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Going...  ~ning...
Procedttret n this activity, students

demonstrate the forces of
weathering and erosion and play

a game that introduces them to the
filtering action of shoreline or wet-
land plants.

Grade Levels: 2-9

Objectives
/

Students investigate equilibrium in
erosion and deposition by:
~ predicting effects of moving water

oil solll
~ modeling an erosion simulation;

observing results of a test;
inferring causes and effects;

~ planning for personal action to save
soil;

~ hyppothesizingabout erosion
variables.

Background

Mateiials

~ 5 dear jars of similar size
Per group:
~ two shallow, nonbreakable baking-

type pans
~ sand or soil
~ one watering can with' sprinkling

spout or cup with holes in the
bottom

~ three clear containers or jaxs
~ . assorted sticks, stones, small pieces

of sod, popsicle sticks, spoons,
pieces of plastic, etc.
hand lenses

Credits ~

Adapted with permission from'
Ranger Rick's NatureScope;,Geol-
ogy, TheActive Earth, 1987 .
"Shaping jhe Landscape,".and Ttu.
Class Project. 1982 . National-
Wildlife Federation, 1400 16th St.,
N.W., Washington, D.C. 20036-
2266.

When

At the Park: Allow 20-30 min. for the
game, and up to an hour to take the
walk. I

time of Year: Any time of year.
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The health of waterways and the
quality of drinking water are af-
fected by the connection between
land and the water. Rain an;1 wave
action erode upland areas along,
shorelines, sending particles of soil
into the water, clouding creeks,
rivers, and the Chesapeake Bay. This
sediment or silt also chokes fish,
blocks sunlight needed for growth
by underwater plants, and buries
and smothers aquatic plants and bot-
tom-dwelling anifnals.

Although erosion i's a naturally
occurring process, it is often ac-
celerated by human activities on the
land. Some practices that expose or '
loosen soil include coustruction and
other development for housing and
roads, conventional tillage for crops,
allowing livestock to trample stream-
banks, and improper lawn care.
Any loosened or exposed soil is
prone to being washed away.

To slow erosion, these activities
must be controwed. Plants help to
hold soil in place and to trap soil
eroding from other places. Wetland
plants are especially valuable in fil-
tering soil before it reaches the
waterways. On shoreline proper-
ties, people often build structures
for erosion control. A bulkhead is a
wall built to keep waves from carv-
ing away the shoreline. Another
method is the placement of rocks
 called "rip rap"! along the shore,
which dissipate wave energy while
holding the existing shoreline. Plant-
ing or maintaining trees and other
plants on shoreline as well as
upland areas is always a,good way
to slow the erosion process.

Before the Trip:
1. Read the directions, assemble

materials, and do a trial run. The
amount of water need@9'to get
results will vary depending on tray
size, amount and type of soil or
sand.

2. Set up stations for students to
demonstrate weathering and
erosion. Divide the class into groups
of four. Each group will do both
demonstrations, then will discuss
the results as a class.

3. Demonstration.- Tilt It and Spill
lt. Start with several shallow pans
with soil or sapid covering the bot-
tom and a sprinkling can of water
 or large paper cup with holes in the
bottom!. Predict what will happen
when the water is sprinkled onto the
soil. Restate prediction. as a tes-
table hypothesis. Test t'.we
hypothesis and record cbservations.
~ What do you think will happen if you

try this again in another pan, this
time tilting one end of the pan up
10" or so?

~ Sprinkle the water on again and
record the results.
How were the results d''.fferent?

~ What landforms can you name that
resemble the flat pan and the sloped
pan?  flat = lawn, playing field,
etc.; sloped = bank of a stream or
river, hillside, etc.!

~ What is this process called when it
happens in nature?  Erosion!.

~ Why are farmers concet ned about
erosion?
Spread the soil evenly again in

the pans. Ask the class to develop
hypotheses about erosion control
mechanisms. Provide the class with
materials that might be useful in
preventing erosion. Give them 5
minutes to devise and construct a
way to slow erosion. At ter 5
minutes, make it rain again and ob-
serve how th'e erosion control
devices work.
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Where Has All The Top Soil Gone.

S tudents study sediment load of
local water sources, devise and
conduct experiments to test the

effect of Best Management Practices
on erosion control.

Grade Levels: 6-9

Objectives

Students will investigate changes
caused by water flowing over soil by:
~ observing sediment in water

samples;
~ controllingvariables necessaxy to

compare observations;
modeling BMP's;
observing BMP's in use.

Background

Materials

Per team:
~ 3 clear plastic ox' glass jars  same

size!
~ 2 aluminum foil roasting pans
~ I hand spade or shovel
~ sprinkler-head watering cans or

large cups with holes punched in
the bottom,

To xuear:
~ "wettable" footwear

At the Park: 1/2.to 1 hour,any time
of d'ay.

Time'of Year Any time of year is
suitable. Turn-around time for soil
sample analysis is considerably
longer during the spring.

small holes about four inches deep
in several places and removing
about a I/2 cup of clean soil from
the bottom of each hole.

2. Combine the samples'and mix
thoroughly. Place the mixed sample
in a sealed plastic bag and take it to
the local Virginia Extension Office
 look under the County Government
section in the phone book! for
analysis. Allow one weak for
processing of the sample, longer in
the spring when demand is high.
The Extension Office will provide in-

Procedure

Before the Trip:
1. To determine if the school

grounds are suitable farm land, stu-
dents take several soil samples from
four or five locations by c igging

Erosion is thc natural process by
which soil and rocks are moved by
wind or water along thc earth's sur-
face. As fertile topsoil is eroded,
land productivity decreases. The
eroded particles, which eventually
settle out of the air or water during
sedimentation, alter the environ-
ment on which they land. In the
Chesapeake i[ay or its tributaries,
the suspended particles block light
energy, thereby reducing photosyn-
thesis in Bay vegetation. As par-
ticles settle, bottom organisms are
covered, and channels are filled
with sediment. In addition, the par-
ticles can adsorb chemicals includ-
ing fertilizers, pcsticides, heavy
metals and other toxics and carry
them to the Bay. Most sediments
come from nonpoint sources, such
as bare fields, housing projects, con-
structionn si tcs and ci ties.

