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of colonial organisms identifying the assemblage (B). 
Third group of deep water species represented assemblage 
C, while the group of species preferring fine-grained sedi-
ments was found in assemblage D. The surrogacy analysis 
demonstrated low usefulness of this method in the descrip-
tion of Antarctic amphipod assemblages in non-disturbed 
areas.
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Introduction

Amphipod crustaceans belong to enormously diverse ben-
thic invertebrate groups in the Southern Ocean. There are 
more than 500 species of Amphipoda recorded in the Ant-
arctic and since the 1970s of twentieth century this number 
grows linearly (De Broyer et al. 2007; De Broyer and Danis 
2011; De Broyer and Jażdżewska 2014). The majority of 
species of this crustacean group are benthic, some are also 
pelagic. Order Amphipoda includes animals from different 
trophic groups: herbivorous, predators, omnivorous, as well 
as scavengers (Dauby et al. 2001a, b). On the other hand, 
these crustaceans constitute a food source for several other 
invertebrates, as well as vertebrates—fishes, birds and 
mammals (Dauby et  al. 2003). Even though Amphipoda 
play a very important role in the Southern Ocean benthic 
communities, in the majority of ecological studies they are 
identified only to the order level (e.g. Sáiz-Salinas et  al. 
1997; Gambi and Bussotti 1999; Barnes et al. 2006; Rehm 
et al. 2006, 2011; Glover et al. 2008; Saiz et al. 2008; Cum-
mings et al. 2010). Taxonomical studies are time consum-
ing and difficult, which led several authors to search for 

Abstract Amphipoda belong to enormously diverse 
benthic invertebrate groups in the Southern Ocean, play-
ing a very important role in the Antarctic communities. 
However, in the majority of ecological studies they are 
identified only to the order level. Rare ecological studies, 
where amphipods were identified to the species level, con-
cern mainly shallow sublittoral. There is also poor knowl-
edge about the environmental features that are important 
in the habitat selection by these crustaceans. The aims of 
this study were to recognize and describe the soft bottom 
sublittoral amphipod assemblages of the Antarctic fjord 
and observe the habitat preferences of dominant species. 
Additionally, we investigated the usefulness of surrogacy 
methods in the description of amphipod assemblages. The 
series of 101 quantitative samples from wide depth range 
(25–502  m) from Admiralty Bay were studied. The clus-
ter analysis allowed to distinguish four assemblages repre-
senting: shallow sublittoral (A), middle sublittoral (B) and 
deep sublittoral (C) of central basin of the bay and Ezcurra 
Inlet (D) fauna. The study of habitat preferences led to the 
recognition of the species whose distribution depended on 
the depth and type of the sediment. The first group encom-
passed shallow water species characteristic of assemblage 
(A). The second set of species was related to the presence 

Electronic supplementary material The online version of this 
article (doi:10.1007/s00300-017-2107-2) contains supplementary 
material, which is available to authorized users.

 * Anna Maria Jażdżewska 
 ajazdz@biol.uni.lodz.pl

1 Laboratory of Polar Biology and Oceanobiology, Department 
of Invertebrate Zoology and Hydrobiology, Faculty 
of Biology and Environmental Protection, University 
of Lodz, 12/16 Banacha st., 90-237 Lodz, Poland

http://crossmark.crossref.org/dialog/?doi=10.1007/s00300-017-2107-2&domain=pdf
http://dx.doi.org/10.1007/s00300-017-2107-2


1846 Polar Biol (2017) 40:1845–1869

1 3

alternative ways of describing the benthic communities, 
one of them being the use of surrogacy measures that was 
successfully implemented when both disturbed and undis-
turbed areas were studied (e.g. Włodarska-Kowalczuk and 
Kędra 2007; Tataranni et  al. 2009). There are no simi-
lar analyses proving the usefulness of these methods with 
respect to the Antarctic benthos; however, the majority 
of papers describing the Southern Ocean communities 
are based on higher level identification or identification 
of only the most dominant taxa. Rare ecological studies, 
where amphipods were identified to the species level, con-
cern mainly shallow sublittoral assemblages (Lowry 1975; 
Richardson and Hedgpeth 1977; Jażdżewski et  al. 1991a, 
b; Rauschert 1991; Gambi et  al. 1994; Cattaneo-Vietti 
et al. 2000; Arntz et al. 2006; Aumack et al. 2011; Siciński 
et  al. 2012; Martín et  al. 2016). Last years have brought 
new investigations where the bathyal and abyssal Antarctic 
fauna was studied, confirming high abundance and diver-
sity of amphipod crustaceans and consequently their impor-
tance also in deep-sea communities (e.g. De Broyer et  al. 
2004; Brandt et al. 2007; Brökeland et al. 2007). However, 
the amphipod fauna of middle and deep sublittoral of the 
Antarctic region is still poorly recognized.

The importance of environmental factors in shaping 
benthic assemblages was often reported; however, Gutt 
(2007) summarizing the knowledge of the Antarctic com-
munities stressed: “Statistical analyses of the relationships 
between sediments among other environmental gradients 
and the macrobenthos are almost missing”. Along with the 
lack of studies of amphipod assemblages, there is only poor 
knowledge about the environmental features that are impor-
tant in the habitat selection by these crustaceans. Studies 
by Baird and Stark (2013) proved that particular species of 
Amphipoda (in this case infaunal Orchomenella franklini) 
can have well-defined preferences for sediment grain size, 
which influence its distribution in a small scale. Taking 
into account very high species richness, ecological diver-
sity of Amphipoda and their importance in the Antarctic 
communities it is crucial to study also their habitat pref-
erences because changes of the environmental conditions 
may influence their distribution and can cause local loss of 
diversity.

Admiralty Bay is one of the best studied regions in the 
Antarctic in terms of biodiversity. The recognition of its 
particular values has resulted first in the designation of the 
Antarctic Specially Managed Area No. 1 (ATCM document 
2005) in this bay and later in the proposal of establishment 
of the CAML Legacy Site (Siciński et al. 2011). Admiralty 
Bay is situated in the West Antarctic Peninsula area (South 
Shetlands) where rapid climate change has been observed 
(Clarke et al. 2007). Among invertebrates, Amphipoda and 
Polychaeta are the most species-rich groups in the Admi-
ralty Bay, represented by 172 and 162 species, respectively 

(Siciński et al. 2011). The shallow sublittoral is character-
ized by high macrozoobenthic densities with amphipods 
as a main group. Their densities decrease with depth and 
below 100 m stay at low and more or less constant level. 
Due to relatively small size of these peracarid crustaceans 
their proportion in the biomass, particularly in the deeper 
areas, dominated by large ascidians, bryozoans or poly-
chaetes, is small (Jażdżewski et  al. 1986, 1991b, 2001; 
Jażdżewska 2011; Pabis et  al. 2011). Assemblages of 
various macrobenthic groups of Admiralty Bay, including 
Polychaeta, Tanaidacea, Cumacea, Isopoda and Bryozoa, 
were already described (Pabis and Siciński 2010a, b, 2012; 
Pabis and Błażewicz-Paszkowycz 2011; Siciński et  al. 
2011; Pabis et  al. 2014; Zemko et  al. in press and refer-
ences therein). Also amphipods of this fjord were already 
the subject of studies, especially in the subtidal and in shal-
low sublittoral (Jażdżewski et  al. 1991a, 2001) as well as 
in shallow glacial coves (Siciński et  al. 2012). Some data 
about distribution of these crustaceans in deeper areas of 
Admiralty Bay were presented (Jażdżewski et  al. 1991b; 
Jażdżewska 2011), but the detailed study of their assem-
blages in the whole depth range, as well as the influence 
of the environmental factors on the species distribution, has 
not been performed.

The aims of this study are to recognize and describe the 
soft bottom sublittoral amphipod assemblages of the Ant-
arctic fjord. Owing to the availability of environmental data 
the habitat preferences of dominant benthic species are 
also studied. Additionally, the species data matrix allows 
to investigate the usefulness of surrogacy measures in the 
description of amphipod crustaceans assemblages.

