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Diversity, habitat endemicity 
and trophic ecology of the fauna 
of Loki’s Castle vent field 
on the Arctic Mid‑Ocean Ridge
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Loki’s Castle Vent Field (LCVF, 2300 m) was discovered in 2008 and represents the first black‑
smoker vent field discovered on the Arctic Mid‑Ocean Ridge (AMOR). However, a comprehensive 
faunal inventory of the LCVF has not yet been published, hindering the inclusion of the Arctic in 
biogeographic analyses of vent fauna. There is an urgent need to understand the diversity, spatial 
distribution and ecosystem function of the biological communities along the AMOR, which will inform 
environmental impact assesments of future deep‑sea mining activities in the region. Therefore, our 
aim with this paper is to provide a comprehensive inventory of the fauna at LCVF and present a first 
insight into the food web of the vent community. The fauna of LCVF has a high degree of novelty, 
with five new species previously described and another ten new species awaiting formal description. 
Most of the new species from LCVF are either hydrothermal vent specialists or have been reported 
from other chemosynthesis‑based ecosystems. The highest taxon richness is found in the diffuse 
venting areas and may be promoted by the biogenic habitat generated by the foundation species 
Sclerolinum contortum. The isotopic signatures of the vent community of LCVF show a clear influence 
of chemosynthetic primary production on the foodweb. Considering the novel and specialised fauna 
documented in this paper, hydrothermal vents on the AMOR should be regarded as vulnerable marine 
ecosystems and protective measures must therefore be implemented, especially considering the 
potential threat from resource exploration and exploitation activities in the near future.

Loki’s Castle Vent Field (LCVF, ca. 2300 m) was discovered in 2008 as the first black-smoker vent field on the 
Arctic Mid-Ocean  Ridge1. At hydrothermal vents, geothermally heated fluids with dissolved energy-rich chemical 
compounds are expelled from the seafloor, fueling ecosystems based on chemosynthetic primary  production2. 
The organisms inhabiting hydrothermal vents are exposed to extreme and fluctuating environmental conditions, 
such as high temperatures, toxic compounds  (H2S, heavy metals) and high or low  pH3. In addition, many species 
inhabiting vents have dietary adaptations to acquire nutrients from chemosynthetic microorganisms, such as 
symbiosis or bacterial  grazing4. The combination of environmental tolerance and dietary adaptations leads to a 
high degree of specialisation in vent fauna and a large proportion of it is either endemic to this habitat or shared 
with other chemosynthesis-based ecosystems such as cold seeps and organic  falls5.
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The Arctic Mid-Ocean Ridge (AMOR) is an ultra-slow spreading ridge, with spreading rates between 20 mm/
year at the Kolbeinsey Ridge north of Iceland, 15 mm/year on the Mohns Ridge and 10 mm/year at the Knipovich 
 Ridge6. Loki’s Castle has two large mounds of hydrothermal sulphide deposits (Fig. 1), and preliminary analyses 
of plume fallout in hemipelagic sediments adjacent to the vent field suggest that hydrothermal activity com-
menced approximately 10,000 years ago. The black smoker fluids of the LCVF have a maximum temperature of 
310–320 °C1, and the geochemical composition indicates thermal degradation of sedimentary organic matter 
below the  seafloor7. However, the black-smoker chimneys are growing on a basaltic ridge, and thus the vent field 
is not sediment-covered1,7. Below the chimneys, the mounds are covered with chimney rubble, and there are 
areas with visible, shimmering fluids venting, so this whole area is considered active. Most of the vent fauna on 
the mounds is found near the base of the black smokers, on low-activity chimneys and on the chimney rubble. 
In addition to the mounds and black-smoker chimneys, the north-eastern flank of LCVF has an area of dif-
fuse, low temperature venting of fluids that are formed by subseafloor mixing of at least 10% high-temperature 
hydrothermal fluids with cold (− 0.7 °C)  seawater8. The diffuse venting is found in two adjacent areas called the 
Barite Field, named for the abundant barite  chimneys9, and the Oasis, named for the high densities of tubeworms 
(Fig. 1). The major differences between the Barite Field and the Oasis are the lack of barite chimneys and the 
presence of pillow lava with diffuse venting through cracks in the latter area.

Prior to the discovery of LCVF, the only vent fields on the AMOR where the faunal community had been 
characterised were the shallower Jan Mayen Vent Fields (JMVF, 500–750 m depth), which are mainly inhabited 
by background  fauna16. It is a common pattern globally that shallower hydrothermal vents have less specialised 
fauna, probably because of a higher influx of photosynthetically derived organic matter that reduces the evolu-
tionary pressure leading to  specialisations17. At LCVF, on the other hand, the fauna studied so far indicates the 
presence of a clearly specialised  community18–21. The paper reporting on the discovery of Loki’s Castle included 
a brief description of the major faunal components of the vent field and speculated that the fauna had more 
in common with vent fields in the Pacific than those in the  Atlantic1. Several new species have been described 
from LCVF, including the polychaetes Nicomache lokii (Maldanidae)19, Pavelius smileyi and Paramytha schan-
deri (Ampharetidae)18 and the amphipods Exitomelita sigynae (Melitidae)20 and Monoculodes bousfieldi (Oed-
icerotidae)21. However, a comprehensive faunal inventory of the LCVF has not yet been published, hindering 
the inclusion of the Arctic in biogeographic analyses of vent fauna. The fauna of hydrothermal vents globally 
forms distinct bioregions with a very high degree of endemicity (up to 95%) within each  region22. Preliminary 
data from LCVF and the Aurora Vent Field on the Gakkel Ridge (3800 m)23, indicate that the Arctic vent fauna 
is very different from other ocean regions, but a more comprehensive dataset with high taxonomic resolution is 
needed to test whether the Arctic might form a distinct bioregion for vent fauna.

Deep-sea ecosystems along the Norwegian part of the AMOR may soon be facing disturbances from indus-
trial exploration and exploitation relating to seabed mining. An opening process for mining of seafloor mineral 
resources on the AMOR was initiated in 2019, and the Norwegian government announced in June 2023 that 
they aim to open the suggested area for industrial  exploration24. AMOR has a complex topography and hosts 
several vulnerable marine ecosystems such as seamounts with dense sponge  aggregations25, sedimented areas 
with crinoid  fields26 and hydrothermal  vents1,16. Potential risks posed by seabed mining include habitat alteration 
or removal, sediment plumes from vehicles or mine tailings, which will extend to areas beyond the mined sites, 
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Figure 1.  Maps showing the position (a) and layout (b) of Loki’s Castle vent field. Other Arctic vents and seeps 
mentioned in this paper are also illustrated (a). JMVF—Jan Mayen vent fields, HMMV—Håkon Mosby mud 
volcano. The two mounds at LCVF are indicated as western and eastern mound (b), with the main black smoker 
chimneys indicated by stars. The Barite Field and the Oasis are diffuse venting areas (b). The overview map (a) 
was generated in  R10 using the ggOceanMaps  package11, which utilised bathymetry from  NOAA12 and land 
polygons from Natural Earth  Data13. The bathymentric map of the LCVF (b) was generated using  QGIS14 and 
 GMT15.
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and other vehicle-related disturbances such as light or noise  pollution27. The dependence of the specialised vent 
fauna on a habitat that occurs only in small patches implies that vent ecosystems might be particularly vulnerable 
to anthropogenic  impacts28. To assess the environmental impact of seabed mining activities in the AMOR region 
and enable spatial management plans, it is critical to understand the baseline biodiversity and spatial distribution 
patterns, as well as ecosystem functioning and food web structures in the  region29.

