
Vol.:(0123456789)

Polar Biology           (2026) 49:25  
https://doi.org/10.1007/s00300-026-03467-0

RESEARCH

Living at highest latitudes—the meiofauna of the Langseth 
Ridge (Arctic Ocean)—taxa composition, distribution, diversity 
and comparison with other marine regions

Kai Horst George1   · Julia Jacoby2   · Jannik Schnier3   · Alexander Kieneke1 

Received: 18 July 2025 / Revised: 29 January 2026 / Accepted: 12 February 2026 
© The Author(s) 2026

Abstract
The expedition PS101 of RV POLARSTERN in 2016 offered the first opportunity for quantitative comparisons of metazoan 
meiobenthos of three different seamounts along the Langseth Ridge (High Arctic). Three hypotheses were to be tested: the 
meiobenthic communities of the studied elevations do not differ: (H01) in their composition and taxa diversity, (H02) with 
respect to different substrate types, and (H03) from communities of other seamounts. The comparisons led to the acceptance 
of H01, but to the rejection of H02, as the three substrate types investigated (spicule-tube mat, underlying sediment, bare 
sediment) do not harbour a uniform meiofaunal community, but different assemblages, both in terms of taxa composition, 
abundance and diversity. The examination of H03 could only be carried out qualitatively and could therefore only reveal 
tendencies. The comparison with the 11 Atlantic and Mediterranean seamounts and islands examined so far showed that 
seven of the 27 recorded major taxa occur on all elevations. This contrasts with ten taxa that were only found sporadically 
(on one to four elevations) and 12 taxa that were found on five to eleven seamounts/islands. An additional latitudinal and 
bathymetric comparison based on densities of dominating Nematoda and Copepoda from the Atlantic High Arctic to the 
High Antarctic (including the eastern Mediterranean and deep-sea regions) revealed that the polar regions are characterised 
by distinctly higher densities of individuals than lower latitudes, and that the summits/sublittoral of the studied seamounts 
and islands can by no means be regarded as “oases” in a hostile deep sea surrounding them.
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Introduction

The question of whether seamounts play a significant role 
in the dispersal of marine metazoan meiobenthos has been 
the subject of a wealth of studies in recent decades (e.g. 
George 2013 and references therein, Zeppilli et al. 2013; 
Packmor et al. 2015; Pointner 2015, 2017, 2018; Packmor 
and Riedl 2016; Packmor and George 2018; George et al. 

2018; Yamasaki et al. 2018, 2019; Richter 2019; Richter 
and George 2019; Kieneke and Todaro 2021; George 2022; 
Trokhymchuk and Kieneke 2024; Kieneke et al. 2025). 
The background to these studies is the fact that many rep-
resentatives of the meiofauna have a very wide and often 
even cosmopolitan distribution, particularly at the species 
level, although this group of organisms is characterised by 
properties that hinder widespread expansion: a very small 
body size (rarely longer than 1 mm), a life cycle strictly 
bound to the substrate, no planktonic life stages and only 
small numbers of offspring. This phenomenon, known as 
the “meiofauna paradox” (Giere 2009; Cerca et al. 2018), 
is exacerbated when widespread shallow-water and often 
sand-dwelling (interstitial) taxa are affected, for which 
the vastness of the predominantly silty deep sea should 
actually represent an insurmountable barrier (cf. George 
and Schminke 2002; Gad and Schminke 2004; George 
2004; Giere 2009; Plum and George 2009; Packmor et al. 
2015; Packmor and Riedl 2016; Yamasaki et al. 2019; 
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Trokhymchuk and Kieneke 2024). However, recent stud-
ies provide evidence that the meiofauna paradox might 
not exist in the originally assumed “drastic” form (cf. e.g. 
Ptatscheck and Traunspurger 2020). Not only did sup-
posedly disjunctive distribution patterns turn out to be 
continuous in the course of comprehensive sampling (e.g. 
Packmor et al. 2015; Packmor and Riedl 2016), but also 
that the dispersal mechanisms of meiofauna are more com-
plex and diverse than previously assumed, that supposedly 
disjunct species actually consist of several cryptic species, 
and that a lack of taxonomic expertise can often lead to 
erroneous results (Cerca et al. 2018).

George (2013) has provided a comprehensive review of 
meiofauna research on seamounts. It shows that the number 
of seamounts studied to date—which is very low in respect 
of meiofauna—is limited to the subtropical and temperate 
latitudes of the northern hemisphere. Most of the meiofauna 
studies were conducted in the Atlantic, with a few others 
in the Pacific and the eastern Mediterranean (see George 
2013 and references therein). Despite this paucity of stud-
ies on meiofauna occurring on seamounts and the shelf of 
oceanic islands, the role of such geological structures in 
conjunction with meiofaunal long-distance-dispersal can-
not be underestimated: they simply separate large distances 
into shorter segments and thereby much likely facilitate a 
“stepping stone dispersal” (Gad and Schminke 2004). Thus, 
participation in RV POLARSTERN’s cruise PS101 “KAR-
ASIK” to the Langseth Ridge, a southerly directed seamount 
chain as part of the larger Gakkel Ridge in the High Arctic 
Ocean (September 9–October 23, 2016; Boetius and Purser 
2017), offered a favourable opportunity to include seamounts 
from this climatologically and hydrologically extreme region 
of the world in the comparative meiobenthic studies (cf. 
George et al. 2017). Furthermore, large areas of the entire 
ridge structure are colonised by a peculiar megafauna com-
munity dominated by a few species of Porifera and an asso-
ciated, epizoic fauna (Boetius and Purser 2017). Debris of 
this community (i.e. sponge spicules and calcareous tubes 
of polychaetes) had formed a dense and felty mat over the 
actual sediment layer (Morganti et al. 2022), and we had the 
unique opportunity to study the possibly adopted meiofauna 
community of this peculiar biogenic substratum.

Apart from the description of Echinoderes pterus Yama-
saki et al. (2018) (Kinorhyncha) from the Karasik Seamount 
including records and distributions of further kinorhynch 
species (Yamasaki et al. 2018), this is the first comprehen-
sive meiobenthic community analysis of a seamount from 
a region located just 3° below the North Pole. The present 
study focusses on the major metazoan meiobenthic taxa 
found at the Langseth Ridge and comprises geographical (i) 
intra- and (ii) interregional, as well as (iii) substrate-specific 
comparisons. Hence, the present study serves to test three 
hypotheses:

H01: The meiofauna assemblages of the six sampled areas 
at the LR do not differ in composition or taxa diversity.

H02: The different substrates studied do not harbour dif-
ferent meiobenthic communities, neither in terms of taxa 
composition nor diversity.

H03: The meiofaunal assemblages at the LR do not differ 
from those of other seamounts.

Materials and methods

Study area

The roughly V-shaped Langseth Ridge (87°N/62°E–85°55 
‘N/57°45’E) runs in a north–south direction and intersects 
the Gakkel Ridge and its axial valley almost vertically at 
61.5°E (Fig. 1) (Boetius et al. 2017; Diehl et al. 2017).

Its part south of the Gakkel Ridge consists of three sum-
mits: The Northern Mount (NM; 86°51.86 ‘N 61°34’E), 
which rises to a water depth of 630.6 m and whose northern 
slope descends steeply into the 4000 m deep axial valley 
of the Gakkel Ridge, the Central Mount (CM; 86°47. 83 
‘N/61°54.52’E, − 3300 m to − 721.5 m water depth) and 
the actual Karasik Seamount south of the other two summits 
(KS; 86°42.38 ‘N/61°08.07’E), which can itself be subdi-
vided into two peaks (Fig. 1). KS and CM are connected via 
a deeper-lying saddle (CMsd; − 1055 m water depth) (e.g. 
Boetius and Purser 2017; Morganti et al. 2022). The KS is 
the highest of the three crests and rises from about 2500 m 
to 584.8 m water depth at its shallow-most point (cf. Boetius 
et al. 2017; Diehl et al. 2017; Morganti et al. 2022; Strat-
mann et al. 2022). All three elevations consist predominantly 
of volcanic rock, mostly at the graded and cliff-like slopes, 
or have a surface that is densely colonised with megafaunal 
sponges, especially at the summit areas, or covered with a 
layer of felt-like interwoven sponge needles and polychaete 
tubes (siboglinids and serpulids), several centimetres thick. 
This peculiar organic substratum has been termed “spicule-
tube mat” (Morganti et al. 2022) and will be referred to as 
STM throughout this publication. However, there are also 
occasional silty, sandy and gravelly areas of seafloor along 
the Langseth Ridge (Diehl et al. 2017; Stratmann et al. 
2022). As a kind of reference area to the summit and saddle 
regions, we have also sampled the southwestern slope of 
the Karasik Seamount (KSsl, see Fig. 1) at depths between 
1829 and 2016 m. The summits, the saddle and the slope are 
referred to as “areas” throughout the text.

Sampling and sample treatment

A camera-guided multicorer (MUC) was used for sampling 
the meiobenthic communities of the Langseth Ridge, a 
proven deep-sea sampling gear according to Barnett et al. 
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(1984) with an attached digital deep-sea camera capable to 
send live footage to the operation centre of RV POLARST-
ERN using the fibre optics wire (LWL). The MUC was 
additionally equipped with a POSIDONIA transponder for 
geo-referencing. Both live view from the seafloor and telem-
etry were mandatory for operating the deep-sea benthic sam-
pling gear because of the ice drift that caused a permanent 
movement of the vessel of about 0.7 knots (Tardeck and 
Roessler 2017). The inner diameter of each core tubes is 
9.4 cm; hence, each single tube sampled a surface of 69.36 
cm2 seafloor

After deployment of the MUC, each sediment core was 
immediately processed on board. For extraction of the 
whole meiofauna community at our home laboratory after 
the expedition, a slice of the upper 5 cm of each sediment 
core was cut without further sub-sectioning and filled into 
750 ml Kautex® bottles. Several core samples were retrieved 
from areas where a layer of STM (varying thickness of up 
to 15 cm, see Morganti et al. 2022) was covering the actual 
sediment of the sea floor. In such cases, the whole STM 
was carefully separated from the sediment, and STM and 

underneath sediment were filled in separate Kautex® bot-
tles. In the following, we refer to the STM as “Substratum 
A (SuA)” and to the sediment layer underneath the STM as 
“Substratum B (SuB)”. Core samples that only contained soft 
sediment directly exposed to the water column (i.e. without 
a cover of STM) are referred to as “Substratum C (SuC)” 
(Fig. 2). Such samples were obtained from the slope area, 
but also from the Northern Mount, the Central Mount and 
the Central Mount Saddle (Table 1). It has to be mentioned 
that some analysed core samples classified as SuC originate 
from MUC-deployments in areas with an incomplete, holey 
cover of STM, meaning adjacent core tubes of the same 
deployment contained a cover of STM. In particular, these 
samples (indicated wit C* in Table 1) are 153-1 (MUC 2 & 
8), 196-1 (MUC 1 & 6) and 210-1 (MUC 2 & 5).