Commercial fertilizers and
animal manure supply nutrients to
improve crop productivity and
urban landscapes, but not all of the
fertilizer stays on the land.
Nitrogen, important for leaf and
stem growth, is water soluble and
easily leaches into groundwater sup-
plies or is carried in surface runoff.
Phosphoru.;, used on crops to
develop strong root systems, bonds
to soil particles and, thus, may be
transported into waterways along
with sediments.

Nitrogen and phosphorus, when
transported into the Bay in un-
naturally large quantities, contribut"
to nutrient ovcrcnrichmcnt.
Phytoplankton, which thrive on in-
creased nutrient levels, multiply
rapidly, clouding the water, and

reducing sunlight penetration.
Without sufficient sunlight, much of
the phytoplankton even'.ually dies,
settling to the bottom, where bac-
teria  dccomposers! consume it. The
bacteria do not need sunshine, but
they do need oxygen. During the
summer, much of the Bay's deep
waters are oxygen- stressed because
ox ~gcn demand is high and the
warmer water cannot hold as much
oxygen as colder water can. This
situation sometimes results in fish
kills, and occasionally in the spec-
tacle of crabs leaving thc water.

A variety of agricul tuj al prac-
tices, called Best Management Prac-
tices  BMP's!, are being «scd
extensively in the Bay region and
elsewhere to reduce soil erosion.
Some BMP's divert and control
runoff, while others slov the water
flow so that more water is absorbed
into the soil. BMP's incliide strip
cropping  planting different crops in
alternating rows across the slope!,
terracing  stair-stepping the land's
slope with terraces!, contour plow-
ing  plowing with the land's con-
tour!, no-till or minimum-till
systems  leaving most crop residue
on the field and preparing the soil
and planting in'onc operation!, crop
rotation  following one c,"op with
another to eliminate bare fields and
provide natural soil enrichment!, es-
tablishing permanent seed cover in
highly crodable areas, and leaving
natural plant growth, or 'buffer"
zones, along river and sti earn banks.
An additional practice is the use of
manmade soil erosion and sediment
control structures to contain sedi-
ments.
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I

formation on the suitability of the
soil sample for farming, and can
answer any questions.

3. To investigate the sediment
load in local water sources, students-
first must decide how to get consis-
tent results from their sampling
methods. Together, discuss the vari-
ables that must be controlled in
order to have results that can be
compared fairly  e.g. same size and
shape of containers, same volume!.
Determine the volume of water to be
collected, and collect similarly sized
and shaped clear containers.

4. Students collect the water
samples in the containers from a
v'ariety of local water sources such
as streams, lakes, rivers, and ditches.
The best time to collect samples is
following a rainy period. Be sure
that students identify the location
sampled and collect water f; om the
water body itself, not from bottom
material.

5. After students bring samples
to school, they gently shake each jar
and compare the color and clarity of
the samples, predicting how much
sediment will settle out of each.
After the particles settle overnight,
students compare the amount of
sedimentation to their predictions.

6. After receiving the soil sample
analysis, discuss the report, the'im-
p'ortance of soil nutrients to plant
growth, and the effect of sediment
load and nutrient enrichment on the
Chesapeake Bay.

7. Divide the class into groups of
four or five students. Distribute two
aluminum foil roasting pans to each
group. The groups cut a V-notch,
about two to four cm deep, in the
middle of one short side for 'a water
spout. Prepare one extra set of pans
for teacher demonstrations.

8. Discuss the Best Management
Practices that are being used
throughout the Bay region to reduce
agricul tural runoff.

9. After discussing the practice of
establishing permanent crop cover
to reduce erosion, solicit suggestions
of ways to model the procedure
using the set of teacher demonstra-
tion pans. One way to carry, out the
procedure is to fill both pans with
soil, cover one with sod cut from
grass, elevate one end, pour water
simultaneously over both pans and

collect the runoff in a cup at the
notched spout.

10. Discuss variables in the ex-
periment and how to control them.
Students may suggest that the pans
must be tilted equally, equal
amounts of water must be poured
from the same heighl and at the
same rate of flow.

11. Several students should con-
duct the experiment and discuss the
results by comparing, the amount
and clarity of the water that flows
off eac'h pan.

12. Once everyone understands
how to control for variables, each
group chooses one B MP to model
using their pans. Groups should dis-
cuss their plans with the teacher
before actually conducting their
tests. BMP's that are easiest to
model include terracing, mulching,
planting across the slope, and estab-
-lishing a buffer zone. Sod will be
needed to model crops and plant-
ings. Each team cou'.d bring in their
own materials or the teacher may
furnish them.

13. Each group explains its
model and discusses the results of
its experiment. Discuss:
~ Which pans showed the most

erosion? .the least?
~ Why do farmers need to understand

this problem?
~ If you were a farmer, what factors

would you consider when deciding
which BMP's to use?

At the Park:
1. Collect samples from creeks

and rivers to check for sediment
load as students did at school.
 Note: The accessible river and
creeks at Chippokes will not reflect
the effects of.BMP's at Chippokes
since these are tidal waters and are
carrying Sediments «nd runoff from
other farms and the river bottom.!

2. Lead the students on a tour of .
the farm and look for no-tillage
fields, the buffer zorie between farm
land and the river a»d the man-
made sediment control structures.
Look for evidence tl.at these
methods are having some impact.