Our aim with this paper is to provide an overview of the diversity, habitat endemism and trophic ecology of 
the vent fauna at LCVF and discuss links to other related habitats regionally and globally. This will be accom-
plished by compiling a comprehensive species inventory based on material collected on nine cruises since 2007, 
supported by a dataset linking the identifications to voucher material deposited at the University Museum of 
Bergen (Norway) and DNA barcodes. We also present a first insight into the foodweb of the LCVF based on 
stable isotope analyses.

Results
Faunal inventory
A total of 62 taxa were recorded from the LCVF (Table 1). The most diverse phylum was Arthropoda with 22 taxa, 
of which 12 are amphipods. The second most diverse was Annelida with 18 taxa. The highest taxon richness is 
recorded from the diffuse-venting areas, especially the Barite Field which had 33 recorded taxa. The species which 
are vent specific or shared with other chemosynthesis-based ecosystems (CBEs) such as seeps or organic falls, 
and not recorded from outside these habitats, are considered specialised fauna (17 species in total). The special-
ised fauna at LCVF consisted of 11 annelids, 3 amphipods, 2 gastropods and one species of cyclopoid copepod. 
Some taxa that were identified only to higher taxonomic levels (e.g. nemerteans, halacarid mites, actiniarians) 
are quite abundant and might also include specialised species. The Actiniaria at LCVF belong to the families 
Actinostolidae, Hormathiidae, and Kadosactinidae, all of which are known for including taxa associated with 
deep sea habitats and hydrothermal  vents30–32 (Fig. 2a,b). There are two eelpouts collected from the LCVF, and 
the most common of these was only identified to family level (Fig. 2f). Several zoarcid species are known to be 
vent-endemic33, and the high abundance of Zoarcidae indet. at LCVF and its close association with active areas 
in the vent field could indicate that this species is a vent specialist. Because of the unresolved taxonomic status of 
Zoarcidae indet., habitat endemism for this species was not assessed, but further morphological and phylogenetic 
analyses of this species are ongoing. A more detailed description of the taxonomic status and ecological remarks 
for each taxon group recorded can be found in Supplementary Notes.

Eleven species were considered to be vent specific (four described and seven awaiting description), all of 
which being recorded exclusively from LCVF to date. Formal species descriptions of the new species will be 
published in separate papers. Five species from the LCVF were previously known from cold seeps. Four of these 
are annelids, including the two widely distributed species Sclerolinum contortum and Nicomache lokii, which 
are known from cold seeps in the Arctic, Gulf of Mexico and Barbados, and sedimented vents in the South-
ern  Ocean34,35 (Fig. 3a and e). The species Oligobrachia sp. “Vestnesa”, an undescribed species only previously 
recorded from the Vestnesa cold  seep36, was collected in 2022 from the Oasis area of LCVF (Fig. 3b). The tubes 
of Oligobrachia sp. “Vestnesa” were found intertwined with Sclerolinum contortum, but the former species could 
be distinguished by straighter tubes. The identity of Oligobrachia sp. “Vestnesa” from LCVF is supported by DNA 
barcodes of the COI gene (Supplementary Table S1). At the collection site, Sclerolinum contortum outnumbered 
Oligobrachia sp. “Vestnesa” by at least an order of magnitude, but a proper quantification of their relative densi-
ties was not possible due to difficulties with confidently telling the worms apart without extracting them from 
the tube. The final seep-associated annelid recorded from the LCVF is the cirratulid Raricirrus arcticus, which 
was originally described from a locality near the Gakkel Ridge in the Laptev Sea believed to be a cold  seep37. The 
fifth species previously recorded from cold seeps is the gastropod Rissoa griegi, which was originally described 
from a wood fall (discussed below). Rissoa griegi is also known from the shallower hydrothermal vents of the Jan 
Mayen Vent Field (as Rissoa cf. griegi)16 and it has been claimed that the same species is found in the Nyegga cold 
 seeps1,16, but this record has not been documented with morphological or molecular data in published literature.

Four species from the LCFV were previously known from wood falls, the annelid Sclerolinum contortum and 
the gastropods Rissoa griegi, Pseudosetia semipellucida and Skenea profunda (Fig. 3g and i). The three gastropods 
were all described from a piece of sunken wood colonised by wood-boring bivalves at 2,437 m depth west of 
 Svalbard38. Rissoa griegi has been considered a junior subjective synonym of the shallow water species Pusil-
lina tumidula39, but this synonymisation has subsequently been  retracted40. Skenea profunda has recently been 
recorded from a cold seep in the central Arctic  Ocean41, and the present records from the LCVF demonstrate 
that S. profunda is also able to inhabit hydrothermal vents.

The Barite Field has the highest species richness of the different areas in the vent field with 33 taxa recorded, 
and most of these are found in the worm forests. Oasis, the other diffuse-venting area, has a lower taxon rich-
ness (19 taxa), but this area was only recently discovered in 2018 and has only been sampled during three 
cruises (2019, 2020 and 2022). Seventeen taxa were recorded from the chimneys and surrounding areas on the 
mounds, and these are largely a subset of the taxa found in the diffuse venting areas. The only taxa that were 
recorded exclusively from the mounds are two actiniarians in the family Kadosactinidae, the amphipods Cleip-
pides quadricuspis and Calliopidae indet. and an unidentified species of Solenogastres (Table 1). The amphipods 
are part of the background fauna, and from video observation we can confirm that at least C. quadricuspis is 
commonly found in the Barite Field as well (see Fig. 2d). The only species that were sampled from the black 
smoker chimneys, near the high temperature venting, are the gastropods Rissoa griegi and Skenea profunda, and 
the amphipod Exitomelita sigynae.
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Taxon BF O M VF Habitat endemism Abundance
Porifera
Cladorhiza gelida Lundbeck, 1905 x Background Rare
Cnidaria
Hydrozoa
Hydrallmania falcata (Linnaeus, 1758) x Background Rare
Staurozoa
Lucernaria bathyphila Haeckel, 1880 x Background Rare
Anthozoa
Anthosac�s janmayeni Danielssen, 1890 x Background Common
Hormathiidae indet. x NA Common
Kadosac�nidae sp. 1 x NA Common
Kadosac�nidae sp. 2 x NA Common
Kadosac�nidae sp. 3 x NA Common
Nemertea
Nemertea indet. x x NA
Nematoda
Platonova magna Mordukhovich, Semenchenko, 
Fadeeva & Zograf, 2019 x Background Abundant

