Arctic Sea Change
by Hannah Hoag
Oct. 31, 2017 – The Arctic Ocean is beginning to look and act more like the Atlantic. It's a shift that threatens to upend an entire food web built on frigid waters.
On a cool morning in late July, the Oceania, a blue and white, 3-masted research vessel, maneuvers through the dark waters of a fjord on the west coast of the Arctic island of Spitsbergen.  Craggy peaks streaked with snow rise sharply out of the water.  Expansive sweeps of glacial ice plow between mountains and into the fjord, ending abruptly in towering turquoise walls.  Chunks of ice drift by, sizzling and popping like sheets of bubble wrap, as they melt and release air captured ages ago.
As the ship sets anchor, scientists in wool sweaters, knit hats, rubber boots, and insulated marine jackets spill onto the deck and begin their work.  One lowers a silver box of an instrument into the water to record its temperature, salinity, and depth.  Another uses a winch to drop a cone-shaped net over the side of the ship to the seafloor.  On its way back up, the fine mesh gathers a menagerie of tiny sea creatures, including krill, copepods, other tiny crustaceans, and a couple of grape-sized sea jellies.
The copepods, tiny and transparent with slim red antennae, are the least beguiling of the hoard, but they are the main target.  “We want to find out who they are, where they are, and how many of them there are,” says marine ecologist Sławomir Kwaśniewski who works at the Institute of Oceanology of the Polish Academy of Sciences (IO PAN) in Sopot, Poland.  These minute crustaceans form the key middle links in a compressed Arctic food web.  They are the primary food for Arctic cod, marine birds, and bowhead whales.  The energy and nutrients they contain help sustain seals, reindeer, and polar bears.  By studying copepods, along with the Arctic ecosystem they support, from seafloor to bird-covered cliffs, the researchers hope to gain a better understanding of how climate change is restructuring that food web and changing the entire biological character of the Arctic.
At its core, the scientists’ interest in the tiny copepods lies in a relatively recent phenomenon—one they’re calling the “Atlantification” of the Arctic.  Years of sampling have shown that the Arctic Ocean is losing its distinctly Arctic traits and becoming increasingly more like the Atlantic.  Its sea ice is melting, its water warming.  In response, animals from warmer climes are encroaching, leading to a reorganization of its biodiversity.  One particular copepod species is providing clues about the extent of the disruption and just how grave it might become.
Scientists have known for more than a century that water from the Atlantic Ocean sweeps past Europe, squeezes between Greenland and the Norwegian island of Spitsbergen, then flows into the Arctic Ocean on a branch of the Gulf Stream called the West Spitsbergen Current.  This Atlantic water is warmer and saltier than Arctic water, which is kept colder and fresher by melting sea ice, calving glaciers, and the mighty Siberian and Canadian rivers that flow into it.  In other oceans, cold water is heavier and sticks close to the seafloor.  Here, because of the cold water’s freshness and lower density, the layering is reversed; the Atlantic water flows closer to the seafloor.
Scientists can map out these water masses by noting temperature and salinity at varying depths.  When a researcher drops a probe into the ocean over the continental shelf near the west coast of Spitsbergen—the largest island in the Norwegian archipelago of Svalbard—it sinks first through cold, relatively fresh water.  Then it hits the halocline, a layer of cold but increasingly salty water.  Finally, it passes through a 3rd layer, the warmer and saltier Atlantic. The halocline blocks the warm- and cold-water masses from mixing, and keeps the distinct layers intact.
But as the planet warms and Arctic sea ice melts, these 3 layers are becoming muddled.  More and warmer Atlantic water now flows into the Arctic Ocean on the West Spitsbergen Current.  Rising air temperatures warm the upper layer of water and, in the absence of ice, winds whip surface waters into a froth.  All of this weakens the halocline and allows the layers to mix.  In some parts of the Arctic, scientists are now finding warm water masses close to the surface.  The Atlantic is showing up in places they’ve never seen it before.
Historically, fjords along the west coast of Spitsbergen had been spared the influx of Atlantic water.  The strong halocline here staved off warm, salty waters, and the fjords themselves were shallow enough that their entryways were positioned in the cold-water zone, high above the Atlantic water’s reach.  But over the past decade, Atlantic water has moved to shallower depths and begun to flow into many of the fjords, making them warmer, saltier, and more hospitable to the small organisms that drift in with these currents.
"We used to have nice ice cover over the Arctic water, and deep below it was Atlantic water, and nobody cared about it, because it was so far below,” says Jan Marcin Węsławski, the head of the ecology department at IO PAN.  But a lot has changed since Węsławski began studying this part of the Arctic.  Now, he says, “The ice has disappeared and we [see] the warm water that was once hidden, all the way to the Spitsbergen coast.”