Chippokes Plantation State Park.
Check w'ith park staf f about the best
access to river and creeks. Chip-
pokes is the only park with farmland
for observing BMP's.

I

Best Management Practices for
Nutrient IIsesin the Chesapeake
Basin. 1984-85'. Bulletin 308. Ex-
tension Services of the
Chesapeake Basin.

Capper, J., G. Power, and F. Shivers.
1983. Chesapeake Waters.
Tidewater Publishers. Center-
ville, MD.

Chesapeake Bay.'Introduction to an
Ecosystem. 1982. Environmental
Protection Agency. Washington,
D.C.

Du Mont, P., T. Kupelian~ and T.
Lever'mann. 1989. "Know Your
Soil." Science Scope. Volume 12,
Number 7. National Science
Teachers Association.

Fox, B. 1987. "The Water Sure Looks
Muddy This Year.,The Story of
Soil Erosion Around the
Chesapeake Bay �-H manual!.
Virginia Cooperative Extension
Service.

Fox, B. 1988. "It's Green Green, IYs
Green They'Say." The Story of
Nutnent Ennchment of
Chesapeake Bay �-H manual!.
Virginia Cooperative Extension
Service.

U.S. Government, Department of
Agriculture, Soil Conservation
Service.  The local office is listed
in the phone book under County
or U.S. Government!.

Virginia Division of Soil and Water..
 804! 786-2064 for information;
 804! 786-3334 for audio-visual
materials.

W'elbrich, T. aud G. Smith. 1969.
Agricultural Practices and Water
Quality. Iowa State University
Press, Ames.

1. Students select a site with erosion
problemi,on the school grounds and
devise and Implem cut s strategy for
correcting the problem.

2. Students look for BMP's aud ' .
WMP.'s  worst management prac-
tices! as they ride back to school.
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Where the Water Falls

S tudents use a model to
demonstrate the movement of
water and pollutants in a water-

shed, then visit a park to observe
firsthand the effects of vegetation on
soil erosion and how rain finds its
way to the sea.

Grade Levels: 4-9

Objectives

Background

A watershed is an area of land
which drains into a particular body
of water. A watershed can be small,
such as a ravine drained by a single
stream, or large, such as the entire

Materials

Credits
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64,000 square miles that drains into
the Chesapeake Bay. The Bay's
watershed begins in central New
York, and includes parts of Pennsyl-
vania and Delaware, a bI t of West
Virginia, most of Vir'ginia and
Maryland, and Washington, DC. It
is drained primarily by the smaller
watersheds of the Bay.'s six major
rivers: the Susquehanna, Patuxent,
Potomac, Rappahannock., York and
James.

This vast Bay watershed encom-
passes many different land features:
mountains, forests, field., wetlands,

Students will investigate inter-
- relationships between flowing water '
and topography within a watershed
by:
~ interprctixigand xxsiixg maps of the

area!
' ~ xxxodeling a watershed;,
~ comparing modeled and actual

events;
~ observing runoff and evidence of

erosion;
~ predictixxgpatli of runoff;
~ . cpmmaxxicatixlg water quality infor-

mation.'

~ aluminum foil
~ shallow baking pans or aluminum

. foil roasting pans  one per group!
~ packets of brightly colored

powdered diink mix
~ food coloring .
~ paper cups  two per group, one

with holes punched in bottom!
~ bucket and several liters of water
e. two clear plastic cups

map of the Bay watershed  use map
in introduction section of guide!

~ VA state map,,
~ topographic map of. the watershed

or the area around the park
' optional!
/

Adapted with pexmission frag 17'
Changing Chesapeake. 1989 . "The
Chesapeake Bay «nd Its Water-
shed;" The Chesapeake Bay
,Watexshed. V. Chase. National '
'Aquarium in Baltimore, Bal-
timore, Maxyland.

Adapted with gexmission from 14ver
Tixxxes~ 1987 . "Divide and Con-
quen The Story of A Watershecf." '
T. Auldridge, Pxoject Diritctor.
Matheinatics and Science 'Center,
240i Hartman St., Richmond, VA

' 23223.  804! '/88-4454,



Where the Water Falls

Where

Procedure
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farms and cities. As rainwater falls
on the watershed, it nourishes
plants, quenches the thirst of man
and other living creatures, soaks
into the ground, or runs off the land
to join streams and rivers. Along
the way, it picks, up an assortment of
substances: soil particles eroded
form bare ground; decaying organic,
matter from pastures and forests; oil
from city streets; and fertilizers and
pesticides from lawns and fields.
Some of these substances. benefit
Bay life, some are detrimentaII even
in small quantities, and most are
harmful in large doses. Unfortunate-
ly, many human activities on land
do result in excessive loads of sub-
stances being washed into the Bay.

People can reduce their impact on
the Bay and its tributaries through
careful planning and conservative
living. Understanding the water-
shecf concept and how pollution
enters the waterways are the first
steps to solving the problem.

Before the Trip:
1. Introdu'ce the idea of a water-

shed. Explain that each river, creek,
and stream have their own water-
sheds and that smaller watersheds
join to make. larger watersheds.
Review the principles of the water
cycle. Howare rain, streams, rivers,
the Bay, and the watershed con-
nected or related to one another?

2. Using a map of Virginia or the
central Atlantic states, students lo-

cate the rivers flowin~; into the
Chesapeake Bay and determine the
limits of the Bay's wafershed. Lo-
cate the park to be visited on the
map.

3. Divide the class into teams of
about four students erich.

4. Each team makes a model of a
watershed: Use fr pie< e of foil in an
aluminum baking pari to make a
topographic represenfation of a
watershed. Crinkle the foil to make
mountains, hills, and ~alleys, and
form a basin or bay at the end op-
posite the mountains.