Fixation was carried out with borax-buffered formal-
dehyde solution at a final concentration between 4 and 8% 
(v/v). If a haul yielded enough undisturbed core samples, 
some were preserved with DESS, a solution of dimethyl 
sulfoxide, disodium EDTA and saturated NaCl. DESS was 
invented for simultaneous preservation of genomic DNA and 

Fig. 1   HYPERLINK "sps:id::fig1||locator::gr1||MediaObject::0" Map 
of the southern Langseth Ridge, A Its position in the High Arctic 
Ocean, B The analysed meiofauna sampling stations (blue circles) 
at the three summits, a saddle area between two peaks and at the 

southern slope, collected with a multicorer during cruise PS101 of 
RV POLARSTERN in 2016. A. Modified from Boetius et al. (2017), 
B. Modified from George et al. (2017). Source of globe: http://​gpsin​
forma​tion.​us/​Maps/​North​Pole

http://gpsinformation.us/Maps/NorthPole
http://gpsinformation.us/Maps/NorthPole
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for a good conservation of the morphology of nematodes 
(Yoder et al. 2006).

However, as a saturated saline, DESS significantly affects 
fragile and soft-bodied meiofauna organisms, and hence, the 
current study is mostly based on formaldehyde-fixed sam-
ples; only in the case of station #103, we needed to analyse 
one core tube fixed with DESS in order to have two tubes 
from that deployment. Before fixing each MUC core, either 
with formaldehyde or with DESS, the supernatant seawater 

was poured over a 40 μm sieve in order to catch epi-/hyper-
benthic animals that might be present in the fine fluffy layer 
on top of the sediment. Subsequently, the catches of the 
sieve were rinsed into the sample bottle (in cases with a 
STM-cover to the bottle containing the SuA). For most cores, 
the sieve and shovel were rinsed with a 7% (w/v) aqueous 
solution of MgCl2 in order to anaesthetise the meiobenthic 
organisms prior to fixation. The sample was allowed to stand 
for approximately 10 min before the fixative was added to 

Fig. 2   Seafloor conditions of the central Arctic Langseth Ridge. A 
Still frame of video footage made with the Ocean Floor Observation 
System (OFOS) at the northern summit of Karasik Seamount (KS) 
during expedition PS101. The seafloor is densely colonised with 
megafaunal sponges (asterisks); between them spreads a felty spic-
ule-tube-mat (STM), B OFOS image of the southern summit of KS 
with a huge decaying sponge (dsp) surrounded by STM and further 
intact sponges, C, D Core samples of the camera-guided multicorer 
(MUC) containing a layer of STM (= substratum A, SuA) of varying 
thickness above the soft sediment (= substratum B, SuB), E MUC-

deployment at the southern summit of KS, F MUC-deployment 
at the saddle region between the Central Mount and KS, G MUC-
deployment at the southwestern slope of KS that only consists of bare 
sediment (= substratum C, SuC). A, B: deployments 120 and 100 of 
the OFOS, both images at about 900  m depth; C–G: deployments 
101/104/104/212/220 of the MUC at 635/634/634/936/2016 m depth, 
respectively. Images A, B with courtesy of A. Purser (AWI, Bremer-
haven); images C–G by F. Schramm (MPI for Marine Microbiology, 
Bremen)
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the sample bottle. This step is recommended for soft-bodied 
meiofauna such as gastrotrichs in order to avoid body con-
tractions or distortions due to muscle spasms (e.g. Todaro 
and Hummon 2008).

Fixed meiofauna specimens were separated from the sedi-
ment and the organic debris (i.e. STM) using the silica gel 
gradient centrifugation technique (Pfannkuche and Thiel 
1988) with a suspension of the colloidal silica Levasil© plus 
an addition of Kaolinite (about two spoons per centrifuge 

beaker) and spinning the samples (each core sample was 
usually separated to four centrifuge bottles and later united 
again) using a Heraeus Megafuge 40 centrifuge (Thermo 
Scientific) at 3.608 rpm. The supernatant was poured again 
over a 32 µm sieve and rinsed to 100 ml Kautex® bottles, 
and a few drops of a Rose Bengal solution were added in 
order to stain the meiofauna organisms for a better recogni-
tion during sorting. In the case of the STM samples, the 
supernatant of the centrifugate was fractionally sieved over 

Table 1   Station data of analysed deployments and core tubes of the multicorer of expedition PS101

NM Northern Mount, CM Central Mount, CMsd Central Mount saddle, KSN Karasik Seamount, northern peak, KSS Karasik Seamount, southern 
peak, KSsl Karasik Seamount slope
A, SuA (STM); A*, SuA of considerable thickness and sediment underneath not sampled; B, SuB (sediment underneath STM, 0–5 cm); C, SuC 
(bare sediment, 0–5 cm); C*, SuC from areas with incomplete, holey STM-cover; DESS, dimethyl sulfoxide plus disodium EDTA plus saturated 
NaCl; FA, borax-buffered formaldehyde; N, north/northern; Quant., quantitative sampling; S, south/southern, STM, spicule-tube mat
Bold highlight's the names of the objects (in columns) and attributes (in rows)

Station Area Core Substrate Quantitative? Fixation Latitude (N) Longitude (E) Depth [m]

PS101/102–1 KSS MUC1 A & B yes MgCL2 and FA 86° 42.68' N 061° 19.35' E 645
MUC3 A & B yes MgCL2 and FA

PS101/103–1 KSS MUC1 A & B yes DESS 86° 42.56' N 061° 18.78' E 633
MUC7 A & B yes MgCL2 and FA

PS101/104–1 KSS MUC6 A & B yes seawater and FA 86° 42.59' N 061° 18.62' E 634
MUC8 A & B yes seawater and FA

PS101/123–1 KSN MUC3 A & B yes seawater and FA 86° 43.83' N 061° 36.95' E 651
MUC5 A & B yes seawater and FA

PS101/125–1 KSN MUC6 A yes seawater and FA 86° 43.77' N 061° 36.76' E 664
MUC6 B yes seawater and FA

PS101/152–1 CM MUC2 C no MgCL2 and FA 86° 49.38' N 061° 40.16' E 892
MUC4 C yes MgCL2 and FA

PS101/153–1 CM MUC2 C* no MgCL2 and FA 86° 49.56' N 061° 51.16' E 868
MUC8 C* no MgCL2 and FA

PS101/194–1 NM MUC3 A* no MgCL2 and FA 86° 51.22' N 061° 34.87' E 732
MUC5 A no MgCL2 and FA

PS101/195–1 NM MUC3 C yes MgCL2 and FA 86° 51.88' N 061° 34.61' E 638
MUC8 C yes MgCL2 and FA

PS101/196–1 NM MUC1 C* yes MgCL2 and FA 86° 51.59' N 061° 37.09' E 655
MUC6 C* yes MgCL2 and FA

PS101/205–1 CM MUC5 C yes MgCL2 and FA 86° 49.53' N 061° 59.54' E 1132
MUC8 C yes seawater and FA

PS101/210–1 CMsd MUC2 C* yes seawater and FA 86° 45.50' N 061° 43.39' E 1014
MUC5 C* yes seawater and FA

PS101/211–1 CMsd MUC2 A & B yes seawater and FA 86° 45.59' N 061° 47.85' E 927
MUC6 A & B yes seawater and FA

PS101/212–1 CMsd MUC2 A & B yes seawater and FA 86° 45.87' N 061° 45.54' E 936
MUC6 A & B yes seawater and FA

PS101/218–1 KSsl MUC2 C yes seawater and FA 86° 40.62' N 059° 56.70' E 1829
MUC6 C yes seawater and FA

PS101/219–1 KSsl MUC1 C yes seawater and FA 86° 39.64' N 059° 55.33' E 2005
MUC5 C yes seawater and FA

PS101/220–1 KSsl MUC2 C yes seawater and FA 86° 38.60' N 059° 56.86' E 2016
MUC6 C yes seawater and FA
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32, 100 and 300 µm meshes in order to get rid of single 
sponge spicules that were resuspended during pouring out. 
For sorting and identification of meiofauna higher level taxa, 
subsamples were placed into a labyrinth chamber according 
to Bogorov (1927) and screened under dissecting micro-
scopes with transmitted light illumination (Leica M80 or 
M125 stereo microscopes). Identification of taxa was aided 
by relevant literature (e.g. Higgins and Thiel 1988; Schmidt-
Rhaesa 2020). For the current study, we have analysed the 
meiofauna composition of 17 MUC-deployments and 46 
core (sub-) samples, with 15 of SuA, 13 of SuB and 18 of 
SuC (Tab. 1, supplement S1).

Quantitative data analysis

Only three replicates were obtained in almost every area, 
and only two at the northern peak of KS (= KSN). This low 
number allows neither a test for normal distribution nor a 
meaningful calculation of the arithmetic mean. However, 
the determination of the median Z did not provide any useful 
results either, as the range of variation between the replicates 
of an area was too large. It was therefore decided to calculate 
the specimen density D (ind./10 cm2) for further analyses.

Faunistic comparison comprising diversity and similar-
ity analyses as well as statistical tests (one-way ANOSIM) 
(Clarke 1993) was undertaken with the use of the statistical 
software package PAST 4.03 (Hammer et al. 1999–2022). 
Similarity analyses were made using the Bray–Curtis index 
(Bray and Curtis 1957) and the Cosine Similarity (e.g. 
Pfeifer et al. 1998; George 1999; Shimanaga et al. 2004; 
George et al. 2014). The reason for the chosen similarity 
measures will be substantiated below in the results sec-
tion. For the estimation of taxa diversity, Shannon’s H’ and 
Pielou’s Evenness J were calculated (Shannon and Weaver 
1963; Pielou 1966). In order to visualise the diversity char-
acteristics of the stations and to consider the fact that we 
could only analyse two instead of three replicates of KSN, 
rarefaction analyses were performed (e.g. Hurlbert 1971; 
Achtziger et al. 1992; George 2005; George et al. 2014).

Results

A total of 22 major taxa were recorded in the study area 
(Fig. 3). They were distributed over 94,556 individuals from 
the 46 multicorer (sub-) samples. Of these, 282 could not 
be assigned to any animal group, so they were not included 
in the analyses. In addition, those animal groups that could 
not be determined beyond doubt (Ciliophora(?), Crinoida(?), 
Plathyhelminthes(?)) (N∑ = 105) were also not considered.

Of the 19 taxa analysed (N = 94,169), Nematoda 
(Fig. 3F–H) made up by far the largest group with N = 71,223 
(rel. ab. 75.63%), followed by Copepoda (Fig.  3A, B; 

N = 14,168, 15.05%), Annelida (N = 3,897, 4.14%) and 
Tardigrada (N = 2,756, 2.93%) (Table  2, Fig.  2). With 
N = 92,044, these four taxa together account for 97.74% of 
all meiobenthic taxa. Of the remaining 15 taxa, Gastrotri-
cha (N = 771) and Acari (Fig. C, D; N = 737) account for 
a further 1.6% with N∑ = 1,508. In contrast, the remaining 
13 major taxa combined (N∑ = 480) account for only 0.66% 
of the meiofauna specimens found (Table 2, Fig. 4). These 
13 taxa were summarised as “others (sum)” in the analysis.

