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Yosemite, Kings Canyon, and Sequoia national parks protect over

1,200 mountain lakes. These lakes provide healthy homes for plants

and animals and supply clean water to downstream communities.

These clear blue lakes are high up in the mountains, where they

receive very low amounts of nutrients from the watershed. Nutrients

help living things grow and be healthy. However, human activities

from communities upwind are adding nutrients into the air. These

nutrients travel on air currents to remote watersheds via rain, snow,

and dry particles. They increase lake algae growth, which disrupts

the balance of plants and animals. We conducted experiments to

determine the amount of nutrients it takes to increase algae growth.

We compared these levels to current lake nutrient concentrations

and found that over half of the lakes had concentrations that were

below the determined early warning point and just under half were

at levels of higher concern.
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WHY AREWEWORRIED ABOUT TOOMANY NUTRIENTS IN

MOUNTAIN LAKES?

Why are we worried about nutrients—are they not a good thing? We
NUTRIENTS

A substance used by
organisms to survive,
grow, and reproduce.
Nitrogen is an
important nutrient, as it
is part of many proteins
used by plants
and animals.

eat vegetables and fruits and add fertilizer to our gardens so that
our bodies and our plants get the nutrients they need to grow and
stay healthy. But the lakes in the Sierra Nevada mountains occur in
rocky basins with normally low amounts of nutrients. The plants and
animals living in these lakes are used to living in water with low nutrient
concentrations. Although these lakes are in national parks, the park
boundaries do not protect them from air pollution. Nutrients produced
by industries, agriculture, and cars and trucks drift into mountain
watersheds on air currents and are deposited via rain, snow, and

WATERSHEDS

Land area that channels
rainfall and snowmelt
to streams and rivers,
and eventually to lakes,
bays, and oceans.
Watersheds are
separated by higher
land areas like ridges.

dry particles (Figure 1). These pollutants travel from communities in
California’s Central Valley, the San Francisco Bay Area, and as far away
as Asia [1, 2]!

Nitrogen is one of these pollutants. While nitrogen may be good for
plants in our gardens, when too much nitrogen ends up in mountain
lakes it canmake thewater less healthy and upset the balance of plants
and animals that live there [3]. Nitrogen can increase the amount of
algae in these lakes. When a large amount of algae dies and decays,

ALGAE

Aquatic plants ranging
from single-celled
phytoplankton to
multicellular forms like
kelp. Algae contain
pigments that allow
them to use sunlight to
make their own food
from water and
carbon dioxide.

this process can reduce the amount of oxygen dissolved in lake water.
Animals like insects and frogs that live in the water need dissolved
oxygen to breathe and survive. These insects and frogs are food
sources for other animals such as birds, snakes, and shrews. Thus,
changes in nutrients and algae can have cascading e�ects on the
animals that live in the lakes and those that feed on them. Algae can
also change the way lakes look—reducing their clarity and making
them more green or murky [4]. We can keep track of changes in

Figure 1

Figure 1

Sources of nitrogen
include farms, vehicles,
and industrial plants
located in upwind
communities. The
nitrogen from these
sources is transported
on air currents up into
the mountains. Here, it
can fall into mountain
watersheds as part of
dry particles, rain, or
snow.
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Figure 2

Figure 2

(A) We used
small inflatable boats to
carry and set up
containers in the
middle of the lake.
Empty water bottles
were used as flotation
supports for the
containers. (B) We filled
the containers with lake
water and added
di�erent amounts of
nitrogen to each of
them. This enabled us
to develop numeric
relationships between
nitrogen and algae
growth.

these lakes by monitoring them and doing research to answer specific
questions about nutrients.

TAKING THE PULSE OFMOUNTAIN LAKES

Scientists who work in the field of limnology are working hard to
LIMNOLOGY

The study of the
chemistry, biology, and
physics of inland
waters. Similar to
oceanography
but performed inmainly
freshwater environments.

protect the mountain lakes in Yosemite, Sequoia, and Kings Canyon
national parks. We and our crews of field scientists hike out to lakes
every year to collect water samples and take scientific measurements.
We monitor 76 lakes in the parks! Nitrogen concentrations are

NITROGEN

CONCENTRATIONS

The mass or weight of
nitrogen in 1L of water.
We report nitrogen
concentration using
the units of parts per
billion (ppb).

one measurement we collect. We can compare our nitrogen
measurements each year to see if they are going up, going down, or
staying the same. But we do not understand if these nitrogen amounts
will cause too much algae to grow. We do not know how much
nitrogen is too much. When a doctor measures your pulse, he or she
can tell you if your heart rate is a healthy number, because doctors
know how fast a healthy heart should beat. However, we do not know
what that healthy number is for nutrients in mountain lakes.

HOWCANWE TEST “HOWMUCH IS TOOMUCH?”