In the long fjord near Spitsbergen’s main town of Longyearbyen, the effects have been profound.  “The ice used to be 3 feet thick in the winter,” says Kim Holmén, the international director of the Norwegian Polar Institute.  “It hasn’t frozen for 7 years—the whole bloody thing.”
The weather may have felt cold in Longyearbyen this past January, when air temperatures dipped as low as -21°C (-5.8°F), but water in the fjord remained unfrozen, stuck between 2.8 and 3.8°C (37 and 38.9°F).  Without ice, the town’s 2,000 residents can no longer travel by snowmobile to recreational camps and cabins on the other side of the fjord, as they’ve done for decades.  On the other hand, they can now fish for Atlantic cod (Gadus morhua) in the fjord.
Another warming fjord has been particularly well studied.  Kongsfjorden lies about 100 kilometers (62 miles) north of Longyearbyen and has a research town, Ny-Ålesund, perched along its shoreline.  During the winter of 2005-2006, scientists saw Atlantic water rush into the fjord.  Kongsfjorden, once ice-covered every winter, has seen little land-fast ice since.
But not all of the fjords on Spitsbergen’s west coast were transformed.  Hornsund, which lies about 139 kilometers (86 miles) south of Longyearbyen, still retained its Arctic features.  This holdout provided Węsławski and his colleagues with the perfect opportunity to study the contrasts.  They began to document changes in the other fjords, so as to compare them to Hornsund.  “It is a natural experiment, like studying 2 aquaria,” he says.
This summer, the Oceania spent 3 weeks exploring Spitsbergen’s west coast.  The ship zigzagged along the West Spitsbergen Shelf and into the fjords, including Hornsund and Kongsfjorden, with 14 scientists on board.  They stopped every few hours to collect samples of water, mud, and marine organisms, and to generally assess the health of the Arctic Ocean here.
Back in the ship’s lab, off the aft deck of the boat, Kwaśniewski pours a fraction of the sample from the zooplankton net into a glass dish, which he sets atop an illuminated box to get a better look at the creatures.  The copepods, roughly the size of red ants, putter about in the water.  They appear to be mostly Calanus glacialis, a copepod that’s common in cold Arctic waters, but Kwaśniewski won’t know for certain until the specimens are examined under a microscope at his lab in Poland.
C. glacialis, or the Arctic copepod, is a central character in the Arctic food web.  Many scientists consider it to be the ecosystem’s most important species.  But recently, it has been at the heart of some newly observed and unsettling trends.
Arctic habitats tend to be less biologically diverse than those at lower latitudes, populated by fewer species able to thrive in conditions that are too cold—or too dark—for most temperate Atlantic species.  While North Atlantic waters hold about 20,000 species, Svalbard’s Arctic waters contain only 2,500—some of them found nowhere else.
In much of the world, the ecological effects of climate change are often associated with a loss of biodiversity.  But in the fragile Arctic, that effect is reversed: Instead of losing species, the Arctic is gaining them, and the populations are not just surviving but proliferating rapidly.  “The locals are still there, but they are being overshadowed by the newcomers,” Węsławski says.
As Atlantic water pushes further into Spitsbergen’s western fjords, it brings with it species more commonly seen in sub-Arctic and boreal regions, including a different copepod called C. finmarchicus.  To the untrained eye, the 2 species look remarkably similar, but C. finmarchicus, often called the boreal copepod, is smaller and contains about 10 times less energy than its fatty cousin.
The data collected over the years suggest that these changes are well underway in Kongsfjorden.  On average, water in Kongsfjorden is now 1°C warmer than Hornsund.  As a result, Kongsfjorden’s waters are now teeming with zooplankton species rarely seen in Hornsund.  Particularly telling is the fact that, for almost all of the past decade, the boreal copepod C. finmarchicus has dominated its Arctic relative.  Although its abundance fluctuates, the boreal copepod accounted for more than 96% of the specimens observed in Kongsfjorden water samples in 2014.
These shifts in species composition can seem subtle and unimportant at first, until they’re not.  The blue mussel (Mytilus edulis), which disappeared from Svalbard during a cooling period about 1,000 years ago, has re-established itself in Kongsfjorden within the past decade, its larvae riding in on warm currents from the North Atlantic.  Scads of Atlantic mackerel (Scomber scombrus) have also shown up.  In turn, their presence has helped install a population of northern gannets (Morus bassanus).  More concerning, though, is the shift to the smaller, southern copepod species.  They could prove problematic for the region’s predators, including millions of birds called little auks (Alle alle, also known as dovekies) that nest on Spitsbergen and depend on the energy-rich Arctic copepods for food.
