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Abstract
Oecidiobranchus (Isopoda, Asellota) is distinctive among asellote isopod genera in that most of its known species occur in the
Nordic Seas and the Arctic Ocean. Some of these species are known only from a few specimens (i.e., poorly known). We used a
combinedmorphological and genetic approach to evaluate the diversity ofOecidiobranchus species in this region. On the basis of
genetics, at least three species were recognized, representingOecidiobranchus cf. nanseni, Oecidiobranchus cf. plebejum, and a
third, probably undescribed species. Oecidiobranchus cf. plebejum was found at several locations to the north of the large
Greenland-Iceland-Faeroe Ridge, while O. cf. nanseni occurred on both sides of the ridge; temporal or spatial changes during
and after the last ice age may have contributed to the genetic differences of populations on each side of the ridge. The wide
distribution of the genus in the Nordic Seas and the Arctic Ocean suggests that the genus has been present there for an extensive
period.

Keywords Isopoda . IceAGE . GIF Ridge . Circum-Icelandic distribution . DNA barcoding . Biogeography . Population

Introduction

Recent genetic studies have revealed high genetic diversity
and even cryptic species among many morphologically well-
defined species of deep-sea benthic invertebrates (e.g.,
Raupach et al. 2007; Brix et al. 2014b; Gubili et al. 2017).
The evolutionary forces promoting speciation in the deep sea
are, however, still poorly known, but are probably both of
ecological and evolutionary (historical) causes. The latter in-
clude barriers to species distributions, which are generally
poorly understood in the deep sea. Rex and Etter (2010) list
distance, currents, topography, oxygen levels, and vicariance
in their evaluation of potential isolating barriers. Bober et al.
(2017) for instance attested reduced gene flow across hadal
trenches for deep-sea benthic isopods.

The Greenland-Iceland-Faeroe Ridge (GIF Ridge), with its
complex hydrography, is one of the most pronounced distri-
butional barriers in the Atlantic Ocean (Svavarsson et al.
1993), ranging across the Atlantic Ocean from east to west
with a maximum saddle depth of 840 m (Hansen and Østerhus
2000), whereas between Iceland and the Faeroe Islands, the
maximum saddle depths are 420 m (close to Iceland) and
480 m (close to the Faeroes), and in the Denmark Strait
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(between Iceland and Greenland), the maximum saddle depth
is 620 m (Hansen and Østerhus 2000). The GIF Ridge sepa-
rates the abyssal basins of the North Atlantic proper from the
sub-Arctic and Arctic basins to the north. Several primary
water masses have been defined in the region (Stefánsson
1962; Logemann et al. 2013) whose temperatures range from
− 0.9 to 12 °C, with low and stable temperatures in deeper
water, versus a considerable temperature range in shallow wa-
ters. In addition, the region is a very important component of
the Atlantic meridional overturning circulation. Modified
North Atlantic Water (MNAW, > 7.0 °C) flows northwards
into the Greenland Sea, cools, and sinks, and colder water
masses (< 0.5 °C, e.g., Norwegian Sea Deep Water
(NSDW); Norwegian Sea Arctic Intermediate Water
(NSAIW)) overflow the ridge from north to south via the
ridge’s deep channels.

The deep regions on either side of the GIF Ridge have
experienced very different ecological and evolutionary condi-
tions throughout the last several million years (see Dahl et al.
(1976) for the Nordic Seas), currently resulting in an extreme-
ly cold environment (temperatures < 0 °C) and a very low
faunal diversity to the north of the ridge, whereas deep waters
south of the ridge generally exhibit temperatures above 2 °C
and considerably higher faunal diversity (Svavarsson et al.
1990; Svavarsson 1997; Stuart and Rex 2009; Rex and Etter
2010; Oug et al. 2017).