5. Explain that there are two
types of pollution,'point source and
nonpoint source. Point source pol-
lution has an identifiable source,
such as waste discharging from a
pipe.. Nonpoint source pollution
cannot be strictly identified as to its
source because it originates over a
large area.' Nonpoint mllution in-
cludes stormwater runoff, atmos-
pheric deposition  airborne
pollutants such as sulfur, lead, and
nitrogen emitted from cars and
smokestacks!, failing septic systems,
and contaminated groundwater.

6, Sprinkle some powdered drink
mix over an area of thi watershed to
represent a nonpoint source pol-
lutant. Make it "rain" on the water-
shed using a paper cup with holes

' punched in the bottom and observe
the way the rain moves the pol-'
lutant.

7. Repeat using food coloring
 point source pollution! placed in a
small spot. Make it "rain" again,
and observe the movement of the

pollutant.
8. DiscusS more specific ex-�

amples of runoff and how these af-
fect the water. Horv is this model
similar to a real roatershed? Horois it
different?

At the Park:
"1. Find two small areas  ap-

proximately 10 square feet or so!
close together, one vegetated and
one bare, with similar slopes. Stu-
dents describe the features'of these
portions of the watershed � slope,
plants, etc.

2. With a bucket or sprinkling
can, make it "rain" at the highest
points in the two arear. Continue
pouring until it becomes evident
that different things are happening

I

Caledorrr basirr-,like hiill near visitor .
,center and above Fern Hollow Tr.
forms perfect watershed, leading into
wood'ed ravine and stream; water ob-
tained at visitor center and its effscti-
on bare and vegetated slopes observ-.
able at start of Fern Hollow Tr.
Chippokesr most sloped areas heavi-
ly wooded,' raindrop activity best con-
ducted on College Run Tr., on either
side of College Run; adventuresome
could try ravine to west of visitor cen-
ter and picnic area; river water cd be
poured on vegefated and un- '
vegetated sections of shoreline bluffs.
Leesylvnrriu; Powell's Creek Tr.
traverse rim and mouth of water-
shed; several places along trail
suitable for groups to ",flow to the
stream below.

' Masorr Neck: small pond near visitor
center sets 'pn basin sunounded by
open an/ partially wooded slopes,
ideal for "raindrops f pond water can
be used on vegetated and un-
vsgetated arenas on hillside.
Seashorsr best location for raindrop
activity is from top of'old dredge

~poll pile near 64th St. boat ramp;
broad Bay water, at base of hill, can'
be used on vegetated and un-
vegetated sectibns of mound.
Westrrrotelandr-several axeas along
Big Meadows Tr. suitable for,
"raindrops" to follow watershed lead-
ing into Big Meadows Run; river,
water may be poured'on vegetated

' and unvegetated portions of
shoreline bluffs.,
York Rivgrr ravines of various sizes
lead into Woodstock Pond; most ac-
cessible is grassy slope between pic-
nic'shelter 43 and pond; pond water
can bg poured on-trail leading down
. tliis hill and glassy area,to the side.

When

These activities can be done at any '
time, but after a recent rain it may. be

. easier to observe'the effect of water
poured on the land.
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Variations
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on the two plots. Students should
describe what they observe.
~ What happens to the water?
~ What happens to the soil?
~ Where thereis little grassin the plot,

the water may carve its own
"river" � is this how some rivers

could be formed?
3. With clear cups, collect a little

runoff ftom both areas. Where was
water easier to collect? Why? Does the
water in the two cups look different?

4. Lead the class to a point of rela-
tively high elevation. Position the
students a fcw feet from each other
and have the students pretend they
are raindrops that just hit the
ground.

5. The students then walk the
path that they think the rain would
take if it were running over the sur-
face of the land without soaking in
or being taken up by plants. While
walking, they record or discuss fea-
tures that might affect the rain or
that the rain might pick up as it
makes its way downhill � soil par-
ticles, leaves, rocks, chemicals, litter,
etc., and note any signs of erosion.
If possible, walk all the way to a
body of water, such as a stream or
river. Advanced student can try
tracing their paths on topographic
maps.

6. Once the water is reached, use
a map or maps to trace the rest of
the path to the Bay and to.the Atlan-
tic Ocean. Discuss:
~ Are there other land features, includ-

ing man-made, that the water flows
past that would affect its quality
 cities, farms, factories, etc.!?

~ Would the rain or river water change
any of the land? List the things that
the water might pick up as it flows to
the ocean.

~ How could peopje in the watershed
help keep pollutants out of the water?

Follow-up:
Together, choose one activity that

students could do to help keep their
watershed clean, such as revegetat-
ing bare ground on the school
grounds or at home, encouraging
their parents to recycle motor oil, or
conserving water with short
showers, "frugal flushes," etc. To
help educate other students in thc
school, the class can make posters
and plan a public relations cam-
pa! gn to encourage participation in

Where the Water Falls

a clean-up activity. Set an attainable
goal and have students keep track of
their progress.

Aquatic Project' WILD. 1987. "Water-
shed;" "Where Does Water Go
After School?" Western Regional
Environmental Education Qoun-
ciL Write: VA Dept; Game and In-
land Fisheries, 4010 W. Broad St,
Richmond, VA 23230,  804! 367-
1000.

NatureScope: Geology, The Active
Earth. 1987. "Shaping the
Landscape." Natio~al Wildlife
Federation, Washington, DC.

Silver Burdett Science Series �th
grade science text!.

Slattery, B. 1989. Bay B C's. U.S.
Fish and Wildlife Service.

The Claps Proj ect. 1982. "The Earth' s
Sponge." National Wildlife
Federation, Washington, DC.

1..In small groups, students adjust
the topography of their aluminum
foil watersheds so that several
tributary watersheds are produced.
Prepare original topographic maps,
noting each watershed on the ma'p.

