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Dear Stream Watcher,

Are you ready for the time of your life? Would you like to go
wading, maybe splash and play in the water? How do you
feel about peering closely at rocks, logs and leaves? If you
are moderately (or even extremely) interested in these ideas,
this booklet is for you! This is a publication designed to
provide you, the "Walker," with exciting and informative
methods of exploring vour adopted stream or lake. You can
wade right out into the water and generally assess the
healthiness of your stream!

In order to acquaint (or reacquaint) the "Walker" with
aquatic environments, Chapter One of the manual provides
background information on general stream and river char-
acteristics. Chapter Two presents a brief description of the
small creatures and aquatic plants thar you may encounter
in these environments. Chapter Three addresses selected
methods that are wsed to study aguatic environments. This
will include descriptions of equipment and sampling techni-
ques. Finally, in the Appendix, you will find informative
tables, a key, and a vocabulary list. It is hoped that the
information and experience provided in this guide will make
your exploranons successful. We hope you will have a
wonderful time!





















Studies have indicated that streams draining agricultural arcas penerally
have about 10 times the concentratons of total phosphorus and five
times the concentration of total nirogen than those sireams draining
forested watersheds (Omemik, 1976). Nitrogen levels have also been
found to be abnormally high in channelized streams (USGS, 1982),

Other sources of nutrient loading include wastewater discharges, septic
tank leakages, and runoff from residenual lands.

Toxic Substances

Toxic substances have found their way into the waters of North Carolina
through industmal and mun_. - | wastewater discharges and runoff from
agriculwral and urban lands. In 1979 the number of chemicals used in
commercial production exceeded 3,000 and about 1,000 new com-
pounds were being added yearly (Water Quality Management Plan,
1979). Many of these compounds may be toxic and their combined and
cumulative effects on stream life are litle known.

These substances may be divided inte many categories. The four most
commen divisions are substances causing acute (oxicity and chronic
toxicity, substances which bioaccumulate, and matenals which produce
behavioral modifications. Acule toxicity causes immediate danger or
death 1o organisms. Chronic toxicity is more subtle, producing long-
term effects that may alter appetite, growth, metabolism and reproduc-
tion; possibly leading to death or mutations.

Bioaccumulation is the concentration of a particular substance in an
organism by means of a biological process. The substance may nol be
toxic to that particular organism, but it may reach toxic levels as it
"travels” up the food chain, For example, a toxicant may enter the lower
food chain absorbed by a plant or eaten by an animal. Then the chemical
compound may accumulate and increase in concentration within this
organism’s tissue over tme, Many of these crganisms are, in furn,
consumed in vast guantties by other animals and the loxicants are
concentrated in their bodies, As you proceed higher in the food chain,
suceessively higher concentrations of toxins will be found. Ultimately,
they may become concentrated in humans as well as other animals high
on the food chain. Behavioral modification in response o a toxicant
means that the organism either departs from the affected area or in some
way alters its normal behavior. Examples of this latier behavior might
be a disorientation of the creature or increase or decrease in aggression
towards other crealures.






AQUATIC LIFE

Chapter 11

Benthic Macroinvertebrates

A Glimpse Into Their World

This section will introduce you 0 freshwater benthic macroinver-
tebrates. Benthic means that the animalg live on or in the sedimenis
(substrate) of the water. Macro refers o the fact they are big enough o
be seen withoul using instrumentation, such as a microscope. Inver-
lebrate means that the animal lacks a backbone.

Each type of benthic macroinveriebrale has a preference for centain
living conditions--"some like it cold, some like it hot!” It is by looking
al these conditions that you will be able 1o obtain information on the
health of your adopted arca, (Methods used W find these ereatures ane
discussed later in the kicknet survey section.) Again, this is only a brief
"tour"” of benthic macroinveriebrates--just an exposure (0 some general
characteristics of the varenes you may encounter in your watershed.
Use the pictures in this chapter, and if you feel ambitous or you just
wanl o confirm your identification, try the simple key in the Appendix.
You can use the centimeter ruler on the back cover to help with metric
stz ranges listed for cach animal, Non-insect groups will be addressed
first, then insects will follow. If you desire additional information, extra
references are listed in the Addivonal Readings in the back of the
manual.




