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A rapidly changing Arctic Introduction

• Arctic warming 4x faster than rest of world 

   (Rantanen et al., 2022)

• Winter/cold season → strongest warming

• Decrease in sea ice thickness + extent

− Ice-free summers by 2050?

− Ice-dominated → open water system

     (IPCC, 2022)

• Shifting species distributions

 (Basedow et al., 2018; Dalpadado et al., 2016)
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1980-2024

Source: NASA GISTEMP http://data.giss.nasa.gov/gistemp/maps/More baseline biodiversity data needed to track 

responses to climate change
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The Marginal Ice Zone (MIZ)

• Forms at the end of winter

• 15% - 80% sea ice concentration

• 10s-100s of kms in width

• Biological hotspot 

 → Primary production + grazing + predation

• Highly dynamic conditions

• Under-studied habitat 

 → Especially directly below sea ice

• Will disappear with other ice habitats 

 → Risk losing species before discovery

Introduction
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Sampling Area: Fram Strait Methods
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eDNA sampling → sub-ice seawater Methods

Depths: 0 m and 5 m 

Volume: 6L per depth → 3x 2 L triplicates

Filtration: Sterivex filters (0.22 uM)

Target markers: COI Leray + 18S V1-V2

Sequencing platform: Illumina Novaseq 6000

Output: MOTUs (COI) + ASVs (18S)
Figure made in Biorender
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Under-ice eukaryotic biodiversity Results

• Range of primer producers and metazoans

→ ice-associated and pelagic

• Many unassigned taxa → high levels of 

‘hidden’ diversity 

• 2 markers = 2 different communities 

captured!



Alpha diversity

• Vertical structuring

− Higher richness at 0 - 1 m

• Similar patterns in COI and 18S
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Spatial patterns of diversity in Marginal Ice Zone (MIZ) Results



8

Spatial patterns of community composition (COI) Results

Beta diversity

• Vertical structuring

 →Different communities at 1 m vs 5 m

• Horizontal structuring

 → Different communities among ice floes 
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Spatial patterns community composition (18S) Results

Beta diversity

• Vertical structuring

 →Different communities at 1 m vs 5 m

• Horizontal structuring

 → Different communities among ice floes

• Similar patterns in COI and 18S 
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• Sea ice concentration (SIC)

• Distance from ice edge (Dist_SIC)

• Concentration of meltwater (BD)

• Depth of meltwater layer (hBD)

• Water temperature (⁰C)

• Salinity 

• Longitude (Lon)

• Latitude (Lat)

Further abiotic drivers of community composition – sea ice and meltwater Results



• Inner MIZ community→ more sea ice,  

far from ice edge + deep meltwater

• Outer MIZ community→ less sea-ice, 

close to ice edge + shallow meltwater

• Similar patterns in two markers

→ COI and 18S

• eDNA signals detected well-known 

associations 

→ potentially new indicator 

species/communities
Outer MIZ 
characteristics
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Meltwater and sea ice dynamics drive community composition

Inner MIZ 
characteristics

Results
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Conclusions

• Lot’s of hidden diversity in MIZ

→Need to fill gaps in reference databases!

• Using 2 markers extended coverage

• Diversity structured vertically and horizontally

• Meltwater + sea ice dynamics important drivers of 

community composition

• Jellyfish remain both mysterious and hard to get...

Photo credit: J. Soto-Angel

A first look at biodiversity in the ice-ocean interface of the MIZ



Thank you for listening ☺

ayla.murray@awi.de



14

Citations

• Andrews, A.J., Christiansen, J.S., Bhat, S., Lynghammar, A., Westgaard, J.I., Pampoulie, C., Præbel, K., 2019. Boreal marine fauna from the Barents 
Sea disperse to Arctic Northeast Greenland. Scientific reports 9, 1–8.Bluhm, B., Gebruk, A., Gradinger, R., Hopcroft, R., Huettmann, F., 
Kosobokova, K., Sirenko, B., Weslawski, M., 2011. Arctic Marine Biodiversity: An Update of Species Richness and Examples of Biodiversity Change. 
Oceanog. 24, 232–248. https://doi.org/10.5670/oceanog.2011.75

• Basedow, S.L., Sundfjord, A., Appen, W.-J., Halvorsen, E., Kwasniewski, S., Reigstad, M., 2018. Seasonal variation in transport of zooplankton into 
the Arctic basin through the Atlantic gateway, Fram Strait. Frontiers in Marine Science 5, 194.