Many species reach their distributional limits at the GIF
Ridge (isopod crustaceans: Negoescu and Svavarsson 1997;
Brix and Svavarsson 2010; Brökeland and Svavarsson 2017;
amphipod crustaceans: Weisshappel 2000, 2001; polychaete
annelids: Parapar et al. 2014); however, several well-defined
benthic species apparently exist on both sides of this extensive
barrier and occur accordingly over a wide range of abiotic
factors, such as temperature (e.g., the crustacean isopod
Haploniscus bicuspis G.O. Sars, 1877 from − 0.86 to
7.11 °C, Brökeland and Svavarsson 2017). The intraspecific
genetic diversity of species occurring on both sides of the
ridge is still unknown.

OecidiobranchusHessler, 1970 (Isopoda, Desmosomatidae)
is a small eurybathic genus with only five known species,
of which one occurs at abyssal depths off Australia (Brix
2006); the remaining four occur in the northern part of the
North Atlantic Ocean, the Nordic Seas, and the Arctic
Ocean (Fig. 1a) (Hansen 1916; Hessler 1970; Just 1980;
Malyutina and Kussakin 1996a; Brix and Svavarsson
2010): Oecidiobranchus plebejum (Hansen 1916), also re-
ported by Hessler (1970) from the Bermuda transect,
O. nanseni Just, 1980 known from the Nansen Ridge north
of Svalbard, and O. polare Gurjanova, 1946 and
O. glacialis Malyutina and Kussakin, 1996a known from
the Russian side of the Arctic (Fig. 1a) (Hansen 1916;
Gurjanova 1946; Just 1980; Malyutina and Kussakin
1996a). While O. polare and O. glaciale occur in shallow,

cold waters (Kussakin 1999), O. nanseni and O. plebejum
are pronounced Arctic deep-water species. Oecidiobrancus
nanseni was collected during the FRAM Drift-Ice
Expedition from 83° 40′ N at depths of 2300 m at the
Nansen Ridge north of Svalbard (Just 1980), at between
794 and 3709 m in the Nordic Seas, and between 850 and
3920 m in the Arctic Ocean (Svavarsson 1988), while the
type material of O. plebejum originates from 66° 23′ N and
67° 29′ N, at depths between 1330 and 1620 m (Hansen
1916). All the above locations exhibit temperatures below
zero.

Oecidiobranchus is unique among asellote isopod genera
in having such a large proportion of its known species in the
Nordic Seas and the Arctic Ocean. Moreover, some of
these species are quite common within this region. For
instance, from all 239 RP (Rothlisberg and Pearcy 1977)
epibenthic sled samples from the BIOICE expeditions
(1991–2004), O. nanseni was the fourth most frequently
occurring species, occurring at 55 stations (Brix and
Svavarsson 2010; Fig. 1b). Oecidiobranchus nanseni ex-
tends deeper in the north than in the south and occurred in
all seven local water masses across wide bathymetric and
temperature ranges (north 209–1558 m, south 317–
2215 m, − 0.86 to 7.12 °C). Oecidiobranchus nanseni
occurs in sympatry with O. plebejum in circum-Icelandic
waters, and was also found in sympatry on the two
IceAGE (Icelandic Animals: Genetics and Ecology,
2011–2012) cruises conducted in these waters thus far
(Fig. 1a). According to Kussakin (1999), both species occur
sympatrically on the Pacific side of the Arctic Ocean as well.
The only genera with similar distributions are Cryodesma
Svavarsson, 1988 consisting of only two species, both occur-
ring in the Nordic Seas and the Arctic Ocean (Svavarsson 1988;
Malyutina and Kussakin 1996b), and Nymphodora Kaiser,
2009, with only a single species, N. fletcheri (Paul and
George, 1975), endemic to the Arctic Ocean (Kaiser 2009).
Aside from these, the asellote isopod fauna of the Nordic Seas
and the Arctic Ocean consists mainly of families of less pre-
dominantly deep-sea distribution, like the desmosomatids,
whereas predominantly deep-sea families are poorly represent-
ed or even absent (Svavarsson et al. 1993). Oecidiobranchus
has, with its shallow and deep-water species, apparently
adapted well to Arctic conditions and therefore may have been
present in these regions for an extensive period.