»  Crayfish and freshwater shrimp (order Decapoda) are among the
largest of the inverichrales you will collect. Crayfish, resembling
tiny lobsters, hide within the stream banks or under rocks and logs.
Their coloration includes brown, orange, black and sometmes blue.
Freshwater shrimp, on the other hand, are almost transparent, They
may be found in slow areas of most rivers and large streams.

Craylish (order Decapoda)
(size 1.5t0 13 cm)

«  Most of you are familiar with terrestrial snails. But did you know
that they have cousins inhabiting the water? You will find them in
almost every freshwater environment. Snails and limpeis comprise
the order Gastropoda. Gasrropoda literally means "belly-footed,”
and, in fact, there is a muscular portion of the body protruding from
the coiled or cone shell which contains some of the animal’s
digestive ract and reproductive sysiem. These are animals of the
substrates, found creeping on all types of submerged surfaces,

= Clams and mussels (order Pelecypoda) burrow in sofl sedimenis.
They are most abundant and diverse in large nvers. You'll be able
to retricve some clams with a kicknet (described later). However,
if you are looking for mussels you may need to poke around in the
softer sediments. Because mollusks require calcium carbonate
(lime) 1o build their shells, the generally "sofl” waters (low in lime)
in Morth Carolina limit the diversity of this group. There is definite-
ly a knack 1o finding these inlcresting creatures, so perseverc!






















Water Boalman
{size < 1.5cm)

Backswimmer
(size 502 cm)

Walerstrider
(size 210 1.5¢cm)

{Illustrations from Klots)

Water boatmen, backswimmers, and waterstriders, found in the
order Hemiplera, are inleresting bugs 1o walch. They have long,
Navened hind legs, similar W oars, vsed 1o dart about on and within
the water. Be carcful in handling hemiplerans as they can produce
a painful bite. Water boatmen are somewhat flatened and usually
are dark gray, brown, or black, They occur in shallow, slow-moving
sections of streams, rivers, or ponds, The adulis are strong fliers and
may migrate to other water bodies. Backswimmers, as the name
implies, swim on their backs. They are powerful swimmers using
rapid oar-like suokes. They have unusually large eyes and show
considerable color variation. Some have pattierns of color adormning
the head and body, They are abundant in the backwalers of streams,
ponds, and small lakes resung on the surface upside down or
clinging to submerged objects. The semiaquatic waterstrider will
be found "striding” on the surface of streams and rivers. Mosuy you
will see them from early spring (o late autumn under overhanging
banks or in other shaded areas. They have long legs which are
specially modified o allow them 1o skaie over waler without
piercing the surface tension,




*  Alderflics, dobsonflies and fishflies (order Megaloptera) are very
striking in appearance. Malure larvae possess lateral cylindrical
projections and have elongated, stoul bodies bearing dull colors of
yellow, brown and 1an (often they are mouled). The fierce ap-
pearance of some species are in fact indicative of the predatory
behavior they possess. You will locate them in quiet waters and
banks or on large logs and rocks. People who fish find this insect
Lo be one of the finest of all live baits. Be careful in handling large
megalopterans as they can bite.

Dobsonfly larva or hellgrammite (order Megaloptera)
{size to 9 cm) (photo by Jim Page)

*  Some beete species (order Coleoplera) live their entire lifespans in
the water, The adulis have the ability o crawl, swim, or fly. Some
rely on atmospheric oxygen in air bubbles. Found on its stomach,
the bubbles are held in place by fine hairs. One such beetle, the
"silver beetle” derived its name from its bubble--the film of air gives
off a silver-like appearance. The adults are often located in shallow
areas on vegetation or debris, Many will be found clinging to sticks
or logs, One type of beetle, the whirley-gig beetle (Gyrinidae), is
an amusing animal. It literally twirls about on the water surface. [f
you can catch one, smell it; it has an apple-like odor.
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Flies (order Diptera)

Black Fly Larva
{size 3w 1.5cm)

Midge Larva
(size o 3 cm)

Horsefly Larva
(s1ze 1.5 w0 4 cm)

Agquatic worms (Oligochaeta) possess the same fundamental shape
as the terrestrial earthworm, however, most have a more delicate
morphology. Many crawl, although there are a few swimmers.
You'll find them in all areas, especially burrowing in mud and sand.