2. Make posters illustrating the ef-
fects of pollutants entering a water-
shed and the waterways.

Gifted/Advanced:
Before the field trip, students could
read "Odyssey" by Aldo Leopold,
which describes the adventures of
atom "X" as it makes its way from
the mountains to the sea. During the
trip, as they walk the path of a
raindrop to the water, students make
notes on the possible adventures
which might befall a molecule of
.water here, as it cycles its way to the
Bay. After returning to school, stu-
dents use these notes to write essays.
Require >hat a minimum of six adven-
tures be described.  Leopold, A.
Reprinted 1966. "Odyssey." A Sand
County Almanac. Oxford University
Press.!
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Mainstream
r n a stream, the animals that

reveal the most about the neigh-
borhood are the macroinver-

tebrates � insects and other visible
"spineless wonders." This activity
surveys for diversity  number of dif-
ferent kinds! and abundance  num-
ber of each kind!, to determi'ne the
health of park streams.

different species in fairly equal num-
bers, the stream is healthy. If there.
are only a few species, or one or two
species that outnumber the others,
the stream may be poilu ted.

Grade Le

Obj

Students will inve
stream macroinvert
tions and visible in
quality by:
~ observing actual

smell;
~ sarnplingmacro
~ classifyingmacr
~ graphing data;
~ interpreting data

Procedure

Background

Mat

Per team:
~ 3' x 4' fzamed window screen
~ rubber gloves
~ white or light, soHd colored sheet or

drop doth
~ II2 clear plastic cups

tweezexs
macroinvertebrate illustzations and
data sheet  at least one per sam-
pling site!
Stream Survey sheet  at jeast one
per sampling site! .

~ hand lenses
metric diets

~ theanometer   C!
To wear:
~ "wettable" footwear

Credits

Portions of this lesson were provided
by the Save Our Streams Program,
sponsored by the Izaak Walton
League of duperies  see "Resour-
ces"!.

r

Most water cn route to the
Chesapeake'Bay starts the jourriey in
small streams. The cleanliness of
these streams has a direct impact on
the health ot the Bay. Thus it is espe-
cially importa'nt to keep them clean.
If streams are carefully monitored,
pollution sources such as failing sep-
tic systems, leaking gasoline tanks
and poorly managed construction
sites can be identified and the
problems correcteQ-.

Onc common method of deter-
mining stream health is to study thc
macroinvcrtcbrates that live there.
Mac roin vcr tcbra tes are simply spine-
less animals that are large enough to
sec without magnification. In
streams, they include assorted
snails, worms, crayfish and many
immature forms of insects, such as
caddisfly larvae, dragonfly nymphs,
various beetle larvae and crane fiy
larvae.

Some forms of invertebrates may
be especially sensitive to or tolerant
of pollution. The presence of sensi-
tive species, such as stonefly
nymphs, indicates a healthy stream.
An abundance of tolerant forms,
such as pouch snails or'midge fly lar-
vae, may indicate a pollution prob-
lem. Such animals are therefore
cylled indicator species.  Other
types of organisms, such as some
algae, can bc indicator species, too.!

In addition to indicator species,
the diversity of macroinvertebrates
can tell a lot about the health of a
stream. Typically, if there are many

Before the Trip:
'f. Visit the park to discuss plans

wi th the sta ff and to explore park
streams for at least one good study.
site for each team of six students in
the class.  If possible, pick sites in at
least two different streanis.! Mark
the study sites on a copy of the park
map. Look for the follow ing fea-
tures in selecting sites:
~ easy access for the class;
~ fairly flat clear space along the

bank for equipment arid examina-
tion of specimens;

~ stretches of flowing water with
depths of 3" to 12";

~ firm, sandy or pebbly bottom;
even better, if found, are bottoms
with 2" to 10" diaoicte:"stones.
2. If chosen sites are widely dis-

persed, secure adult helpers to assist
the student teams during the field�
trip.

3. Explain and discus.; with the
class the concepts  if indi =ator
species and-macroinverk bra tes, and
indicate that much can bo deter-
mined about the health of a stream
by studying its macroinvcrtcbrates.

4. Make a copy of the accompany-
ing macroinvertebrate illustrations
for each student. Discus. ways to
distinguish key features about each
type. Explai~ that the identification
sheet only shows some o.'. the most
common forms and that I.he major
objective in the field is to sort the
catch by similarity of forms.  Note:
The illustrations are not to scale.!

5. Divide the class into teams of
about six to work together at the
park.

6. Make enough copies of the
Stream Slavey sheet for each team to



Where

Variations

muraa
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have at least one copy for each
study site.

7. Explain all field trip plans. Stu-
dents can practice using the equip-
ment in an imaginary stream on the
school ground s.

At the Park:
1. Be sure each team is fully

equipped and lead the class to the
study siting. Assign adult helpers as
needed.

2. At their respective sites, each
team follows these directions:
~ Take measurements and make ob-

servations to complete the Stream
Survey sheet.

~ Spread the white sheet or drop
cloth on a fairly flat patch of
ground close to the stream.
Weight down the corners with
rocks or logs. Place tweezers and
12 clear plastic sorting cups, half
filled with stream water, on the
sheet.

~ Hold the window screen in the
stream, wide edge down, with
the bottom secu!'ely pressed
against the stream bed and the
top tilted back until it almost
touches the water.

~ Starting 2 m upstream from the
screen, work towards it, stirring
up the bottom with hands and
feet. Turn over all logs, sticks
and rocks along the. way and
brush gloved hands over all sur-
faces. Dislodged macroinver-
tebrates will be caught on the
screen.

~ Carefully remove the screen with
a forward scooping motion.

~ Place the screen on the sheet.
~ With tweezers, carefully sort all

specimens into the cups. Lohk
closely and carefully. Many
animals may be very small � less
than 0.5 cm. Be alert! Some in-
sects, such as water boa'tmen,
give painful bites.