Some species of Oecidiobranchus are still poorly known
and need to be re-evaluated. Here, we evaluate the morpho-
logical and genetic diversity of Oecidiobranchus species in
the GIF Ridge region. This paper provides a detailed look at
all Oecidibranchus specimens collected. We describe herein
the pattern of genetic diversity detected in Oecidiobranchus
and its implications for the geographical distribution and spe-
cies delimitation of Oecidibranchus species in the waters of
the GIF Ridge.

Mar Biodiv



Materials and methods

Sampling

Specimens for both molecular and morphological analysis
were sampled during the recent IceAGE expeditions 1
(M85/3 on board RV Meteor in 2011) and 2 (POS456 on
board RV Poseidon in 2013) (Brix et al. 2011; Brix 2013);
these specimens were collected and treated as described in
Brix et al. (2014a, b) and Riehl et al. (2014).

Molecular methods

Two mitochondrial markers were sequenced for genetic
analysis: a roughly 400 bp portion of the small ribosomal

subunit (16S) and a roughly 650 bp portion of cyto-
chrome c oxidase subunit I (COI). Detailed protocols
for DNA extraction, PCR, and sequencing are described
in Riehl et al. (2014); briefly, for COI, the primers LCO-
1490/HCO-2198 (Folmer et al. 1994) were used at 45 °C
(first 5 cycles) and 50 °C (remaining 35 cycles) anneal-
ing temperature, and for 16S, the primers 16S-SF and
16S-SR (Tsang et al. 2009) were used at 48 °C annealing
temperature. Sequences were edited in Geneious v.10
(Drummond et al. 2011). The alignment of 16S was per-
formed with the online MAFFT server v7 (Katoh and
Standley 2013), and ambiguously aligned portions were
removed using the online Gblocks server (Talavera and
Castresana 2007), employing all three criteria for less-
stringent selection. The COI alignment was performed

Fig. 1 a Distribution map of Oecidiobranchus. Oecidiobranchus
plebejum collected (red circles), OTU1; O. cf. plebejum (dark red
circles); O. nanseni collected (blue squares); OTU2, O. cf. nanseni
(dark blue squares); O. polare (yellow triangle); O. glacialis (green
pentagon); the type locality of O. plebejum and O. nanseni is marked in

species colors at the stations according to Just (1980: FRAM I station 18)
and Hansen (1916: Ingolf station 102). b Distribution of
Oecidiobranchus nanseni in BIOICE RP sled samples according to
Brix and Svavarsson (2010)

Mar Biodiv



on DNA codons using the Clustal X algorithm (Larkin
et al. 2007) in BioEdit (written by Tom Hall, Ibis
Theraputics). All alignments were edited for consistency
by hand, and the ends were trimmed to avoid large
blocks of gaps. Haplotype networks were computed in
popART (Leigh and Bryant 2015) using the TCS algo-
rithm and converted to geographical haplotype maps by
hand.

Species were delimited separately for each locus using
three Bdiscovery^ methods (sensu Carstens et al. 2013):
the ABGD algorithm (automated barcode gap discovery,
Puillandre et al. 2011), GMYC (general mixed Yule
coalescent, Pons et al. 2006), and mPTP (multiple
threshold PTP, Kapli et al. 2016). The ABGD method
was performed using the online version (http://wwwabi.
snv.jussieu.fr/public/abgd/abgdweb.html) on Kimura two-
parameter (K2P, Kimura 1980) corrected pairwise dis-
tances and 20 algorithm steps. The GMYC and mPTP
analyses require ultrametric input trees, which were com-
puted in BEAST2 v2.4.6 (Bouckaert et al. 2014) using a
four-category gamma-distributed model of sequence mu-
tation. For 16S, the GTR model was employed, whereas
for COI, the HKY model was employed. Strict clocks
and Yule tree priors were used for both markers. All
gamma priors were replaced with default lognormal
priors. Convergence of the runs was assessed with
Tracer v1.6 (Rambaut and Drummond 2014) to choose
a burn-in such that all ESSs were at least 200. The trees
were produced and annotated with Bayesian posterior
probabilities (PP) using TreeAnnotator in the BEAST2
package, with sequences of the related genus Torwolia
from the South Atlantic used to root the trees. The
GMYC analysis was performed in R with the multiple
threshold option. The mPTP analysis was performed with
one million steps after 20,000 burn-in steps and three
replicate runs.