Last, in this secuon, we come 10 a discussion of the dreaded Leech!
(Hirudinea). Traditon has endowed the leach with an evil and
mysierious aura stemming mainly from medicinal folklore (and
their often slimy appearance). One prime example was the common
use of leeches by the medical profession 1o bleed their patients.
Somelimes, this practice resulted in the patient’s demise! Contrary
to our wild imaginations, only a minorty of these creatores will
take blood from a warm blooded animal. Most are nonparasitic,
finding their food by scavanging and predation. Oftentimes, they
are quite beautiful --brightly colored and pauerned. Worm-like but
Nauened, they possess suction disks on either end of their bodies.
Leeches occur in shallow warm waters under objects of conceal-
ment.

il






Aquatic vegelation can be found in all streams, rivers and lakes of North
Carolina, Plants provide oxygen, food, and shelter for aquatic or-
ganisms. Aquatic plants stabilize the botlom sediments. Some aquatic
plants are referred (o as "weeds,” growing so profusely that they crowd
out the more desirable plants, This in wurn may detract from the useful-
ness and the appearance of the water and possibly decrease diversity of
habitats and organisms in streams and rivers. The following list contains
seven groups of North Carolina’s most problem weeds.

+  Greenand bluegreen algae are microscopic plants suspended in the
walers of ponds, lakes or slow-moving rivers. Mentioned earlier in
the ecology seclion, some species may become so abundant that
they may imparl a "pea-soup” green or brownish color 1o the waler,
A few types form a scum-film on the surface, Some filimentous
typies may become dense enough to form mats covering the entire
water surface. Such maiws may interfere with irrigation, livestock
waltering, boat navigaton, swimming and fishing. Natwral dieoff of
the plants may deplete the dissolved oxygen in the water causing
fish kills. Some species will release loxins inlo the waler,

*  Alligator weed (Alternanthera philoxeroides) is a semi-terrestrial
plant. It occasionally akes root on the land. In water, it forms a mar
which is loosely antached or free floating, Its hollow stems grow o
one meter in height. Its fleshy leaves are plossy green, oval in shape,
and 5-13 cm long. The leaf axils may have a few hairs, Alligator
weed mats can block boat traflic and impede waiter flow,

*  Water primrose (Ludwigia repens) occurs in the shallow waters of
ditches, ponds, streams, and reshwater marshes. [t may grow up to
50 ¢m all. The leaves are elliptical in shape and are opposite each
other on the stem. Leaf coloration is either dark red or dark green.
This plant is commonly sold as an aquarium plant.

*  Eurasion watermilfoil (Myriophyllum spicatum) is a submerged
aquatic plant rooting in the bottom mud of fresh to brackish waters.
Its red or brown stems grow 2-3 m (about 6-9 f.) in length and
contain olive green leaves in whorls of six.







They appear feather-like. The thick growth of the weed can negatively
alfect shellfish and fish. It can destroy the overall appearance of the
waler, detracting from boating and other recreational uses.

*  Hydrilla (Hydrilla verticillata Royle)is an introduced species of
agquatic plant which, though reoted in the spring and summer, has
long, branching stems that break off in the fall to create a mat of
floating vegetation. It has short, pointed leaves arranged in muoltiple
whorls of three 1o five around the stem. The leaves have sharply
toothed margins, and tiny spines on the edges give the leaves a
slightly cninkled appearance. The plant is coarse in texiure. It also
produces a characteristic wwber in the soil. The wbers are about the
size of a pea, white to brown or mottled black, and shaped like a
bent tear drop. Hydrilla is one of the most threalening aquatic plants
found in our streams and lakes. It was brought into the country for
use in aquariums and sold under the name of "star vine” and
“oxygen plant.” Hydnlla has been replacing other aquatic planis in
our waterways. Large populations have developed in some
southeastern states. This has created extensive problems for the
sport fishing enthusiast, and it has reduced overall waterflow in
many areas producing boat raffic problems. Its spread is facilitated
by [ragments attached to boat trailers. I you spot hydrilla in North
Carolina waters, please nolify the Aquatic Plant Conuol Coor-
dinator, Division of Water Resources, P.O. Box 27687, Raleigh,
NC (919) 7334064,

»  Brazilian elodea (Egeria densa) is another submersed aguatic plant
that has been introduced into this country. It is found rooted, or
drifting when broken loose. [ts stem is slender, and the leaves ane
1-3 cm long. Il closely resembles hydrilla, but the leaves of
Brazilian elodea have numerous tiny spines on the margins that are
too small 1o be seen with the naked eye. Unlike hydrilla, they have
asmooth texture, The leaves are in whaorls of [our toeight. Brazilian
elodea can produce large mats of vegetation in slow-moving waters.

