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Dear Student,

We look forward to your participation in the YMCA Point Bonita’s Hands On Science & Service Learning Program!  During this field trip, you will be spending the day in the Marin Headlands, a 10,000 National Park just north of the Golden Gate Bridge.  With beaches, crashing waves, rolling hills, a lagoon and pond, and abundant wildlife, the Marin Headlands is a beautiful and awe-inspiring place to take part in both hands-on field science and community service that affects the health of our planet. 

The scientific investigation that you take part in is a part of an on-going study.  By participating for even one day, you are contributing to data that will allow scientists to assess the health of our oceans and/or fresh water, as well as the living creatures that use them.   

During your visit, you will be hiking through the park to the site of your scientific investigation.  You may be hiking on trails, or you may stick to the road.  Some students might get dirty or wet while conducting the study.  You may be removing non-native plants.  Please don’t wear your best shoes!!!  

Also, because we are right on the coast, the weather in the Marin Headlands can vary dramatically.  Please come prepared dressed in layers, with everything from a t-shirt to a jacket!  The weather can go from hot and sunny to foggy, windy, and cold in an instant.  If you have a wind-breaker and/or a rain jacket, bring them!  

Bring a small back-pack or bag with the following items:

· extra clothing, including a wind breaker and/or rain jacket

· your lunch 

· a water bottle (as big as possible)

· this student packet

· a pen or pencil

· a hat to keep the sun off of your face

· sunscreen

We hope you have a great time here at Point Bonita.  See you soon…

INTRODUCTION

Watersheds

Watersheds are defined as the total land area drained by a particular stream or river. Watersheds can be large or small, draining a single valley or the entire basin. On its way to the lowest point in the watershed, water can travel over the earth’s surface and across farm fields, forestland, suburban lawns, or city streets.  It can also seep into the soil and travel as ground water.  A healthy watershed not only stores but also filters water for a river or stream, keeping the water system “healthy.” 

Both pollutants and nutrients found within a watershed will eventually make their way into the streams and rivers of that watershed, and become part of the water cycle.  The growth of human populations can result in the diversion of the water from naturally flowing streams and rivers as the need for water and hydroelectric power rises.  This disrupts the water cycle, and adds certain pollutants and nutrients to the watershed.

It is important to realize all of us live within a watershed and that the way we live can affect the water we drink as well as the animals and plants that live in our area, including us humans.  We all influence what happens in our local watersheds by how we treat the natural resources contained therein - the soil, water, air, plants, and animals. It is our responsibility to keep local watersheds healthy; it is also our responsibility to monitor the water in our area and take action if our watersheds become unhealthy or off-balance.  

BACKGROUND 

Study Location: Rodeo Valley Watershed

The Rodeo Valley is located within the Gerbode Basin, about ten miles north of San Francisco in a former U.S. military base now part of the Golden Gate Recreation Area in Marin (GGNRA). Rodeo Valley has historically been used for agriculture, cattle grazing, and various military purposes. Possible pollution sources include military wastes, the presence of cattle farms, and remnants of old roads that have contributed to runoff and erosion. 

Your Role
The Water Quality Monitoring Project offers area high school students the opportunity to experience the scientific process firsthand. You will be the scientists that perform the monitoring assessments, collect data, and analyze your results.

This study will be conducted within two aquatic habitats in the watershed: Rodeo Lagoon and Pond. Rodeo lagoon is a unique water body as it contains brackish water - a mixture of salty and fresh water.  In this study, you will assess the diversity of aquatic macroinvertebrates and determine the levels of: pH, nitrates, phosphates, turbidity, dissolved oxygen, and temperature.  

This project is part of a curriculum that educates San Francisco Bay Area high school students about the local ecosystem. If you would like more information on this program, please contact YMCA Point Bonita at (415) 331-9622.

Purpose

We need to monitor aquatic ecosystems in our local watershed in order to understand the health of our waters.  Can we safely swim in them?  Can animals and plants survive in them? Can we drink from them? Furthermore, it is important to track the status of the bodies of water over time and respond to changes in water quality.

Analysts determine water quality by testing for specific chemicals and physical states. Water quality testing involves measuring certain abiotic (nonliving) factors that affect water quality: dissolved oxygen, pH, temperature, nitrates, phosphates, and turbidity.  