All data are stored in the Barcode of Life Database
(BoLD) project OECID, which contains all available data
and is made publically available via GenBank submis-
sion. The BIN system in BoLD compares newly submit-
ted sequences with all already available sequences in
BoLD clustering them according to their molecular di-
vergence using clustering algorithms. Each cluster re-
ceives a unique and specific BIN (barcode identity
number).

Morphological methods

All specimens used for the molecular approach described
above were determined to species level on board the ves-
sels during the IceAGE expeditions, and the determina-
tions were later verified at the German Centre for Marine
Biodiversity Research (DZMB) using a Leica MZ 12.5

dissection microscope and the original descriptions as ref-
erence (Hansen 1916; Gurjanova 1946; Hessler 1970; Just
1980; Malyutina and Kussakin 1996a) and were compared
to the type specimens loaned from different museum col-
lections (see list below). All voucher specimens are stored
at the Center of Natural History, Hamburg (CeNak) (see
Table 1). Three voucher specimens (IA2Desm07,
IA2Desm09, and IDesm186) were used for confocal laser
scanning microscopy (CLSM) and stained with Congo
Red. The method was adapted from Michels and
Büntzow (2010) and further established by Kihara and
Arbizu (2012), Brix et al. (2014b), and Bober et al.
(2017). The specimens were scanned in dorsal and lateral
view using a Leica DM2500 with a Leica TCS SPE at a
resolution of 2480 × 2480 pixels with a ×10 lens. The
chitinous exoskeleton parts were excited by 532-nm laser
light and detected with a bandpass filter set to 539–
670 nm. Furthermore, the 405 and 488-nm laser lines
were used with emission filters set to 420–480 and ≥
490 nm, respectively (Michels and Gorb 2012). The
resulting image stacks were further processed in Fiji
(Schneider et al. 2012; Schindelin et al. 2012) and final-
ized in Adobe Photoshop CS5.

Abbreviations used in this study

Morphology: A1 = antennula; Mxp =maxilliped; Op = oper-
culum; PI–PVII = pereopods I–VII; Plt = pleotelson; Prn1–
7 = pereonites 1–7; ZMH = Zoological Museum, Hamburg;
ZMUC or NHMD = Zoological Museum, University of
Copenhagen; AM =Australian Museum. Topography: GIF
Ridge = Greenland-Iceland-Faeroe Ridge. Water masses:
Modified North AtlanticWaters (MNAW; 7.0–8.5 °C, salinity
35.10–35.30), Labrador Sea Water (LSW; 3–4 °C, salinity
34.90–34.95), Iceland Sea Overflow Water (ISOW; 2–3 °C,
salinity 34.85–35.00); Modified East IcelandicWater (MEIW;
1–3 °C, salinity 34.70–34.90), Norwegian Sea Deep Water
(NSDW; less than − 0.5 °C, salinity less than − 34.40),
Norwegian Sea Arctic Intermediate Water (NSAIW; − 0.5–
0.5 °C, salinity 34.85–34.90), and Arctic/Polar Water
(A/PW; 0–2 °C, salinity 34.30–34.90).