Distribution of major taxa among the areas

To test H01, the findings in the NM, CM, CMsd, KSN, KSS 
and KSsl sites were compared with each other. Not all 19 
major taxa were found in every area. Ten of the 19 taxa 
occur in all areas (but not in all stations), the others are 
distributed somewhat heterogeneously among areas and 
even stations and are absent in at least one site. Bivalvia 
and Rotifera could only be detected by singletons in one 
site (Table 2).

For further similarity analyses, the absolute abundance 
values were standardised to the density D (ind./10 cm2) 
(Table 3). Nematoda show the highest values in all areas, 
followed by Copepoda (Fig. 5A). They also have the highest 
relative abundance, with the highest value (rel. ab. 90.83%) 
at KSsl (Fig. 5B).

At the KSS, on the other hand, they only achieved a rela-
tive abundance of 52.70%; here the Copepoda occur con-
siderably more frequently and reach their highest value in 
the entire study area with a relative abundance of 27.65%. 
The Tardigrada (rel. ab. 12.11%) are the third most common 
taxon at the KSS and also reach their highest value there 
(Fig. 5B).

With the clear differences in the composition and abun-
dance of the taxa in the different areas, Fig. 5A already indi-
cates that if a large-scale uniform meiofauna community 
exists at the LR, it might be characterised by heterogeneous 
assemblages, though.

Tables 2 and 3 show, however, that there are also dif-
ferences in the composition of the taxa: Priapulida were 
found exclusively at the NM, whereas Cumacea, Bivalvia 
and Rotifera were found only at the Karasik Seamount (KSN 
and KSS). However, because representatives of these taxa 
were only found extremely rarely and in very small numbers, 
it remains open whether their absence at other stations could 
possibly be due to the small number of samples, so that they 
were simply not recorded there.

There is also no recognisable geographical gradient; how-
ever, Fig. 5A indicates that the communities of KSN and 
CMsd may be less productive than those to the south (KSS, 
KSsl) and north (NM, CM). To investigate this in more 
detail, we performed a similarity analysis of the stations.
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Distribution of major taxa among the stations

Similarity analyses

In the similarity analysis, we considered all stations and 
all 19 major taxa, even though Cumacea were represented 
by only two individuals, and Bivalvia and Rotifera by only 
one each. The remaining 16 taxa occurred everywhere or 
were distributed over several stations (Table 2). First, the 
Bray–Curtis index, based on the absolute abundance val-
ues, was calculated and subsequently visualised using non-
metrical Multidimensional Scaling (nMDS). The nMDS 
plot shows a more or less uniformly mixed arrangement of 
the stations; there is no clear sorting along a geographical 
gradient or grouping of stations from one area (Fig. 6A). 

Nevertheless, a certain trend can be recognised: Stations 
102, 103, 194, 211 and 212 are located in the lower left-
hand section of the plot, while the remaining stations are 
clearly separated from them. However, both groups are very 
heterogeneous, and similarities of stations between areas are 
always higher than within areas. An Analysis of Similarity 
(ANOSIM) confirmed this impression. The mean rank of 
the stations between the different areas (rb = 69.4) and that 
of stations within an area (rw = 61.75) are very close to each 
other and prove that the differences between stations in the 
same area and those in different areas are very similar. This 
is confirmed with R = 0.1125, whereby p = 0.1869 proves 
that even the separation of the two groups is not significant.

The Cosine Similarity was used in a second analy-
sis to investigate the qualitative similarity of the taxon 

Fig. 3   Representatives of major 
taxa of the benthic meiofauna 
inhabiting the seafloor of the 
central Arctic Langseth Ridge. 
A, B Copepoda. C, D Acari. 
E Tanaidacea. F–H Nema-
toda. The displayed animals 
were extracted on board of 
RV POLARSTERN from a 
felty mat consisting of sponge 
spicules and calcareous tubes of 
polychaetes during expedition 
PS101 (deployments 101 and 
125 of the multicorer at 635 and 
664 m depth). Imaged aboard 
RV POLARSTERN with an 
Olympus CX 41 microscope
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composition, emphasising the distribution patterns of the 
most dominant taxa (Shimanaga et al. 2004). This approach 
resulted in a clear separation of the two groups of stations 
that had only been weakly divided by the Bray–Curtis index. 
At the bottom right of the ordination plot (Fig. 6B), 11 sta-
tions from all areas are closely packed together. It is also 
noticeable that stations of the same area are placed par-
ticularly close together (Fig. 6B, KSsl, CMsd). The close 
grouping of the right-hand group indicates an almost uni-
form community structure of the meiobenthos at the higher 
taxonomic level. On the other hand, four further stations 
(Fig. 6B: stations 102, 103, 211, 212) form a second group-
ing that is clearly distinct from the first, but the stations of 
this grouping are not as closely associated to each other as 
in the former.

However, it is recognisable that stations 211 and 212 
(CMsd) also lie very close together. And finally, station 194 
and particularly station 104 appear very isolated, which was 
not the case when analysed with the Bray–Curtis index (cf. 
Fig. 6A). The subsequent ANOSIM confirmed the findings: 

The rw = 49.31 in comparison with the remarkably higher 
rb = 71.06 points towards a generally greater similarity 
between stations of the same area than between stations from 
different areas. In our opinion, this can be explained by the 
close mutual proximity of the stations of KSsl, CM and KSN 
in the right-hand group, and of stations 211 and 212 as well 
as (to a lesser extent) of stations 102 and 103 in the left-hand 
group. The value of R = 0.3198 in turn indicates that despite 
the groupings described above, there is a fundamentally 
mixed distribution of the stations, which is also clearly rec-
ognisable in Fig. 6B, and with p = 0.0145 (threshold value: 
p = 0.05), this result is certified as significant.

Diversity analyses

A comparative diversity analysis of the areas using S, H’ 
and J revealed the greatest diversity at the KSS (Table 4, 
Fig.  7). In contrast, the other areas show variations 
between the different measures. With S = 14, KSN and 
CM show the second highest number of detected major 

Table 2   List of the meiobenthic taxa collected with the multicorer during research cruise PS101 of RV POLARSTERN in 2016 at different areas 
along the Langseth Ridge (central Arctic Ocean)

Given are the absolute counts per studied area and altogether (sum), and the relative abundance (%)
NM Northern Mount, CM Central Mount, CMsd Central Mount saddle, KSN Karasik Seamount, northern peak, KSS Karasik Seamount, southern 
peak, KSsl Karasik Seamount slope
Less abundant taxa (N < 700) italics -marked and summed as “others (sum 7–19)”
Bold highlight's the names of the objects (in columns) and attributes (in rows)

No Taxa/Area NM CM CMsd KSN KSS KSsl Sum Rel. ab. (%)

1 Nematoda 14,021 16,394 7621 8589 8894 15,704 71,223 75.63
2 Copepoda 2702 2263 2832 1156 4667 548 14,168 15.05
3 Annelida 643 398 916 318 620 1002 3897 4.14
4 Tardigrada 82 140 410 78 2044 2 2756 2.93
5 Gastrotricha 221 24 100 62 356 8 771 0.82
6 Acari 177 105 25 267 162 1 737 0.78
7 Cnidaria 19 12 11 1 91 3 137 0.15
8 Ostracoda 18 7 30 5 54 0 114 0.12
9 Kinorhyncha 0 92 4 0 1 0 97 0.10
10 Isopoda 23 1 3 6 32 14 79 0.08
11 Tanaidacea 13 5 3 22 18 4 65 0.07
12 Amphipoda 3 0 22 5 20 0 50 0.05
13 Tantulocarida 6 23 0 3 1 2 35 0.04
14 Loricifera 0 13 0 1 3 3 20 0.02
15 Gastropoda 0 6 0 0 2 2 10 0.01
16 Priapulida 6 0 0 0 0 0 6 0.01
17 Cumacea 0 0 0 0 2 0 2 0.00
18 Bivalvia 0 0 0 0 1 0 1 0.00
19 Rotifera 0 0 0 1 0 0 1 0.00
Sum 17,934 19,483 11,977 10,514 16,968 17,293 94,169 100.00
No. taxa 19 19 19 19 19 19
Others (sum 7–19) 88 159 73 44 225 28 617 0.66
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taxa, but both are surpassed by NM as far as H’ and J are 
concerned. The comparatively low H’ value at KSN can 
be explained by the fact that the number of individuals is 
lowest there (Table 4), which in turn is related to the fact 
that only two instead of three replicates could be analysed 
at the site. In addition, the individuals are very unevenly 
distributed among the species, which is expressed by the 
likewise low J-value.

The lowest diversity values were recorded at KSsl, 
although a comparatively large number of individuals were 
found in this area (Table 4). This may be due to the fact that 
the otherwise very abundant Acari, Gastrotricha and Tar-
digrada were only detected in very low abundances at this 
site. Thus, despite the presence of 12 taxa, the KSsl commu-
nity is dominated with 99.77% by Nematoda, Copepoda and 
Annelida (see Table 2), explaining the low H’ and J values.

The opposite appears to be the case for the CMsd. With 
S = 12, it has just as few taxa as the KSsl, and the number 
of individuals is the second lowest of all with N = 11,977 
(Table 4). The H’ and J values, on the other hand, are the 
second highest of all the sites. One explanation may be 
the comparatively abundant occurrence of taxa that are 

otherwise among the rarest, particularly the Amphipoda and 
Ostracoda (Table 2).

Fluctuations regarding H’ and J are particularly pro-
nounced at the MN, the CMsd and the KSN (Fig. 7). In par-
ticular, the Evenness values J are remarkable. They basically 
follow the S and H’ values and also show a fluctuation in 
the distribution of individuals among the taxa at the sta-
tions. Moreover, they are generally low (Table 5, Fig. 7) and 
thus confirm the observed high dominance of a few taxa (cf. 
Tables 2, 3).

The rarefaction analyses only partially confirm the results 
of the diversity coefficients. Although this method also 
approves that the KSS has the highest diversity (Fig. 8A), it 
is nevertheless recognisable that the calculated H’ and J val-
ues should be treated with caution, especially for the KSN.

With respect to the CMsd, it can be seen from the cor-
responding curve in Fig. 8A that an increase in individuals 
apparently does not lead to an associated increase in the 
number of taxa. The situation is different at KSN: Despite 
the fact that only two instead of three replicates are present 
from this area (resulting in the lowest N of all areas), it can 
be seen by means of Rarefaction analysis that with a higher 
yield the KSN might possibly have the next highest diversity 
(Fig. 8A), which could lead to the conclusion that the Kar-
asik Seamount would be characterised by the highest taxa 
diversity along the Langseth Ridge.

However, there is consistency between the calculated 
diversity values and the Rarefaction analysis when com-
paring the stations. As Fig. 8B shows, the station curves 
of the same area are broadly fanned out, apart from those 
from KSsl. This confirms the results presented in Table 5 
and Fig. 7. They generally show that the meiobenthos along 
the Langseth Ridge is also highly heterogeneous in terms 
of diversity.