When analysts study macroinvertebrates (an invertebrate you don’t need a microscope to see) and an area's riparian zone, they study the biotic (living) factors that help indicate water quality.   The presence, condition, and number of fish, insects, algae, plants and other aquatic life can provide information about the health of specific water.

Macroinvertebrates as Biological Indicators

Macroinvertebrates are a critical link in the aquatic food chain. In most bodies of water, the energy stored by plants is available to animal life either in the form of leaves that fall in the water or in the form of algae that grows on the stream bottom. The algae and leaves are eaten by macroinvertebrates.  In turn, the macroinvertebrates become a source of energy for larger animals such as fish, which serve as a source of energy for birds, raccoons, water snakes, and even fishermen. 







The diversity and abundance of aquatic macroinvertebrates provides information about the health of a body of water over a long time period.  The data obtained by this macroinvertebrate sampling study can complement physical and chemical water quality assessments and provide a comprehensive picture of the health of a watershed.  In this study, we will conduct a qualitative study of the aquatic macroinvertebrates in two water bodies of the Rodeo Valley watershed.

1.  Dissolved Oxygen

Dissolved oxygen (DO) is oxygen that is dissolved in water. It gets there by diffusion from the surrounding air; aeration of water that has tumbled over falls and rapids; and as a waste product of photosynthesis. Dissolved oxygen is essential for healthy lakes, ponds, lagoons, and rivers. It is important to note that dissolved oxygen does not refer to the oxygen (O) in the water molecule (H2O). 

The presence of oxygen in water is a positive sign, while the absence of oxygen is a signal of severe pollution. Waters can range from high to very low levels of DO in the water - so low, in some cases, that they are practically devoid of aquatic life. Most aquatic plants and animals need oxygen to survive.  How much DO an aquatic organism needs varies by species, physical state, water temperature, pollutants present, and other factors. 


2.  Nitrates

Nitrogen is an element needed by all living plants and animals to build amino acids and, in turn, protein. In aquatic ecosystems, nitrogen is present in many forms. Blue-green algae are able to use nitrogen in its elemental form (N2) and convert it into forms of nitrogen that plants can take up through their roots and use for growth: ammonia (NH3) and nitrate (NO3).

3.  pH

Water (H2O) is made of both H+ (hydrogen) ions and OH- (hydroxyl) ions. The pH test measures the ratio of H+ ion concentration of liquids and substances. Each measured liquid or substance is given a pH value on a scale that ranges from 0 to 14. 


Pure deionized (distilled) water contains equal numbers of H+ and OH- ions, and has a pH of 7. This is considered neutral, neither acidic nor basic. If a water sample has more H+ than OH- ions, it is considered acidic and has a pH less than 7. If a sample contains more OH- ions than H+ ions, it is considered basic or alkaline with a pH greater than 7.

4.  Phosphates
Phosphorous is usually present in natural waters as phosphate (PO4-2). Phosphorous is an essential element for life, an important nutrient for plants to grow and for energy use of plants and animals. Phosphate has two different forms in our environment: organic phosphate, which is a part of living plants and animals, their byproducts and their remains; and inorganic phosphate, which can be bound to soil particles or present in laundry detergents.  Phosphorous is introduced into the environment from activities such as human and animal wastes, fertilizers, industrial wastes and human disturbance of the land and its vegetation. Phosphates in excess amounts can have a significant impact on water quality.

5.  Temperature

Water temperature affects many other physical, biological and chemical properties of a body of water. For example, cool water can hold more dissolved oxygen (DO) than warm water because gases dissolve easier in cooler water. Like pH, temperature also has wide-ranging effects on aquatic ecosystems, and most aquatic organisms have adapted to survive within a range of water temperatures. Some organisms prefer cooler water, such as trout and stonefly nymphs, while others thrive under warmer conditions, such as carp and dragonfly nymphs. As the temperature of a river or lake increases, warm water organisms will replace cool water species. Few organisms can survive in temperatures of extreme heat or cold.


	Temperature
	Examples of Life

	Greater than 20°C
(warm water)
	Much plant life, bass, bluegill, carp, catfish, leeches, caddisfly

	Middle range
(12-20°C)
	Some plant life, trout, stonefly, mayfly, caddisfly, water beetles

	Low range
Less than 12°C
	Trout, caddisfly, stonefly, mayflies all thrive


6.  Turbidity

Turbidity measures the cloudiness of a body of water. You can think of turbid water as the opposite of clear water. Soil particles carried by runoff can cause rivers to turn brown after a heavy rain.  High amounts of soil in the water will block sunlight from reaching the bottom of a river or a lake in shallow water. Higher turbidity can be caused by human activity like cutting trees and removing vegetation next to a body of water. 