Materials and methods

Study area

Admiralty Bay (Fig. 1a) is the largest fjord (122 km2) of 
King George Island situated in South Shetland Islands 
archipelago (West Antarctic). It consists of central basin 
and three inlets: Ezcurra, Mackellar and Martel. The 
central basin reaches 550  m depth and has wide open-
ing (8.25 km width) to the Bransfield Strait (Kruszewski 
2002). Glaciers and ice-falls cover approximately half the 
length of the Admiralty Bay coast (Braun and Grossmann 
2002). Ezcurra Inlet, the semi-closed fjord of Admiralty 
Bay, is directed to the West and is divided into two (east-
ern and western) parts by a transverse sill. Eastern part is 
older and is constituted by a deep trough, while younger, 
western part, is shallower with intricate bottom configu-
ration (Marsz 1983). The hydrology of Admiralty Bay is 
influenced by water masses coming from Bransfield Strait 
as well as by waters coming from melting glaciers and 



1847Polar Biol (2017) 40:1845–1869 

1 3

Fig. 1  Map of Admiralty Bay 
with sampling sites. Grey colour 
signifies land areas free of 
glacier. The station codes are 
the same as in the dendrogram 
of cluster analysis but without 
depth. Samples are specified 
by signs representing the four 
groups distinguished in cluster 
analysis (Fig. 4)
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icebergs (Szafrański and Lipski 1982). The water cur-
rents within Admiralty Bay originate from Bransfield 
Strait and flow along the long axis of the bay to the NE 
coast, where they return and flow back along both coasts 
of the central basin. The currents within the inlets (espe-
cially Ezcurra Inlet) are diffused. The currents have 
low energy so it is suggested that the water turbulence 
depends mainly on the wind derived waves (Campos 
et al. 2013). There are no significant differences in salin-
ity of water in particular areas of Admiralty Bay. Local 
decrease of salinity can only be observed in its shallow-
est parts in the vicinity of glaciers. Admiralty Bay waters 
are characterized by high mineral suspended matter con-
tent originating mostly from land deposits transported to 
the bay by subglacial streams. Its other sources include 
melting icebergs and wind-transported dust (Jonasz 
1983). The highest values of mineral suspended matter 
content were observed in summer months in front of gla-
ciers with clear gradient from the western-most parts of 
Ezcurra Inlet (where it reaches > 100 mg/l in the surface 
layers and ca. 60 mg/l at the depth 60 m) to the central 
basin (<10 mg/l both in surface waters and in the deeper 
parts of the bay) (Pęcherzewski 1980).

Bottom sediments of central basin are constituted by 
boulders, pebbles and gravel in the intertidal, gravel and 
sand in the shallow sublittoral and mud (silty-clay sand and 
sandy-clay silt) in the deeper areas of the bay. The sedi-
ments of Ezcurra Inlet are characterized by high amount 
of clay fraction (Rudowski and Marsz 1996; Siciński 2004; 
Siciński et  al. 2011; Campos et  al. 2013). In the shal-
low sublittoral of central basin the sediments character 
changes significantly together with depth; however, below 
150–200  m, they become homogenic. The deposits are 
poorly or very poorly sorted and cover the entire spectrum 
of grain size expressed by Φ scale (from medium sand to 
very fine silt). The studies of physico-chemical and hydro-
graphical conditions of Admiralty Bay are summarized in 
Siciński et al. (2011) and Campos et al. (2013).

Field sampling and sediment analysis

The material was collected between 17th of December 1984 
and 5th of January 1986 during 9th Polish Antarctic Expe-
dition. In total 101 quantitative samples were taken using 
Van Veen Grab (0.1 m2) in central basin (C) of Admiralty 
Bay (73 samples) and in Ezcurra Inlet (E) (28 samples) 
(Fig. 1a, b). The collecting depth range in central basin was 
37 to 502  m, while in Ezcurra Inlet it ranged from 20  m 
to the maximal depth of the inlet, which is 150  m. Sam-
ples were sieved on the 0.5-mm sieve, fixed in 4% buffered 
formalin solution and, after sorting, preserved in 75% ethyl 
alcohol.

The analysis of grain size was performed for 57 samples 
following the method presented in the paper by Siciński 
(2004).

Data analysis

To estimate the total species richness of the area the Chao 
2 estimator was used. This estimator uses the information 
about rare and uncommon species to predict the number 
of species that are missing in samples (Chao 2004). The 
Michaelis–Menten (MM) estimator was used to generate 
the species accumulation curve. Both estimators were cal-
culated using EstimateS software (Colwell 2013).

The similarities between samples were calculated using 
the Bray–Curtis similarity formula on species density 
(number of individuals per 0.1 m2). One family, Photidae, 
even though relatively well represented in the samples, 
was excluded from the analysis. The species belonging to 
this family are very fragile and, while sample collection 
and washing, taxonomically important appendages often 
become broken, making species identification impossible. 
Due to the fact that the difference between the most and 
the least abundant species was more than 20 times, and to 
increase the importance of rare species (singletons and dou-
bletons) which constituted 1/3 of all taxa, fourth root trans-
formation of data was used. Hierarchical agglomerative 
clustering was performed using the group average method. 
The formation of assemblages was tested using similarity 
profile analysis (SIMPROF) permutation tests. The cluster 
analysis was combined with non-metric multidimensional 
scaling (nMDS) for sample ordination. To check the use-
fulness of surrogate measures in recognizing invertebrate 
assemblages, similar cluster analyses on the basis of both 
genera and family were performed. Each assemblage dis-
criminated was characterized using species richness (num-
ber of species), diversity (Shannon index) and evenness 
(Pielou index) indices (Magurran 2004). Similarity of per-
centage (SIMPER) analysis was used to reveal the percent-
age contributions of species which accounted for ≥ 90% 
of the similarity within, and dissimilarity between, cluster 
groups. Cluster, SIMPROF and SIMPER analysis were 
performed using PRIMER package v.6. Mean with stand-
ard errors and standard deviations (SD) were calculated for 
density values and all richness and diversity indices in each 
assemblage. The homogeneity of variance was checked 
using Levene’s test. Depending on its results the differ-
ences of the indices calculated were tested using non-met-
ric Kruskal–Wallis test with Dunn test post hoc or one-way 
ANOVA with Tukey’s test in STATISTICA 12 package. 
For each species the association index DAI (the percentage 
of individuals of given species recorded in each recognized 
assemblage to the sum of individuals of this species in the 
whole material) was calculated (Salzwedel et al. 1985).
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To investigate the habitat preferences of benthic amphi-
pods Canonical Correspondence Analysis (CCA) was con-
ducted. The study was performed on the basis of 57 sam-
ples for which grain size analysis was done. These samples 
were randomly chosen taking into account, however, to 
cover both areas (central basin and Ezcurra Inlet) and the 
whole depth range of the study. The following environmen-
tal factors were taken into account: percentage of skeletal 
fraction (mineral particles with diameter larger than 1 mm), 
percent share of sand, silt and clay, sorting coefficient (So), 
depth, presence of biogenic structures expressed by the 
biomass of ascidians and bryozoans. The biomass of two 
other groups that are responsible for biogenic structures 
formation (Porifera and Hydrozoa) in the chosen samples 
was very low, so it was not taken into consideration. The 
total density of all amphipods in the chosen 57 samples was 
calculated and later only the species that exceeded 0.5% 
of dominance were included in the analysis (33 spp.). The 
density matrix was square-root transformed. To check the 
statistical significance of the results Monte Carlo test with 
499 permutations was done. The analysis was performed 
in CANOCO for Windows 4.5. The differences between 
groups of species correlated with chosen factors were 
tested using ANOSIM in Primer v. 6.

Results

In the whole material studied (2886 individuals) 120 
amphipod species from 77 genera and 30 families were 
identified. Stenothoidae (18 spp.), Lysianassidae (15 spp.) 
and Pontogeneiidae (10 spp.) proved to be the most spe-
ciose families (Fig.  2). The species accumulation curve 
based on Michaelis–Menten estimator did not reach the 
asymptote (Fig. 3), while 178 species were estimated by 
Chao2 as total number of amphipod species in the area.

Fig. 2  Number of genera and 
species in all families found in 
the material studied
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Cluster analysis

On the basis of species composition and their density, the 
cluster analysis allowed to distinguish four main amphi-
pod assemblages (Fig. 4). The SIMPROF test confirmed 
the significance of the grouping (Π= 2.705, p = 0.001). 
Ordination of samples showed that the distribution of sta-
tions is generally following the depth gradient from left 
to right. Additionally the samples coming from Ezcurra 
Inlet grouped themselves together. Superimposing the 
grouping obtained from cluster analysis (at 25% similar-
ity level) proved the existence of the recognized assem-
blages (Fig. 5).