This could indicate that although a largely uniform mei-
ofaunal community occurs at this ridge, it is heterogene-
ously distributed across the areas. Most of the stations are 
very similar in terms of composition and abundance, and 
the taxa diversity also shows only slight fluctuations. The 
heterogeneity of the individual assemblages is confirmed by 
the results of the similarity and diversity analyses (especially 
Rarefaction analysis). Both show that stations from differ-
ent areas are often more similar to each other than to those 
in their own area; however, distinguishable communities 
could not be detected for the individual areas. Neverthe-
less, it should be noted that the observed fluctuations are not 
least due to the small number of samples. Sampling at more 
than three (KSN: two) stations per area could certainly have 
provided clearer results. Furthermore, a comparison at the 
level of major taxa can only provide an initial indication of 
the faunistic conditions. Only at the species level will it be 
possible to determine whether the picture obtained here can 
also be confirmed with such a better taxonomic resolution. 

Fig. 4   Relative abundance values of meiofauna major taxa collected 
along the Langseth Ridge (central Arctic Ocean) on RV POLARST-
ERN cruise PS101 (2016). The group “Others (sum)” (0.51%) is 
composed of Amphipoda, Bivalvia, Cumacea, Gastropoda, Isopoda, 
Kinorhyncha, Loricifera, Ostracoda, Priapulida, Rotifera, Tanaidacea, 
Tantulocarida
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Table 3   List of the meiobenthic major taxa collected with a multicorer at different areas along the Langseth Ridge (central Arctic Ocean) during 
PS101 (2016)

Given is the density D (ind./10 cm2) in the single stations (all samples/subsamples per station combined) and the density mean in the corre-
sponding areas
NM Northern Mount, CM Central Mount, CMsd Central Mount saddle, KSN, KSS northern and southern peak of Karasik Seamount, KSsl southern 
slope at Karasik Seamount

Area NM CM CMsd

No Taxa/station 194 195 196 Mean 152 153 205 Mean 210 211 212 Mean

1 Nematoda 219.87 1346.45 455.16 673.83 937.57 493.94 932.09 787.87 550.46 199.39 348.90 366.25
2 Copepoda 219.29 69.35 100.92 129.85 165.80 55.07 105.39 108.76 80.88 121.83 205.59 136.10
3 Annelida 73.10 9.08 10.52 30.90 18.60 9.37 29.41 19.13 13.55 41.81 76.70 44.02
4 Tardigrada 3.75 1.73 6.34 3.94 8.22 8.07 3.89 6.73 10.24 17.01 31.86 19.70
5 Gastrotricha 20.04 0.58 11.25 10.62 3.03 0.43 1.73 3.17 8.79 2.45 4.81
6 Acari 1.30 3.89 20.33 8.51 8.94 5.19 1.01 5.05 1.44 0.43 1.73 1.20
7 Cnidaria 2.45 0.29 1.37 0.14 0.87 0.72 0.58 0.43 0.43 0.72 0.53
8 Ostracoda 2.31 0.29 1.30 0.58 0.43 0.50 0.14 1.59 2.60 1.44
9 Kinorhyncha 11.25 1.59 0.43 4.42 0.58 0.58
10 Isopoda 1.15 0.43 1.73 1.11 0.14 0.14 0.43 0.43
11 Tanaidacea 1.15 0.29 0.43 0.62 0.29 0.43 0.36 0.43 0.43
12 Amphipoda 0.43 0.43 0.14 0.14 2.88 1.06
13 Tantulocarida 0.87 0.87 1.87 0.87 0.58 1.11
14 Loricifera 1.01 0.14 0.72 0.62
15 Gastropoda 0.43 0.43 0.43
16 Priapulida 0.58 0.14 0.14 0.29
17 Cumacea
18 Bivalvia
19 Rotifera

Sum 545.85 1431.95 607.84 861.88 1154.12 579.30 1075.55 936.32 661.04 391.87 673.88 575.60
No. Taxa 12 9 12 13 11 13 12 14 10 10 10 11
Others (sum 7-19) 8.51 0.87 3.32 4.23 14.99 4.61 3.32 7.64 1.30 2.60 6.63 3.51

Area KSN KSS KSsl

No Taxa/station 123 125 Mean 102 103 104 Mean 218 219 220 Mean

1 Nematoda 537.63 700.69 619.16 282.87 594.58 404.84 427.43 716.26 1004.18 543.69 754.71
2 Copepoda 98.33 68.34 83.33 171.86 397.78 103.23 224.29 31.00 22.64 25.37 26.34
3 Annelida 34.75 11.10 22.92 27.54 41.81 20.04 29.80 44.26 58.97 41.23 48.15
4 Tardigrada 4.76 6.49 5.62 61.56 61.56 171.57 98.23 0.29 0.29
5 Gastrotricha 8.79 0.14 4.47 13.70 24.37 13.26 17.11 0.58 0.29 0.29 0.38
6 Acari 17.16 21.34 19.25 13.70 4.04 5.62 7.79 0.14 0.14
7 Cnidaria 0.14 0.14 2.74 6.78 3.60 4.37
8 Ostracoda 0.14 0.58 0.36 2.74 3.03 2.02 2.60
9 Kinorhyncha 0.14 0.14
10 Isopoda 0.87 0.87 1.44 1.30 1.87 1.54 0.87 1.15 1.01
11 Tanaidacea 2.31 0.87 1.59 0.72 1.59 0.29 0.87 0.58 0.58
12 Amphipoda 0.29 0.43 0.36 0.58 0.87 1.44 0.96
13 Tantulocarida 0.14 0.29 0.22 0.14 0.14 0.14 0.14 0.14
14 Loricifera 0.14 0.14 0.29 0.14 0.22 0.14 0.29 0.22
15 Gastropoda 0.29 0.29 0.29 0.29
16 Priapulida
17 Cumacea 0.14 0.14 0.14
18 Bivalvia 0.14 0.14
19 Rotifera 0.14 0.14

Sum 704.58 811.27 757.93 580.31 1138.12 727.94 815.46 792.82 1087.95 612.46 831.07
No. Taxa 12 12 14 16 13 12 17 7 9 6 11
Others (sum 7-19) 3.17 3.17 3.82 9.08 13.99 9.37 11.41 0.43 1.73 1.44 2.23
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Italics-marked taxa summed as “others (sum 7-19)”
Bold highlight's the names of the objects (in columns) and attributes (in rows)

Table 3   (continued)

Fig. 5   Data of the meiofauna 
collected with the multicorer 
during cruise PS101 (2016), 
all stations and cores per area 
summed, A Density values 
(ind./10 cm2), B Relative 
abundance values (%). For the 
most abundant taxa, the values 
are also given numerically. NM 
Northern Mount, CM Central 
Mount, CMsd Central Mount 
saddle, KSN, KSS northern 
and southern peak of Karasik 
Seamount, KSsl southern slope 
at Karasik Seamount
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However, on the basis of the available data, hypothesis H01 
is accepted: The meiobenthic assemblages of the six studied 
areas form a large community, which nevertheless is distrib-
uted very disparately across the Langseth Ridge.

Distribution of major taxa among different 
substrates

In addition to a possible geographical influence on the dis-
tribution and composition of the meiofauna at the LR (H01), 
we investigated whether the composition of the substrate at 
the stations plays a role (H02). During sampling, differences 
in the composition of the substrate were identified, which 
we characterised as follows (see also section “Materials and 
methods”):

•	 Substratum A (SuA): A layer of STM with varying thick-
ness that lay on top of the actual sediment;

•	 Substratum B (SuB): The actual muddy sediment under-
neath the STM/SuA layer;

•	 Substratum C (SuC): Exposed muddy seabed not covered 
by STM/SuA.

The different substrate types were fixated and sorted sepa-
rately; those samples that contained both SuA and SuB were 
divided to separate sample bottles (see also section “Materi-
als and methods”). For the following analyses, the sampled 
stations were grouped according to their shares of the sub-
strates. As a consequence, the number of analysed samples 
was greater than in the geographical analysis.

A first comparison of the distribution of the major taxa 
among the substrates revealed a pattern as graphically shown 
in Fig. 9A: 18 of the 19 taxa were found in SuA, 11 in SuB 
and 16 in SuC. Ten major taxa occurred in all substrates; six 
others were only found in SuA and SuC. With Bivalvia and 
Rotifera, two taxa were restricted to SuA, while the Cuma-
cea could only be detected in SuB. No taxon was found 
exclusively in SuC. Thus, even at the level of major taxa, 
the following qualitative results were obtained: Apart from 
the taxa that were found in every substratum, no exclusive 

Fig. 6   Ordination plots of a non-metrical Multidimensional Scal-
ing, showing the mutual (dis)similarity of the stations sampled 
along the Langseth Ridge, according to the composition and den-
sity (ind./10  cm.2) of the meiobenthic major taxa found during 
cruise PS101 of RV POLARSTERN (2016). A Bray–Curtis index, 

stress = 0.08372. Top right: Shepard diagram, B Cosine Similarity 
index, stress = 0.04694. Top left: Shepard diagram. Triangles indicate 
the stations of Karasik Seamount (dark blue: KSN, blue: KSS, light 
blue: KSsl); red rhombs: CMsd; red squares: CM; green circles: NM)

Table 4   Results of a 
comparative diversity 
analysis of the areas sampled 
during cruise P101 of RV 
POLARSTERN (2016) along 
the High-Arctic Langseth Ridge

Given are the number of reported taxa S, the number of collected specimens N and the calculated diversity 
values of Shannon’s H’ and Pielou’s Evenness J
NM Northern Mount, CM Central Mount, CMsd Central Mount saddle, KSN, KSS northern and southern 
peak of Karasik Seamount, KSsl southern slope at Karasik Seamount

NM CM CMsd KSN KSS KSsl

S 13 14 12 14 17 12
N 17,934 19,483 11,977 10,514 16,968 17,293
H' 0.7561 0.5973 1.033 0.7031 1.274 0.3799
J 0.2948 0.2263 0.4159 0.2664 0.4496 0.1529
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taxon could be detected for SuA/SuB and to SuB/SuC, respec-
tively (Fig. 9A). This showed that, apart from the ubiqui-
tous taxa, there appears to be a strict faunistic separation 
between the substratum of (predominantly) sponge needles 
and polychaete tubes (STM, SuA) and the underlying bottom 
sediment (SuB). This separation is made even clearer by the 
exclusive occurrence of single taxa in the two substrates 
(Fig. 9A). In contrast, SuA and SuC show a comparatively 

large number of common taxa (S = 6, Fig. 9A). A look at 
the corresponding abundance values of the different sub-
strata seems to basically confirm the picture drawn above 
(Table 6). All three substrate types differ clearly from each 
other. It is noticeable that most taxa were found in the sub-
strate SuA, followed by those of SuC.