Data Sheet: Aquatic Invertebrates

The freshwater invertebrates are grouped below by their relative sensitivity to pollution.  When you identify an organism, place a tally mark next to its name. (NOTE: some organisms you find may not appear on the list below.  Check with your teacher or naturalist to determine which of the three categories they belong in.)
1. POLLUTION-SENSITIVE

Caddisfly Larva

__________

Mayfly Larva/Nymph

__________

Riffle Beetle


__________

Stonefly Larva

__________

TOTAL: ___________

Dobsonfly (Hellgrammite)
__________

Gilled (water-breathing) snail
__________

Water Penny


__________

2. MODERATELY POLLUTION-TOLERANT

Water Scavenger Beetle
__________

Predacious Diving Beetle
__________

Whirligig Beetle

__________

Waterboatman

__________

Backswimmer

__________

Giant Water Bug

__________

Water Scorpion

__________

Water Strider


__________

Crayfish


__________

Aquatic Snowbug

__________

Cranefly Larva

__________

Blackfly


__________

Horsefly Larva

__________

TOTAL: ___________

Damselfly Larva

__________

Fishfly Larva


__________

Nematode Worm

__________

Dragonfly Nymph

__________


Amphipod (Scud)

__________

Springtail


__________

Alderfly Larva

__________

Clam (or other bivalve)
__________

Water Flea


__________

Copepod


__________

3. POLUTION-TOLERANT

Air-breathing snail

__________

Clam or Seed Shrimp

__________

Mothfly Larva

__________

Blackfly Larva

__________

Leech


__________

Midge Larva


__________

TOTAL: __________

Red-Tailed Maggot

__________

Mosquito Larva or Pupa
__________

Planarian


__________

Aquatic Earthworm

__________

Horsehair Worm

__________

Water Mite


__________

Data Analysis:

Count how many different species (NOT how many individuals!) in each category that have been identified during your study.  Then perform the following calculations to obtain an assessment score.  Use the guide below to interpret your assessment score.




(# of species)

 (sub-score)

Pollution-Sensitive
__________
x3 =
__________


Moderately Tolerant
__________
x2=
__________

Tolerant

__________
x1=
__________

Add up the subtotals above for your




ASSESSMENT SCORE:
_________

Discussion Questions

· What do your results tell you?  What can you say about the quality of the body of water you sampled?

· Is this a good way to determine water quality?  Why or why not?

· Are there any ways to improve the design of this study?  

· What other questions does this study raise?  If you were able to conduct a follow up study to answer those questions, what would you do?

Water Quality Assessment: Master Data Sheet

After all groups complete all six tests as well as the aquatic invertebrates assessment, you will combine all data collected for your particular test site.  You will do this in order to calculate averages for your data.  Record your testing site’s average scores for each measure in the data sheet below.  Also, record any observations that you think might be important. This will help you think about the “health” of the water you tested.

	Test
	Average Measurement
	Additional Notes

	Freshwater Invertebrates 
	Excellent     Good

Fair          Poor
	

	Temperature
	Air:     _______ (C

Water: _______ (C
	

	pH
	___________
	

	Phosphates
	___________ ppm
	

	Nitrates
	___________ ppm
	

	Dissolved Oxygen
	__________ % sat.
	

	Turbidity
	_______ JTU

_______ cm (optional)
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Most Fish Dead





Best level for most fish & aquatic organisms





Snails & tadpoles begin to die





Bass & trout begin to die





Salmonid eggs & alevin die





Caddisflies & mayflies die





Most Fish Dead





ACIDIC





BASIC





Mosquito larvae were destroyed





Salmon, trout & bass





Catfish





Carp





Mosquito larvae





Minimum DO Requirements





Mayfly nymphs, stonefly nymphs, caddisfly larvae and many fish 





Ideal level for many fish & aquatic organism








  1 ppm      2 ppm       3 ppm      4 ppm      5 ppm      6 ppm       7 ppm     8 ppm       9 ppm    >10 ppm





  





Water Quality Index





0-10: 	Poor


11-16: 	Fair


17-22: 	Good


23+ : 	Excellent