Assemblage A (shallow sublittoral of central basin 
of Admiralty Bay)

This cluster grouped six shallow water stations situated 
in the central basin of Admiralty Bay at the depth range 
of 37–46  m (Fig.  1b). The assemblage is characterized 
by the highest mean number of individuals per sample 
(132 ± 126.1 ind./0.1 m2) and is constituted by 35 species 
with Schraderia gracilis (45.5 ± 69.4 ind./0.1 m2) and Hip-
pomedon kergueleni (17.8 ± 21.1 ind./0.1  m2) as the most 
abundant ones (Figs.  6, 7, Online Resource 1). The sec-
ond one and Prostebbingia brevicornis were also the most 
frequent species in this assemblage, being present in all 
samples. Ten species were found only in this assemblage 
(DAI = 100%) (Online Resource 1).

Assemblage B (middle sublittoral of central basin 
of Admiralty Bay)

Eleven samples from middle sublittoral of central basin 
of Admiralty Bay were grouped into cluster B (Fig.  1b). 
Generally, the depth of samples was between 50 and 72 m, 
with two stations from below 100  m (120 and 156  m). 
There were 62 species recorded in this assemblage. Spe-
cies richness (the mean number of species per sample) 
and diversity expressed by Shannon index were the high-
est there (Fig. 6). The most abundant and frequent species 
were Schraderia gracilis (10.9 ± 18.3 ind./0.1 m2, F = 82%) 
and Heterophoxus videns (9.0 ± 7.8 ind./0.1  m2, F = 91%). 
Other numerically important species included Kuphocheira 
setimana (3.6 ± 3.8 ind./0.1  m2, F = 64%), Atylopsis fragi-
lis (3.0 ± 4.5 ind./0.1 m2, F = 73%) and Orchomenella den-
ticulata 4.6 ± 14.4 ind./0.1  m2, F = 18%) (Fig.  7, Online 
Resource 1). However, it is worth noticing that the last 
species, in contrast to the first two, had a low frequency. 
Eleven species were recorded only in this assemblage 
(Online Resource 1).

Assemblage C (deep sublittoral of central basin 
of Admiralty Bay)

This cluster grouped 42 samples from the depths below 
80  m of central basin of Admiralty Bay (and three addi-
tional stations from Ezcurra Inlet from the depths 45–78 m) 
(Fig.  1a, b). Eighty-six species contributed to this assem-
blage, 28 of which were unique for this group (Online 
Resource 1). The highest evenness (Pielou index) was 
observed there (Fig.  6). The most abundant species was 
Heterophoxus videns (4.3 ± 3.8 ind./0.1  m2) and it was 
followed by Aeginoides gaussi (3.0 ± 18.0 ind./0.1  m2), 
Urothoe sp. 1 (2.0 ± 4.1 ind./0.1  m2), Heterophoxus tri-
chosus (1.5 ± 2.0 ind./0.1  m2), Waldeckia obesa (1.4 ± 1.5 
ind./0.1  m2), Cephalophoxoides kergueleni (1.3 ± 2.1 
ind./0.1  m2) and Ampelisca anversensis (0.6 ± 0.7 
ind./0.1 m2) (Fig. 7). Both Heterophoxus species, as well as 
W. obesa and Ampelisca anversensis, were present in more 
than half of the samples of this group of stations (Online 
Resource 1).

Assemblage D (inner fjord influenced by glacial 
phenomena)

Twenty-eight species from 23 samples distributed mainly in 
Ezcurra Inlet in its whole studied depth range (20–146 m) 
constituted this assemblage (Fig.  1a, b). Only three deep-
water samples (290, 333 and 405  m) from central basin 
belonged to this group. This assemblage was character-
ized by the lowest values of density as well as species rich-
ness and Shannon index (Fig.  6). Heterophoxus trichosus 
(4.7 ± 3.8 ind./0.1 m2) was the most abundant and frequent 
species. It was also the only species present in all sam-
ples of this assemblage. The other common and abundant 
species was Heterophoxus videns (2.3 ± 5.8 ind./0.1  m2, 
F = 43.5%) (Fig. 7). Barely two species were found only in 
this group (Online Resource 1).

Sixteen samples from various depths and localities are 
randomly positioned on the dendrogram. These samples 
contain the species which were found also in the samples 
forming groups A–D; however, the species density and 
richness is distinctly lower. It seems that the depauperation 
of the samples is accidental and unrelated to the formation 
of specific groups.

Statistically significant differences in the species rich-
ness and diversity measures were noted. Kruskal–Wallis 
test with Dunn’s test demonstrated statistically significant 
differences in the mean number of species and mean den-
sity between assemblages A vs. D, B vs. D and C vs. D. 
There were significant differences between groups A vs. 
B, A vs. D, B vs. D and C vs. D with respect to Shannon 
index (one-way ANOVA with Tukey’s test, P < 0.05). No 
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Fig. 4  Dendrogram of samples 
(Bray–Curtis similarity of 
fourth-root-transformed species 
density values, group-average 
grouping method). C—cen-
tral basin, E—Ezcurra Inlet, 
numerical code designate 
sequential number of sample 
and collection depth. Aster-
isk (*) indicates stations with 
sediment data used for CCA 
analysis. Dashed lines indicate 
the samples which are randomly 
positioned in the dendrogram
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statistically significant differences were observed with 
respect to Pielou index.

The average within-group similarities ranged from 
30% (assemblage C—29.91%) to ca. 40% (assemblage 
D—44.44%) (Table  1). One species (Heterophoxus tri-
chosus) contributed most to the within-group similarity 
for assemblage D. Its contribution was more than 85%. 
The same species, together with W. obesa and Heteroph-
oxus videns were responsible for more than 50% similar-
ity within group C. Only two species (Heterophoxus vid-
ens and Schraderia gracilis) exceeded 10% of contribution 
to the similarity within group B, whereas in the case of 
assemblage A they included: Hippomedon kergueleni, 
Prostebbingia brevicornis and Monoculodes scabriculosus. 
The average dissimilarity between the groups recognized 
was between 80 and 93%. The highest value (93.05%) was 
observed between groups A and D, followed by dissimilar-
ity between assemblages A and C (92.75%). The lowest dis-
similarity occurred between groups B and C (80.46%). The 

species which contributed most to the dissimilarity between 
assemblage A and all the rest of groups was Hippomedon 
kergueleni (6.79% with group B, 8.5% with group C and 
13.37% with group D). Hetreophoxus videns and Schrade-
ria gracilis were the other species that considerably differ-
entiated groups A and B. In the case of differences between 
assemblages A and C it was Prostebbingia brevicornis and 
Heterophoxus videns, whereas between groups A and D it 
was Prostebbingia brevicornis, Heterophoxus trichosus, H. 
videns, Monoculodes scabriculosus, and Schraderia gra-
cilis. All the species listed above contributed > 5% to the 
differences between these groups. The only species that 
contributed almost 5% to the average dissimilarity between 
assemblages B and C was Schraderia gracilis (4.94%). The 
species which were the most important in differentiation of 
the groups B and D were Heterophoxus trichosus, H. videns 
and Schraderia gracilis, while in the case of assemblages C 
and D they included the two species from the genus Heter-
ophoxus followed by W. obesa.
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Distribution of Amphipoda according to environmental 
factors

Canonical Correspondence Analysis, conducted using 
all the factors listed in the Material and methods, showed 
that the percent share of sand in the sediments should be 
removed from the analysis as it has very high correlation 
with other factors. The shallowest sandy bottom stations in 
central basin were characterized by the presence of skeletal 
fraction in the sediments and higher biomass of Ascidiacea 
and Bryozoa (Fig. 8). Studying the distribution of samples 
(Fig. 4) one can notice that they constituted assemblages A 
and B. The stations that were situated deeper in the central 
basin of Admiralty Bay were positively correlated with the 
presence of smaller fraction of sediment, mostly silt. The 
samples from greater depths and characterized by finer sed-
iments are grouped into the assemblage C. Stations contrib-
uting to assemblage D, situated in Ezcurra Inlet, showed 
positive correlation with clay fraction in sediments.