In contrast, the highest abundance values were detected 
in SuC (Fig. 9B). Substrate SuB is clearly inferior in both 

Fig. 7   Results of a comparative 
diversity analysis for meiob-
enthos sampled during cruise 
P101 of RV POLARSTERN 
(2016) along the High-Arctic 
Langseth Ridge, showing the 
taxa numbers S, Shannon’s 
H’ and Pielou’s J (means and 
standard deviations of the core 
samples per area) calculated 
for the areas. NM = Northern 
Mount, CM = Central Mount, 
CMsd = Central Mount saddle, 
KSN, KSS = northern and south-
ern peak of Karasik Seamount, 
KSsl = southern slope at Karasik 
Seamount
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aspects: the fewest taxa and the lowest abundances were 
consistently found there (Table 6, Fig. 9B). Looking at 
the six dominant taxa, it can be seen that Nematoda were 
found most frequently on all substrate types, followed by 
Copepoda. However, differences emerge concerning the taxa 
less dominant to Nematoda and Copepoda: in SuA, Tardi-
grada are the third most common taxon after Nematoda and 
Copepoda, followed by Annelida, Gastrotricha and Acari. 
In SuB, on the other hand, the Annelida move up to the third 
position, whilst the Tardigrada follow in fourth place. As in 
SuA, Acari are also the sixth most common taxon in SuB; 
they are, however, overtaken by the Tantulocarida, which 
for their part are not among the dominant taxa in either SuA 
or SuC but have pushed the Gastrotricha completely aside in 
SuB (Table 6, Fig. 9B).

In SuC, as in SuB, the Annelida are the third most com-
mon taxon. However, they are followed here by the Acari, 
which displace the Tardigrada in fifth place. Gastrotricha 
take sixth place in SuC. This substrate type has the highest 
abundance values among the Nematoda, which, however, 
decrease significantly for the Copepoda. These make up just 
9.4% of the mean abundance of Nematoda, whereas in SuA 
they reach 42.8%. This gave us the following picture: SuA 
and SuC are much more similar in terms of the number S of 
taxa and the abundance values than with SuB. In addition 
to the much lower number of taxa and the lower abundance 
values, SuB is also characterised by the fact that it is the only 
substrate type to harbour the Cumacea (Fig. 9A), and the 
Tantulocarida are among the six dominant taxa (Table 6).

Similarity analyses

As with the geographical comparison, the stations do not 
form clear groups in relation to the different substrates 
using the Bray–Curtis index on absolute abundance values 
(Fig. 10A). It is nevertheless recognisable that the SuA sta-
tions and those from the SuC are closer to each other; sta-
tions  123 A and  125 A are even placed in the middle of the 
SuC cluster, whereas their corresponding SuB stations (123B, 
125B, Fig. 10A) are located far away. This drastic separa-
tion between the SuA and SuB stations is also shown as an 
example at station 104 (A, B) in Fig. 10A.

An ANOSIM (rw = 76.95; rb = 165.9; R = 0.6445, 
p = 0.0001) confirms the significance of the observed group-
ing of the stations with regard to the different substrates.

As was the case with the geographical comparison, 
the second similarity analysis using the Cosine Similarity 
(Fig. 10B) indicates qualitative differences in the distribu-
tion of the most dominant taxa. On the one hand, the sub-
strata are also roughly assigned to each other according to 
their different characteristics, and here too, stations  123 A 
and  125 A are in the centre of the SuC cluster. On the other 
hand, however, the proximity of the SuA to the SuC cluster Ta
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Fig. 8   Rarefaction curves estimated from the meiobenthic material 
sampled during cruise P101 of RV POLARSTERN (2016) along the 
High-Arctic Langseth Ridge. A Curves interpolated for the different 
areas, B Curves interpolated for the single stations. N specimen num-

ber, NM Northern Mount, CM Central Mount, CMsd Central Mount 
saddle, KSN, KSS northern and southern peak of Karasik Seamount, 
KSsl southern slope at Karasik Seamount, SN interpolated number of 
taxa at a given N 

Fig. 9   Distribution of the collected meiobenthic major taxa across the 
three substrate types, A 3-set Venn diagram showing the assignment 
of the major meiobenthic taxa collected during cruise PS101 of RV 
POLARTSTERN (2016) along the Langseth Ridge to the respective 

substrates (SuA–SuC), B Absolute abundance values N of the major 
meiobenthic taxa in the different substrates (all cores and hauls per 
substrate summed)
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as revealed by the Bray–Curtis index is not recognisable. 
Instead, the SuB stations are closer to those of SuC—i.e. more 
similar to each other—while the SuA stations are clearly 
separated. Moreover, only the SuC stations cluster close 
together. Instead, the SuA and SuB stations are widely scat-
tered in the ordination plot (Fig. 10B). This constellation 
does not change even if the two outlier stations  104 A and 
104B are omitted in a second iteration (not shown).

An ANOSIM was also carried out here. It confirmed the 
clear differences between the substrates (rb = 157.4 versus 
rw = 95.96) but at the same time showed that the values for 
the stations are widely scattered even within a substrate type 
(R = 0.4454; p = 0.0001).

Diversity analyses

The different aspects under which biodiversity can be con-
sidered are revealed in the following comparison of the three 
substrates. If one looks at the number of taxa in the respec-
tive substrate types in Fig. 9B, then SuA with S = 18 appears 
to have the greatest diversity compared to SuC (S = 16) and 
above all SuB (S = 11). A comparison of the diversity values 
H’ also reveals the greatest taxa richness H’ in SuA, but now 
followed by SuB (Table 7).

In contrast, SuC shows only a half as much taxa rich-
ness. However, the values vary within the different sub-
strates from station to station. SuA exhibits the greatest H’ 
fluctuations between the stations (SD = 0.2852), although 
these are also considerably large in SuB (SD = 0.1573) and 
SuC (SD = 0.1833). Regarding the evenness, the distribu-
tion of individuals among the taxa is most even in SuB 
(Jmean = 0.536), followed by SuA (Jmean = 0.4430). SuC, on 
the other hand, has an Evenness value (Jmean = 0.2247) that 
is only about half as high (Table 7). The determination of the 
relative abundance of the two clearly dominant taxa Nema-
toda and Copepoda confirms this: in SuB, they together reach 
a relative abundance of only 76.75%, but in SuA already 
84.30% and in SuC even 95.42%.

A graphical comparison of the values determined for the 
three substrates also clearly shows the differences between 
them (Fig. 11). The fact that the Q1 and Q3 quartiles coin-
cide with the maximum and minimum values is due to the 
moderate amount of data available.

The similarity and diversity analysis of the three sub-
strates led to the conclusion that the three substrate types 
SuA, SuB and SuC do not harbour a uniform overarching 
meiofauna association, despite observable partial similarities 
in taxa composition, abundance and single diversity values. 
Instead, the substrates could be quite well differentiated from 
each other on the basis of the faunistic data. Hypothesis H02 
was therefore rejected. We have to keep in mind, though, that 
especially the comparison of the abundance values between 
the different substrate types may be biassed by the varying Ta
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thickness of the STM/SuA. The thicker the SuA is, the higher 
the absolute values probably are. However, we think if SuA 
could have been sampled quantitatively, the difference 
between the three substrate types would even show up more 
obvious than less. It should also be considered that SuA and 
SuC are in direct contact with the water body above them. 
This exposes them to comparable inputs of nutrients, oxygen 
and other environmental variables. This circumstance may 
explain, at least in part, the greater similarity between SuA 
and SuC in terms of taxon composition and diversity on the 
one hand, and the difference to SuB on the other, which is not 
directly exposed to the environmental influences mentioned; 
in fact, future comparisons of this kind should consider that 
the SuB horizon may need to be compared with a depth layer 
of SuC that corresponds to the thickness of the SuA above 
SuB. Górska et al. (2014) were able to show for taxonomic 
diversity that sediment depth plays an essential role in the 
establishment of meiofauna and nematode communities; 
these are also more similar at different water depths than 
communities of shallower sediment layers at the same water 
depth. This observation was also confirmed by Schnier and 
Hasemann (2026) with regard to functional diversity.

Comparison with the meiofauna communities 
of other seamounts

The Langseth Ridge is the northernmost complex of sub-
marine elevations ever investigated for meiofauna so far 
(Fig.  12). It therefore seemed obvious to compare the 
meiobenthic community found there with those of other 
seamounts. For this comparison, we had to make certain 
compromises by not including all taxa listed in the differ-
ent studies. For example, we combined the taxa Polychaeta 
and Oligochaeta into the Annelida because both taxa are 
not always differentiated (cf. George 2022). We also did 
not include representatives of the Protista (e.g. Ciliata, 
Foraminifera) because they are not listed in every compara-
tive study. Finally, taxonomic uncertainties also had to be 
considered: some organisms could not be clearly assigned to 
an animal group. The updated list of meiobenthic major taxa 
found on seamounts and oceanic islands (Fig. 12) therefore 
excludes uncertain groups. We have added our new data to 
the comprehensive list of major meiobenthic taxa on sea-
mounts and islands compiled by George (2022). In addition 
to the findings made at the LR (present study), we were also 
able to add those from the Senghor seamount (Cape Verde 
archipelago, subtropical east Atlantic (Kieneke et al. 2025). 
To date, 21 seamounts and oceanic islands in the Atlantic, 
the Mediterranean and the Arctic Ocean have been sam-
pled for meiobenthos, and twelve of them (Fig. 12: red data) 
have already been processed and provide at least qualitative 
data on the composition at major taxa level; samples of nine 

expeditions are still awaiting processing and determination 
of meiofauna major taxa (Fig. 12: blue data).

An initial comparison of the 12 analysed seamounts and 
island shelves reveals that there are already differences at 
the major taxa level. Of the 27 major taxa analysed, only 
seven (25.90%) have been reported from all elevations, i.e. 
in an area from the Cape Verde Islands/Mid-Atlantic to the 
North Pole and the eastern Mediterranean. This contrasts 
with five taxa (Fig. 12: 18.52%) that were only found on a 
single seamount/island. And more than half of the 27 major 
taxa (S = 15; 55.56%) were found on at least two of the 12 
studied marine elevations (Fig. 12). In order to gain a more 
comprehensive insight into the distribution of meiobenthic 
major taxa, we have subjected the two most abundant repre-
sentatives, Nematoda and benthic Copepoda, to a geographi-
cal and bathymetric comparison.

We used density values (ind./10 cm2) obtained from lit-
erature data (Gutzmann et al. 2004; Zeppilli et al. 2013; 
George et al. 2014, 2018, 2021; Richter and George 2019; 
George 2022; Kieneke et al. 2025) as well as our own (not 
yet published) datasets from expeditions that explored not 
only seamounts (Anaximenes seamount) but also the south-
eastern Atlantic deep sea (DIVA 2; see supplement S2). The 
comparisons served to provide an overview of the density 
spread of Nematoda and benthic Copepoda across the geo-
graphic range of the respective study areas. For this pur-
pose, we grouped the compared expedition data into seven 
regions, which extend more or less along a latitudinal gradi-
ent from the West Antarctic across the Atlantic to the High 
Arctic, with a swing to the eastern Mediterranean (Fig. 13, 
small map).