»  Slender naiad (Najas minor) will be found in large freshwater lakes,
reservoirs, and streams in clean waters 1 to 5 m deep. It has slender,
branching stems up to 3 m long with narrow, ribbon-like leaves.
The spiny leaves are curved away from the stem and frequently
grow in clusters. The stems are very brittle and break with almost
no resistance. The plant’s coloration varies from a reddish hue o
an olive green, Il severe infestations of this introduced species
occur, navigational problems can arise.










SELECTING ASTUDY TYPE
Chapter I

BEFORE YOU GET YOUR FEET WET

The first step in developing a study program is to familiarize yourself
with your adopted area. Begin by gathering maps of your watershed.
United States Geological Survey wopographic maps are best for learning
the characteristics of the watershed (see Appendix F). They will probab-
ly be the most aceurate maps you will find, County maps are vital in
finding the locations of possible study areas inrelation w road crossings.
Further, it will be helpiul if you use the maps to explore the watershed.
Try 1o get a feel for land use characieristics, including agricultural areas,
mining and natural forests. Knowing the surrounding lands leads o a
better understanding of your adopled area.

Once you have a general understanding of the watershed, choose a
section of the stream or river (o be monitared, Just remember not 1o take
on too much, Try and maimtain a sense of cnjoyment and ease when
developing your study section.

In choosing a study area, locate one that is accessible, Consider the land
you must cross, the descent 10 the siream and the water depth. I you
must traverse private lands, getin touch with the owners for permission.
ILis very possible that you may arouse their curiosity and they may wish
to help, However, if trouble arises, try and find another site. Remember,
the area of exploration should be simple to get into and out of, and it
must be wadeable. If the area is too deep, there are sampling lechniques
that can be carried out in a boat. However, these won't be included in
this manual,

Mow that you've gathered your information together, proceed 1o the next
section for discussions on sampling technigues.






SURVEY SELECTION
VISUAL SURVEY:

The wisual survey requires little equipment. Basically, you'll need
pencils, paper, stream map, and (if possible) hip boots and a camera.
Depending on your goals, additional equipment could include a walking
stick, (for balance, probing, and depth measurement}, thermometer, data
sheets, pH paper, and problem recognition tables (Appendix B, provided
by the [zaak Walton League of America).

The visual inspection is a great excuse for a hike, observing the nature
of your habitar. Participants should inidally map their segment This
process may be as primitive or as complicated as desired. The important
thing is that the map is both legible and understandable. Your first walk
should be used 1o map your segment.

Gather your gear and simply walk the segment recording the stream”s
characteristics. You may want to sketch the segment as you go along or
note details and draw it later. For your map, note the meanders, width
of the stream or river, and depth, Again, try to obtain a general picture
of morphology. Once the segment is walked, retrace your Steps to assure
correct information. A sample map is located on the following page. For
your convenience, make copies of your map(s), put the original in the
handbook and take a copy along during your walk. You can conduct
your first survey during this "map walk” if you wish. However, you may
wish 1o wail for the overall view provided by the finished stream map
before conducting your survey. A camera can be a great way 10 docu-
ment any unnatural or natural characteristics in your stream. Remember
10 note the date, ume, location, and photographer's name on your record
sheet or map.

During your walk, remember the general traits inherent in streams and
rivers. However, don't forget that each stream will have some individual
characienstics, The purpose of the walk will be 10 probe past the
generaliues and into the detailed character of your adopled segment.
Observe the bottom--is il rocky or sandy? Is there an abundance of
vegetauon? Do you smell any unusual odors? What is the color, is the
water tinted? Are there point source dischargers? Did you see any trash
dumps? 15 there anything obstructing the flow of water in your stream?
Are there any fishing or swimming holes? Who uses the stream, and
what are their needs and concerns? All of these traits, and many more,
make up the character of an individual water body.

