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With global warming, glaciers are melting rapidly in 
the Arctic. This meltdown leads to globally rising sea-
levels and locally affected marine ecosystems. In 
summer, glaciers that are in direct contact with the 
sea are known biological hotspots. Large amounts of 
glacial meltwater enter the fjord mostly from below 
the glacier, at depths that can reach several hundred 
meters below the sea surface. Since the glacial 
meltwater is lighter than seawater, it rises to the 
surface, like an inverted waterfall; a process known as 
subglacial upwelling. On its way up, the water mixes 
with deep and nutrient-rich bottom water masses. 
These nutrients can then fuel algae production near 

the surface. In winter, however, air temperatures are 
below the freezing point and glacial meltwater inputs 
are assumed to be insignificant. 

During this period, the sun sets for several months 
making light-dependent algae production negligible. 
When the sun returns, algae production is still low for 
some time. The sea ice formed during the winter 
blocks most of the sunlight, before it reaches the water 
and algae below. On top of that, the continuous 
mixing of surface water and algae to depths of 
complete darkness, gives only little margin for growth. 
Once the air temperature rises above freezing point, 
ice and snow melts, and the sea surface freshens. 
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While invisible to the bare eye, microscopic algae are the base of marine food webs, eventually feeding large animals, 
such as fish and whales. These algae need sunlight and nutrients to grow. But only little light penetrates sea ice during 
the Arctic winter. In a high-Arctic fjord, we found a unique system where algae thrive under sea ice, fueled by meltwater 
from below a glacier. 
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During this time, mixing of algae is mostly limited to 
this surface layer, where light is sufficient for 
production. This is often the most productive time of 
the year, known as the phytoplankton spring bloom. 

In a new study, we found a unique system in a 
Svalbard fjord where algae can bloom early under 
snow-covered sea ice, while air and water 
temperatures are still below 0°C. We found an over 
200 times higher algae production at the front of a 
glacier ending in the fjord, compared to a reference 
site eight kilometers away. This Arctic glacier in direct 
contact with the fjord, released meltwater from its 
base, changing drastically the environment under the 
sea ice in favor of algae growth. How did algae 
manage to thrive under these harsh conditions? 
Firstly, more light penetrated the sea ice due to a 
thinner snow cover and less sea ice algae in the ice. As 
a result, two times more sunlight reached the algae 
below, compared to the levels observed at the 
reference station. Secondly, a two-meter thick, low-
salinity water layer below the ice kept the algae in the 
bright surface layer, preventing mixing into deeper 
water layers. And thirdly, the meltwater exiting the 
glacier rose together with deep nutrient-rich water 
masses to the surface, feeding the algae. 

Although algae were blooming under the sea ice, in 
the sea ice itself, the impacts were very different. 
There, microscopic organisms typically live in a 
network of channels filled with very salty and cold 

liquids, known as brine channels. The meltwater at 
the glacier front led to an ice structure with 
substantially smaller and disconnected brine 
channels. Consequently, algae had only little place to 
grow, and nutrient exchange with the underlying 
water was inefficient. We found not only much less 
algae than at the reference site, but also smaller 
dominant species. The ice algae at the glacier front 
were unusual for Arctic marine sea ice, but more 
comparable to what we find in other brackish systems, 
such as the Baltic Sea. 

Earlier studies assumed that meltwater from below 
glaciers is insignificant when air temperatures are 
below the freezing point. Our research shows that this 
is not the case. The thick ice of the glacier insulates 
the bottom from the freezing air, allowing the 
meltwater to persist in winter and exit the glacier into 
the fjord. While few recent studies also found 
evidence of this winter meltwater in Greenland, we 
are the first to find that this process can have 
substantial impacts on the fjord ecosystem. Even low 
meltwater fluxes can lead to higher algae production 
under the ice, while algae inside the ice are severely 
limited by space and nutrient exchange. But is this an 
isolated case in a very specific Svalbard fjord, or is 
winter meltwater below glaciers a key, but overlooked 
process throughout the Arctic? With rapidly melting 
glaciers all over the Arctic, we have only little time to 
find out. 

 