The result of the latitudinal comparison was surprising. 
As can be seen in Fig. 13, no distinct group of “seamounts 
and islands” can be distinguished from the deep-sea regions. 
Instead, deep-sea stations—whether at seamounts or in the 
deep-sea plains of the Atlantic and Antarctic—have remark-
ably higher density values than the shallow areas (“turn-
ing point” ≤ 312 m, cf. Fig. 14) of the analysed islands and 
seamounts. This becomes particularly clear at the deep 
stations of the Condor seamount and along the Langseth 
Ridge. But even Anaximenes and Eratosthenes seamounts, 
which are located in the eastern Mediterranean and thus in 
a less productive marine region (e.g. Kröncke et al. 2003; 
Lubinevsky et al. 2017), show higher density values at their 
deep stations than at the shallow ones (Fig. 13, supplement 
S2). In contrast, the investigated islands of the Azores and 
the Great Meteor Seamount, which were sampled at water 
depths of around 300 m, are characterised by much lower 
densities. These are contrasted again by the very shallow 
stations (~ 100 m depth) of the Senghor Seamount, which 
are characterised by high-density values.

If the density values are plotted along an increasing water 
depth (Fig. 14), the picture becomes even clearer. Here, too, 
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the very shallow stations of the Senghor Seamount as well 
as the summit station of Condor Seamount (~ 200 m depth; 
corresponding to the deep sublittoral) show high-density 
values, in particular for the Copepoda. However, the val-
ues drop significantly in a range between 200 and about 
300 m water depth (= the shallow bathyal) and only reach 
values below D = 100 ind./10 cm2 for Nematoda and benthic 
Copepoda (Fig. 14, supplement S2). In contrast, the subse-
quent deeper bathyal (down to about 4000 m) is character-
ised by a remarkable variability of density values that reach 
the highest peak values at depths between 2000 and 4000 m, 
particularly for the Nematoda.

The benthic Copepoda basically follow the same trend, 
but the difference between the middle and deep range is not 
as pronounced as with the Nematoda. In addition, the vari-
ability of the density values for copepods only extends to 
a water depth of around 1500 m and then remains fairly 
constant up to around 5660 m, i.e. the abyssal. Likewise, 
the abyssal zone is characterised by relatively uniform, com-
paratively high-density values for Nematoda (Fig. 14, sup-
plement S2). Against the background of the above compari-
sons, hypothesis H03 can be assessed as follows: at the major 
taxon level, there are certainly indications of a similarity of 
the meiofauna communities on different seamounts. Almost 
26% of the taxa found were recorded on all the seamounts 
and islands investigated so far, and a further 18.5% on the 
vast majority. However, with 55.6%, more than half of all 
taxa could only be detected sporadically or on a few sea-
mounts, but it cannot be ruled out that the absence of rare 
taxa in particular may be due to the fact that these rare taxa 
were simply not recorded during sampling. On the other 
hand, the studied seamounts and islands show differences 
in terms of specimen density, as shown in Figs. 13 and 14. 
Hence, we have both indications for similarities and differ-
ences between different seamounts and islands, and H03 can 
neither be refuted nor supported at this point in time. We 
suspect that analyses on the species level will reveal more 
significant patterns.

Discussion

H01: The meiofauna assemblages of the six sampled areas at 
the LR do not differ in composition or taxa diversity.

The community-analytical comparison of both the inves-
tigated areas (NM, CM, CMsd, KSN, KSS, KSsl) and the 
individual stations led to the acceptance of hypothesis H01. 
Nevertheless, it would have been quite conceivable that at 
least the investigated summits KSS, KSN, CM and NM har-
bour different meiofaunal communities due to their more or 
less pronounced geographical isolation. The fact that sea-
mounts such as the Great Meteor Seamount harbour isolated 
species communities (then called “trapping stones”) due to 
their isolated location, special current conditions and other 
abiotic features (cf. Gad and Schminke 2004) has also been 
documented by various authors for meiofaunal representa-
tives (e.g. George and Schminke 2002; Gad 2009; Plum and 
George 2009; Richter and George 2019). Other studies have 
concluded that seamounts and islands can also act as step-
ping stones for meiobenthos (e.g. Gad and Schminke 2004; 
Büntzow 2011; Packmor et al. 2015; Packmor and Riedl 
2016; Packmor and George 2018; Yamasaki et al. 2018), 
and in turn the vast deep-sea plains could represent barriers 
against long-distance dispersal by population growth at least 
for certain taxa such as Gastrotricha and Tardigrada, which 
would underline a stepping stone function of seamounts and 
island shelfs (Trokhymchuk and Kieneke 2024).

The findings of 10 of the 19 major meiobenthic taxa on 
all six elevations, in combination with the consistent domi-
nance of Nematoda, benthic Copepoda, Annelida and Tardi-
grada at all sites support the assumption of H01. Registered 
differences such as the lower abundance values at CMsd and 
KSN (Fig. 3A), varying relative abundances (Fig. 3B) up to 
individual finds of certain major taxa (Bivalvia, Cumacea, 
Priapulida, Rotifera; see Table 2), suggest a heterogeneous 
but nevertheless single meiobenthic community that extends 
over all investigated summits of the Langseth Ridge. This 
was confirmed by the comparison of the stations, where nei-
ther the similarity nor the diversity analysis showed a clear 
separation of the areas, but rather a strong mixing of the 
stations based on the composition of the meiofaunal taxa. 
We can therefore speak of a heterogeneous meiobenthic 
“Langseth community”. The individual areas, in particular 
the different summits, correspond to the model of “non-iso-
lated” seamounts arranged in chains presented by Gad and 
Schminke (2004: 51, Fig. 4). We assume medium to small-
scale changes or fluctuations in environmental variables to 
be the cause of the nevertheless recorded non-uniformity 
between the areas of the LR. Such are also assumed to be the 
cause of similarly inhomogeneous meiobenthic communi-
ties at other seamounts, both at the major taxa level (George 
2022; but also see Zeppilli et al. 2013) and in species-level 
studies of the Harpacticoida (George et al. 2018; Richter 
and George 2019).

H02: The different substrates studied do not harbour dif-
ferent meiobenthic communities, neither in terms of taxa 
composition nor diversity.

Fig. 10   Ordination plots of a non-metrical Multidimensional Scal-
ing, showing the mutual (dis)similarity of the stations sampled at the 
Langseth Ridge, according to the composition and absolute abun-
dance of the meiobenthic major taxa found during cruise PS101 of 
RV POLARSTERN (2016), and according to the different substrate 
types. A Bray–Curtis index, stress = 0.04132. bottom left: Shepard 
diagram, B Cosine Similarity index, stress = 0.06089. Top left: Shep-
ard diagram. Red triangles: SuA; yellow rhombi: SuB; green circles: 
SuC

◂
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Sediment structure plays a very important role in the 
colonisation of habitats by meiobenthos (e.g. Coull 1988; 
Giere 2009). Its representatives (i.e. species) often not only 
developed special morphological and anatomical adapta-
tions to the substrate type they inhabit (Coull 1988) but are 
even able to “recognise” the preferred substrate with all its 
properties (grain and pore size, penetration by or overgrowth 
with algae and bacteria) and colonise it in a very targeted 
manner (Giere 2009 and citations therein).

At the Langseth Ridge, we had to deal with the three 
substrate types SuA, SuB and SuC. SuB and SuC stand for 
muddy, compact sediment, as is often found in the deep sea. 
SuA, on the other hand, is a several cm-thick layer above SuB 
consisting mainly of sponge needles and polychaete tubes 
and called the spicule-tube-mat, STM (see introduction and 
Morganti et al. 2022), while SuC is in direct contact with the 
overlying water column.

Almost half of the 19 major taxa analysed were found in 
all substrate types. At this taxonomic level, it can be stated 
that these 10 taxa show no particular preference for one sub-
strate type. However, the situation is different with regard 
to the 6 taxa that were found in both SuA and SuC, but not in 
SuB. As they were found on exposed muddy substrate (SuC), 
it can be assumed that this substrate also offers them good 
habitat conditions here at the Langseth Ridge. However, at 
those sites where the muddy substrate (SuB) is covered by a 
complex-structured layer of STM (SuA), the taxa obviously 
show a clear preference for this three-dimensional, duct- and 
pore-rich biogenic substrate, as they are completely absent in 
the underlying sediment (SuB). This fact leads us to the con-
clusion that representatives of the meiofauna, even if they 

are regularly found on muddy substrate (e.g. Coull 1988; 
Giere 2009; see also Schmidt-Rhaesa 2020), prefer a three-
dimensionally and diversely structured layer, as can be seen 
from the six common taxa of SuA and SuC, which, however, 
could not be detected in the SuB underlying SuA. With regard 
to the fact that SuA and SuC are directly connected to the 
overlying water body, while SuB lies below SuA with vary-
ing layer thicknesses, it should be noted, despite the recom-
mendation made above to extend comparisons to comparable 
sediment depths in future studies, that such comparisons do 
not always appear to be meaningful. In soils where SuB lies 
beneath a SuA layer that is > 5 cm thick (in the present study, 
up to approx. 15 cm in some cases), a comparison with sedi-
ment from SuC at the same depth (> 5 cm) is unlikely to 
be promising. Studies of the past decades demonstrate that 
meiobenthos, especially in muddy compact sediments, is 
usually found at depths of up to approximately 2–5 cm (e.g. 
Coull 1988; Giere 2009), whereas it is very rarely found at 
depths below 6–8 cm (e.g. Somerfield et al. 2005).

As far as the exclusive taxa of SuA and SuB are concerned 
(Bivalvia and Rotifera, respectively, Cumacea, Fig. 9A), we 
are not able to make any assumptions about possible sub-
strate preferences. The low yield of individuals of these taxa 
(Table 2) rather indicates that their absence on the other 
substrate types could well be an artefact of the sampling: 
Because they are rare, they had simply not been recorded 
based on the low number of replicates.

H03: The meiofaunal assemblages at the LR do not differ 
from those of other seamounts.

The faunistic comparison of different regions on the 
basis of taxonomically higher categories than the species 

Table 7   Number S of taxa found in the substrata SuA, SuB and SuC and the corresponding calculated diversity values H’ and J 

The right-hand columns show the respective average values

Substrate SuA

Station 194A 102A 103A 104A 123A 125A 211A 212A

S 12 15 12 12 12 12 10 10 Mean SD
H' 1.263 1.374 1.149 1.22 0.7624 0.5463 1.271 1.142 1.091 0.2852
J 0.5081 0.5074 0.4625 0.4912 0.3068 0.2198 0.5519 0.496 0.443 0.116

Substrate SuB

Station 102B 103B 104B 123B 125B 211B 212B

S 9 9 7 7 5 6 9 Mean SD
H' 1.053 1.111 1.24 1.01 0.7762 1.022 1.23 1.063 0.1573
J 0.4794 0.5058 0.6373 0.5191 0.4823 0.5707 0.5597 0.536 0.0567

Substrate SuC

Station 152C 153C 195C 196C 205C 210C 218C 219C 220C

S 11 13 9 12 12 10 7 9 7 Mean SD
H' 0.6548 0.6076 0.269 0.8563 0.5034 0.6073 0.3922 0.328 0.4435 0.518 0.1833
J 0.2731 0.2369 0.1224 0.3446 0.2026 0.2638 0.2015 0.149 0.2279 0.2247 0.0667
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level always harbours the risk of generalisation, because 
species-specific interactions and thus faunistic differences 
may be blurred at a higher taxonomic level (e.g. George 
1999; Richter and George 2019 and references therein). On 
the other hand, ecological comparisons at a higher taxo-
nomic level may already provide information on distribu-
tion patterns and enable comparative community analyses 
(e.g. Heip et al. 1988; Herman 1989; Herman and Dahms 
1992; Chen et al. 1999). Some studies of the meiobenthos 
of seamounts and oceanic islands have already undertaken 
an inventory of the major taxa (e.g. George and Schminke 
2002; Büntzow 2011; George 2013, 2022; Zeppilli et al. 
2013; George et al. 2021), although the actual aim of sev-
eral studies was to investigate only one or a few taxa at 
the species level (e.g. Clausen 2004; Gad 2004a, b, 2009; 
Hansen 2005; Heiner 2005; Koller and George 2011; 

George et al. 2018; Packmor and George 2018; Richter 
and George 2019).