29












MNow thal your equipment is ready, all you'll need 1o do is find these
exquisite creatures. Then by counting the number of different kinds,
you'll be able 10 determine the peneral health of your stream or river,
(See Appendiz E for gross waler qualily assessment. This table
describes how to interpret your kicknet data, This was also provided by
the Tzaak Wallon League.)

Using the kicknet 15 simple. Be sure o proteet your feel from sharp
objects in the stream, Put on hip boots or old sneakers for wading. The
following directions on the kicknet methed are from an article published
by the Izaak Walton League of America.

1. Selectariffle area, that is, a shallow fast-moving area.

2, Place the kicknet at the downstream edge of the nffle. Be sure that
the bottom of the net fits tightly against the stream bed so no
creatures can escape along this point. Also, ry not o allow any
waler Lo flow aver the screen top.

3. Disturb the stream bed for a distance of three feet upstream of the
nel. Brush your hands over all the rock surfaces 1o dislodge any
attached insects. Stir up the bed with hands and feet until the foot
area has been worked over. (Remember w be careful of your
hands. Watch for objects that might cul) All detached creatures
will be o Tied into the net,

4. Whenstep 3 is completed, remove the net with a forward scooping
motion. The idea is w0 remove the net or screen without allowing
any of the critters to be washed from its surface.

5. Place the net on a flat, light-colored area. Using tweezers, pick all
of the creatures from the net and place them in a pan. Or, just wash
the creatures inw . light-colored bucket where they may be easily
seen. Any creature moving, even if it looks like a worm, is part of
the sample. (Do nol miss snails and clams.) Look closely since
most of these organisms are only a fraction of an inch long,

6. Onceall animals have been removed from the net (excluding any
fish or other vertebrates--throw these back quickly so they might
survive the stress of being ool of their habitat), count the 1otal
number, Then separate them inio look-alike groups. Use body
shape and number of legs and tails primarily since the same family
can vary some in size and color.
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7. If the siream seems 1o have a problem, for example, no bugs arc
found, take a quick second sample from another spot, preferably
a riffle. If your results are similar, vou might want o check
another spot aboul a quarter mile upstream. When you find a
place where the variety of benthic creatures is greater and the
numbers are more balanced, then you know the problem occurs
between that spot and where you last tested downstream, The
general key in Appenix A is provided 1o be used in identifying
the creatures 1o order.

8. Sometimes, it can be difficult 1o locate a riffle. For example, in
an ared where there 15 excessive sand, boulders and rocks ane
often completely covered, In these cases remember that a riffle
is an area of wrbulence. It may be composed of rocks, logs or
even an old car! Look for large stationary objects. Things which
have “weathered” in the stream for a while. (The critters need
Lime to make these objects home.) Then kick around them much
as you would rocks. However, if the substrate is covered with
sand or composed entirely of bedrock and a "kickable” nffle does
not exist, you ean use the bank habilats. For example, place your
net downstream of submerged tree or grass roots and kick inand
around them. Make sure that this 15 an area where water 18
Mowing or there is current.

ADDITIONAL SURVEYS:
1. Sweep Nel Survey:

Muost people are familiar with the dip nets used for fishing. A sweep net
is similar in construction, but the mesh of the net is smaller. In fact, the
net mesh found on a sweep net is smaller than the mesh used on most
kicknets.

Il your group has the moncy, you can order sweep nets from scientific
supply houses, However, a very adequate net can be simply and inex-
pensively constructed by arranging screen mesh over an old dip net
frame. This net will not be ideally correct, but will be useful for
collecting a wide variety of creatures.

To perform a sweep nel survey, lake your nel and sweep around the
banks of your stream. Sweep in and around tree roots and other vegeta-
tion, Then, stir the sediment near the stream bank with your foot and use
the sweep net o scoop up the creatures jarred loose.  Dragonflies,
damselflies, mayflies and snails will ofien be tfound in a sweep net
sample.




2. Diversity Survey:

The abject of this type of survey is o increase the variely of bugs
collected, You will be searching for those creatures that are difficull to
oblain with the previously described methods. This is one of the most
enjoyable of the surveys. Simply, it is a nature hike. The investigator
walks along the stream carefully examining the tiny habitus found on
logs, leaves, boulders, rocks and any other substrates encountered (this
includes man-made materials such as cans, tres, stoves, ¢ic., don’t limit
yourselves), Often, beetles and limpets will be nestled into the crevices
of an old rotting log. Mayflies (oo are found on these habitats, Every so
often a megalopteran will be found clinging to the underside of a rock
or inside a un can. You'll discover the habitats of many of the bugs you
found in your kicknet samples.