The results of analysis of amphipod species distribution 
according to the environmental parameters are presented 

in Fig.  9. The first two axes explain 53.6% of variance 
(Table  2). The most important factors that are correlated 
with amphipod species distribution include: amount of silt 
in the sediments, depth, and presence of biogenic struc-
tures, particularly bryozoans. Subsequently, sorting coef-
ficient, ascidian biomass, and skeletal fraction are corre-
lated with species occurrence (Table 3). The chosen factors 
together explain 32% of the total variation. It is possible to 
recognize five groups of species which have different habi-
tat preferences. The first one assembling shallow-water spe-
cies, having also preferences to coarse sediments, is con-
stituted by Paramoera hurleyi, Prostebbingia brevicornis, 
Hippomedon kergueleni, and Schraderia gracilis. The sec-
ond group, including also species with shallow-water and 
coarse sediments preferences, but being at the same time 
somehow correlated with higher abundance of biogenic 
structures, consists of: Haplocheira plumosa, K. setimana, 
Orchomenella acanthurus, Monoculodes scabriculosus, 
Oediceroides macrodactyla, Atylopsis fragilis, Parhal-
imedon turqueti, Schraderia acuticauda, and Ampelisca 
richardsoni. Liljeborgia polydeuces, Harpiniopsis acicu-
lum, Ampelisca anversensis, C. kergueleni, Urothoe sp. 1, 
Aeginoides gaussi, Figorella sp. 1 belong to the species 
that have clear deep-water and finer sediments preferences. 
The group of species preferring very fine sediments (clay) 
is composed of three species: Heterophoxus trichosus, 
Monoculodes sp. 1, and Paroediceroides sinuata. It was 
possible to observe also the group of ubiquitous species 
including Heterophoxus videns, W. obesa, Liljeborgia geor-
giana, and Scaphodactylus dentimanus. The differences 
between almost all the groups listed above were statistically 
significant (ANOSIM, p < 0.05) (Table  4). The group of 
species correlated with clay in sediments and the ubiqui-
tous species group are the only two groups which do not 
show statistically significant differences.

Surrogacy analysis

The distribution of samples in the cluster analysis of gen-
era and families did not present any clear pattern. The 
general similarity of samples was growing together with 
moving to higher level of identification. On the other hand, 
the samples which constituted particular groups in the 
species-based analysis became mixed (Figs. 10, 11). Only 
the samples coming from Ezcurra Inlet grouped together, 
regardless of the taxonomic level studied.

Discussion

The species composition of Admiralty Bay reflects the 
pattern observed in the whole Southern Ocean (De 
Broyer and Jażdżewska 2014). Slight differences in the 
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sequence of the most speciose groups (Fig. 2) come from 
the fact that in the cited paper the representatives of all 
lysianassoid as well as all eusiroid families were treated 
together. If the species from those families found in the 
present study were combined, the order would be the 
same. The species accumulation curve calculated using 
Michaelis–Menten estimator did not reach the asymp-
tote (Fig.  3), while the Chao 2 estimator indicated that 
the total number of species in Admiralty Bay could be 
178. This number is very similar to the number of benthic 
amphipod species already recorded from this area, which 
is 172 (Siciński et  al. 2011). If the pelagic Amphipoda 
are taken into account, this number grows to 177 species 
(Jażdżewska 2011). This confirms that the area is one of 
the best studied regions in the Antarctic with respect to 
amphipod fauna. This is a result of long-term thorough 
research undertaken there since the establishment of Pol-
ish and Brazilian scientific stations (Siciński et al. 2011). 

One has to take into account, however, that all the indi-
ces which provide the information about the estimated 
species richness underestimate this value (Gotelli and 
Colwell 2011). In consequence, a slight increase of the 
number of amphipod species can still be expected, espe-
cially when poorly studied habitats, such as hard bottom 
or macroalgae holdfasts, are included. On the other hand, 
De Broyer and Danis (2011) proved that in the whole 
Southern Ocean the amphipod species accumulation 
curve is far from reaching the asymptote. These contrast-
ing results can come from relatively small area of Admi-
ralty Bay which at the same time was very well sampled 
during several years. Additionally, the sampling covered 
the whole depth range of the bay, whereas large areas 
of deep-sea bottom of the Southern Ocean still remain 
“untouched”. It has been relatively short time since more 
intense deep-sea sampling started and the results showed 
the existence of very diverse bathyal and abyssal crusta-
cean fauna (e.g. Brandt et al. 2007).
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Table 1  Results of the SIMPER analysis of amphipod assemblages recognized on the basis of cluster analysis

Group A Group B Group C Group D

Group A Average 
similarity: 
33.1%

Average dis-
similarity: 
83.3%

Average dissimi-
larity: 92.7%

Average dissimi-
larity: 93.0%

Contrib% Contrib% Contrib% Contrib%
Hippomedon 

kergueleni
33.7 Hippomedon 

kergueleni
6.8 Hippomedon 

kergueleni
8.5 Hippomedon 

kergueleni
13.4

Prostebbingia 
brevicornis

26.2 Heterophoxus 
videns

5.7 Prostebbingia 
brevicornis

6.4 Prostebbingia 
brevicornis

9.8

Monoculodes 
scabriculosus

10.4 Schraderia 
gracilis

5.4 Heterophoxus 
videns

5.7 Heterophoxus 
trichosus

7.7

Schraderia 
gracilis

5.2 Prostebbingia 
brevicornis

4.7 Schraderia 
gracilis

4.4 Monoculodes 
scabriculosus

6.3

Paramoera 
hurleyi

4.2 Kuphocheira 
setimana

3.3 Monoculodes 
scabriculosus

4.0 Heterophoxus 
videns

5.5

Oradarea 
edentata

3.7 Oediceroides 
macrodactyla

3.2 Waldeckia obesa 3.5 Schraderia gracilis 5.4

Prostebbingia 
gracilis

3.7 Liljeborgia 
georgiana

3.2 Prostebbingia 
gracilis

3.2 Prostebbingia 
gracilis

4.3

Ischyrocerus 
camptonyx

2.9 Orchomenella 
acanthura

3.2 Paramoera hurleyi 3.1 Paramoera hurleyi 3.9

Monoculodes 
scabriculosus

3.0 Heterophoxus 
trichosus

3.1 Ischyrocerus 
camptonyx

3.5

Paramoera 
hurleyi

2.9 Ampelisca 
anversensis

2.5 Oradarea edentata 3.4

Prostebbingia 
gracilis

2.9 Urothoe sp.1 2.5 Urothoe falcata 3.0

Atylopsis 
fragilis

2.7 Orchomenella 
acanthura

2.4 Orchomenella 
acanthura

2.8

Urothoe falcata 2.3 Harpiniopsis 
aciculum

2.4 Gitanopsis 
squamosa

2.7

Oradarea 
walkeri

2.2 Oradarea edentata 2.3 18 spp 18.8

Oradarea 
edentata

2.1 Cephalophoxoides 
kergueleni

2.2

Waldeckia 
obesa

2.1 Ischyrocerus 
camptonyx

2.1

31 spp 34.5 36 spp 31.6

Group B Average 
similarity: 
32.0%

Average dissimilar-
ity: 80.5%

Average dissimi-
larity: 91.3%

Contrib% Contrib% Contrib%

Heterophoxus 
videns

23.6 Schraderia gracilis 4.9 Heterophoxus 
trichosus

7.0

Schraderia 
gracilis

12.4 Kuphocheira 
setimana

3.7 Heterophoxus 
videns

6.7

Liljeborgia 
georgiana

8.4 Oediceroides 
macrodactyla

3.5 Schraderia gracilis 6.2

Oediceroides 
macrodactyla

7.8 Liljeborgia 
georgiana

3.3 Kuphocheira 
setimana

4.5

Kuphocheira 
setimana

6.8 Heterophoxus 
trichosus

3.2 Oediceroides 
macrodactyla

4.3

Atylopsis 
fragilis

6.5 Atylopsis fragilis 3.2 Liljeborgia 
georgiana

4.3

Urothoe falcata 3.6 Waldeckia obesa 2.9 Atylopsis fragilis 3.6
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Table 1  (continued)