Comparative material examined

Type material

ZMUC CRU-7810, female, adult, Oecidiobranchus plebejum
(Hansen, 1916), lectotype

ZMUC CRU-9698, male, adult, Oecidiobranchus
plebejum (Hansen, 1916), paralectotype

NHMD-155588, female, juvenile, Oecidiobranchus
plebejum (Hansen, 1916), paralectotype
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ZMUC-CRU-7485, female, adult, Oecidiobranchus
nanseni (Just, 1980), holotype

ZMUC-CRU-7486, 2 specimens, preparatory females,
Oecidiobranchus nanseni (Just, 1980), paratypes

Non-type material

NHMD-155589 Oecidiobranchus plebejum (Hansen, 1916),
6 specimens

NHMD-155591 Oecidiobranchus plebejum (Hansen,
1916), 1 specimen

AM P.59200 Oecidiobranchus plebejum (Hansen, 1916),
25 specimens

AM P.59201 Oecidiobranchus plebejum (Hansen, 1916),
36 specimens

AM P.65390Oecidiobranchus plebejum (Hansen, 1916), 3
specimens

AM P.65391 Oecidiobranchus plebejum (Hansen, 1916),
24 specimens

AM P.65768 Oecidiobranchus sp., 3 specimens
AM P.65769 Oecidiobranchus sp., 19 specimens
AM P.65770 Oecidiobranchus sp., 2 specimens

Fig. 2 Ultrametric trees and species delimitations for both markers. The
redABGD lines mark the boundary between intraspecific nodes (closer to
the tips) and interspecific nodes (closer to the root), given as Kimura two-
parameter p-distances (K2P). Geographical position is marked by

abbreviations: Denmark Strait (DEN), Norwegian Channel (NCH),
Irminger Basin (IRM), Faroe-Iceland Ridge (FIR), Norwegian Basin
(NOR). The clades are marked with the corresponding OTUs

Table 2 Marker statistics for sequences of 16S and COI used in this study. Nucleotide diversity is represented by pi. Number of variable sites considers
gaps as unknowns, not a fifth base. %GC, percentage of the alignment comprised of G or C nucleotides. The ABGD threshold and pi are given after K2P
correction

Marker Length No. of sequences %GC pi No. of variable sites ABGD threshold

16S 400a 26 35.00 0.0835 95 0.01

COI 572 21 46.20 0.2024 293 0.08

a Length and statistics for 16S are given for the full alignment, before removal of ambiguously aligned regions by Gblocks
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Results

From the IceAGE collect ion of 26 specimens of
Oecidiobranchus, 26 sequences of 16S and 21 of COI were
obtained (Table 1). New sequences were deposited in
GenBank under access ion numbers MG831391–
MG831411 (COI), and MG895871–MG895896 (16S),

and final alignments were deposited in TreeBASE
(treebase.org). Table 2 contains the alignment length,
nucleotide composition and diversity, number of variable
sites, and ABGD-determined pairwise distance threshold
for each marker. All species delimitation methods detected
the same three putative species (operational taxonomic
units (OTUs)) at both loci, although mPTP detected a

Fig. 3 Haplotype network for 16S (a). Circle size is proportional to the
number of individuals sampled with that haplotype, and color denotes
sample origin (abbreviations are as in Fig. 2), with the small black circle
indicating an unsampled haplotype required to connect the network.
Numbers next to branches indicate the number of mutational steps

between haplotypes. Haplotype map for 16S (b). Circle size is propor-
tional to the number of individuals sampled at each station, and color
denotes 16S haplotype. The first number of stations labels is the
IceAGE cruise number, followed by the station ID

Mar Biodiv

http://treebase.org


Fig. 4 Haplotype network for COI (a). Network format and haplotype coloring are as in Fig. 3. Haplotype map for COI (b). Map format and coloring are
as in Fig. 3
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Fig. 5 CLSM of the three specimens in dorsal and lateral view
representing the two main OTUs. a OTU1, O. cf. plebejum, male
specimen, field ID IA2Desm09, lateral view. b OTU1, O. cf. plebejum,
female specimen, field ID IA2Desm07, lateral view. c OTU1, O. cf.

plebejum, female specimen, field ID IA2Desm07, dorsal view. d
OTU2, O. cf. nanseni, ovigerous female specimen, field ID IDesm186,
lateral view. eOTU2,O. cf. nanseni, ovigerous female specimen, field ID
IDesm186, dorsal view. Scale bar = 0.1 mm
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49% probability that two specimens (i.e., IDesm075 and
IDesm077) belonged to a fourth OTU (Figs. 2, 3, and 4).
Analysis on the BoLD platform also determined a different
BIN for these two specimens.