An�coma sp. x NA Rare
Halomonhystera sp. x NA Rare
Mollusca
Gastropoda
Mohnia mohni (Friele, 1877) x x x Background Common
Pseudose�a semipellucida (Friele, 1879) x Background Rare
Rissoa griegi Friele, 1879 x x x* Vent, seep, wood fall Abundant
Skenea profunda (Friele, 1879) x x x* Vents, wood fall Abundant
Skenea turgida (Odhner, 1912) x Background Rare
Xylodiscula sp. x NA Rare
Solenogastres
Solenogastres indet. x NA Rare
Annelida
Anobothrus sp. nov. x Vent Rare
Caulleriella sp. nov. x x Background Common
Lumbrineridae gen. et. sp. nov. x x Background Common
Neoamphitrite groenlandica (Malmgren, 1866) x Background Rare
Nichomache lokii Kongsrud & Rapp, 2012 x x x Vent, seep Abundant
Notomastus sp. nov. 1 x x x Vent Common
Notomastus sp. nov. 2 x Background Rare
Oligobrachia sp. "Vestnesa" x Vent, seep NA
Ophryotrocha sp. nov. 1 x Vent Common
Ophryotrocha sp. nov. 2 x Vent Common
Orbiniella sp. nov. x x Background Common
Paramytha schanderi Kongsrud, Eilertsen, Alvestad, 
Kongshavn & Rapp, 2017 x x Vent Common

Pavelius smileyi Kongsrud, Eilertsen, Alvestad, 
Kongshavn & Rapp, 2017 x x Vent Common

Phisidia sp. nov. x x Vent Common
Pholoe sp. x Background Rare
Pro�s cf. arc�ca (Hansen, 1879) x x Background Common
Raricirrus arc�cus Buzhinskaja & Smirnov, 2017 x x Vent, seep Common
Sclerolinum contortum Smirnov, 2000 x x Vent, seep, wood fall Abundant
Arthropoda
Crustacea
Copepoda
Ae�deopsis rostrata G.O. Sars, 1903 x Background Rare
Ameira sp. x NA NA

(continued)
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Stable isotope analysis
We aquired stable isotope values for 22 animal taxa from LCVF, and a sample of a bacterial mat from a black 
smoker chimney on the western mound. Some taxa could be identified only to higher taxonomic levels prior to 
analysis, such as the Actiniaria and Nematoda. In some cases, there was additional diversity within a taxon that 
was not discovered until after the sampling for isotopes was completed. This was the case for Calliopiidae indet., 
for which we do not know if the sampled individuals belong to the new species of Calliopiidae or the second 
species. It is also unknown if the samples of Ophryotrocha spp. nov. contain individuals from one of the two 
new species, or a mix of both. Between 1 and 8 samples were analysed for each taxon, of which some samples 
were composed of multiple individuals pooled due to small body size (see Table 2). The resulting stable isotope 
values from the gastropod Mohnia mohni showed two very divergent clusters, which were divided in the table 
and highlighted in the figure for clarity; group A with heavier values of both δ15N and δ13C, and group B with 
lighter values (Table 2). The full table of isotope values can be found in Supplementary Table S2.

Context for stable isotope interpretation
δ13C values can be indicative of the carbon fixation pathway of the primary producers in the foodweb, but the 
isotopic signatures of different pathways are variable depending on several factors (e.g. local isotopic baselines 
or temperature)42,43. The stable isotope (SI) signatures of basal sources of organic matter (e.g. POM, micro-
bial communities) in the foodweb have not been characterised at LCVF, except for the single bacterial mat 
included in this analysis. In addition, the low δ13C values of  CO2 and  CH4 in the vent fluids at LCVF  (CO2: − 13.4 
to − 11.3 ± 0.1‰,  CH4: − 29.1 ± 0.3‰)7 are quite different to what is commonly found in other vent  fields44. This 
means that we cannot use standard δ13C values for different microbial fixation pathways from the literature. To 

Table 1.  Faunal inventory for Loki’s Castle vent field. The area each taxon has been collected from is indicated 
as BF (Barite Field), O (Oasis), M (Mounds, including chimneys) or VF (Vent Field) for samples where the exact 
sampling spot in the vent field is unknown. Habitat endemism is listed as Background if the species is known 
from non-CBE ecosystems, for CBE specialists the type of ecosystem is listed (Vent/Seep/Wood fall), and NA 
for not assessed. Abundance is semi-quantitative with categories reflecting the approximate number of collected 
specimens as follows: Rare = 0–10 specimens, Common = 10–100 specimens, Abundant =  > 100 specimens. 
*Collected from near high temperature venting on the black smoker chimneys.

Taxon BF O M VF Habitat endemism Abundance
Porifera
Calanus finmarchicus (Gunnerus, 1770) x Background NA
Calanus glacialis Jaschnov, 1955 x Background NA
Calanus hyperboreus Krøyer, 1838 x Background Rare
Cyclopina sp. nov. x Vent NA
Paraeuchaeta sp. x Background Rare
Amphipoda
Calliopiidae sp. nov. x Vent Rare
Calliopiidae indet. x Background Rare
Cleippides quadricuspis Heller, 1875 x Background Common
Exitomelita sigynae Tandberg, Rapp, Schander, Vader, 
Sweetman & Berge, 2011 x x x* Vent Abundant

Halirages qvadridentatus G.O. Sars, 1877 x Background Rare
Laothoes sp. x Background Rare
Leptamphopus sarsi Vanhöffen, 1897 x Background Common
Liljeborgia charybdis d'Udekem d'Acoz & Vader, 2009 x Background Rare
Monoculodes bousfieldi Tandberg, Vader, Olsen & Rapp, 
2018 x x x Vent Abundant

Paroediceros lynceus (M. Sars, 1858) x Background Rare
Seba armata (Chevreux, 1889) x Background Rare
Themisto libellula (Lichtenstein in Mandt, 1822) x Background Rare
Isopoda
Isopoda indet. x NA Rare
Decapoda
Bythocaris leucopis G.O. Sars, 1879 x x Background Common
Chelicerata
Pycnogonida
Ascorhynchus abyssi G.O. Sars, 1877 x Background Rare
Acari
Halacaridae indet. x x NA Common
Chordata
Teleostei
Lycodes paamiu� Møller, 2001 x Background Rare
Zoarcidae indet. x x NA Common
SUM 33 19 17 20
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illustrate typical SI signatures of photosynthesis-derived particulate organic matter (POM) in the Arctic, we 
used SI values from the literature of sediment POM (sPOM) from similar depth as the LCVF and pelagic POM 
(pPOM) from surface waters (Supplementary Table S3). sPOM from areas without chemosynthetic influence in 
the Arctic region between 2000 and 2800 m depth showed δ13C values from − 21.35 to − 23.5‰ and δ15N from 
5 to 8.62‰45–47. pPOM from the Barents Sea and Norwegian Sea showed δ13C values from − 22 to − 27.3‰ and 
δ15N from 4 to 5.4‰48–50.