Group A Group B Group C Group D

Waldeckia 
obesa

3.3 Heterophoxus 
videns

2.9 Gnathiphimedia 
incerta

2.9

Parhalimedon 
turqueti

3.1 Urothoe sp.1 2.7 Waldeckia obesa 2.8

Orchomenella 
acanthura

3.1 Ampelisca 
anversensis

2.6 Orchomenella 
acanthura

2.8

Haplocheira 
plumosa

2.5 Orchomenella 
acanthura

2.4 Prostebbingia 
brevicornis

2.8

Gnathiphimedia 
incerta

2.4 Harpiniopsis 
aciculum

2.4 Urothoe falcata 2.7

Iphimediella 
margueritei

2.2 Parhalimedon 
turqueti

2.3 Iphimediella 
margueritei

2.6

Prostebbingia 
brevicornis

1.8 Gnathiphimedia 
incerta

2.3 Parhalimedon 
turqueti

2.5

Monoculodes 
scabriculosus

1.6 Cephalophoxoides 
kergueleni

2.3 Haplocheira 
plumosa

2.3

Oradarea 
walkeri

1.4 Prostebbingia 
brevicornis

2.2 Monoculodes 
scabriculosus

2.0

Haplocheira 
plumosa

2.2 28 spp 29.8

Urothoe falcata 2.2

Iphimediella 
margueritei

2.1

39 spp 36.7

Group C Average similarity: 
29.9%

Average dissimi-
larity: 80.8%

Contrib% Contrib%
Heterophoxus 

videns
29.4 Heterophoxus 

videns
8.6

Waldeckia obesa 14.4 Heterophoxus 
trichosus

7.4

Heterophoxus 
trichosus

12.7 Waldeckia obesa 7.0

Ampelisca 
anversensis

8.8 Ampelisca 
anversensis

4.8

Urothoe sp.1 6.2 Urothoe sp.1 4.8
Harpiniopsis 

aciculum
5.6 Harpiniopsis 

aciculum
4.7

Cephalophoxoides 
kergueleni

5.1 Cephalophoxoides 
kergueleni

4.3

Monoculodes sp.1 2.7 Monoculodes sp.1 3.7
Liljeborgia 

georgiana
1.8 Aeginoides gaussi 2.7

Liljeborgia 
polydeuces

1.7 Liljeborgia 
polydeuces

2.7

Paralysianopsis 
odhneri

1.3 Paroediceroides 
sinuata

2.5

Oediceroides 
macrodactyla

1.1 Liljeborgia 
georgiana

2.5

Oediceroides 
macrodactyla

2.1

37 spp 32.4
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Habitat preferences of key amphipod species forming 
the assemblages distinguished

Three assemblages of the soft bottom of central basin of 
Admiralty Bay and one in Ezcurra Inlet were distinguished. 
The samples grouped according to the depth and the envi-
ronmental conditions of the stations.

Shallow sublittoral sandy bottom assemblage (A) was 
characterized by moderate species richness and high den-
sity values (Fig.  6). All species contributing most to this 
assemblage were commonly found in Antarctic shallow 
sublittoral with Schraderia gracilis, Paramoera hurleyi 
and Prostebbingia brevicornis reported from coarse sedi-
ments where macroalgae were present (Bregazzi 1972a, 
b, 1973; Arnaud 1974; Thurston 1974; De Broyer 1983; 
Presler 1986; Jażdżewski et al. 1991a, b; Rauschert 1991; 
Munn et  al. 1999; Takeuchi and Watanabe 2002; Huang 
et  al. 2006, 2007). They are considered as herbivorous or 
herbivorous and detritivorous species. Also Monoculodes 
scabriculosus is believed to be associated with macroalgae; 
in its gut content the detritus remains and diatoms were 
observed (Bregazzi 1973; Oliver et  al. 1982; De Broyer 
1983; Rauschert 1991). Orchomenella acanthurus is rec-
ognized as mobile surface necorphagous or detritiphagous 
species (De Broyer et al. 2001, 2003), whereas Hippomeon 
kergueleni is shallow-water scavenger, which during the 
day burrows in sediments and after sunset actively swims to 
search for food (Bregazzi 1973; Presler 1986; Jażdżewski 
et  al. 1991a, b). Another abundant species in this assem-
blage is also Prostebbingia gracilis which is a herbivorous 
species found in high densities on Desmarestia sp. (Huang 
et  al. 2006, 2007). The comparison of the present results 
with data from Jażdżewski et al. (1991a) indicates that also 
areas shallower than 37 m are inhabited by similar amphi-
pod fauna when species richness, diversity and composition 
are taken into account. This leads to the assumption that the 
shallow sublittoral assemblage in this Antarctic fjord covers 
the depths from 5 to ca. 50 m.

There is almost no information about the habitat and 
food preferences of the species which played important 

role in the amphipod assemblage B from middle sublit-
toral of central basin of Admiralty Bay. Schraderia acuti-
cauda was previously reported from Kerguelen Islands as 
well as in Fildes Strait at King George Island. It was col-
lected from the stations where the bottom was constituted 
by pebbles and where macroalgae, bryozoans as well as 
ascidians were present (Arnaud 1974; Bellan-Santini and 
Ledoyer 1974; Rauschert 1991). Atylopsis fragilis was 
reported from coarse sediments of Maxwell Bay (King 
George Island), where bryozoan colonies were observed. 
Additionally the bottom areas where this species was noted 
were under the influence of strong tidal currents (Rauschert 
1989). Haplocheira plumosa and K. setimana belong to the 
subfamily Corophiinae, whose representatives are known 
as suspension feeders (Myers and Lowry 2003). The first 
species was found in the bottom of various character (mud, 
stones) often in association with macroalgae and colonial 
organisms—bryozoans, hydrozoans, sponges (Stebbing 
1888; Bellan-Santini 1972; Arnaud 1974; Rauschert 1991; 
Takeuchi and Watanabe 2002). Thurston (1974) assumed 
that algae and encrusting organisms can be the ground for 
construction of tubes in which Haplocheira plumosa lives. 
The only information about the habitat type for the second 
species—K. setimana—comes from Signy Island, where 
it was reported from muddy bottoms of shallow waters 
(Thurston 1974). Also Ampelisca richardsoni is known as 
filter-feeder which consumes mainly phytoplankton (Nys-
sen et  al. 2005). This species leads rather sedentary life, 
which is a common feature of representatives of the fam-
ily Ampeliscidae. They live in tubes partly dug in the sedi-
ment, from which they expose antennae and setose gnatho-
pods to collect food particles (Mills 1967). The last species 
in this group, Parhalimedon turqueti, was recorded from a 
large spectrum of sediment types, from clay through fine to 
coarse sand to stations with pebbles. The samples where it 
was found, very often contained different species of mac-
roalgae (Schellenberg 1931; Thurston 1974; Rauschert 
1991). The species was regarded as shallow-water one with 
records between 5 and 50 m (De Broyer et al. 2007); how-
ever, the present analysis allowed to widen its depth range 

Table 1  (continued)

Group A Group B Group C Group D

Group D Average 
similarity: 
44.4%

Contrib%

Heterophoxus 
trichosus

86.5

Heterophoxus 
videns

8.9

The average similarity expresses the within-group similarity, while average dissimilarity is calculated between cluster groups
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as the deepest station with this species in studied fjord was 
situated at 206 m.

The third amphipod assemblage, characterizing deeper 
areas of the central basin of Admiralty Bay, was domi-
nated by two ubiquitous species (Heterophoxus videns 
and W. obesa). Other important species are Heterophoxus 
trichosus and species clearly preferring deep water areas 
(Fig.  9). The species living here also seemed to have 

preferences for finer sediments, mostly silt, that occur 
in deeper parts of Admiralty Bay. The representatives of 
the genus Ampelisca are recognized as suspension feed-
ers which live in tubes partly burrowed in the sediment. 
It is noteworthy that the two species of Ampelisca which 
were studied here seem to have different habitat prefer-
ences: Ampelisca richardsoni preferring shallower water 
and sediments of larger grain size, while Ampelisca 

-1.0 1.0

s.f.