“The more disturbances to the Arctic system from the Atlantic, the more difficult life is for typical Arctic species, like these little auks,” Kwaśniewski says.  “They come here on purpose.  They come here to breed, because they know they can find a lot of good, high quality food.  And that food is related to the Arctic marine environment.”
Spread across the steep slope behind the station is one of Svalbard’s largest aggregations of little auks.  The small black and white birds nest in the rocky crags in huge numbers.  More than a million breeding pairs settle on the archipelago every spring, about 400,000 of them in Hornsund. 
Katarzyna Wojczulanis-Jakubas, an ornithologist at the University of Gdańsk, in Poland, and her colleagues check on the breeding colony daily throughout the summer months.  Some days they capture birds to take various physical measurements, as well as samples of prey the birds have recently caught.  But today, they are focused on resetting the camera traps they have mounted across the colony to monitor the comings and goings of parental birds between their nests and their feeding grounds.
The little auks are drawn to Hornsund for its proximity to the fatty Arctic copepod, which provides them with the energy to raise their young through the summer, and then journey about 1,200 miles (1,930 kilometers) back to spend their winters in the waters off southern Greenland.  They prefer the large, energy-rich C. glacialis over other copepods.  Adult birds can store 100s upon 100s of copepods in a small pocket in their throats, called a gular pouch, for their chicks.
For more than a dozen years, Wojczulanis-Jakubas and her husband, Dariusz Jakubas, have spent most of their summers here, studying these small, stocky seabirds.  A decade ago, the 2 were part of a team that studied the birds’ foraging habits.  They captured little auks as they returned from foraging, then used a tiny spoon to scoop food out of the birds’ gular pouches.  They found that the little auks were selectively carrying C. glacialis back to their nests.  The Arctic copepod accounted for 80% of the catch, even though it comprised only 10 to 15% of zooplankton at the foraging grounds.  While the birds can eat either of the 2 Calanusspecies, Jakubas, also at the University of Gdańsk, says, “They know C. glacialis is the best one.”
Just as fish and zooplankton are vulnerable to changes in water temperature and salinity, little auks may also prove vulnerable.  Many scientists who study the birds doubt the chicks could survive on C. finmarchicus, without the introduction of another high-calorie food source.  A major shift in the abundance of the little auk’s primary food source could be catastrophic for the colony—and has the potential to transmute the terrestrial ecosystem that surrounds them.
At the close of the 19th century, near the end of the Little Ice Age, little auks abandoned their breeding grounds in south Greenland and Iceland.  One hypothesis points to water conditions near the colonies at the time.  As temperatures in the region warmed, sea currents near Greenland and Iceland shifted, bringing warmer water closer to the colonies.  Some scientists have posited that the little auks left or died out because they lost access to their optimal prey.
To determine whether the present-day influx of warm Atlantic water into the Spitsbergen fjords was having an effect on the seabirds, the ornithologists have monitored 2 separate colonies.  In 2011, they attached GPS loggers to the backs of birds from Hornsund and birds from a colony in Magdalenefjorden, a warm-water fjord on the northern edge of Spitsbergen.  The little auks from Magdalenefjorden flew farther, past warm water patches to the edge of the ice zone in the Arctic Ocean, where, presumably, they found C. glacialis.  Such pickiness came at a cost.  The birds spent more time flying—and used more energy—than the birds foraging near Hornsund.  One bird from Magdalenefjorden flew 150 kilometers (93 miles) to feed near sea ice, whereas none of the Hornsund birds traveled more than 61 kilometers (38 miles).
Other scientists have found that little auks foraging in warm-water conditions have higher levels of the stress hormone corticosterone.  In one study, by the end of the season, these adults weighed less and fewer of them survived the post-breeding months.  So far, neither the adult birds nor their young in Wojczulanis-Jakubas’s study appear to have suffered.  But she expects there will be a threshold—a point at which the birds aren’t able to compensate.  “We’ll see it in body weight and, eventually, colony size,” she says.
Perched on the scree-covered slope, Wojczulanis-Jakubas points to the bright splashes of vegetation, draped along the base of the hills below us like blocky emerald necklaces.  Wide pastures of chartreuse tundra extend to the coast.  By Arctic standards, they are lush havens, buffets for Svalbard reindeer, Arctic foxes, Sibling voles, and barnacle geese.  “It is an ornithocoprophilic tundra,” she says with a laugh.  “A tundra that loves bird feces.  It all starts with the little auks.”
