Lakes Are Losing Oxygen—and Their Inhabitants Are in Danger
by Jennifer Clare Ball
June 29, 2021 – Kevin Rose and his team loaded their sensors into a boat and began rowing.  It was late summer at Lake Giles, a small glacial lake in northeast Pennsylvania.  They were there to study the effects of acid rain.  But in the process, they discovered something else.  Though the lake seemed full of life, the water had been changing.  It was taking on a brownish hue, and its surface was warming.  Most of all, the lake was running low on dissolved oxygen, a key indicator of its health.  As they lowered a sensor into the water, the reading presented another abysmal zero. 
This is a condition researchers call “anoxia,” and it’s a big problem.  It can harm cold-water fish species and contribute to algae blooms that do even more damage to the lake.  As Rose and his team rowed back to shore, they wondered whether their experience at Lake Giles was an anomaly.  Now, 15 years later, they know it’s not.  Thanks to the help of more than 40 collaborators who collected and analyzed data from a broad array of sources, Rose and his team published a study earlier this month in Nature.  It showed the widespread deoxygenation of lakes around the world.
Together, they compiled data on dissolved oxygen concentrations in more than 300 lakes in the temperate zone, or places with moderate climates and 4 seasons.  The researchers found that the oxygen decline in freshwater was happening at a rate up to 9.3 times greater than in oceans, and that climate change and a lack of water clarity had changed the physical and chemical makeup of those lakes too.  That matters, because not only do we get much of our drinking water from lakes and use them for recreational activities, but they support an extensive variety of species.  “These substantial declines in oxygen potentially threaten biodiversity, especially the more oxygen-sensitive species,” says Rose.
The team looked for sites with at least 15 years of data in the United States, Canada, and Europe.  The earliest sampling dated back to 1941 at a lake in Sweden.  But most started around the 1980s, when this kind of monitoring became more common.  They used academic, non-profit, and public data, like statistics from the Environmental Protection Agency’s online Water Quality Portal.  “The real power is in a lot of government data sets,” Rose says.
In their analysis, the team found that, although surface temperatures have been rising, deep lake waters have remained cool, but increasingly lost their oxygen due to a phenomenon called stratification.  If you have ever walked into a lake from the shore and found that the waters are substantially colder the further out you go, you have experienced it.  Colder water is denser, so, like oil separating from water, it remains deep in the lake, while the surface water maintains its warmth.
But as lakes’ surfaces have gotten warmer, the difference between the temperatures of their warm and cool parts has grown wider.  So has the difference in their densities.  That means more stratification.  Once those 2 layers stop mixing well, oxygen from the surface is no longer being pulled into the deeper waters.  Hotter temperatures also make the oxygen less soluble and less likely to be absorbed into the water.
Stratification is normally affected by season; it increases as the air warms.  But climate change is hurrying that up.  “That spring season has been moving earlier and earlier, which means stratification, that difference in density, is moving earlier and earlier too,” Rose says.  Because it starts sooner, stratification lasts longer throughout the year, leaving the lake and its inhabitants with lower oxygen for prolonged periods of time.
Rose identified a 2nd problem too: deep water is becoming murkier, because of a host of factors including erosion, algal growth, and fertilizer runoff from nearby agricultural fields and residential developments.  Murkier waters make plants less likely to survive, which means less photosynthesis and less oxygen down below.  That, of course, is bad news for the lakes’ creatures.  “Just like humans, every complex life form on the planet depends on oxygen,” Rose says.  “In water, that’s in the dissolved form.”
Each species has a unique critical oxygen threshold for survival.  Deoxygenation particularly affects cold-water fish like trout, which need 7 milligrams of oxygen per liter of water, and salmon, which need 6 milligrams per liter.  (Warm-water species, like bass and carp, both need 5 milligrams per liter.)
“Even when you get down to low levels of oxygen concentration requirements, there are demonstrated impacts on performance of individual organisms in the water,” says Peter Raymond, a professor of ecosystem ecology at Yale University, who peer-reviewed the paper.  “They don’t perform as well.  They become stressed, as you might imagine.”
The combination of low oxygen and warmer water is particularly worrisome.  For example, if temperatures and oxygen levels are not in the optimal range, it can skew fish’s reproductive timing, affecting the amount they reproduce.  Warming waters may also supercharge or deactivate their immune systems, which can compromise the degree to which they can fight pathogens in a climate-altered environment.
Because fish are ectotherms, meaning they regulate their body temperature based on external temperature, their metabolism speeds up in warm waters, which increases the amount of oxygen they need to survive, says James Whitney, a professor of biology at Pittsburg State University in Kansas, who was not affiliated with the study.  “If it gets bad enough, they can suffocate, causing fish kills,” Whitney says.
For example, during a 2018 drought in Kansas, Whitney recalls that the water in streams was warmer, and there was less of it due to lack of rain.  Fish were gulping oxygen from the surface waters, but there wasn’t enough of it to go around, and some of them died.
Deoxygenation can become a vicious cycle.  When lakes go anoxic, they build up sediment on the bottom, which then releases phosphorus, which can trigger algal growth on the surface.  Lakes can develop harmful algal blooms, which eat up whatever oxygen is left.  Some produce toxins that kill fish, mammals, and birds; in extreme cases, they may also cause human illness and even death.
“It’s not a hypothetical that organisms are going to be impacted.  It’s going to happen,” Raymond says.
While there’s no way to directly add oxygen back to lakes, he points out, there are other ways to improve ecosystem health.  The biggest change has to happen on the global level.  Reducing greenhouse gas emissions will stop lake waters from warming and losing solubility.  But local caretaking matters too.  “There is a direct climate impact here, but there is a lot that can be done at the local level to maintain high oxygen concentrations,” agrees Rose.
Rose and several other study coauthors contribute to GLEON (the Global Lake Ecological Observatory Network), a grassroots group of scientists from around the world who are focused on conserving freshwater resources.  They share data in order to catch ecosystem changes early, because lakes are among the 1st to exhibit measurable shifts.  Some of their recommendations include using data from one lake to learn about others, and assessing risk based on real-time measurements of local water temperature and dissolved oxygen levels.  Planting trees as buffer zones around lakes can prevent erosion, which can increase water clarity and reduce nutrient runoff.  This can be coordinated by state agencies that manage water resources or individual lake associations.  The Environmental Protection Agency also recommends that residents who live near bodies of water use fertilizer according to the instructions on the label, in order to prevent excess nitrogen and phosphorus from entering the lakes, inadvertently fertilizing algae blooms.
“Proactive management is needed—or is going to be needed—in the future in order to even maintain the status quo,” Rose says.  And by “the future,” he doesn’t mean decades.  He means in the next couple of years.  “This is an ongoing issue,” he says.
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