δ15N can be used to indicate the trophic level of organisms, because marine food webs typically show an 
enrichment of δ15N per trophic level. While a standard rate of + 3.5‰ change in δ15N per trophic level has 
frequently been used, this value is not suitable for organisms with an invertebrate  diet51. Here we assume a 
trophic shift of + 1.4‰ for invertebrate diets and + 3.3‰ for microbial diets (indicated in Fig. 4)52. A smaller 

Figure 2.  In situ images of fauna from the Loki’s Castle vent field. (a,b) Anemones (Actiniaria, several families) 
from the mounds, (c) Serpulidae from the Oasis, (d) Sclerolinum contortum tubes in the Barite Field with 
Cleippides quadricuspis and Mohnia mohni, (e) Exitomelita sigynae on the base of a chimney, (f) Zoarcidae indet. 
behind tubes of S. contortum in the Barite Field, (g) Large bacterial mats in the Barite Field with Rissoa griegi at 
the base, (h) Dense forests of S. contortum in the Oasis. Image credit: Centre for Deep Sea Research, University 
of Bergen.
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enrichment per tropic level is also seen in δ13C, typically 1‰ (or as low as 0.3‰ for insects/crustaceans with 
chitinous exoskeletons)51,52.

Stable isotope results
Only one bacterial mat sample was available for analysis of isotopes, which was collected from a black smoker 
chimney on the western mound. The bacterial mat sampled shows very variable δ13C signature between sub-
samples, which could be due to different proportions of bacterial groups in the subsamples. The δ13C signature 
of the bacterial mat was somewhat more enriched than photosynthesis-derived matter (− 17 to − 23‰), and it 
has the most depleted δ15N values in the dataset (average − 13,70‰).

The median δ13C of all the fauna analysed was − 25.6‰ (see Table 2 for averages for each taxon), which falls 
within the range of pPOM values reported in the literature, but is more depleted than sPOM. However, nearly 
all the faunal samples had depleted δ15N values compared to sPOM and pPOM, indicating that photosynthesis-
derived POM is not a dominating food-source for this community. Most of the amphipods clustered together 
(except Exitomelita sigynae and Paroedicerus lynceus), and displayed slightly heavier δ13C values than the main 
polychaete cluster (between − 20 and − 25‰). The highly variable isotope values of both nitrogen and carbon 
from the gastropod Mohnia mohni was unexpected since the sampled individuals were morphologically identi-
fied as belonging to the same species. However, the two clusters were collected from different parts of the vent 

Figure 3.  Images of fauna from LCVF. (a) Nicomache lokii (anterior part), (b) Oligobrachia sp. “Vestnesa” 
(anterior part), (c) Paramytha schanderi, (d) Pavelius smileyi, (e) Sclerolinum contortum (anterior part), 
(f) Monoculodes bousfieldi, (g) Skenea profunda, (h) Exitomelita sigynae, (i) Rissoa griegi. Scalebars: (c,d,f) 2 mm, 
(g,i) 1 mm. Image credit: Department of Natural History, University Museum of Bergen (a, f–i), Kongsrud et al. 
(2017) (c,d), N Rimskaya-Korsakova (b,e).
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Table 2.  Overview table of stable isotope measurements. Average stable isotope values for each taxon are 
shown (as ‰), standard deviation (SD), number of samples analysed (N) and individuals per sample.

Taxon Average δ15N SD N Average δ13C SD C N Ind/sample

Bacterial mat − 13,70 1,26 − 19,67 3,22 3 –

Caulleriella sp. nov 3,13 0,58 − 27,54 0,23 3 1

Lumbrineridae gen. et. sp. nov 2,33 0,10 − 24,84 0,79 3 1

Nicomache lokii 2,64 1,59 − 26,59 0,57 2 1–2

Notomastus sp. nov 4,47 0,97 − 27,27 1,02 3 1

Ophryotrocha spp. nov − 3,34 1,00 − 23,91 2,45 3 1

Orbiniella sp. nov 2,94 NA − 26,55 NA 1 3

Paramytha schanderi − 0,70 0,61 − 28,49 0,53 3 1

Phisidia sp. nov − 0,39 NA − 28,30 NA 1 3

Raricirrus arcticus 0,79 0,58 − 27,08 0,63 3 1

Sclerolinum contortum − 7,53 0,96 − 25,89 0,38 5 1

Calliopiidae indet − 0,55 0,56 − 24,18 0,62 2 1

Exitomelita sigynae − 5,93 0,97 − 23,97 2,17 3 1

Laothoes sp. 0,03 NA − 22,45 NA 1 1

Monoculodes bousfieldi 0,06 0,56 − 23,48 1,34 5 1

Paroediceros lynceus 2,91 2,99 − 15,32 2,78 3 1

Seba armata − 0,48 NA − 23,03 NA 1 1

Mohnia mohni Cluster A 13,14 1,84 − 19,40 0,77 8 Part-1

Mohnia mohni Cluster B − 3,12 1,75 − 36,90 2,62 4 Part-1

Rissoa griegi − 3,34 0,95 − 25,80 0,56 6 3–5

Bythocaris leucopis 3,64 0,08 − 21,32 0,03 3 Part

Actinaria 1,08 0,46 − 31,86 0,54 6 Part

Zoarcidae indet 2,89 1,24 − 21,80 1,58 2 Part

Nematoda − 1,07 0,05 − 21,45 0,09 3 3
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Figure 4.  Stable isotope values of each analysed sample. δ13C on the X-axis and δ15N on the Y-axis, both in 
‰. Each taxon is coloured with a unique colour, and higher taxon groups are indicated by the shape of the 
point. The two distinct clusters of Mohnia mohni (Cluster A and B) are enclosed in ellipses. Isotopic signatures 
of photosynthesis-derived POM from sediment (sPOM) and pelagic samples (pPOM) from the literature are 
indicated by open squares. The assumed isotopic enrichment per trophic level of microbial feeders (microb) and 
invertebrate feeders (invert) is indicated with arrows.
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field, which might explain the observed differences (see Discussion). Cluster A of Mohnia mohni had δ13C close 
to − 20‰, while Cluster B had the most depleted δ13C values of the dataset (average δ13C − 36.9‰).