3. Pristine Survey:

Before you try out your kicknets ona segment of niver where you suspect
waler quality problems, you may wanl 1o take your group for a practice
run on a known pristing segment. Here you can try oul your sampling
technigues and get a feel for where the critters like to hide. Encourage
participants to Lake wms picking out the invertebrates, and begin o get
an idea of what naturally occurs in a relatively clean and undisturbed
environment.

4. Other Kinds of Activities:

Remember that biomonitoring 1s not the only type of activity Stream
Waich groups can do. Consult the 1989 Stream Waich Action Guide for
informauon on chemical monitoring, sediment monitoring, working with
walter quality permits and designation |, clean-ups, educauon and recre-
ation, and historical and cultural activities. Contact the Stream Watch
Coordinator at the address on page i for information on these topics
and on receiving the Action Guide; or you can find it on the web at :
www.dwr.ehnr.state.nc.us/wrps/swactive . him.
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APPENDIX A -- Key 1o Benthic Macroinvertebrates

Adapted from a key by John Kopec and Swan Lewis, Ohio Scenic
Rivers Program

The following key is a general guide (o the orders of benthic macroin-
vertebrates found in North Carolina®s streams and rivers. To some, the
key may appear complicated, however, when you understand how it
works, it is quite simple. When reading the key, you will make a series
of choices that will correctly match the observable traits of the inver-
tebrate. You will be given two alternatives and will choose one that
applies 1o the particular animal, You will then proceed as dirccted by
the numbers at the end of the sentences to the next set of aliematives or
until an end point is reached. Atthe end point, you will come to the order
of the animal in question,

GO BELOW TO
(1) Body wormlike, may or may not have legs;
if legs present, they are not distinet ................. SR 2
(1) Body not wormlike, of if wormlike has
ISUNCL YRR i s i s

WIEHLIKE NOT WORMLIKE

.——'-.-F.--.-F.-
o
S
{2)  Bexly with no legs, without distinet
head MEEION ....ocviccciriicsssennesrrsssenssersssssssersrsss s enss s sessressasss 3
{2) Body with very small, indistinct legs,
wilh no distincl head region ... 3
D LEGS
: M = e
Skt /

(3)  Body with large suction disc at each
end; body segmented: LEECHES (Hirudinea)

LT

(3)  Body without a suction disc at eitherend .........ooeeeevrvvevnrn. 8
A



(4) Buody black or brown; more than 1 cm long;
plump and caterpiller-like: -
CRANE FLY LARVAE (Tipulidac)

(4) Body thun and earthworm-like; usually

less than one inch long:
AQUATIC WORMS (Oligochaeia)

(5) Oneend of body wider than other end:
BLACK FLY LARVAE (Simuliidae)

() Both ends of body almost same width:
MIDGE LARVAE (Chironomidac)
Lo

[T

(6)  Thin, hair-like tails present; if tiny hairs on
the tails, hairs not juim:d_ by oar-like membrane ........covmea§

(6) Tails absent, or if present, broad and car-like ...

g

(7)  With three 1ails {occasionally two) and one hook
at the end of cach leg:
MAYFLY NYMPHS (Ephemeropiera) M

=k Safly =g

(7)  With two tails and two hooks at the end of each leg:
STONEFLY NYMPHS (Plecoptera)

(8) Body beetle-like:; with legs: ADULT RIFFLE BEETLE (Elmidae)

(8) Body not beetle-like; with or without Jegs ... 9
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9)

(9)

(10)

(10)
(1

(1n

(12)

(12)

(13)

(13)

(14)

(14)

Body gn:nr.‘.m]iy long and cylindrical, or short and rounded
with six IL.g,R (DD NOT CONFUSE LATERAL APPENDAGES

Br.-d_*.r not as above; or if c:,flmdnca] with more than six
legs ... e T el
With a hinged, plate-like lower jaw (Tabium) ..., 11
Piahiue]
BOTTON
Wifw
With three broad, oar-like tails (1ails break off casily):

DAMSELFLY NYMPHS (Odonata: Zygoptera)