Morphologically, OTU1 (Fig. 5a–c) most closely resem-
bles Oecidiobranchus plebejum, while OTU2 (Fig. 5d, e)
resembles more O. nanseni. OTU3 was found only at
IceAGE2 stations close to the Faeroe Islands and with only
two specimens (one male and one female, the latter highly
damaged). This seems to be a third species, probably a
species unknown to science. In the continuous sorting pro-
cess, more specimens became available and will be used
for a morphological study of this putative new species. At
present, OTU3 relies on a damaged specimen and a male
insufficient for species description.

The three delimited species showed different, but par-
tially overlapping geographic distributions, with OTU1
(O. cf. plebejum) found only north of the GIF Ridge,
OTU2 (O. cf. nanseni) found both south and north of
the GIF Ridge (i.e., circum-Icelandic), and OTU3 restrict-
ed to the northern part of the Iceland-Faeroe Ridge (IFR);
if OTU4 is valid, currently available data would indicate
a distribution only south of the ridge (16S, Fig. 4; COI,
Fig. 5).

The species Oecidiobranchus plebejum and O. nanseni
appear accordingly to be separate species, but probably
closely related because they are difficult to distinguish mor-
phologically (see Table 3, see also Svavarsson 1988). The
distingushing morphological characters vary with develop-
mental stage and due to sexual dimorphism. Specimens are
frequently damaged (appendages broken off), making the
defining length/width ratios not always determinable.
Hessler (1970) described the first body leg (pereopod, PI)
in detail for O. plebejum, but whether he used Hansen’s
(1916) original material for his drawings or his ownmaterial
from the Gay Head Bermuda transect is unclear. Re-
examination of the lectotype revealed that all appendages
of the lectotype, except the right pereopod I, were broken
off. Just (1980) showed for O. nanseni a detailed drawing
only for the claw seta, propodus, and dactylus of pereopod I,
but not the whole pereopod I. Pereopod II was not drawn in
detail (only shown in situ drawing of the specimen). If the
type material is to be used for species identification, illus-
tration of an intact paralectotype from the Hansen (1916)
material from Ingolf station 102 and redescription of
necessary appendages from the specimens Just (1980) des-
ignated as types would be necessary.

Discussion

As discussed above, Oecidiobranchus appears to be rare
among desmosomatids in that most of its species areTa
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concentrated in the Nordic Seas and Arctic Ocean; however,
the strength of this assertion rests on uncertain species
boundaries and a paucity of data. According to available
data at the time, Brix and Svavarsson (2010) identified all
Oecidiobranchus specimens in BIOICE samples as
O. nanseni morphologically, resulting in this species having
a wide distribution on the GIF Ridge and occurring both south
and north of the ridge. However, the validity of these speci-
mens as a single single species was in doubt, due to the wide
temperature tolerance implied by this distribution (Brix and
Savavarsson pers. obs.; Pedro Martinez unpublished species
distribution models from the Brix and Svavarsson (2010) da-
ta). Indeed, the genetic and morphological analyses herein
suggest at least three species in the region (O. cf. nanseni,
O. cf. plebejum, and one previously unknown species), but
also that O. cf. nanseni occurred on both sides of the ridge.