silt

clay

So

depth

Br. bm

As. bm

C-02C-05

C-07

C-09

C-10

C-13

C-14

C-16

C-18

C-20

C-21

C-22

C-25

C-27
C-29

C-32

C-33

C-34

C-36

C-37

C-38

C-39

C-40

C-41

C-42

C-44
C-48

C-50

C-51

C-53

C-54C-57

C-59

C-60

C-61

C-62

C-63

C-64

C-66

C-69

C-71

C-73

E-01

E-03

E-04
E-05

E-08

E-11

E-12

E-13

E-15

E-17

E-18

E-21

E-23

E-24

E-27

1.
0

-1
.0

Fig. 8  Distribution of stations according to environmental factors. 
The station codes are the same as in the dendrogram of cluster analy-
sis but without depth. So—sorting coefficient, As. bm—ascidian bio-

mass, Br. bm—bryozoan biomass, s.f.—skeletal fraction (> 1 mm Ø). 
Samples are specified by signs representing the groups distinguished 
in cluster analysis (Fig. 4)
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Fig. 9  Distribution of 33 species according to environmental fac-
tors. Vector codes same as in Fig. 5. Species codes: A.ga Aeginoides 
gaussi, A.an. Ampelisca anversensis, A.ri. A. richardsoni, A.fr. Aty-
lopsis fragilis, C.ke. Cephalophoxoides kergueleni, F.sp.1 Figorella 
sp. 1, G.in. Gnathiphimedia incerta, H.pa Halicella parasitica, H.pl. 
Haplocheira plumosa, H.ac. Harpiniopsis aciculum, H.tr. Heteroph-
oxus trichosus, H.vi. H. videns, H.ke. Hippomedon kergueleni, K.se. 
Kuphocheira setimana, L.ge. Liljeborgia georgiana, L.po. L. poly-

deuces, M.la. Metopoides latus, M.sc. Monoculodes scabriculosus, 
M.sp.1. Monoculodes sp. 1, O.ma. Oediceroides macrodactylus, O. 
ac. Orchomenella acanthura, O.wa. Oradarea walkeri, P.od. Paraly-
sianopsis odhneri, P.hu. Paramoera hurleyi, P.tu. Parhalimedon tur-
queti, P.si. Paroediceroides sinuata, P.br. Prostebbingia brevicornis, 
S.de. Scaphodactylus dentimanus, S.ac. Schraderia acuticauda, S.gr. 
Schraderia gracilis, S.jo. Stegopanoploea joubini, U.sp.1 Urothoe sp. 
1, W.ob. Waldeckia obesa

Table 2  Summary of canonical 
correspondence analysis

Axes 1 2 3 4 Total inertia

Eigenvalues 0.538 0.282 0.239 0.173 4.699
Species–environment correlations 0.939 0.882 0.845 0.730
Cumulative percentage variance
 Of species data 11.5 17.5 22.5 26.2
 Of species–environment relation 35.9 54.7 70.6 82.1

Sum of all eigenvalues 4.699
Sum of all canonical eigenvalues 1.501
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anversensis lives deeper in finer sediments. This kind 
of separation was observed between some other repre-
sentatives of Ampeliscidae (Mills 1967) and might also 
be associated with different food preferences. Ampelisca 
richardsoni, living in shallower water, is known to feed 
on phytoplankton (Nyssen et al. 2005) that could be less 
available in deeper parts of the shelf, so one can expect 
that Ampelisca anversensis uses also some other type of 
food. However, no stomach content studies are available 
yet. C. kergueleni and Harpiniopsis aciculum belong 
to the family Phoxocephalidae that is considered to 
group species that are permanent burrowers (De Broyer 
et  al. 2003). This can explain their preferences for the 
type of sediments in which it is easier to dig. However, 

some authors have reported these species not only from 
muddy bottoms, but also sandy sediments, so it is pos-
sible that in the case of these species it is rather the depth 
that influences their distribution (Ren and Huang 1991; 
De Broyer et al. 2007; Alonso de Pina et al. 2008). Aeg-
inoides gaussi belongs to the family Caprellidae that is 
known to be species rich in shallow waters in low lati-
tudes. In the polar regions, its diversity decreases; addi-
tionally Antarctic caprellid species prefer rather deeper 
areas (Thiel et al. 2003). Aeginoides gaussi was recorded 
in the Southern Ocean from relatively wide depth range 
(20-1501 m); however, the shallow water findings (above 
80  m) were rare (De Broyer et  al. 2007). This confirms 
rather deep-sea preferences of this species in the Antarc-
tic. Aeginoides gaussi was reported from a wide variety 
of habitats, but the presence of large colonial organisms 
like hydrozoans, bryozoans or ascidians was their com-
mon feature (De Broyer et al. 2007). Other important taxa 
constituting deep-water amphipod assemblage include 
the species only recently described (L. polydeuces) 
(d’Udekem d’Acoz 2008) or possibly new to science 
(Urothoe sp. 1, Figorella sp. 1). The former was reported 
from similar depth range (137–602  m), but habitat and 
food preferences of all of them remain unknown.

The assemblage of Ezcurra Inlet is dominated by Het-
erophoxus trichosus; the other species that were common 
are Paroediceroides sinuata and Monoculodes sp. 1. They 
belong to two families: Phoxocephalidae and Oediceroti-
dae, whose representatives are regarded as permanent 
burrowers (De Broyer et al. 2003) but their feeding pref-
erences are yet to be discovered. In other Antarctic and 
sub-Antarctic localities, the two first species were found 
in a wide variety of bottom types (Schellenberg 1926; 
Alonso de Pina et  al. 2008). The character of bottom 
areas inhabited by amphipod assemblage D points out 
that it is influenced by adverse environmental conditions. 
The factor responsible for its formation is the intensive 
sedimentation caused by strong input of mineral suspen-
sion coming from melting glaciers and mostly subglacial 
streams, active in this part of Admiralty Bay. It is worth 
noticing that the species which were present here were 
also found in other assemblages (middle and deep sublit-
toral of central basin). Thus, it can be assumed that they 
do not prefer the glacially influenced areas but they are 
less sensitive and can survive in unfavourable conditions.

A group of ubiquitous species also had an important 
input in the distinguished assemblages (Fig.  9). They 
all are common Antarctic species reported from wide 
variety of habitats and depth ranges. Heterophoxus vid-
ens was reported from a depth range covering the whole 
Antarctic shelf and extending even deeper (2-1031  m) 
(De Broyer et  al. 2007). This small, endobenthic species 
actively burrowing in the sediments is treated as predator or 

Table 3  Results of the Monte Carlo analysis

Conditional effects

Variable Var.N LambdaA P F
Silt 3 0.51 0.002 6.75
Depth 6 0.25 0.002 3.37
Bryozoan biomass 7 0.22 0.018 3.10
Sorting coefficient 5 0.17 0.002 2.58
Ascidian biomass 8 0.16 0.004 2.34
Core fraction 1 0.1 0.064 1.58
Clay 4 0.09 0.126 1.37

Table 4  Results of pairwise comparisons of species groups identified 
in canonical correspondence analysis

A shallow water, coarse sediment preferring species (dominant in 
assemblage A), B shallow water, coarse sediment preferring species 
associated with biogenic structures (dominant in assemblage B), C 
deep-water, fine-sediment-preferring species (dominant in assem-
blage C), D species preferring very fine sediments (dominant in 
assemblage D), E ubiquitous species, F other species