Since the review by George (2013), the number of sea-
mounts surveyed in the Atlantic for major meiobenthic taxa 
has increased from four to seven: studies of the Great Meteor 
Seamount, Seine Seamount, Sedlo Seamount and the Faroe 
Bank were expanded to include the Condor Seamount (Zep-
pilli et al. 2013), Senghor Seamount (Kieneke et al. 2025) 
and the peaks of the Langseth Ridge (current study). In 
addition, the processing of the two eastern Mediterranean 
seamounts Anaximenes (cf. George et al. 2018) and Erato-
sthenes (George 2022) as well as the Azores islands Flores, 
Terceira and Santa Maria (George et al. 2021) provided data 
from five further oceanic elevations.

It is noteworthy that since the comparisons of George 
(2013, 2022) and despite the evaluation of the added 

Fig. 11   Box-whisker plots with 
the mean H’ and J values of 
the Langseth Ridge stations, 
assigned to the three substrate 
types SuA, SuB and SuC. Shown 
are the arithmetic mean, the 
maxima and minima, and (red 
lines) the quartiles Q1 (25% of 
all measured data below that 
value) and Q3 (75% of all meas-
ured data below that value)
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seamount and island data, the number of meiobenthic 
major taxa detected has remained almost unchanged. George 
(2013) had recorded 25 taxa (actually 26, but Oligochaeta 
and Polychaeta are united as Annelida in George (2022) and 
here). Echiura and Priapulida are missing in George’s (2013) 
list; Echiura were later recorded at Condor Seamount (Zep-
pilli et al. 2013), and meiobenthic Priapulida both at Era-
tosthenes Seamount (George 2022) as well as at the Anaxi-
menes Seamount (present contribution) and the Azores 
islands Flores and Terceira (George et al. 2021).

In addition to the seven taxa that were found on all (sub)
marine elevations (Fig. 12), there are at least seven others 
that were not found everywhere but were found on most 
seamounts/islands along the entire latitudinal gradient. Here, 
we assume that the absence of those seven (or more) taxa on 
single islands or peaks is rather an artefact of the sampling 
or the subsequent sorting. In our view, it simply seems more 
plausible to assume that, e.g. the Isopoda, which have not 
yet been documented on the Faroe Bank (cf. George 2013), 
have either been overlooked or simply not considered, rather 
than actually not occurring there (Fig. 12), and the same 
applies to other major taxa such as Gastrotricha, Annelida, 

Bivalvia and Tanaidacea even on a suprageneric level within 
a major taxon. For instance, Bartsch (2003) proved a wide 
distribution of representatives of the Halacaridae (Acari) 
found on the GMB, and Clausen (2004) was able to confirm 
a clear proximity to communities of the Mediterranean and 
the English Channel for the Macrodasyida (Gastrotricha) of 
the Faroe Islands. Gad (2009) showed a much wider distri-
bution of the Draconematidae (Nematoda) of the GMB than 
originally assumed, and Packmor et al. (2015), George et al. 
(2018), Packmor and George (2018) as well as Richter and 
George (2019) found only minor differences in the Harpac-
ticoida and Canuelloida communities (at supraspecific level) 
of the seamounts, respectively, islands they compared (i.e. 
Madeira, Porto Santo, GMB). At the genus level of Gastro-
tricha, there is also a great overlap between the Faroe Bank, 
São Miguel (Azores) and Lanzarote (Canary Islands) in both, 
Macrodasyida and Paucitubulatina (Clausen 2004; Araujo 
and Hochberg 2021; Martínez et al. 2019; Todaro et al. 
2019; reviewed in Trokhymchuk and Kieneke 2024). Even 
at the species level, such matches occur, as impressively 
demonstrated for the Harpacticoida by Büntzow (2011), 
Packmor and George (2018), Packmor and Riedl (2016) and 

Fig. 12   Map showing the position of the 21 seamounts and oceanic 
islands sampled to date in the Atlantic, Mediterranean and Arctic (red 
and blue sites) and those 12 that have so far been surveyed for major 
meiobenthic taxa (red sites). The years behind the left-hand surveys 

indicate the year/time frame of sampling. The table shows the 27 
major taxa and their occurrence at the studied seamounts/islands. No. 
elev. number of colonised (sub)marine elevations, S/no. elev. number 
of major taxa found on the respective (sub)marine elevations



Polar Biology           (2026) 49:25 	 Page 23 of 30     25 

Fig. 13   Densities (ind./10  cm.2) of Nematoda (in red) and benthic Copepoda (in green), plotted along a latitudinal gradient, independent of 
depth. The seven investigated regions are shown in the small map (for detailed values see supplement S2)

Fig. 14   Densities (ind./10 cm.2) of Nematoda (in red) and Copepoda 
(in green) plotted along a bathymetrical gradient with added geo-
graphic locations. The densities are grouped to three depth ranges 

(shallow → deep). (At Senghor Seamount, values for Nematoda are 
lower than those for Copepoda; for detailed values see supplement 
S2)
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George et al. (2018); Clausen (2004) confirmed it for various 
Gastrotricha species and Yamasaki et al. (2019) for repre-
sentatives of the Kinorhyncha. All of the aforementioned 
examples of a wide distribution of meiobenthos representa-
tives on seamounts and islands suggest a rather pronounced 
faunistic similarity between seamounts and islands, at least 
in the Atlantic-Mediterranean region, and this at the level 
of major taxa, families, genera and sometimes even species. 
In contrast, however, the communities on seamounts and 
islands themselves are apparently very unevenly structured. 
Instead of uniform, regularly structured communities, the 
mostly very large submarine mountains or mountain groups 
harbour somewhat heterogeneously structured assemblages 
whose members are distributed across the entire area, but 
in a very patchy manner (cf. Zeppilli et al. 2013; George 
2022). The reasons for this may lie in the likewise non-uni-
form occurrence of medium- to small-scale (a)biotic vari-
ables, such as sediment composition (grain size distribution, 
sand/mud ratio, flow conditions, increased localised input or 
localised accumulations of organic material, etc.; e.g. White 
et al. 2007; Zeppilli et al. 2013; Packmor and George 2018; 
Tojeira et al. 2025) or, as in the case of the Langseth Ridge 
investigated here, the partial covering of the actual sediment 
layer with a complex-structured, biogenic layer of macro- 
and megafaunal debris. This very heterogeneous structure 
of a single large community can even be demonstrated at 
the species level, as was done at the Anaximenes Seamount 
and the Great Meteor Seamount for the benthic copepods 
(George et al. 2018; Richter and George 2019). And this in 
turn could mean that very rare taxa such as Bryozoa, Ento-
procta, Leptostraca, Echiura and Solenogastres are simply 
not detected, although they do occur at the site. The fact 
that Bivalvia, Rotifera and Cumacea were only found with 
one and two individuals, respectively, at the Langseth Ridge 
speaks in favour of this assumption.

However, it could also be that the rare findings of Bryo-
zoa, Entoprocta, Leptostraca, Echiura and Solenogastres, 
each of which has so far only been found on one seamount 
(Fig. 12), indicate that their distribution is actually very 
limited. Bryozoa, Entoprocta and Leptostraca are known 
exclusively from the Great Meteor Seamount (George and 
Schminke 2002); Echiura in turn have only been found at 
the Condor Seamount (Zeppilli et al. 2013), and Solenogas-
tres only at the Sedlo Seamount (Büntzow 2011). The Pan-
topoda could also have a restricted distribution area along 
seamounts and islands, as they have only been found at the 
Great Meteor Seamount (George and Schminke 2002) and 
the relatively nearby Sedlo Seamount (Büntzow 2011). 
Other taxa, on the other hand, allow the assumption of a 
wide distribution on submarine oceanic elevations, although 
they too have only been found on a few islands or seamounts 
so far. The distribution area of Cumacea, Sipuncula, Tur-
bellaria and others, for instance, extends very disjunctively 

along the entire latitudinal gradient analysed in the current 
paper, or at least along large parts of it (Fig. 12). We there-
fore assume that in their case the artefact of inadequate sam-
pling or processing leads to the incomplete coverage. In our 
opinion, the results of Zeppilli et al. (2013) clearly show 
that this can even be the case on individual seamounts. In 
their investigations on Condor Seamount, the authors found 
Ostracoda only on the summit and on the southern slope of 
the mount, Isopoda only on the summit and the southern 
base, Kinorhyncha only on the southern slope and Cumacea 
only on the northern flank and at Farfield Station. These 
were contrasted by the abundant taxa Nematoda, Copep-
oda, Polychaeta and Acari, which were found everywhere 
(but also the rather rare Loricifera, cf. Zeppilli et al 2013). 
The even rarer taxa Tanaidacea, Gastropoda, Echiurida and 
Bivalvia were restricted to only one area each.

Nonetheless, the fact that the data from Zeppilli et al. 
(2013) were obtained from only two hauls at each of the 
sites and that only two MUC cores per haul were analysed 
faunistically raises concerns that these studies are subject 
to a strong sampling artefact. It can be assumed that a more 
intensive sampling at the Condor Seamount would have rec-
ognised the distribution of the corresponding major taxa as 
much more uniform and also more wide-ranging, like in the 
current study of the Langseth Ridge.

The purely qualitative inventory of major meiobenthic 
taxa is therefore not sufficient to clearly answer hypothesis 
H03. There is some evidence to suggest that further sam-
pling at sites where various taxa have so far been noted as 
“absent” will probably detect these taxa there. In this con-
text, one also needs to consider that major taxa were mostly 
recorded qualitatively at the respective sites, and this by 
using different devices, from the multicorer to the van Veen 
and the Henning grab, the box corer and different sledges 
and trawls (cf. George and Schminke 2002; George 2013 and 
references therein, 2022; Zeppilli et al. 2013; George et al. 
2018, 2021; Richter and George 2019). A direct compari-
son can therefore only be made with caution, and a number 
of major taxa—especially those that are rare anyway—may 
simply not have been recorded yet. It is also quite possible 
that rare taxa in particular were overlooked during subse-
quent sorting. The result of our comparison therefore also 
demonstrates the need to ensure uniformity in the selection 
of equipment and quantified recording and processing in 
future sampling. However, very isolated findings of some 
taxa could also indicate their restricted distribution and thus 
might provide evidence of faunistic differences in the mei-
ofaunal communities on various seamounts (including those 
at the Langseth Ridge) and islands even at major taxon level.

