
California Coastal Estuaries
A research Project by Ursula Stoller

Dissolved Oxygen Levels In Water Samples
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A map of Drakes Estero, Limantour Estero, and Tomales Bay

Drakes and Limantour Esteros

Figure 2. This 

graph shows the 

dissolved oxygen 

level, measured in 

mg/L

Figure 1. This graph 

shows the nutrient 

levels (nitrite, nitrate, 

and phosphorous) 

present in the water 

samples, measured in 

ppm.
A map of Tomales Bay and its watershed 

An Egret at Drakes Estero

Introduction

Estuaries have a very unique environment because the combination of fresh and salt water (brackish) require specific adaptationson the part of the organisms 

that live there, and makes them a safe habitat for certain aquatic species. Estuaries are typically located on the coast; streams and rivers that make up a watershed 

flow into them and the ocean water flows into them as well.  Not all species can survive in this type of water, but those that do thrive are ones like sea otters and 

several species of birds. Estuaries can be an important nesting ground for species that will eventually live in the ocean butneed a safe location to mature without 

predators until they reach adulthood. The estuaries on the California coast are numerous, but because of their unique qualities they are quickly affected by 

changes in the climate and other environmental factors, and a small shift in water quality can have a large effect on the species living in it. 

This study focused on three estuaries on the California coast at Point Reyes. Two of them, Limantourand Drakeôs Esteros, are part of the Point Reyes National 

Seashore, and are thus carefully protected. The third estuary, TomalesBay, is not subject to such supervision. The main difference between the protected and 

unprotected water is that the water being protected is monitored and there is limited use for recreation and dumping (if any). For example, boats arenôt allowed in 

Drakes Estero in the spring because it is seal puppingseason. Many things affect the water quality of these estuaries, a major one being their respective 

watersheds. The waters that are protected also have protected watersheds, which means that it is unlikely the water flowing into the estuaries will be 

contaminated. There are several manor things that can affect water quality, and the ones I looked at were the levels of nitrate,nitrite, and phosphorous in the 

water. They are all nutrients that cycle through the soil, the water, and the atmosphere. While small amounts of nitrogen andphosphorous are necessary to living 

organisms, excess concentrations leeched into the water can lead to the death of fish and other organisms. Excess nutrients also cause algal blooms, which leads 

to oxygen depletion when the algae die and are decomposed by bacteria. An excess of nitrogen is fairly common and it is called eutrophication. 

In this study, I investigated water quality in the protected LimantourEstero and Drakes Bay and compared that quality to the unprotected waters of TomalesBay. 

My hypothesis was that the protected waters would have higher water quality than the unprotected water. This conjecture was largely based upon the fact that the 

protected estuaries also have protected watersheds, and so the water flowing into the estuaries would also be much cleaner.

Abstract

I thought that estuaries were a very interesting ecosystem to study, because of their fascinating environment and unique specifi cations. They also react quickly to 

any change in climate, and so I thought originally it would be interesting to look at the changes in estuaries due to global warming. However, such a study would 

have to be done over a long period of time. Instead, I ended up comparing the water quality of two protected estuaries: Drakes and Limantour, with an 

unprotected estuary: Tomales. I predicted that the protected estuaries, and their watersheds would have much higher water quality than the unprotected water, 

and found that there was a strong correlation between protection and good water quality.

Methods

To measure the water quality of Limantour, Drakes, and Tomales Bay 

Esteros, I followed these steps:

- Collected data from the estuaries on 4/15/07 and 5/6/07. 

Brought them back to the lab and conducted these tests:
o Nitrate Nitrogen with La Motte Test Kit

o Nitrite Nitrogen with La Motte Test Kit

o Phosphorous with La Motte Test Kit

o Dissolved Oxygen ñOpen Air Calibration Procedureòwith 

Milwakee Kit

Results

None of the water samples tested had nitrite or 

phosphorous present.  However, two of the water 

samples did have a detectable level of nitrate (see figure 

1). The two locations were Walker Creek, which had 

2ppm nitrate, and a Tomales Bay sample taken by the 

dairy, which had 10ppm nitrate. The presence of nitrate 

in the creek (which leads into Tomales), and the bay 

itself show that the water quality is significantly lower 

than the other estuaries, which when tested showed no 

level of nitrate (0ppm).

The water samples had varying levels of Dissolved 

Oxygen (DO), ranging from 3.9mg/L to 9mg/L (see 

figure 2).  The lowest DO level was from Tomales Bay, 

the sample taken by the dairy, and the highest DO was 

from Muddy Hollow Bridge. 

Conclusion

In this experiment my hypothesis was correct. The water samples from Limantour and Drakes Estero had no measurable nutrient levels, 

whereas two samples from Tomales Bay and its watershed (Walker Creek) did have detectable nitrate levels. Nitrogen in the water is an 

indicator of poor water quality because it increases the amount of phytoplankton or other weedy species, which is detrimentalto the 

ecosystem.  This excess, the result of a process called eutrophication, can also decrease the biodiversity of the ecosystem. Therefore an 

estuarine environment like Tomales Bay would be affected by the presence of nitrate in the water. One mentionable thing is that the site with 

the highest concentration was located near a dairy, which could have a higher level of nitrate than the rest of the bay. However, the presence 

of nitrate in Walker Creek indicates that it is not just coming from the dairy, and that the watershed does have an impact onthe estuary as 

well. 

The dissolved oxygen levels varied in the water samples. Dissolved oxygen indicates how much gaseous oxygen is present in thewater. 

While it is not safe to have DO levels too high, there are certain levels needed to maintain the good water quality. Tap water has a DO level 

of 7mg/L, and many of the water samples I tested had higher DO levels than that.  The highest ones were from Drakes and Limantour 

Estero. The lower ones were from Tomales Bay and the Oyster Farm in Drakes Estero. It was interesting that the DO at the Oyster Farm was 

so much lower than the sample from Drakes Estero. Dissolved oxygen levels are usually higher in shallow waters that move around 

constantly, so the oyster farm might have a lower DO level because the water is more stagnant and the oxygen is being used upby the oyster 

population. DO levels dropping below 5mg/L are known to be harmful to the aquatic environment, making it difficult for fish to get enough 

oxygen. The Tomales Bay sample taken by the dairy had a DO level of 3.9mg/L, meaning that the ecosystem there is struggling to get 

enough oxygen. 

Though not all of my data implicated that Tomales Bayôs water quality was worse than Limantour or Drakes Estero, there were no indicators 

in the water quality of the protected esteros to show that the quality was in any way poor. Therefore, my data lead me to theconclusion that 

the protected estuaries and their watersheds do have better water quality than the unprotected water. Protecting water is affective in 

maintaining good water quality for the adapted species in an estuarine environment. It will become more important in the future when rapid 

changes in climate will undoubtedly have an impact on estuary ecosystems.

Resources:

http://www.estuaries.gov/about.html

http://www.swrcb.ca.gov/swamp/docs/factsheets/coastal11x8.pdf

http://www.nps.gov/pore/parknews/newsreleases_20070412_cwr_funding.htm

http://www.nps.gov/pore/parkmgmt/upload/planning_drakesestero_report_070511.pdf

Limantour Estero