Groups R statistic Significance level

A/B 0.528 0.006
A/C 0.995 0.003
A/D 1.000 0.029
A/E 0.672 0.029
A/F 0.690 0.010
B/C 0.813 0.001
B/D 0.871 0.005
B/E 0.502 0.004
B/F 0.148 0.005
C/D 0.663 0.008
C/E 0.462 0.006
C/F 0.611 0.001
D/E 0.269 0.080
D/F 0.556 0.024
E/F 0.357 0.019
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Fig. 10  Dendrogram of sam-
ples (Bray–Curtis similarity of 
fourth-root-transformed genera 
density values, group-average 
grouping method). C—central 
basin, E—Ezcurra Inlet, numer-
ical code designate sequential 
number of sample and collec-
tion depth. The sign attributed 
to each sample indicates to 
which of the groups separated 
by cluster analysis (Fig. 4) the 
sample belongs
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Fig. 11  Dendrogram of sam-
ples (Bray–Curtis similarity of 
fourth-root-transformed families 
density values, group-average 
grouping method). C—central 
basin, E—Ezcurra Inlet, numer-
ical code designate sequential 
number of sample and collec-
tion depth. The sign attributed 
to each sample indicates to 
which of the groups separated 
by cluster analysis (Fig. 4) the 
sample belongs
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opportunistic scavenger. It feeds on a wide variety of food, 
which suggests feeding in the upper layer of sediments. In 
its gut content, nematods, copepods and diatoms as well as 
the juveniles of Polychaeta were observed, and that con-
firms the predatory way of feeding (Oliver et al. 1982; Oli-
ver and Slattery 1985). Also fragments of larger animals 
were found indicating the necrophagous habit of H. videns 
(Dauby et al. 2001a, b). The wide feeding spectrum allows 
this species to survive in different habitats. Another species 
in this group, W. obesa, is scavenger which has large swim-
ming abilities (Arnaud 1970; Arnaud et  al. 1986; Presler 
1986; Dauby et al. 2001a, b; De Broyer et al. 2001). Labo-
ratory analyses have proved that it is very sensitive for food 
chemical signals and it moves immediately in the direction 
of the scent stimulus (Dauby et  al. 2001a, b). Taking this 
into account it seems that the character of sediments and 
other environmental conditions do not influence this spe-
cies so much. L. georgiana is regarded as detritivorous or 
predator species. In its gut content also fragments of larger 
animals were found, so occasionally it can feed also as a 
scavenger (Dauby et al. 2001a, b). It is rather a large spe-
cies (reaching 27 mm) (d’Udekem d’Acoz 2008) which can 
pass over larger distance in search for food. Consequently, 
its presence in a wide variety of habitats can be explained 
more by the local food availability than the depth or the 
sediment conditions. Little is known about the last species 
in the ubiquitous species group—Scaphodactylus denti-
manus. This taxon was reported from a very wide depth 
range (0–1000 m) (De Broyer et al. 2007; Jażdżewska and 
Krapp-Schickel 2011), but until 2011 it was known from 
less than 20 individuals. Bellan-Santini (1972) reported it 
from the stations with stones and hydrozoans, bryozoans 
and sponges, whereas Ren and Huang (1991) found it on 
sandy and muddy bottoms. The largest collection of this 
species is reported by Jażdżewska and Krapp-Schickel 
(2011); however, apart from depth, no other ecological data 
for the stations studied were available.

Summarizing the data on the structure of assemblages 
and habitat preferences of the dominant amphipod species 
of Admiralty Bay it should be underlined that the chosen 
environmental features explained only 1/3 of the total spe-
cies variation observed. Taking into account constant tem-
perature, salinity and oxygen availability in this Antarctic 
fjord, it seems that other factors, potentially food availabil-
ity or intra- and inter-specific competition, including also 
other groups of invertebrates (e.g. Polychaeta), shape the 
benthic communities there.

Distribution and character of amphipod assemblages

Analysing the depth ranges and species composition of the 
amphipod assemblages distinguished it can be assumed 
that the sublittoral of the Antarctic fjords can be divided 

as follows. The shallowest subtidal zone is inhabited by a 
small group of very abundant species (Gambi et al. 1994; 
Cattaneo-Vietti et al. 2000; Jazdzewski et al. 2001; Siciński 
et al. 2011). Below this zone shallow sublittoral (5–50 m) 
assemblage is present—the diversity increases but the 
abundance diminishes. This assemblage is constituted by 
species preferring coarse sediments but it seems that it is 
also the presence of macroalgae that influences the com-
position of this assemblage. Richardson and Hedgpeth 
(1977), who studied macrobenthos assemblages in Arthur 
Harbour (Anvers Island), noticed a large number of Schra-
deria gracilis and Prostebbingia gracilis at two stations 
from the depths of 18–23 m, with large amount of decay-
ing algae. Also other species, characteristic of the shallow 
sublittoral assemblage, were regularly reported from the 
areas rich in macroalgae. No remarks about the algal pres-
ence in currently studied samples were made; however, it 
is known that the phytal zone covers ca. 30% of Admiralty 
Bay bottom surface and the most dense macroalgal popula-
tions occur in the central basin (Zieliński 1990). Between 
50 and 80 m the middle sublittoral assemblage can be dis-
tinguished which covers the transitional zone between the 
shallow water regions affected by the severe Antarctic con-
ditions (e.g. grounded ice, tidal currents or currents caused 
by storms) (Gutt 2001; Campos et  al. 2013) and deeper 
water community. More stable conditions allow sessile 
organisms, like ascidians or bryozoans, to grow, which in 
consequence forms a suitable habitat for epifaunal species 
(Pabis et al. 2011). Together with depth also the food avail-
ability and its sources change. Although the algal belt in 
Admiralty Bay reaches 90  m depth (Zieliński 1990), the 
species regarded as herbivorous are not so abundant here, 
which suggests that the importance of fresh plant material 
as a food source is lower than above 50  m. On the other 
hand, the species which benefit from the suspended organic 
matter become more numerous. The mixture of diverse 
environmental conditions and a wide variety of food avail-
able can be the reasons for the highest diversity observed in 
this assemblage. A similar pattern was observed for Poly-
chaeta of Admiralty Bay, which were more diverse in the 
areas characterized by higher habitat complexity (Pabis and 
Siciński 2012). Deeper in the sublittoral (below 80–90 m) 
the fresh plant matter is scarcely available, so herbivorous 
species disappear and their place is taken by suspension-
feeders and particularly deposit-feeders. Additionally, the 
character of sediments changes with depth. Initially, with 
growing depth, the grain size diminishes considerably; 
however, below 150–200 m depth the sediments are char-
acterized by fine particles and become well sorted, which 
promotes the presence of infaunal species.

It is important to notice that the assemblages of central 
basin of Admiralty Bay are gradually exchanged—there 
is no drastic change between the groups distinguished. 
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Stability of the environment and food availability which 
both change with depth are the explanations for the devel-
opment of the above-mentioned assemblages.

The analysis distinguished also the assemblage of 
Ezcurra Inlet—the area influenced by the intensive sedi-
mentation which derives from glaciers. The high amount of 
suspended matter, and in consequence high sedimentation 
rate, with domination of fine sediment, was the reason for 
the formation of very poor assemblage represented by spe-
cies that can survive in these severe conditions.

Comparison of amphipod assemblages with other 
macrofaunal assemblages

There are not many quantitative studies in the Antarctic 
which covered similar depth range. The above-presented 
division of assemblages on the basis of Amphipoda is 
similar to the results of studies of other benthic groups in 
Admiralty Bay. The analysis of zoobenthic biomass dis-
tribution (Pabis et al. 2011), as well as the study of Poly-
chaeta, Cumacea and Tanaidacea (Błażewicz-Paszkowycz 
and Jażdżewski 2000; Siciński 2004; Pabis and Błażewicz-
Paszkowycz 2011; Siciński et al. 2011) allow to recognize 
five macrobenthos “assemblages” in this Antarctic fjord. 
The shallowest subtidal/sublittoral is characterized by a 
very high biomass of Amphipoda and Isopoda with rela-
tively low species richness. Middle sublittoral of central 
basin is inhabited by diverse assemblage of high biomass 
composed mainly by colonial organisms and large Poly-
chaeta and Echinodermata. The zoobenthos of the deep-
est areas of Admiralty Bay can also be distinguished as 
a separate, peculiar assemblage. Additionally very poor 
assemblage of middle and deep sublittoral of Ezcurra Inlet 
was recorded in all cited analyses. The general pattern of 
amphipod distribution is similar. However, there are some 
differences in the depth ranges of particular assemblages 
in central basin. In the case of the whole macrozooben-
thos the middle sublittoral assemblage extends between 50 
and 270 m, while the deepest parts of the bay (400–500 m) 
constitute additional group. Moreover, Pabis and Siciński 
(2012) observed that polychaete soft bottom assemblages 
of deeper sublittoral (200–300 m) are different in the areas 
with dropstones inhabited by bryozoans and ascidians from 
the areas without biogenic structures. The present analysis 
included the same samples that were studied by Pabis and 
Siciński (2012) but no differences in species composition 
between these two groups of samples were observed. In the 
case of Amphipoda the importance of Bryozoa and Asci-
diacea seems to be more pronounced in shallower areas 
(above 100 m). The phenomenon can be explained by the 
differences in ecology of these two groups. Most amphipod 
species are mobile with relatively high swimming abili-
ties, so they can freely move between the areas rich in food. 

In consequence in the deeper parts of the shelf, where the 
food availability is lower, they just choose more suitable 
place. On the other hand, in the middle sublittoral there 
exists a group of suspension feeding, possibly epifaunal 
Amphipoda, which benefits from the suspension present 
at these depths. The separation of the assemblage inhabit-
ing only the deepest parts (400–500 m) of Admiralty Bay 
is not observed in the presently studied amphipod collec-
tion. However, it is important to note that there were only 
six samples which were collected at these depths. The den-
sities of Amphipoda in these samples were very low, which 
resulted in spreading the samples in different branches of 
cluster analysis.