The lightest nitrogen values in the faunal samples from LCVF were found in the two known symbiotrophic 
organisms from LCVF, Sclerolinum contortum and Exitomelita sigynae20 (Fig. 4). The gastropod Rissoa griegi 
and the polychaetes Ophryotrocha spp. nov. had slightly heavier nitrogen values than the symbiotrophic spe-
cies, but still lighter than the main cluster of samples. Most of the remaining taxa had nitrogen values between 
approximately 0–5, which could indicate feeding by bacterivory, deposit feeding, scavenging or predation on 
the organisms with lighter nitrogen values.

Discussion
In this paper, we present a comprehensive species inventory of the Loki’s Castle vent field (LCVF) on the Arctic 
Mid-Ocean Ridge. The fauna of LCVF has a high degree of novelty. Five species have previously been described 
from this  locality18–21, and here we record another ten species that are considered new to science and are awaiting 
formal description. Most of the new species from LCVF are hydrothermal vent specialists, and the vent field also 
hosts some species known from other chemosynthesis-based ecosystems in the region. This demonstrates that 
the LCVF is home to a clearly specialised fauna, in contrast to what is known from the shallower Jan Mayen vent 
fields further south on the Mohns  Ridge16. Some of the new and undescribed species discovered in LCVF have 
also been found in samples from the non-vent deep sea, such as Caulleriella sp. nov., Orbiniella sp. nov. and Lum-
brineridae gen. et. sp. nov. (see Supplementary Notes for more detail). This highlights that there is undescribed 
diversity in the deep Nordic Seas also outside of chemosynthesis-based ecosystems. Another interesting observa-
tion is that some taxa were only collected in very low numbers, indicating that they are either genuinely very rare 
or exhibit a very patchy distribution. One extreme example is the Anobothrus sp. nov. (Ampharetidae), which 
was represented only by a single specimen collected in 2015. This was, however, a large-sized well-preserved 
individual that could be used for both molecular and morphological analysis and was identified as a new species. 
Similarly, the finding of Oligobrachia sp. “Vestnesa” at LCVF in 2022 highlights the benefit of repeated sampling 
to properly characterise such patchy environments as hydrothermal vents. In the case of taxa that are usually 
most abundant in the meiofaunal size fraction, such as the nematodes, the rarity of certain taxa is probably due 
to the sampling methods not capturing the meiofauna.

The fauna of LCVF is highly distinct compared to that of hydrothermal vents in other oceanic regions. The 
only species shared with hydrothermal vents on the Mid-Atlantic Ridge (MAR) is the hydrozoan Hydrallmania 
falcata. This species is common in shallow waters in the northern Atlantic Ocean, and has been recorded from 
the Lucky Strike hydrothermal  vent53,54. The specimen from LCVF is morphologically indistinguishable from 
colonies collected in shallower  waters54, but an integrated analysis with molecular data is required to evaluate the 
status of the deep-water vent-associated population. The two widely distributed species Sclerolinum contortum 
and Nicomache lokii are shared between LCVF, cold seeps in the Gulf of Mexico and Barbados, and vents in 
the Southern  Ocean34,35. However, there is some genetic differentiation between these very distant populations, 
and it is unclear to which degree there is present-day geneflow between  them34. Preliminary data on the faunal 
community of the Aurora vent field on the Gakkel Ridge in the Arctic Ocean indicates some similarities with the 
fauna of LCVF (rissoid and skeneid gastropods, and melitid amphipods)23, but also revealed a recently described 
species of cocculinid  gastropod55, which is not known from LCVF. However, species level identification of the 
fauna from Aurora is needed to assess the similarity between the faunal communities of these two Arctic vent 
sites. The faunal inventory presented here makes it possible to test the hypothesis that the AMOR constitutes a 
distinct biogeographical province by including the Arctic in a biogeographic analysis of the global vent fauna. 
This work is in progress and will be presented in a separate paper.

At a higher taxonomic level, there are several taxa at the LCVF that are common in hydrothermal vents glob-
ally. The maldanid genus Nicomache is well known from hydrothermal vents in the  Pacific56, Ophryotrocha species 
are abundant in hydrothermal vents and cold seeps in all  oceans57, and Ampharetidae have several clades adapted 
to hydrothermal vents, cold seeps and organic  falls58. Several species of amphipods in the family Oedicerotide 
are known from hydrothermal vents on the MAR, including Monoculodes anophtalma59. However, some of the 
dominant fauna of the LCVF belong to taxa not typically recorded from hydrothermal vents in other oceans, 
such as the family Rissoidae and the genus Skenea60 in the Gastropoda and the amphipod family  Melitidae20. 
This could indicate a regional adaptation pathway, possibly from fauna associated with other CBEs such as cold 
seeps and organic falls. Both Rissoa griegi and Skenea profunda were originally described from sunken  wood38, 
and the amphipod genus Exitomelita has only two described species—E. sigynae from LCVF and the closely 
related E. lignicola collected from a wood fall  nearby61. The close connection between hydrothermal vent and 
wood fall fauna in the Arctic was also in the description of the vent limpet Cocculina aurora, which belongs to 
a genus mainly associated with sunken  wood55.

Several of the common taxa at the LCVF belong to clades that are in urgent need of taxonomic revision, which 
hinders our understanding of biogeographic patterns and evolutionary history. One example is the gastropod 
Rissoa griegi, which is extremely abundant at LCVF, but has an uncertain generic assignment. A recent molecu-
lar phylogeny revealed that several genera in the Rissoidae are not  monophyletic62, and preliminary sequence 
analyses using the BOLD database shows that R. griegi and Pseudosetia semipellucida do not cluster together 
with Pseudosetia turgida (type species of Pseudosetia) or other Rissoa spp. Phylogenetic analyses including both 
mitochondrial and nuclear markers are needed to resolve the generic placement of these two species. The gastro-
pod family Skeneidae has also been under recent taxonomic revision based on molecular  data63, but the nominal 
genus Skenea has not been included in any molecular phylogenetic analyses to date, and prior to the present 
paper there were no sequences of Skenea available in NCBI Genbank or BOLD. Additionaly, eelpouts (Zoarcidae) 
represent another case of a family with unresolved taxonomic issues, as a recent phylogeny showed that many 
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of the genera are not  monophyletic64. The most abundant eelpout at LCVF has proved challenging to identify 
to the genus level both using both morphological keys and DNA barcoding. Thus, for the purpose of this paper 
this eelpout was left at Zoarcidae indet. Some of the characteristics necessary to distinguish species and genera 
of eelpouts (e.g. scale coverage or pectoral fin characteristics) are often not available due to damage inflicted 
during the sampling process or the small size of the sampled individuals. However, there are ongoing efforts 
to resolve the taxonomic position of this species using an integrated morphological and molecular approach.

