for which it is a nursery and retention area 
(e.g., Hubold 1984). Vertical feeding migrations of adult 
Pleuragramma (Knust et al. 2012) could result in large 
numbers of adults dying in proximity of the seafloor and 
a rain of dead larval individuals could occur in retention 
areas, sinking to the seafloor and supporting the scavenger 
community. Besides Pleuragramma, the Filchner Outflow 
System harbours many other bentho-pelagic and demersal 
fish (Ekau and Hubold 1985) such as the Jonah’s icefish, 
Neopagetopsis ionah Nybelin, 1947, as well as the spiny 
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icefish, Chaenodraco wilsoni Regan, 1914. The Filchner 
area was found to be an important region for these spe-
cies as nursery grounds where they build nests or attach 
eggs to stones, respectively (Ambroso et al. 2014). Moreo-
ver, many females’ carcasses were found in vicinity of the 
nests (Ambroso et al. 2014), suggesting that many may die 
after spawning, and their biomass would present a reliable 
seasonal food source as these species are known to spawn 
annually (Kock et al. 2008). Fish nests of these specimens 
with carcasses of dead fish were observed in high numbers 
on the eastern slope of the Filchner Trough, for example at 
the ROV stations 098 and St 277 (Ambroso et al. 2014). 
The trawl carried out at St 097 only contained dead and 
living Jonah’s icefishes, and a single lysianassoid specimen 
of P. plebs, which may indicate the inefficiency of Agassiz 
trawls with their large mesh sizes for catching lysianassoids, 
rather than true low abundances. Furthermore, the rich ben-
thic fauna that characterizes the Weddell Sea communities, 
including holothurians or other echinoderms can represent 
an important source of food for generalist or even specialist 
(e.g., Lepidepecreella) scavengers. Feeding on the abundant 
ichthyofauna such as silverfish, Weddell, and Crabeater seals 
are known to forage in the area (e.g., Plötz 1986; Plötz et al. 
2001), and also southern elephant seals are hypothesized to 
do so (Daneri and Carlini 2002). Of these, some carcasses 
may end up in the water column and sink to the seafloor and, 
similar to whale falls (e.g., Smith and Baco 2003), are likely 
to sustain scavenger communities over months. Finally, ice-
berg scouring has also been shown to shape scavenger abun-
dance and distribution patterns (Dunlop et al. 2014), and 
by causing a high faunal mortality of sessile invertebrates, 
dense aggregations of scavengers are often observed (e.g., 
Brown et al. 2004; Smale et al. 2007a, b). Finally, baited 
traps deployed at the same sites but in different seasons 
revealed that dominant scavenging taxa change according to 
the season (Smale et al. 2007b), adding a temporal compo-
nent to scavenger richness which remains virtually unknown.

Local and regional scavenger distribution patterns, abun-
dances and diversity may be influenced by both bottom-up 
factors such as benthic biomass and the occurrence of for-
aging or nursery grounds of pelagic fish and marine mam-
mals, as well as top–down predation pressure of which the 
actors remain undocumented for this area. To which extent 
these factors shape the spatial and temporal distribution of 
scavengers needs to be further explored, but this knowledge 
is crucial to gain more information on their evolutionary 
ecology, regarding underlying causes of diversity, population 
sizes, turn-over rates, biogeography, and connectivity. Baited 
traps have been proven to be a useful tool, yielding the high-
est number of specimens:species ratio across all stations and 
gear, also shown in the previous studies (De Broyer et al. 
2004; Seefeldt et al. 2017a). Nonetheless, due to the afore-
mentioned unknown variables, the results of this method 

are difficult to quantify. Therefore, not only baited traps but 
a combination of gear should be used, such as fine-meshed 
dredges but also less destructive methods such as ROVs and 
AUVs. It is worthwhile to document the feeding habits of 
the different species in the scavenger guild by experimental 
and molecular or biomarker analyses, to assess their roles in 
carbon recycling of each component of the scavenger guild 
as well as their contribution in food-web models, which have 
hitherto been too often ignored or minimalized (e.g., Wilson 
and Wolkovich 2011; Moleón and Sánchez-Zapata 2015).

Conclusions

So far, a little importance has been accorded to research on 
scavenging marine fauna, despite the major importance of 
benthic and bentho-pelagic scavengers in recycling organic 
carbon reaching the ocean floor and in its upward transport 
back into the water column. Here, we presented an account 
on the lysianassoid amphipod fauna, representing a major 
component of the mobile scavenging guild, of eastern, west-
ern, and southernmost localities sampled in the Filchner area 
of the Weddell Sea. This area adjacent to the largest ice shelf 
by volume may represent a rather pristine condition, so far 
spared from major climate change effects, and can provide a 
baseline for faunal comparison with other areas, e.g., those 
under influence of glacier retreat (e.g., King George Island, 
Seefeldt et al. 2017a). Compared to this area and SO areas 
situated near ice shelves, such as those on the Antarctic Pen-
insula of which some parts only recently became exposed 
after ice shelf collapse events (d’Udekem d’Acoz and Robert 
2008; Havermans et al. 2013), the Filchner Outflow System 
showed a high lysianassoid species richness. Our findings 
of several cryptic lineages, species new to science, and new 
records for the region underline the importance of integra-
tive surveys combining molecular and morphological tools 
to fill in the knowledge gaps regarding species’ distributions 
and diversity. To adequately monitor present and future bio-
diversity and the resilience of an ecosystem to change, in the 
context of an implementation of an MPA in this area sensi-
tive to warming waters, it is crucial to determine the role, 
abundances and distribution of its different components. 
This is even more important knowing that not all scaveng-
ing amphipod species are flexible enough to colonise highly 
disturbed areas (e.g., after ice shelf collapse or glacial melt-
ing) and are also flexible in their food sources when food 
falls become rare (e.g., Seefeldt et al. 2017a, b). The devel-
opment of standard protocols for baited trap deployments 
combined with video imagining of the benthic communities 
across areas with distinct environmental characteristics, e.g., 
across depth, pelagic/benthic biomass and temperature gra-
dients, and in particular nursery or feeding grounds of higher 
trophic levels, may help to answer questions regarding the 
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factors influencing species’ distributions and shaping scav-
enger diversity patterns. As it has been shown that MPAs 
may significantly improve the resilience of communities 
(Mellin et al. 2016), an increasing knowledge of the inver-
tebrate fauna of the region may help to establish adequate 
evaluation systems (Gallacher et al. 2016) and management 
plans (Brooks et al. 2016; Chown et al. 2017) to detect and 
monitor potential community shifts in times of rapid climate 
change (Brodersen and Seehausen 2014).
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