In the glacially influenced area of Ezcurra Inlet the 
amphipod assemblage was characterized by low densities 
and low species richness. In the case of Tanaidacea, low 
diversity, but high densities in glacial fjord were observed, 
which can be explained by the avoidance of coarser sedi-
ments by these crustaceans (Błażewicz-Paszkowycz and 
Jażdżewski 2000). On the other hand, Isopoda, another 
peracarid group which was recently thoroughly studied in 
Admiralty Bay, was almost absent in Ezcurra Inlet (Zemko 
et  al. in press). It derives mostly from differences in the 
ecology of these groups. Tanaids which live in the tubes 
dug in the sediments can be found in the areas with finer 
and better sorted sediments, isopods seem to be sensitive to 
high suspension and avoid areas affected by glacier activity, 
whereas some amphipod species can survive adverse envi-
ronmental conditions so they can be found in such places. 
However, it is not their preferable habitat so they are not 
abundant and are represented only by the most resistant 
species. Similar pattern of macrozoobenthos assemblages 
in the disturbed areas was also observed in the Antarctic 
by Richardson and Hedgpeth (1977) in Arthur Harbour as 
well as in the Arctic (Włodarska et  al. 1996; Wlodarska-
Kowalczuk and Pearson 2004; Wlodarska-Kowalczuk et al. 
2005; Laudien et al. 2007). All these authors reported low 
diversity values in glacially influenced areas. They also 
noticed that in the vicinity of glaciers small, motile and dis-
creetly motile detritophagous as well as opportunistic spe-
cies dominate. The longer the distance from the glacier the 
larger the share of other functional groups, especially sus-
pension-feeders. This can be explained by the instability of 
sediments and a very high sedimentation rate close to the 
glacier. The high input of suspended matter swamp benthic 
organisms and clog the filtering apparatus (Moore 1977).

Gutt (2007) analysed the general community structure 
of the Antarctic and proposed the concept of several com-
munity groups which in later publications were termed 
assemblages (Gutt et al. 2014). His division is based on the 
whole benthic macrofauna and presents large-scale pattern; 
however, it is possible to find some similarities between 
his results and the present study conclusions. In Admiralty 
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Bay it is possible to observe the two core assemblages dis-
criminated by Gutt (2007). The first one, suspension-feeder 
assemblage (SSFA), resembles the amphipod assemblage 
from middle sublittoral (B) which combines the species 
associated with sessile, colonial organisms. One of the var-
iations of SSFA assemblage is the one dominated by organ-
isms “other than sponges” (OTH) (Gutt 2007, Fig. 2; Gutt 
et al. 2014) and it is the case of middle sublittoral assem-
blage of Admiralty Bay recognized in this study because 
the presence of Porifera, expressed by their biomass in this 
assemblage, is small. The SSFA assemblage is regarded as 
the one of the highest diversities, which is also the case of 
presently discriminated assemblage B. Since the gear used 
to obtain samples for the present study is not very effec-
tive in collecting sponges it is possible that there are areas 
in Admiralty Bay where the assemblage dominated by 
sponges (SPO) could be observed as well. Deeper in the 
bay another core assemblage can be detected. It is motile 
detritus feeders and infaunal assemblage (MOIN), which 
corresponds to the deep sublittoral assemblage (C). Study-
ing the amphipod species composition the infauna-domi-
nated (INF) variety of MOIN assemblage is present in the 
studied area. It is noteworthy that taking into account the 
presence of Ascidiacea and Bryozoa in the studied sam-
ples, also the mixed assemblage (MIX) can be observed in 
Admiralty Bay. The separation of the two varieties of the 
MOIN assemblage was observed by Pabis and Siciński 
(2012), who studied the polychaete fauna. However, simi-
lar trend is not observed in the case of Amphipoda. These 
contrasting observations can be explained on the one hand 
by the higher number of infaunal amphipod species which 
do not benefit so much from the sessile organisms. On the 
other hand, higher mobility of epifaunal Amphipoda (than 
Polychaeta), which can actively swim and move between 
suitable places, causes the uniformity of the deeper shelf 
assemblage. Gutt (2007) also separated physically con-
trolled (PHYCO) assemblage which can be found in 
Admiralty Bay as well. One of them is shallow sublittoral 
assemblage A. It should be pointed out that Gutt (2007) 
has underlined the importance of physical conditions (ice 
scouring, grounded ice, wind, storms) in shaping PHYCO 
assemblage. However, analysing the species composition 
of Admiralty Bay assemblage A and the habits of com-
ponent species reported in the literature (e.g. Thurston 
1974; Huang et al. 2006, 2007) it seems that it is not only 
the physical conditions which influence the shallow-water 
assemblage but also the presence of macroalgae, as they do 
not only provide food but also the shelter for several species 
(Pabis and Siciński 2010b). Another physically controlled 
assemblage which can be observed in Admiralty Bay is the 
one characteristic of Ezcurra Inlet. In this case, the driving 
factor for its development is the intensive sedimentation of 
the inorganic matter transported to the bottom from melting 

glaciers. It should be mentioned that these two PHYCO 
assemblages considerably differ in terms of amphipod den-
sities as well as taxon composition. Summarizing, in the 
studied Antarctic fjord the coexistence of different core 
assemblages can be observed, which shows high patchiness 
of the macrobenthos fauna in the Southern Ocean. This 
phenomenon of a large variety of assemblages in the area 
of West Antarctic Peninsula was already observed while 
studying the biogeographic distribution of the macroben-
thos assemblages in the Antarctic (Gutt et al. 2013).

From species to families—usefulness of surrogacy 
measures

In the recent years, several authors underlined the useful-
ness of surrogacy measures in studying invertebrate com-
munities. They were successfully used in studying human-
impacted areas (Bertasi et  al. 2009), naturally disturbed 
regions (Włodarska-Kowalczuk and Kędra 2007) but also 
non-disturbed areas (Tataranni et  al. 2009). Terlizzi et  al. 
(2009) also found that replacing species by genera or fam-
ilies do not cause much information loss in case of beta-
diversity of mollusks in four marine localities in Norway, 
Italy, New Zealand and the Arctic. There were, however, 
some publications which showed that the results obtained 
from surrogates do not always reflect the ones got from 
more detailed analyses and can also depend on the statis-
tical method used (Mellin et  al. 2011). The results of the 
presently studied material showed that the use of higher 
taxonomic level (genera and particularly families) does 
not allow for the recognition similar assemblages in non-
disturbed areas as were found on the basis of species study 
(Figs. 4, 10, 11). When analysing the cluster grouping one 
can notice that the samples from the disturbed area (assem-
blage D) group themselves together, regardless of the level 
of taxa identification. On the other hand, the groups A, B 
and C could not be recognized anymore. This situation can 
be explained by the replacement of taxa belonging to the 
same genus or family in different assemblages. One has to 
take into account that due to very high taxonomic richness 
of Antarctic Amphipoda, two species of different habitat 
and food preferences that have an important input in sepa-
rate assemblages can belong to the same genus or family. 
Additionally, the environmental spectrum of species from 
particular Antarctic amphipod family can be very wide 
(Barnard and Karaman 1991). As a result, using the higher 
taxonomic level in assemblage analyses can generate false 
impression of uniformity of the community structure, espe-
cially in smaller spatial scale. The only assemblage that 
remains separated in species, genera and families analy-
ses is the one from Ezcurra Inlet. The very low densities 
of Amphipoda and the presence of one dominant taxon 
are probably responsible for that result. This was already 
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observed in the study of macrobenthos fauna of Kongs-
fjord, the Arctic fjord influenced by intensive suspended 
matter inflow from glaciated area (Włodarska-Kowalczuk 
and Kędra 2007). These authors proved that the family 
level was sufficient to observe the pattern of soft-bottom 
fauna distribution in disturbed sites.

Due to high importance of Amphipoda in shaping the 
Antarctic communities it is important to underline low effi-
cacy of the higher level identification of this group in the 
assemblages recognition and the need for more detailed 
taxonomical studies of this group before analysing distribu-
tion patterns of macrozoobenthos in the Southern Ocean.
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