~ While some team members sort,
others can identify or describe the
different groups for the data
sheet at the bottom of the macro-.
invertebrate identification sheet.
Hand lenses may help in distin-
guishing feats!res. If a match can
be found on the identification
sheet, note the type of stream
quality indicator it represents.

~ If the catch is scanty, repeat the
process a few meters upstream

Mainstream

from the first sample site. Be sure
to record the number of times
samples are taken at the site.

~ When all of the catch has been
sorted, count and record the num-
ber of each type on:he data sheet
and return all specimens to the
water.

~ Tidy up the area and make sure
that any over turned rocks or logs
in the stream are returned to their
original posi tions.
3. Regroup the glass. If there are

other convenient sampling sites, and
if time permits, each team can-
sample at a different location.

4. Before leaving the park, com-
.pare data sheets. If an y apparent
pollution problems wc re found,
bring them to the atterition of the
park staff.

Follow-up:
1. Students make bar graphs

showing the numbers af each type
of organism they colle< ted at each
site. The groups may be labeled
with symbols rather than names. If
some groups took more than one
sample at a site, they should divide
their macroinvertebra te numbers by
the number of sample. taken.-

2. Compare the bar graphs for
the sites. Discuss:
~ Are they similar?
~ Do some shou a much greater abun-

dance of one'kind of macroinver-
tebrate? If'so, was it identified as an
indicator of poor water quality?

~ Do some show many ],; nds of
animals in fairly equal numbers? If
so, were some of them identified as in-
dicators of good water quality?
3. Use all of the class data to

make another bar graph showing
the macroinvertebrate diversity for
each site. Sites with gieater diver-
sity may be healthier streams.

. Caledorrr several woodland atreants
can be reached from Fern Hollow Tr.,
originatingat the picnic area.
Chippokesr streams within park
bounda'ries but none accessible from
trails; easiest is reached by walking
west from James River Tr., just after
the trail be~ds north behind mansion.
Leesylvariiar woodland stream can
be reached from Powell's Creek Tr.
Mason ¹ck munerous streams
empty into Kane'.s Cr., but all require
getting off the trails and pass
through seasonally-restricted areas;
check with park staff.
Westrnorelundr several woodland
streams reached from Turkey Neck
Tr.; require getting off the traiL
York River: woodland streams drain
the park like fingers joining the
York; no direct trails to them; all
reached by getting off trails p'arallel-
ing, them on ridges'above; closest,
stream enters Woodstock Pond and
can be reached by sho'rt trek through
woods from picnic area.'

I

When
/

At the Park: .Allow uy to 30 minutes
per site for sampling and sorting;
allow time for several sites as well. as
time to hik'e to and from sites.

Ti»re of Year: Late spring to carly%all.

Resources

Save Our Streams Program. Izaak-
Walton League of Virginia, 1401
Wilson Blvd., Level B, Arlington,
VA 22209. �03! 528-1818. Of fers
workshops, information, refer-
ences, and video for teachers, iri-
cluding A Citizen's Guide to Clean
Water; SOS Action Kit  $5.00!! A
Citizerr's Directory for Water
Quality Abuses;

Gifted/Advancedr
1. Contact the Save Our Streams Pro-
gram,  Izaak Walton League! for
stieam monitoring information and
kit.

2'. Try to identify some of the inver-
tebrates co11ected to atleast their .
genus riame.



Stream Survey

Date:Park:

Survey team:

Time:

Watei Temperature   C!:

Name of stream:

Sample ¹:

Water Depth  in cm!:

Stream BedSmellWater Appearance

C3 cottony white
O.ther

Unusual Colors and Odors in Water

Possible CauseCondition

Erosion of soil in upstream areas; in tidal waters it could also be caused by high
winds.

Muddy water

Microscopic plants called algae. Algae may grow to exceed normal limits due
to excessive amounts of nutricnts entering the water. Nutrient sources include:
fertilizers, pet waste, grass clippings, leaves, etc.

Greenish color

Acids released from decaying plants. Naturally occurs each fall when dead leaves
collect in the stream. Also common in streams draining marsh or swampland.

Yellow-brown to
dark brown water

Results from bacterial action upon iron. May indicate a high erosion rate or
industrial pollution.

Orange to red coating
ori stream bed

May indicate oil has entered the s:ream, particularly if there is also an oily odor.
Decaying plant matter can release some oils naturally.,

Color ed sheen on
water surface

When foaming occurs in only a few, scattered patches and is less than 3 inches high
and cream colored it is probably natural. If the foaming is extensive, white in color
or greater than 3 inches, it may be due to detergents entering the stream.

Foam

Indicates sewage pollution. Odor may also be naturally present in swamp or
marshland.

Rotten egg odor

May indicate polluted water drairiing from a coal mine.Yellowish coating on
'stream bed

Musky odor May indicate presence of untreated sewage, livestOck waste, algae or other
conditions.

Could be "sewage fungus." The presence of this growth indicates sewage or other
organic pollution.

White cottony masses
on stream bed

Could indicate sewage or other pcllution if growth is excessive.Blue-green algae

 Source: Save our Streams Program.!
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0 brown
0 green
0 clear
8 oily sheen

0 foam
CI .a
D scum

Cl other

Cl rotten egg
0 .musky
0 none
0 other

9 black
' Cl brown
Cl orange/red
0 yenow



Some Common Stream Macroinvertebrates Caddisfly Larva
6 hooked legs on
upper 1/3 of body,
2 hooks at back
end up to15cm

Snails
shell opens on
rtght or tn center

Riffle Beetle
oval body covered
with tiny hairs,
6 legs, antennae,
to 1.5 cm

Crayfish
2 large claws,
8 legs resembles
small lobster,
1.5 cm to 21 cm

t * 1

Crane Fly Larva
green or brown,
plump cater-
pilla.r-like
segmented body,
finger-like lobes
at back er d
.8-5cm

Dragonfly Nymph
large eyes, 6
hooked legs,
2cm to5cm
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Macroinvertebra tes caughtNumber of samples taken

Good Fair PoorSketch Number
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Some Common Stream Macroinvertebrates  cont'd!