Our comparison of the density values of Nematoda and 
benthic Copepoda from the deep-sea plains and from vari-
ous islands and seamounts provided a remarkable trend of 
increasing densities with increasing depths (Figs. 13 and 
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14) that, referring to meiofauna, at least partially calls 
into question the role of seamounts and oceanic islands 
as productive “oases” (cf. e.g. Rowden et al. 2010a, b; 
Zeppilli et al. 2014; Tojeira et al. 2025) in the middle of 
the “desert-like” high and deep sea. The fact that the deep 
sea is no longer regarded as a hostile, species-poor area 
of our planet, but instead harbours an extraordinarily high 
diversity of species, at least in certain taxa (e.g. Ramirez-
Llodra et al. 2024), has also been demonstrated for the 
meiobenthos (e.g. Rose et al. 2005; George et al. 2014). It 
has also been proven that species diversity correlates very 
strongly with the spatial density of individuals (Azovsky 
et al. 2012; George et al. 2014), which in turn—apart from 
the particle size of the sediment as a remarkable variable 
(Coull 1988)–is strongly dependent on the nutrient and 
food supply (e.g. Coull 1988; Giere 2009; Azovsky et al. 
2012; George et al. 2014; Zeppilli et al. 2018). This, in 
turn, is richer near the coast than in high seas regions or 
in the deep sea (see George et al. 2014 and references 
therein) and reflected by a decrease of meiobenthic abun-
dance and biomass with increasing depth (Mokievsky et al. 
2004; Mokievskii et al. 2007). Against this background, 
the results of our density comparison were somewhat sur-
prising, although they underpin the findings regarding 
hadal meiofauna by Zeppilli et al. (2018).

With regard to the area-related abundance of Nematoda 
and benthic Copepoda, a latitudinal density gradient could 
not be identified. Although we found the highest peak values 
at the poles (Fig. 13), the northern and southern regions 
showed no gradual change in density values, which was 
not surprising given the present mixture of deep-sea and 
shallow-water regions (seamounts, island shelfs). However, 
bathymetric sorting (Fig. 14) provided revealing informa-
tion: The mean density values of Copepoda and Nematoda 
only correspond to a limited extent with the results of other 
studies. Density values between about 100 and 200 ind./10 
cm2, as found on the sandy summit of the Senghor seamount, 
correspond to similar values from the sublittoral of various 
continental marine regions (cf. Coull 1988). The nematode 
densities of the abyssal (Fig. 14) are also in the range for 
corresponding depths in the Atlantic, as summarised by 
Vincx et al. (1994). However, the area between ~ 200 m 
and ~ 300 m, which is equivalent to the upper continental 
slope and in our comparison mainly comprises the plateau 
of the Great Meteor Seamount and the 300 m depth line of 
the investigated Azores Islands, is characterised by a pro-
nounced poverty of Nematoda and Copepoda; both taxa 
combined (and representing the entire meiofauna) do not 
even reach a density of 200 ind./10 cm2, which is much less 
than in comparable near-continental depths with densities 
that may reach values between 300 and 1000 ind./10 cm2 
(e.g. Thiel 1972; Coull 1988; Vincx et al. 1994 and refer-
ences therein).

The results summarised in Figs. 13 and 14 indicate that 
the Great Meteor Seamount, located in the middle of the 
subtropical Atlantic, is a very oligotrophic habitat and by 
no means an “oasis” in the surrounding “marine desert”, as 
pointed out already by, e.g. Hempel (1968), Nellen (1973), 
Heinz et  al. (2004) and Piepenburg and Müller (2004). 
Although the plateau is located at a depth of only about 
300 m, it obviously does not form a basis for increased ben-
thic (primary) production (Piepenburg and Müller 2004), 
which would lead to the so-called “seamount effect”, i.e. 
an enhanced biomass of both plankton and benthos com-
pared to the surrounding area (e.g. Dower and Mackas 1995; 
Misic et al. 2012; Zhao et al. 2023). A missing “seamount 
effect” has been confirmed at the Great Meteor Seamount 
both for phytoplankton (cf. Tojeira et al. 2025 and refer-
ences therein), for zooplankton in general (Nellen 1973; 
Martin and Nellen 2004) and for Calanoida specifically 
(Fischer 2005), for Foraminifera (Heinz et al. 2004) and 
for fish larvae (Nellen 1973; Clemmesen and Röhrscheidt 
2004; Tojeira et al. 2025). At Condor seamount, Zeppilli 
et al. (2014) showed that the Nematoda exhibit higher den-
sity values along its base (~ 1700 m depth) than at the sum-
mit (~ 200 m depth). A “seamount effect” with regard to 
plankton is also missing at Anaximenes Seamount (Denda 
and Christiansen 2011) as well as at Sedlo and Seine Sea-
mounts (Hirch 2009), and first studies of the meiobenthos at 
Josephine Bank in the early  1970 s also showed extremely 
low biomass values (Rachor 1975). The density values for 
Nematoda and Copepoda summarised here are in accordance 
with this pattern.

The Azores islands of Flores, Terceira and Santa Maria 
also showed a very low density of Nematoda and benthic 
Copepoda at a water depth of around 300 m (George et al. 
2021; George 2022). We would have expected higher values 
here, as we had anticipated that, in contrast to the Great 
Meteor Seamount, the sublittoral of the islands might benefit 
from a terrestrial influence (nutrient input from land). This 
is obviously not the case. Extensive analyses of the island 
data are currently being carried out as part of the BIODIAZ 
project (George et al. 2021). However, here we speculate 
that it may be that such a terrestrial influence, if present at 
all, does not extend to a depth of 300 m, especially as the 
shelf around the islands often consists of rocky and stony 
substrates, with sedimentary areas in between, that are colo-
nised by a diverse sessile filter-feeding fauna. Probably most 
food particles are already being tapped before they reach the 
seabed at a depth of 300 m, which could help to explain the 
low density of Copepoda and Nematoda.

In contrast, the Arctic Langseth Ridge with its North-
ern Mount, Central Mount and Karasik Seamount, which 
we have investigated, proves to be a productive “hot spot”, 
whose meiofauna density values are many times higher than 
in other shelf areas and deep-sea plains of the high Arctic 
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(e.g. Silberberg et al. 2025, see also Mokievskii et al. 2007), 
and which needs not fear comparison with the tropical Seng-
hor seamount (Kieneke et al. 2025) and which, at least as 
far as the Nematoda are concerned, clearly surpasses the 
subtropical Condor seamount (Zeppilli et al. 2014). This 
may seem surprising at first, because within the area of 
investigations, north of 85°N, no indication was found of a 
lateral input of organic material from primary production at 
the ice-edge and along the continental margins (Soltwedel 
and Schewe 1997). However, it becomes understandable, 
if we keep in mind that large parts of this central Arctic 
ridge are colonised by a megafauna dominated by bacterio-
sponges of the taxon Tetractinellida, with very high biomass 
production predominantly based on autotrophic symbionts 
(Morganti et al. 2022; Stratmann et al. 2022). Furthermore, 
these highly productive bacteriosponges seem to be part 
of a “sponge loop”, which ends with bacterial mat over-
growth and finally decaying of sponge individuals (Strat-
mann et al. 2022). Decaying sponge tissue will release a 
high amount of organic matter, nutrients and even already a 
microbial community that could serve as a food source for 
many meiobenthic species inhabiting the STM substratum, 
not to forget that the spicules and tubes of the associated 
epizoic polychaetes are the basis of the STM itself. In this 
sense, the most abundant megafaunal sponge species of the 
LR, i.e. Geodia parva, G. hentscheli and Stelletta rhaphidi-
ophora (see Morganti et al. 2022), could even be regarded 
as bioengineers.

The inclusion of density values in a comparison of the 
meiobenthic seamount communities thus indicates that 
seamounts as singular entities, which apart from their own 
shape, size and height are exposed to completely different 
environmental conditions depending on their location, are 
by no means characterised by similar meiofaunal communi-
ties. We conclude that hypothesis H03 must be rejected and 
extended beyond the Langseth Ridge: seamounts per se do 
not harbour similar meiofaunal communities.

Conclusion

The position of the studied seamount chain of the Langseth 
Ridge at the central Arctic Ocean with peculiar climate and 
hydrographic conditions and a considerable geographic iso-
lation is itself quite unique. Even more, the dense colonisa-
tion of the summits with megafaunal bacteriosponges and 
their associated fauna, and the cover of the seafloor with the 
dense spicule-tube-mat deriving from debris of this fauna, 
are making the Karasik Seamount and the neighbouring 
summits an exceptional deep-sea biotope. Our analyses of 
the major taxa of the benthic meiofauna demonstrated that 
despite a clear heterogeneity among the stations— some-
times the fauna of closely neighbouring samples showed a 

maximum dissimilarity—there is much likely one meioben-
thic community inhabiting the Langseth Ridge. A closer 
look to the different substrate types, the spicule-tube mat, the 
soft sediment covered by this mat, and sheer deep-sea sedi-
ment, uncovered significant differences on the level of the 
major meiobenthic taxa. While the absence of certain taxa 
may be a biassed result due to the analysis of still too few 
samples, the abundances and the dominances of certain taxa 
differ considerably between the three substrates. The most 
obvious effect is visible on the soft sediment underneath the 
spicule-tube-mat, may be because it is in a way “shielded” 
from the seafloor surface and the water column. Anyway, 
we expect even more significant effects on the actual species 
composition, since the spicule-tube-mat provides a habitat 
comparable to the interstitial space between sand grains. 
In such a sense, one could regard the megafaunal sponge 
community of the Langseth Ridge as bioengineers. Future 
studies with a deeper taxonomic resolution on the genus and 
species level are urgently needed to further understand the 
role of this peculiar biotope.

A qualitative comparison of the meiobenthos communi-
ties of 12 seamounts and islands (the three seamounts of the 
Langseth Ridge combined) shows that just less than 26% of 
the 27 reported major taxa could be detected everywhere, 
but around 48% on only half of the elevations. Those of them 
that were documented only sporadically may actually have a 
restricted to very restricted distribution. For others, however, 
which are only missing on individual seamounts or islands, 
it is reasonable to assume that they have simply not been 
recorded or have been overlooked. Future studies will have 
to show whether the existing gaps can be filled.

When comparing our density data of the two dominant 
taxa, viz. the Nematoda and the Copepoda, from the Lang-
seth Ridge with those of other study sites across the whole 
Atlantic Basin including the Mediterranean, an interesting 
pattern was observable. There was a clear response of the 
densities towards depth, with comparably low but constant 
values down to the deeper shelf at about 300 m, followed by 
much higher, but strongly fluctuating values in depth ranges 
from the continental slope down to bathyal depths. In the 
abyssal zone, densities were likewise high, but much more 
constant between different regions. The different supply with 
nutrients in different depth zones, which also often correlate 
with the distance to the coast, could be an explanation for 
this pattern. However, this comparison also showed that the 
density values of Nematoda and Copepoda differ consider-
ably between different seamounts and island shelfs, i.e. there 
is no “general seamount meiofauna community” per se.
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