The birds have engineered this terrestrial Arctic ecosystem, linking the sea to the land.  Their poop is full of nitrogen, an essential nutrient for mosses, lichens, and dwarf willows, which in turn feed Svalbard’s mammals.  Looking through binoculars to the other side of the fjord, the rocks are birdless, lifeless, and grey.  “There is nothing,” Wojczulanis-Jakubas says.  In the land stretching between the colony and the coast, as much as 100% of the nitrogen found in the vegetation comes from little auk poop.
It’s too early to say what will happen to the Hornsund colony or any of the other little auks on Spitsbergen.  But there are hints that climate warming and a switch to the less-nutritious, boreal copepod could do them in.  Little auks tend to return to the same breeding site each year, making relocation difficult should the birds’ foraging grounds deteriorate.  Other researchers have already found links between warmer climate conditions in Spitsbergen and lower adult survival.  They suspect the influx of boreal copepods may be to blame.  
If the little auks disappear, or their numbers are reduced dramatically, it could change the landscape that plant-eating animals, such as reindeer, depend on.  It’s possible that other seabirds might move in to fill the niche they leave behind.  Still, the disappearance of a tiny copepod could remake the island’s unique biological fingerprint.
Overhead, a lone glaucous gull (Larus hyperborean) cuts lazy adagio loops through the sky, sending 1,000s of little auks into a discordant frenzy.  They alight and fill the air with loud warning trills and the frantic whirring of wings.
Back on the Oceania, Kwasniewski has some troubling news about Hornsund, the fjord the researchers have been using as their Arctic control.  While the team had found Atlantic water here for the first time 4 years ago, today they detected warm water all the way to the fjord’s inner reaches.
“Now we’re wondering, have the Atlantic zooplankton been transported that far too?” Kwaśniewski says.  “The more disturbance there is to the Arctic system from the Atlantic, the more difficult it is for Arctic species, like these little auks.”
The ship stops for measurements every 15 kilometers (9 miles) or so.  That 1st day, during the 1st few stations, the temperature, salinity, and zooplankton composition seem to line up with Kwaśniewski’s expectations.  There’s cold fresh water in the upper layers, and warmer, more saline water at the deeper levels.  We rinse copepods from the nets and transfer them into small vials.  They appear to be C. glacialis, as expected.
As the Atlantic water flows northwards, it releases heat.  It has always done this, but it now carries more heat, and travels farther north and into the fjords.  Late on the 1st day, when the ship is far from the coast, oddities begin to appear.  First, there’s a flash of really warm water, 5°C (41F) at 300 meters (984 feet) deep.  That’s near the expected upper limits for Atlantic water.  “This is the heat that is going into the Arctic,” Kwaśniewski says as he watches the water temperature and salinity change in real time on his computer.  “It’s no wonder the sea ice is melting.”
Then a ctenophore, or comb jelly, more common in warmer waters, turns up in the zooplankton net.  This particular species had never before been reported so far north.
Hours later, Kwaśniewski sees something unusual.  The sample is flush with smaller copepods, likely C. finmarchicus, the warm-water-loving species.  But something’s wrong.  He grabs the camera and takes a photograph, so he can magnify the image on the computer.  These copepods are not transparent as they should be.  They’re shockingly bright from tip to tail.  They’re as red as the shell of a boiled lobster.
Kwaśniewski says it looks like they’ve been infected by a parasite, but he’ll have to wait until he gets back to the lab in Poland to confirm that.  In the meantime, he begins to think about what the discovery of a possible parasite could mean, and what effects it might have.  “If it is a mass infection, it might be a problem new to the Arctic system.”
I ask Kwaśniewski when he would no longer consider these fjords—located at 77° North, just 1,400 kilometers (870 miles) from the North Pole—to be Arctic, and whether there is enough resiliency built into the Arctic ecosystem to withstand these changes.  His answer is startlingly simple.  “There is still some resiliency in the system, but at some point, it will tip over into a new state,” Kwaśniewski tells me.  “They will no longer be Arctic fjords, when there is no more C. glacialis.”
It made me wonder how these fjords might look in just a few years.  Will the walls of glacier ice be replaced by gray gravel beaches?  Will little auks still perch on the rocks, looking toward their foraging grounds, or will another bird have taken their place?
The watery folds and dimples that punctuate Spitsbergen’s coastline have already begun their transformation.  The plants and animals of the Arctic’s web of life are changing, forming new connections and dropping others altogether.  Even if we stabilize greenhouse-gas emissions over the next few decades, researchers believe that—by the end of the century—Svalbard’s climate and its inhabitants might more closely resemble the composition living within Denmark today—2,500 kilometers (1,500 miles) south.
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