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THE LIFE STORY OF PHOSPHORUS IN THE TAHOE WATERSHED

Everyone (some of us in the Tahoe Basin, anyway) talks about phosphorus, but what do we really know about it?  Because of an intensive research effort by Lorin Hatch a few years ago, we now know much more about phosphorus in Tahoe Basin streams.  Hatch did his research at UC-Davis, working with the Tahoe Research Group.

Algae can use the nutrients nitrogen and phosphorus in a ratio of about 16 to 1, according to Hatch’s report.  That is, they need one micro-spoonful of phosphorus in their diet, in order to be able to use sixteen micro-spoonfuls of nitrogen.  If the ratio becomes larger, algae can’t use the extra nitrogen.  And algal growth will then be controlled by the amount of phosphorus that algae can extract from water.  Surplus nitrogen in the lake is like a time-bomb, ready to stimulate more algal growth when additional phosphate washes into the lake.  

In Lake Tahoe, nowadays, the ratio is more than 45 to 1.  That’s why we hear that the lake is now phosphorus-limited.  But some three decades ago, it was the other way around.  Tahoe was then nitrogen-limited because that ratio was below 16 to 1.

What caused Tahoe to be phosphorus limited?  Atmospheric nitrogen content has grown world wide, especially in areas with large numbers of automobiles and electric power plants.  Tahoe has its own traffic problem, but it’s also downwind from the San Francisco Bay Area and  Sacramento.  As a result, nitrogen falling from the sky directly onto the lake supplies a superabundance of nitrogen.

In many ways, controlling phosphorus should be easier than controlling nitrogen.  Phosphorus comes from soil minerals.  As Hatch explains, when those minerals wash into Tahoe’s streams, some of the phosphorus dissolves into the water, becoming phosphate ions.  The amount depends on chemical equilibrium established between mineral particles containing phosphorus and dissolved phosphate ions.  That equilibrium varies from time to time and place to place.

But when that mix of mineral phosphorus and dissolved phosphate gets to the lake, it separates.  Larger particles sink to the bottom of the lake.  Dissolved phosphate and tiny particles  hang around for awhile in the water layer that’s home to algae.  Phosphate is what algae use.  And the tiny mineral particles that float will slowly release more phosphates that help nourish algae.  Stimulation of Tahoe’s algal growth by tiny particles and dissolved phosphorus was confirmed by Hatch’s studies.

Phosphorus at the bottom of the lake is locked up by reactions with iron and oxygen.  It’s fortunate that Tahoe’s water has oxygen all the way down.  So, phosphorus that sinks to the bottom is no longer a problem.

Still, algal growth continues to increase.  Algae, and other organic materials, use up oxygen as they decompose.  Researchers have already detected a slight drop in the oxygen content of Tahoe’s deepest waters.  If, eventually, oxygen is depleted at the bottom of the lake, nutrients locked up down there will be released -- and we will have lost the battle.

It’s important to understand the life and times of phosphorus in the basin, so we can trap it, and keep it out of the lake.  Phosphorus in the streams that Hatch studied is only one source of the nutrient.  Because we’ve concentrated on monitoring stream water, we know more about that source.  Yet, if we’re going to make a dent in the phosphorus loading to the lake, we need to learn more about urban runoff, atmospheric deposition, and shoreline erosion.

But, let’s take this a step at a time, and concentrate on Tahoe’s tributaries for now.  The Lake Tahoe Interagency Monitoring Program has collected data on nine streams.  Sixteen years of data show that 75 percent of the annual stream phosphorus loading occurs during spring snowmelt.  

The Upper Truckee River, together with Ward, Blackwood and Trout Creeks, account for 80 percent of the phosphorus delivered to the lake by the nine streams.  Some 35 percent of that loading is from the Upper Truckee River alone.  Most phosphorus is bound to particles – something like 45 to 88 percent, according to Hatch. It’s estimated that all the rest of Tahoe’s tributaries, taken together, account for as much phosphorus as the nine that are monitored.

When streams run full, phosphorus-poor, sand-sized particles dominate stream phosphorus transport.  Phosphorus-rich silt and clay particles dominate when flows are low, explains Hatch.  He also found that phosphate accounts for 6 to 19 percent of the total phosphorus loading.  It’s that phosphate fraction that stimulates algal growth.  And, as you can see from Hatch’s figures above, the amount varies over a wide range.

Since phosphorus (or the lack of it) is so important to the health of Lake Tahoe, we’ll spend some more time on it.  Stay tuned.