Without broad, car-like tail: DRAGONFLY NYMPHS (Odonata:

Anisoplera) .I gé g

Hair-like or tentacle-like lateral appendages extending from side
of body (usually longer than body with).........ccccoeirvrrennene 13

No such appendages. .. ... ssssrasaesassssssssesss 19

Body dark colored, usually more than 1.5 cm long, two pairs of
hooks at end of abdomen; DOBSONFLY LARVAE
(Hellgrammites) (Corydalidae)

Body light brown, white or other light colors; less than 2 ¢m
long: BEETLE LARVAE

P

One or two hooks or claws at or near end of abdomen:

CADDISFLY LARVAE Hﬂchwm;ﬁzﬁi

Mot as above (no hook): BEETLE LARVAE (Coleopiera)

1o roor— <SR



(15)

(15)
(16)
(16)
(17)

a7

(18)

(18)

(19)

(19)

(20)

(20)

With two large claws and eight legs: CRAYFISH (Cambaridae)
ey

With 5ix.0r MO 1BE5 .coinminnsiimummmmnssmamiasinna L T
Legs absent; body covered by a shell ... 19

Body saucer-shaped; aboult the diameter of a pencil eraser (these
have very small legs under the shell): WATER PENNY BEETLE

LARVAE (Psephenidac) %

Tor BT

Mot as above; with more than Six I8ES ....vvieemmmmmresimonsrenns | B

Body much higher than wide: SCUDS {(Amphipoda)

R

Body much wider than high: ISOPODS (Isopoda)

Body shell composed of two hinged parts: CLAMS (Pelecypoda)

Body shell singular or coiled: SNATLS (Gastropoda); see 20

Shell opening on lefi; POUCH SNAILS (Physidae)
o 9
[ L

Shell opening on fght or in center; OTHER SNAILS

&
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APPENDIX B

STREAM DIAGNOSIS TABLES

"How can I tell what is wrong with my stream?” Just like diagnosing a
person or pet who is sick, you lake all the symploms and signs together
and try 1o hazard a puess, These tables are 1o help you know what kinds
of problems you might have in your area and the obwvious signs of those
problems. Read each wable several limes allowing yourself 1o get a feel
for threats 1o streams. You may even want to lake these tables with you
when you next visit your stream.

Table 1. Characteristics of Surrounding Area Draining Into Stream

Forests

Farmland
(crops, pasture
and feedlois)

Urban Selling

Industries

Sewage(lreatment
plants or pipelines)

Mining

Construciion

Check for sedimentation (cloudy or muddy water)
from erosion caused by lopging, road building or
any clearcutting.

Check for excessive algae growth caused by fer-
tilizers or manure draining into steam. Also
walch for sedimentabon caused by poor farming
practices and posible pesticides.

Urban run-off can carry with 1t all soris of pollu-
ton including metals, salts, chemicals and oil.
Insect counts may indicate the presence of one of
the above, but chemical analysis may be necded
Lo pinpoint il

Because of the vanety of by-products of industry,
the stream should be tested lor both organic and
loxic substances. Keep an eye out for excessive
algae and absence of animal life, such as insccls
and fish,

Look for organic pollution indicated by absence
of some aquatic organisms and/or exweme abun-
dance of others.

Check for sedimentation and acid drainage. Acid
trainage can be detected by a low pH, A yel-
lowish-orange deposit may be present on bottom.

Land disturbing activities such as development
and road building are the leading cause of erosion



Residential (homes)

Lawn ferulizer, delergents used for washing
clothes or cars, oils drained from autos and grass
clippings are common forms of residential pollu-
tion. Keep an eye open for excessive algae growth,
white foam greater than 3 inches high, color sheen
on surface or absence of organisms in insect
counts.

Table 2. Physical Indicators of Water Pollution

A. Color of Stream:

Gireen

Orange-Red

Lighi
Brown (muddy or
cloudy)

Yellow
Coating on Stream
Bed

Multi-color
reflection

If the stream is excessively green, this could be an
indication of nutrients being released into the
stream, feeding algac.

What To Do

Check watershed for possible fertilizer or manure
run-off areas.

Orange to red deposits could be caused by acid
drainage.

What To Do

Check watershed for mining and watch for in-
dustrial waste draining into the stream,

Sediment deposition caused by erosion.