Name or description
 use metric ruler to note approx. size!

 Usc back of sheet if necessary.!

Ch~k if appropriate
Looks like an indicator
of water quality
that is:



.Vir inia's State Parks... Your Back ard Classrooms

Pollution Solutions � Questions of Quality

Background

his activity suggests resources
for teachers who wish to use
state parks to collect data on

water quality. The background in-
formation section provides a broad
overview, but independent prepara-
tion will also be required in direct
proportion to the number and '
sophistication of tests to be per-
formed.
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Determining what actually con-
stitutes water of good quality is
quite difficult. Many factors, includ-
ing dissolved oxygen, bacterial con-
tent, turbidity or clarity, .
sedimentation rates, salinity, pH,
and temperature are measured in
water quality research. In order to '
be valuable, data from a location
must be compared with many other
measurements over previous
seasons in order to observe trends
which indicate a change in quality.
In addition to being measured over
time, these factors must be
measured at various depths and
locations. Indicator species � plants
and-animals associated with water
of. various quality � are also useful

in evaluat-
ing water.
Dissolved

oxygen is an
important in-
dicator, smce

>st species re-
quire oxygen.

Sometimes oxygen
levels can drop

dramatically becausi of sudden
algae population explosions or
"blooms," caused by excess
nutrients. In daylight, the algae
produce more oxygen than they con-
sume. However, such blooms usual-
ly result in a net loss of oxygen,
since it is consumed by the algae in
darkness and by decay organisms
when the algae die. !.:stuaries are

particularly vulnerable to low dis-
solved oxygen in summer, when
warmer water. promotes algae
growth, yet holds relatively less
oxygen than cooler water.

Turbidity  or lack of water
clarity! may be measured with a Sec-
chi disk. The Secchi disk is a black
and white weighted disk attached to
a line. The depth at which one can
no longer distinguish between the
light and dark areas is the Secch:i
reading. Low water clarity indicates
a large number of particles
su~nded in the water. The par-
ticles may be inorganic, such as silt,
or organic, from plankton or decay-
ing matter. Low water clarity
decreases the amount of sunlight
available for photosynthesis.
Suspended particles can interfere
With filter feeding and respiration
through gills.

pH is a measure of how acid or
basic the w'ater is. pH is usually
measured with papers or meters. A



Pollution Solutions � Questions
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neutral pH is 7, with j being most
acid and 14 being most basic. The
pH scale is logarithmic, so the dif-
ference between two pH units repre-
sents a ten-fold difference in pH.
The pH of normal rain water is
around 5.6.

Pollution sources are frequently
referred to as "poiaV' or "nonpoint"
sources. Point sources have an iden-
tifiable origin, such as a waste
pipeline from an industry or sewage
treatment plant. Nonpoint pollution
is carried into waterways primarily
by rain water runoff from urban
areas and the countryside.

The question of what constitutes
clean water is somewhat subjec-
tive � different standards apply to
different uses: clean enough for sail-
ing is not necessarily clean enough
fol' swimming. Perception of pollu-
tion is generally associated with
levels known or suspected to impact
on thc natural biota and biological
processes. Distortions of reproduc-
tive process«s, changes in species
reproduction rates, abundance, dis-
tribution and diversity, and abnor-
mal physiological responses all
suggest water quality problems.
These changes may, however, also
be catised by natural. factors or com-
binations of natural processes and
rnanemadc cffccts. This complicatcs
the definition and setting of stand-
ards for water quality.

Lessons in water quality testing
need to be presented within the con-
text of the setting. While readings do
furnish hard data, their evaluation is
usually subject to various'interpreta-
tions. Nitrogen

Before the Trip:
1. Prepare a water quality testing

plan. LMany of the tests o escribed in
"Habitat Hunt" can be used to deter-

mine certain types of water quality.
Water quality testing usually invol-
ves the usc of chemicals and chemi-
cal testing procedures. Ikfore
attempting these activiti s with stu-
dcrrts, teachers need to become com-
petent with the specific I;its they will
bc using, learn how to read and in-
terpret results, and be prepared to
implement appropriate safety proce-
dures. Many typew of te. t kits are
availablc at different price ranges,
sensitivities, and levels of user
friendliness. Some schoctl systems
 check with the science supervisor!
already own water testing equip-
ment. Kits by LaMottc and HACH
are used by many teachers.

2. The organization Save Our
Streams  sec "Resources" ! offers a

one-day training program for water
quality analysis. Worksl iops are
held periodically throughout Vir-
ginia. At an SOS workshop, par-
ticipants learn how to cofiduct
chemical tests and biological stream
surveys; becoming qualitied to
adopt a stream and become part of
SOS's citizen moni toring program,
but ar< not obligated to do so.