• CAFF, 2017. State of the Arctic Marine Biodiversity: Key Findings and Advice for Monitoring. Conservation of Arctic Flora and Fauna 
International Secretariat, Akureyri, Iceland.

• CAFF, H., 2013. Arctic Biodiversity Assessment - Status and trends in Arctic biodiversity. Conservation of Arctic Flora and Fauna (CAFF), 
Akureyri, Iceland.

• Csapó, H.K., Grabowski, M., Węsławski, J.M., 2021. Coming home - Boreal ecosystem claims Atlantic sector of the Arctic. Science of The Total 
Environment 771, 144817. https://doi.org/10.1016/j.scitotenv.2020.144817

• Dalpadado, P., Hop, H., Rønning, J., Pavlov, V., Sperfeld, E., Buchholz, F., Rey, A., Wold, A., 2016. Distribution and abundance of euphausiids and 
pelagic amphipods in Kongsfjorden, Isfjorden and Rijpfjorden (Svalbard) and changes in their relative importance as key prey in a warming 
marine ecosystem. Polar Biol 39, 1765–1784. https://doi.org/10.1007/s00300-015-1874-x

• Hosia, A., Falkenhaug, T., Baxter, E.J., Pagès, F., 2017. Abundance, distribution and diversity of gelatinous predators along the northern Mid-
Atlantic Ridge: A comparison of different sampling methodologies. PLoS ONE 12, e0187491. https://doi.org/10.1371/journal.pone.0187491

• Ingvaldsen, R.B., Assmann, K.M., Primicerio, R., Fossheim, M., Polyakov, I.V., Dolgov, A.V., 2021. Physical manifestations and ecological 
implications of Arctic Atlantification. Nat Rev Earth Environ 2, 874–889. https://doi.org/10.1038/s43017-021-00228-x

• Intergovernmental Panel On Climate Change (IPCC), 2022. The Ocean and Cryosphere in a Changing Climate: Special Report of the 
Intergovernmental Panel on Climate Change, 1st ed. Cambridge University Press. https://doi.org/10.1017/9781009157964

• Piepenburg, D., 2005. Recent research on Arctic benthos: common notions need to be revised. Polar Biol 28, 733–755. 
https://doi.org/10.1007/s00300-005-0013-5

• Rantanen, M., Karpechko, A.Y., Lipponen, A., Nordling, K., Hyvärinen, O., Ruosteenoja, K., K, V., Laaksonen, A., 2022. The Arctic has warmed nearly 
four times faster than the globe since 1979. Communications Earth & Environment 3, 1–10.

• Wassmann, P., Kosobokova, K.N., Slagstad, D., Drinkwater, K.F., Hopcroft, R.R., Moore, S.E., Ellingsen, I., Nelson, R.J., Carmack, E., Popova, E., Berge, J., 
2015. The contiguous domains of Arctic Ocean advection: Trails of life and death. Progress in Oceanography, Overarching perspectives of 
contemporary and future ecosystems in the Arctic Ocean 139, 42–65. https://doi.org/10.1016/j.pocean.2015.06.011

https://doi.org/10.5670/oceanog.2011.75
https://doi.org/10.1016/j.scitotenv.2020.144817


• Changes in habitat availability

− E.g. less sea ice + more open water 

    (IPCC, 2022; Ingvaldsen et al., 2021)

• Shifting species distributions

− arctic species → poleward range contractions

− arctic-boreal + boreal species → expanding north

  (Andrews et al., 2019; Basedow et al., 2018; Dalpadado et al., 2016)

• Altered community compositions + food web structure

  (Csapo et al., 2021; Lanuzel et al., 2020; Wassmann et al., 2011)

    

More baseline biodiversity data needed to track 

responses to climate changec

Impacts of rapid warming Arctic Marine Biodiversity Introduction

15Figure made in Rstudio/Biorender



• World’s smallest ocean

• Wide range of habitats and environmental extremes

• Intermediate levels of biodiversity

    (Bluhm et al., 2011; CAFF, 2017)

• Lower levels of endemism 

 → connectivity through Pacific/Atlantic 

gateways 

     (Piepenburg, 2005)

• Mix of biogeographic origins: 

 → arctic, arctic-boreal and boreal taxa  

     (Bluhm et al., 2011)

Map credit: IBCAO (http://www.ibcao.org) 

Marine Biodiversity in the Arctic Ocean Introduction
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