We developed experiments to help us answer how much nitrogen
is too much for mountain lakes. We put large containers out in the
middle of lakes and filled these containers with lake water (Figure
2). Any algae naturally living in each lake would also be captured in
the containers with the lake water. We then added nitrogen to each
container. We put a very small amount of nitrogen in the first container,
and a slightly higher amount in the second container. We continued
adding nitrogen in higher amounts until we had 15 containers. We
waited 7 days to give the algae time to take in the nitrogen and grow.
We collected water samples before and after the 7 days and measured
the amount of algae in each sample.

We found that as we added more nitrogen, more algae grew (Figure
3). We used a graph to compare the nitrogen concentrations to the
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Figure 3

Figure 3

The graph on the left
shows the general
relationship between
nitrogen and algae
growth. The three
levels of nitrogen that
we examined are
labeled A, B, and C
along the curve. The
graph on the right
shows data from one of
our experiments (green
circles). The orange line
shows the curve that
fits our data. Our data
allowed us to
determine the nitrogen
concentrations for
points A, B, and C. For
example, we observed
increased algae growth
when nitrogen reached
4–12 ppb.

amount of algae growth. The graph shows the amount of nitrogen
present when algae first start to grow (Figure 3, point A). This is an
early warning that we are starting to see toomuch nitrogen. The graph
also shows when the algae start growing really fast (Figure 3, point
B). There are too many nutrients at this point. Last, the graph shows
when the algae growth is at its highest point and it starts to level out
(Figure 3, point C). This means that there is more nitrogen than the
algae can use—the algae cannot grow fast enough to keep up. At
high nitrogen concentrations other nutrients like phosphorus can limit
algae growth [5].

We want to pay the most attention to when nitrogen concentrations
reach that first early warning point (Figure 3, point A). We learned
from our experiments that we reach this point when nitrogen
concentrations are between 4 and 12 parts per billion (ppb). This is
a very low amount of nitrogen—a ppb is like adding a half teaspoon
of dye to an Olympic-size pool! It takes very little nitrogen to make
algae grow faster than we want. But by knowing what this amount
is and paying attention early, we will have time to act and protect
our mountain lakes. If we wait too long, the changes in nutrients
and algae will upset the balance of plants and animals that live in
these lakes.

LOCATIONMATTERS

We looked more closely at which lakes have higher nitrogen
concentrations and learned that their locations on the landscape were
important. Lakes found at the highest places of the Sierra Nevada
mountains, or in rocky, steep watersheds, may have more nitrogen
because few plants grow there. Plants take up and store nitrogen and
reduce the amount of nitrogen that reaches streams and lakes. Water,
and the nutrients in it, also travels more quickly down steep slopes.
This means more nitrogen reaches the lakes that are located in areas
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with steep slopes surrounding them. Location is not everything, but it
does matter for some lakes!

THERE IS STILL TIME TOMAKE A DIFFERENCE

Wecompared the amounts of nitrogenwemeasured in the 76 lakeswe
monitor to the amounts we defined in our experiments and calculated
the percentage of lakes that exceeded each level. We found that up to
13% of these lakes were below levels of concern (meaning they had
healthy nitrogen levels), 37% had nitrogen concentrations that were at
the early warning point (A), 29% were at the most rapid growth point
(B), and 21%were at the high nitrogen point (C) where algae havemore
nitrogen than they can use. The good news is that over half of the lakes
had nitrogen levels that were healthy or at the early warning point. So,
while we are seeing too many nutrients in some lakes, many lakes are
still healthy.

How can we use this information to reduce the amount of pollution
reachingmountain lakes? As scientists, we canmake sure that national
park managers have the information they need to communicate about
the health of these lakes to the public (that is you!) and to policymakers.
The public and policymakers have the power to make decisions that
will improve our air and water quality.

Is there anything you can do? Yes! The everyday choices that youmake
can help reduce pollution. For example, you can buymore food locally,
such as from farmers’ markets and local small farms, so it does not
have to be transported from faraway places. You can try to use cars
less often and bicycles and public transportationmore frequently. Also,
you can find out if your community is taking actions to protect air and
water quality. Get involved! If you are interested in this topic and want
to help, you can make a di�erence!
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YOUNG REVIEWERS

ADELAIDE, AGE: 7

My name is Adelaide and I love to ski, camp, hike, and bike. I also love arts and crafts

and my favorite color is blue. I love stu�ed bears, cats, and dogs. I love to paint, and

I want a dog. I love to be outside.
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LUKE, AGE: 10

I like skiing, mountain biking, and fishing. I like legos and getting dirty. My favorite

subject in school is math and I want to be a scientist when I grow up.

ROWAN, AGE: 9

I am starting fourth grade and my hobbies include playing soccer, Mindcraft, and

Legos. My favorite subjects at school are History, Art, Science, and PE. I love

swimming in lakes in the Sierra Nevada mountains.

SILAS, AGE: 12

I really like to ski and snowboard. I also really like hanging out with friends and playing

video games. I love music, so I play piano and drumset. My favorite subject in school

is language arts.
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