3. The Field Manual for Wuter
Quality Monitoring offers practical
advice on water quality ti sts. Sour-
ces of kits arc included, as is a
detailed plan which enables stu-

Caledoffiwoodland streams,
hardwood swamps, fresh-and brack-
ish marshes, a pond, tidal creeks, and
Potomac River. Access to all but
woodland streams near visitor center
is seasonally restricted 'and requires
park-provided transportation.
Chippokesi cypress swamps, marshes,
tidal creek and james River reached
via College Run Tr.; a woodland
stream originates behind antique
farm complex  no direct trail!.
Leesytvnniai woodland streams,
hardwood swamps, fresh marshes
and tidal creek all accessible from
Powell's Creek Tr.; Potomac River
flows past picnic area.
Mason Neck: woodland streams,
hardwood swamps, fresh marshes, a
pond, tidal creeks and Belmont Bay
all accessible by Bay View Tr.
Seashore: Chesapeake Bay accessed
from office parking lot; cypress
swamp pools behind visitor center;
salt marshes, tidal creek «nd Broad
Bay reached from 64th St. boat ramp
area; White Hill Lake reached via
bails.
Westmoretatfdi Potomac River, tidal
creek and brackish marshes reached
by Big Meadows Tr.; hardwood
swamps and fresh marshes reached
by Turkey Neck Tr. from end of Big
Meadows Tr.; pond reached by Rock
Spring Pond Tr.
York River: woodland streams, '
hardwood swamps, fresh and brack-
ish marshes, a pond, tidal creeks and
York River all reached on foot from
visitor center.



Pollution Solutions � Questions of Quality
At the Park:

1. With the class, examine site
maps to locate test si tes. Proceed ac-
cording to the plan.

2. Take time to erijoy the natural
features of the park. Water quality
exists within the con:ext of the en-
vironment. Hopefu! I y, serious pollu-
tion will be hard to find in the park,
but there will be opportunities to ob-
serve proper land use management
and some nearly pris tine areas.
These. values and benefits are
among the reasons for pollution con-
trol and are important to environ-
mental education, so enjoy.

Resources

Extensions

Obtain a copy of Baybook. Plan and
conduct water pollution prevention
projects.

Variations

Yo'unger students:
Use only.i few tests and discuss very,
thoroughly.
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dents to organize environmental
data into an index figure which
provides a convenient summary
rating. Each park has a reference
copy of this publication.

4. Select and pre-test kits and
equipment to be sure everything per-
forms as it should. Check the uses
for which tests and equipment are
intended. Not all work equally well
in salt and fresh water.

5. Develop a data sheet for field
, work. 'The sample data sheets in-
cluded with the activities "Habitat
Hunt" and Mainstream" cover
some easily assessed pollution in-
dicators.

6. Visit the park to become
familiar with the aquatic environ-
ments suitable for testing. Select
several test sites.

7. With the class, develop a con-
cept map for "pollution" with at
least 35 terms  see the activity "Re-
searching the Bay" for concept
development directions!. Break the
class into small groups and charge
each with developing a definition of
pollution, based on the concept
developed. Share definitions and .
discuss what pollution is  and is
not!. Put the best consensus defini-
tion on the board;

8. Ask students to give their ideas
about how they can tell if pollution
is present, or if it is not. List their
responses on the board. Lead this
exercise towards recognizing the
r~d to identify and quantify
presence of irdividual pollutants.

9. Tell the class about the planned
field trip. Familiarize them with the
equipment and test kits and point
out how they can be used to test for
various types of water quality.

10. In class, practice doing all of
the tests with appropriate safety pro-
cedures and equipment care. Use
plain tap water, which you may en-
hance with a pinch of something
 nontoxic! for which you will be test-
ing  e.g., salt, vinegar, fertilizer!.

11. Review the park map and
plan logistical details. Organize
items for taking measurements at
each site.

12. If topographic or land use
maps of the area are available, ex-
amine them for uses and features
which could favorably or unfavorab-
ly affect water quality.

FoUow-up:
1. On the return trip, have

everybody on the left side of the bus
look out the left windows, and
record as many sightings of sources
of pollution problems as possible.
Students on the righl. side of the bus
look out the right wi ndow and list
examples of pollution control.

2. Back at school, compile the two
lists, compare and discuss.
~ What negatively impacts the local en-

vironment?
~ What cancels out or compensates?

What improves?
~ What goes into the water? The air?

The earth?
~ Which are point sor.rce problems?

Nonpoint sources?
3. Compile data from the trip.

Look for patterns and trends.
4. Based on the data, ask each stu-

dent to draw his or 1 ier own tenta-
tive conclusions abo ~t the wa ter'
quality of the test siti s, in a written
statement which includes justifica-
tion for the conclusions and sugges-
tions for how to veri fy them.

5. Students take into considera-
tion all that they have seen, thought
about and done for this activity and
rate their local environment A, B, C,
D or F. They then cc mpose in-
dividual  or small group! letters to
the mayor, city manager, commis-
sioner of parks, or other official in-
forming him or her of the grade and
the reasons why it was awarded.
 Whether or not to ai tually send
some of these letters is discretion-
ary.!

Carolina Biological Supply Com-
pany. 1989-90. Biology/Science
Materials. Catalog 60. Main Office
and Laboratories, Burlington, NC
27215.  919! 584-0381.

Citizen's Program for the
Chesapeake Bay, Inc. Baybook-
A Guide to Reducing Water Pollu-
tion at Home. 6600 York Road,
Baltimore, MD 21212. �01! 377-
6270.

HACH Chemical, P.O. Box 907,
Ames, IA 50010. 1-800-247-39�.

Mitchell, M. and W. Stamp. Field
Manual for Water Quality
Monitoring � An Enxrironmental
Education Program for Schools.
2050 Delaware, Ann Arbor, MI
48103. �13! 761-4854.  $6.50!.

Terrell, C. and P. Perfetti. Water '
Quality Indicators Guide: Surface

. Waters. United States Depart-
ment of Agriculture, Soil Conser-
Vation Service, Publication
SCS-TP-161, P.O. Box 2890,
Washington, D C 20013. �02! 447-
3839.

Save Our Streams  SOS!, Izaak Wal-
ton League of America. Offers
workshops,' information, refer- '
ences and a video for teachers.
Call �03} 528-1818 for informa-
tion, or write SOS, IWL, 1401 Wil-
son Blvd;, Arlington, VA 22209.

Virginia Water Contxol Board.  804!
367-0056.