The worm forests of the diffuse venting areas at LCVF (Barite Field and Oasis) are a unique biogenic habitat 
that appears to promote biodiversity in the vent field, as demonstrated by the higher taxon richness recorded 
in these areas. In contrast to foundation species at vents and seeps in other oceans, which typically have a large 
body-size such as the “giant tubeworms” found at Pacific hydrothermal  vents65, the Arctic tubeworms Sclerolinum 
contortum and Oligobrachia sp. “Vestnesa” form long and thin tubes (a few mm in diameter) that anchor in sedi-
ments (see Fig. 2h). The maldanid worm Nicomache lokii also contributes to the structure of the worm forests 
by forming a dense mat of tubes at the base of the S. contortum  bushes19. While dense patches of Sclerolinum 
contortum and Oligobrachia spp. are also common in cold seeps in the Arctic, associated communities are mainly 
composed of background  fauna66. However, most of the cold seeps studied in the Arctic are found in shallower 
waters, which are also known from other ocean regions to have a less specialised  fauna67. The high prevalence 
of specialised fauna at LCVF compared to the shallower JMVF suggests that it is important to study deeper cold 
seeps to test whether these might have a higher degree of specialised fauna.

The isotopic signatures of the vent community of LCVF show a clear influence of chemosynthetic primary 
production on the foodweb, supported mainly by the depleted δ15N values of the whole community. Low, even 
negative, values of δ15 N are often found in vent fauna, especially symbiotrophic  organisms68,69. Depleted δ15N 
values indicate that there is local fixation of inorganic  nitrogen70, or possibly bacterial uptake of ammonium, 
which is abundant in the vent fluids at  LCVF9,71. Isotope signatures of fauna from the shallower JMVF showed 
mainly reliance on photosynthetically derived organic matter, with a few  exceptions72. This is consistent with the 
hypothesis that the fauna of JMVF is less specialised than at LCVF because of a higher availability of photosyn-
thetically derived organic matter in the former vent sites, reducing the evolutionary pressure to adapt to the harsh 
conditions in the areas where chemosynthetically derived organic matter is most  abundant16. However, it can not 
be excluded that some of the differences in isotopic signatures of fauna from LCVF and JMVF are attributable to 
different isotopic baselines of the two vent fields, as has been shown for other vent  fields68.

Deciphering the contribution of various sources of carbon to the foodweb at LCVF is challenging due to 
incomplete characterisation of SI signatures of the microbial primary producers at its base. In addition, the iso-
topic signatures of the dissolved carbon sources in the vent fluids are impacted by sediment-fluid interactions, 
leading to low δ13C values of both  CO2 and  CH4

7. The local methane δ13C values at LCVF lie close to those of 
photosynthetically derived organic matter, further confounding the patterns. Our understanding of resource 
partitioning at the LCVF could be improved in future studies by characterising the isotopic signatures of the 
local basal resources, and by including sulphur isotopes (δ34S)73.

The SI signatures of the sampled species generally correspond well with the available data on their trophic 
ecology. The lowest δ15N values are found in the symbiotrophic species Sclerolinum contortum and Exitomelita 
sigynae, which is a common pattern in hydrothermal vent  foodwebs44,52,68. The SI signature of E. sigynae in this 
study is similar to what was reported in the original description of the species (δ13C − 23.0‰ in the description 
paper vs. − 24.0‰ in this study, δ15N − 5.9‰ in both studies), where it was hypothesised to have a combined 
feeding ecology with bacterial grazing as well as ectosymbionts on the  gills20. Rissoa griegi and Ophryotrocha 
sp. nov. have higher δ15N values than the symbiotrophic species, but lower than the remaining samples. This could 
indicate that R. griegi and Ophryotrocha sp. nov. are feeding lower in the foodweb than the other taxa analyzed, 
for example because of a more selective bacterial feeding. Isotope analyses of R. griegi (as Pseudosetia griegi) 
from the Jan Mayen vent fields showed high similarities between the gastropods and sampled microbial com-
munities, supporting that they are  bacterivores72. Ophryotrocha sp. are known as bacterivores, and co-occuring 
species appear to be able to feed on distinct microbial resources, thus reducing competition between  species74. It 
should be noted, however, that lab experiments on the incorporation of organic matter from various sources by 
Ophryotrocha labronica have revealed that the isotope tissue-diet shifts for both δ13C and δ15N were very variable 
and dependent on the food source, and that the δ15N shift could even sometimes be  negative75.

Most of the remaining species sampled have δ15N values between 0 and 5‰, and may be feeding on microbial 
communities, detritus or a combination of both. The amphipods (except E. sigynae) have somewhat heavier 
δ13C than the main cluster of polychaetes, which may indicate that they are consuming a comparatively higher 
proportion of phytodetritus. The maldanid polychaete Nicomache lokii is believed to be a grazer consuming a 
combination of microbial communities and phytodetritus, and isotope data from the original description paper 
were similar to the data presented here (δ13C = − 22.5 and δ15N = 3.8 vs. δ13C = − 26.6 and δ15N = 2.6). Interestingly, 
N. lokii from cold seeps off Barbados showed widely variable SI values indicating a generalist deposit-feeding 
strategy, but chemosynthesis-derived detritus appears to be an important component of the  diet76.

Larger predator species in the LCVF vent community are represented by the eelpout fish (Zoarcidae indet.), 
the actiniarians and the buccinid gastropod Mohnia mohni. Based on the isotope values and direct observations 
of gut content, the eelpout is inferred to feed on amphipods from the main cluster (excluding E. sigynae and P. 
lynceus). The only taxon with isotope values that matches what one would expect from the prey of the actiniarians 
is Mohnia mohni (cluster B), but this is unlikely given the motility and large size of M. mohni. It seems more likely 
that the prey of the actiniarians is an unsampled taxon with a similar isotopic signature as M. mohni. The only 
polychaete family at LCVF known to dispaly a predatory lifestyle is the Lumbrineridae, represented by Lumbrin-
eridae gen. et sp. nov. This species has slightly more enriched carbon values than the other polychaetes, which 
could reflect its prey. Recent studies with stable isotopes have generally confirmed carnivory in lumbrinerids but 
some species seem to utilise detritus and rapid uptake of δ13C-labelled diatom detritus has been demonstrated 
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in field experiments from continental slope and deep fjord  environments77. The δ13C values could be due to 
a larger proportion of photosynthetically derived organic matter in the diet of Lumbrineridae gen. et sp. nov 
compared to the other polychaetes. Bythocaris shrimp are known as  scavengers78, and field observations from 
baited traps and colonization experiments with wood and bone substrates near LCVF supports this. Bythocaris 
leucopis is probably an opportunistic feeder, and the relatively enriched δ15N values support that it consumes 
animal tissue, at least as part of its diet.