Morphological determination of Oecidiobranchus spe-
cies relies on minor differences (mostly length to width
ratios, see Table 3). In the case of O. plebejum and
O. nanseni, O. plebejum is in general Bmore robust^ while
O. nanseni is Bmore slender^ as stated by Just (1980).
Both species are superficially very similar, and visualizing
differences between them requires a close look under the
microscope. As the length-to-width ratios vary by devel-
opmental stage and are also influenced by sexual
dimorphism, a morphometric approach measuring a
significant number of specimens genetically assigned to
one species would deliver a clearer picture. Characters
of O. nanseni and O. plebejum indicating differences in
morphology were shown by Just (1980) and are summa-
rized in Table 3 with focus on characters visible without
dissection. The characters that allow the clearest differen-
tiation of species are only visible after dissection (setation
of Mxp, two slender distal setae at Op or Op without
setae).

The relatively small number of specimens analyzed per
OTU presents, however, a challenge to accurately describe
the geographical range of the OTUs, indicating the need to
analyze more material. Likewise, the absence in IceAGE ma-
terial of O. cf. plebejum south of the ridge may imply that
Hessler’sO. plebejum from the Bermuda transect is a different
species, or simply that greater numbers of specimens are need-
ed to describe species distributions with sufficient confidence.

Several isopod species are known to occur in deep waters
both south and north of the GIF Ridge despite considerable
differences in the benthic temperatures (Negoescu and
Svavarsson 1997; Brix and Svavarsson 2010; Brökeland and
Svavarsson 2017). Whereas the deeper parts of the world
oceans generally exhibit low temperatures (between 2 and
3 °C), the temperatures of the deeper Nordic Seas and the
Arctic Ocean typically exhibit temperatures below zero (e.g.,
Norwegian Sea Deep Water, less than − 0.5 °C, Hansen and
Østerhus 2000). A species occurring in deepwaters both south

and north of the GIF Ridge would therefore have to adjust to
temperatures both above and below zero. Whether such an
adjustment is physiologically demanding to these species or
not is unclear; other species are known to overcome this prob-
lem by producing ice-binding proteins (Duman 2015).

The greater oceanographic mixing and topographical com-
plexity associated with the Greenland-Iceland Ridge in the
Denmark Strait is likely also associated with higher genetic
diversity, which may favor speciation processes. The geneti-
cally diverse (comparatively speaking) stations in the
Denmark Strait occur at slope depths, placing them in a region
of sharp transition between shallow and deep waters; this
depth gradient could increase genetic differentiation and de-
crease connectivity as has been reported in the Northwest
Atlantic (Jennings et al. 2013), possibly due to stenobathic
isolation. Distributions of Oecidiobranchus species do appear
to be influenced by depth, or a variable correlated with depth:
OTU3 (potentially a new species) was found only in shallow
depths on the ridge, OTU2 (O. cf. nanseni) was found in the
deep basins north and south of the ridge, and OTU1 (O. cf.
plebejum) attained a broader bathymetric distribution but only
north of the ridge. Similar patterns have been observed in
another isopod species, Chelator insignis (Hansen, 1916)
(Brix et al. 2014a). Furthermore, the GIF Ridge has undergone
extensive environmental changes in its history, particularly
during the most recent ice age, which ended about 15 ka BP.
During the Last Glacial Maximum (LGM, 28.1–22.8 cal. ka
BP; Patton et al. 2017), the extensive Icelandic ice sheet
extended to the continental shelf break (around 300-m depth,
Patton et al. 2017), considerably decreasing (potentially by
as much as 100 km) the already narrow, ~ 300-km strait
between Iceland and Greenland. The large ice sheets of
Greenland and Iceland may have greatly influenced water
exchange and interactions between the Nordic Seas and the
North Atlantic during the LGM. Significant changes oc-
curred in the currents of the Denmark Strait during the last
10,600 cal years BP, with large changes in the assemblages
of the foraminiferans (Perner et al. 2016). Several isopod
species feed extensively on foraminiferans (Guðmundsson
et al. 2000), although little is known of feeding in
Oecidiobranchus. A changing environment and concomitant
changes in the community structure of foraminiferans may,
however, have shaped the genetic patterns seen in
O. nanseni (i.e., OTU2) across the GIF Ridge, indicating a
temporal or spatial separation of the populations.
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