The samples of M. mohni from LCVF cluster in two highly divergent groups, displaying the most enriched 
δ15N values (Cluster A) and the most depleted δ13C values (Cluster B) of the whole dataset. The sampled indi-
viduals were morphologically identified as belonging to the same species, but they were sampled in different 
areas of the vent field. Specimens in Cluster B were sampled on the western mound, and Cluster A probably in 
the Barite Field, although the exact position remains uncertain. Buccinids are usually considered predators or 
scavengers, and the enriched δ15N level of M. mohni Cluster A could support such a predatory lifestyle (Fig. 2), 
but there are no sampled taxa that match the isotope signature expected of their prey. Mohnia mohni Cluster B, 
however, have more depleted δ15N values, suggesting that it feeds at a lower trophic level, or on prey with very 
depleted δ15N. Thus, it is possible that M. mohni is a generalist, and is feeding on different food-sources with 
distinct isotopic signatures in the various areas of the vent field, depending on food availability. An alternative 
hypothesis is that there is more than one ecotype of M. mohni with different feeding  preferences79, which could 
indicate cryptic or early-stage speciation. These hypotheses should be tested with combined analysis of stable 
isotopes, gut content and DNA barcoding of M. mohni from various areas within the vent field.

Comparison of stable isotope signatures of some species from LCVF with conspecifics from other locations 
reveals a high intraspecific variability. In the JMVF, isotope signatures of Rissoa griegi (as Pseudosetia griegi), indi-
cates that R. griegi feeds on different microbial groups in high temperature and low temperature  microhabitats72. 
Average δ13C and δ15N of R. griegi from a high temperature venting area in the JMVF were − 34.0 and 3.1‰, 
respectively, while for a low temperature area the δ13C was less depleted (− 20.8‰)72. The samples of R. griegi 
analysed here were all collected from the Barite Field diffuse venting area, and thus we cannot confirm if the 
same intra-field variation for this species is found at LCVF. However, the isotopic signature of R. griegi from 
the Barite Field differs from both the high- and low-temperature habitats at JMVF (average δ13C − 25,80 and 
δ15N − 3,34‰). The variation in SI signatures could indicate a high degree of trophic flexibility in R. griegi, but 
may also reflect different isotopic baselines in the two vent fields. Sclerolinum contortum also shows a high vari-
ability in SI signatures between locations. Populations from the Arctic cold seep Haakon Mosby Mud Volcano 
(HMMV) have more depleted δ13C values than the samples from LCVF (from − 34.9 to − 48.3 at HMMV vs. 
− 25.4 to − 26.5 at LCVF)80. At the Hook Ridge hydrothermal vents in the Southern Ocean, on the other hand, S. 
contortum has more enriched δ13C values than both the former sites (average − 20.5‰)81. Sclerolinum contortum 
is a symbiotrophic species, relying on nutrients from sulphide oxidising bacteria hosted in a specialised  organ82. 
The symbiont of S. contortum has so far been characterised only in specimens from HMMV, but assuming that it 
is the same across locations with the same metabolic pathway and isotopic fractination pattern, the discrepancy 
in δ13C values could still be explained by differences in δ13C of the local carbon sources. For example, methane 
at HMMV has δ13C of − 60‰81, while at LCVF it is much less depleted with values from − 27 to − 29‰7.

Conclusions and implications for management
The diverse and specialised vent community presented here from LCVF illustrates the vulnerability of the vent 
community to disturbances from industrial activities. The dependence of the vent-endemic fauna on a habitat 
that exists only in a very small area implies that destructive disturbances in these areas could lead to regional 
or even global species  extinctions28. For the taxa at LCVF that are known from other Arctic CBEs, the number 
of geographic records of each species is very low. There is an urgent need for better understanding of the distri-
bution, habitat selectivity and genetic connectivity of fauna from CBEs in the Arctic region. Because CBEs are 
patchily distributed, the specialised species are dependent on dispersal between sites with suitable environmental 
conditions to maintain metapopulation connectivity, and disruption of connectivity could lead to impacts beyond 
a single affected site by isolating adjacent  populations27.

Efforts are ongoing to describe the new species found at LCVF, and this is an important task from a manage-
ment perspective. Six species from the LCVF are listed as vulnerable in the Norwegian Red List for  Species83, and 
these species are also under consideration for the newly started assesment of vent-endemic fauna for the IUCN. 
However, unnamed species are not included in red list evaluations, highlighting the importance of dedicating 
sufficient resources to deep-sea taxonomy. In addition, the meiofaunal size fraction (< 0.5 mm) of the fauna of 
LCVF has not been explored yet and is generally poorly known from CBEs in the  region84. Internationally, active 
hydrothermal vents are considered vulnerable marine ecosystems (VMEs), but in the Norwegian Red List for 
Nature Types, hydrothermal vents are ranked as habitats of least  concern85. Considering the novel and specialised 
fauna documented in this paper, hydrothermal vents on the AMOR should be regarded as VMEs and measures 
must be implemented to protect them from direct and indirect impacts of potential deep-sea mining activities.

Methods
Sample collection and documentation
Samples from LCVF were collected during cruises on the RV GO Sars in 2008, 2009, 2010, 2015, 2017, 2018, 2019, 
2020 and 2022 organised by the Centre for Geobiology (2008–2017), KG Jebsen Centre for Deep Sea Research 
(2017–2020) and Centre for Deep Sea Research (2022). In addition, some samples from inactive areas in the 
vicinity of LCVF (collected in 2007–2009) was included to document the presence of certain species outside the 
vent field. A full list of sampling stations can be found in supplementary Table S4. The samples were collected 
with the ROVs Bathysaurus (2008–2014; ARGUS Remote Systems) and Ægir6000 (2015–2022; Kystdesign), using 



12

Vol:.(1234567890)

Scientific Reports |          (2024) 14:103  | https://doi.org/10.1038/s41598-023-46434-z

www.nature.com/scientificreports/

the ROV arm, suction sampler and various scoops and coring devices (e.g. pushcorer, bladecorer). On board the 
ship, samples were sieved carefully through a series of sieves with mesh size > 0.5 mm and fixed in 96% molecular 
grade ethanol for barcoding and selected specimens in 10% buffered formalin solution for morphological study. 
Images of live specimens were taken on board using a Canon EOS 5D MarkII or a LabCam Microscope Camera 
(iDu Optics) equipped with the iPhone6S (Apple) on a Leica MZ 9.5 stereomicroscope (Leica Microsystems). 
Ethanol fixed specimens were photographed in the lab using a Leica M205c stereomicroscope with Leica DMC 
5400 camera and Leica Application Suite (LAS 4.13), stacked with Zerene stacker 1.04. In situ images are screen 
captures from high-definition video collected by the ROV Ægir6000. The overview map (Fig. 1a) was generated 
in  R10 using the ggOceanMaps  package11, which utilised bathymetry from  NOAA12 and land polygons from 
Natural Earth  Data13. The bathymentric map of the Loki’s Castle vent field (Fig. 1b) was generated using  QGIS14 
and  GMT15.

Morphological identification
Benthic cnidarians (Hydrozoa, Actiniaria) were identified using a combination of external and internal mor-
phological characters as well as detailed analysis of the cnidome. Polychaete worms were identified using stereo 
and compound microscopes for external morphological and chaetal characters. A minimum of 20 Nematoda 
specimens preserved in 96% ethanol were picked out randomly from each sample and mounted on permanent 
glycerin slides for morphological analyses, while an additional set was mounted on temporary slides with distilled 
water for DNA  barcoding86. Nematodes were then identified under the microscope, using available  literature87–89. 
All nematode specimens belonged to the macrofauna size fraction only (> 0.5 mm). Gastropods were identi-
fied based on external morphology of the shell and soft parts, polychaetes were identified based on external 
morphology, and both were compared to literature and reference material from the collections of the University 
Museum of Bergen. Hyperbenthic copepods (Calanoida, Harpacticoida, Cyclopoida) were identified based on 
morphological characters, according to standard keys and  literature90–93. A non-destructive DNA-extraction 
was performed to retain the copepod exoskeletons, which were mounted on permanent slides (Hydro-Matrix 
medium). Benthic Amphipoda (Crustacea, Peracarida) were identified morphologically using available taxo-
nomic literature. Permanent slides (Faure’s medium) were made for new species.

Some taxonomic groups were identified only to higher taxonomic levels due to the condition of the samples 
or lack of taxonomic expertise. In the final dataset of species occurrences, taxonomic units that were identified 
to a taxonomic level higher than species were only included if they were morphologically distinct from other 
specimens of the same taxa. This was done to enable inclusion of specimens identified to higher taxa without 
overestimating taxon richness. Voucher material documenting the identified taxa has been deposited in the col-
lections of the University Museum of Bergen and a dataset of georeferenced species records has been uploaded 
to GBIF (see Data availability).

DNA barcoding
Extraction of total DNA was performed using the QuickExtract™ DNA Extraction Solution Kit (Epicentre Bio-
technologies) or the QIAGEN DNeasy Blood and Tissue Kit following the manufacturers protocol. The genetic 
marker used depended on the taxonomic group, and the protocols that were available with good success rates. 
PCR primers and protocols used for each taxon group are available in Supplementary Table S5. Quality and quan-
tity of amplicons were assessed by gel electrophoresis imaging using a FastRuler DNA Ladder (Life Technologies) 
and GeneSnap and GeneTools (SynGene) for image capture and band quantification. Successful PCRs were puri-
fied using Exonuclease 1 (EXO, 10 U  mL−1) and Shrimp 90 Alkaline Phosphatase (SAP, 10 U  mL−1, USB Europe, 
Germany) in 10 μL reactions (0.1 mL EXO, 1 μL SAP, 0.9 μL ddH 2O, and 8 μL PCR product). Samples were 
incubated at 37 °C for 15 min and inactivated at 80 °C for 15 min. The purified PCR products were sequenced 
using BigDye v3.1 (Life Technologies) and sequenced on an Automatic Sequencer 3730XL at the sequencing 
facility of the Department of Biological Sciences, University of Bergen. Alternatively, PCR products were sent 
for purification and sequencing by Macrogen Europe (Amsterdam, The Netherlands).

Forward and reverse sequences were assembled, and quality controlled using the software Geneious (Biomat-
ters Ltd.) and compared with available reference sequences in the BOLD database and NCBI Genbank. GenBank 
voucher numbers for each taxon are available in Supplementary Table S1.

Stable isotope analyses
Stable isotope analyses (δ13C and δ15N) were conducted at the University of Bergen, using material preserved on 
96% ethanol. For large-size animals, such as fish, tissue was subsampled from clean muscle-tissue (Supplemenary 
Table S2). For small animals, whole animals were used, and for very small animals 3–5 individuals were pooled 
in one sample to obtain enough tissue for analysis. Approximately 1 mg of dried tissue was used for analysis. 
Where possible, three or more replicates were included for each taxon.

The samples were prepared by removing gastropods from their shell, and polychaetes from their tubes, if 
possible, and then placed in an oven to dry at 80 °C for 24 h in glass vials and ground using a glass pestle. To 
remove lipids from the samples, 200 μg of dichloromethane was added, and after two hours, the liquid was 
pipetted away, and the sample was again dried at 80 °C for 24 h. Inorganic carbon, particularly calcium carbon-
ate from gastropods, was then removed by adding 200μg of 0.1M HCl. Depending on the amount of inorganic 
carbon present in each sample the treatment time with 0.1M HCl varied from a minimum of 5 min, or until the 
reaction was finished. After the treatment the samples were rinsed repeatedly with ddH2O until pH reached 6–7. 
The HCl treatment was followed by drying the samples overnight at 80 °C, and then weighing them together 
with the pre-weighed tin capsules. Stable isotopes were measured using Delta V Plus isotope ratio mass spec-
trometer connected to a Flash EA 1112 elemental analyser (Thermo Scientific). Isotope ratios are expressed in 
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delta notation as‰ difference in 13C/12C and 15N/14N isotope ratios compared to Pee Dee Belemnite (PDB) and 
air N2, respectively. Samples were calibrated to internationally acknowledged C and N isotope ratio standards.

Ethanol preservation of tissue can have an effect on δ13C and δ15N signatures, but this effect is not consistent 
between studies and generally of low magnitude compared to the natural variability of marine food  sources44,94. 
Therefore, we did not use any correction for preservation on the isotope data. Samples for stable isotope analyses 
were collected between 2008 and 2010, and analyses were performed in 2016–2017, and thus the storage time in 
ethanol was similar for all samples. The isotope data was plotted in R using the packages ggplot2 and tidyverse, 
and final graphical adjustments were done in Adobe Illustrator. The R-script for the isotope plot is available in 
Supplementary Methods.

Data availability
Further taxonomic and ecological notes for each taxon is available in Supplementary Notes. Georeferenced 
species occurrence records will be shared via GBIF as part of the dataset “Invertebrate collections, University 
Museum of Bergen” (https:// doi. org/ 10. 15468/ f2y3bf) and “Ichtyological collections, University Museum of 
Bergen”, and all the records that form the basis for the taxon list in this paper is available in darwincore format 
through Figshare (https:// doi. org/ 10. 6084/ m9. figsh are. 24454 108). DNA sequences supporting the identification 
of selected taxa will be released in BOLD and Genbank, and accession numbers are available in Supplementary 
Table S1. Raw data and R-script for the isotope analysis is available in Supplementary Table S2 and Supplemen-
tary Methods.
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