What To Do

Search upstream for disturbed ground left open o
rainfall. Remember, if the source i a drainpipe,
don't stop there.,

Indication of sulfur entering the stream

What To Do;

Check upstream for industrial waste or coal-using
operation,

Indicates oil floating in sream.

B



Absence of fish.

What o do:

Chemical analysis is needed o find the source, but
check upstream 10 see where it begins.

Thisisa good indication of 2 badly stressed stream.,
The cause could be urban run-off, sewage seepage
OF LoXics entering the stream,

What to do:

Chemical analysis is needed 10 find the source,
But, again, check upstream to find where it begins,



Yellow brown Lo
dark brown water

White
Couony masses on
stream bed

B. Stream Odor:

Rotton egg odor

Musky odor

Chlorine

Chemical

C. Foaming:

What To Do:
Check closely upstream for source--waste o1l may
have been dumnped along the stream

Acids relcased [rem decaying plants,
What To Dao:

Naturally occurs each fall when dead leaves collect
in the strcam. Also common in streams draining
marsh or swampland,

Could be "sewage fungus.”
What To Da:

The presence of this growth indicates sewage or
other organic pollution.

Indicates sewage pollution. Odor may also be
present in marsh or swampy land,

May indicate presence of untreated sewage, live-
stock waste, algae or other conditions.

This may mean thal a sewage treatment plant is
over chlorinating their effluent.

May indicate the presence of an industrial plant o
the spraying of nearby agricultural land,

When white, and greater than 3 inches high, it may
be due to delergents,

What To Do

Check upstream for industrial or residential waste
entering the stream,

Table 3. Fish as Biological Indicators of Water Quality

Odd Behavior

Jumping oul or non-responsive action of fish may
indicate wxic substance in the stream.












APPENDIX D - STREAM SURVEY DATA SHEET

Water appearance:

milky
colored sheen (oily)
brownish
other

good cover

Stream bed coating:

orangetored
yellowish _ =

black
brown.
NORE e

(70% - 100% of bank soil covered by plants, rocks and logs)

poor cover

(less than 30% of bank soil covered by plants, rocks, and logs)

lair cover

(30% - 70% of bank soil covered by plants, rocks and logs)

Stability of stream bed:

Did the bed sink beneath your feet in:
. [Cnospots __ [1afew spots _ [ many spots?

Width of study area:

_ farming

pool section riffle section_

Depth of sudy area:

pol section__ riffle section__
Speed of stream”s Mow_

Land use in watershed:

__homes _ siores factories
__woods ____ fields



Litter:
Average number of small and large items

paper, small trash cans and botles Lires, carnis, elc.,
N = [0-5 __[Ds
__[s10 [5-10 [5-10
1 10-50 [10-50 [10-50
[ morethan 50 ___ [more than 50 ___[“more than 50
Barriers o fish movement:
walerfalls dams beaver dams
none other

Structure causing a water level difference of one foot or more:

__walerfalls dams _  beaver dams
none ___other
Are there any discharging pipes? [ yes [ Ino

If 50, how many discharging pipes are there?

Alpae: Is the algae located: Is the algae:

light green [ everywhere || matted on the stream
darkgreen L inspots [ 1 bed [ |

brown coated [ hairy[_|____

other L_______ other_

Whal is the average bottom coverage of algae in the stream? %

Aquatic life:
fish __[_scattered individuals crayfish [ Iscarce
[ Tscattered schools _ [ Jabundant

Macroinverichrales:
Number of insects
Mumber of kinds_

Additional comments which describe the stream;



APPENDIX E
GROSS WATER QUALITY ASSESSMENT

Table 1. Gross Stream Quality Assessment from Kicknet Samples

The stream is raled DEAD F:

a. the number of organisms/square foot sampled is less than 1,
and

b. no fish are observed along a walk of 100 feet of the stream
channel.

Suspect a severe toxicity problem.,

Stream quality 15 POOR if:

a. the number of organism/square
foot sampled is more than 1 (i.e., 20 insects/3 fL x 3 fi. = 209
=approximately 2 or 3 insecis),

b. 90% or more of the organisms (excluding the head) are red,
white or gray in color; they resemble the midge or blackfly

larvae, or

c. you can pick oot only 1-2 kinds of organisms with the unaided
eye,

d. one kind makes up 90% or more of the sample, and

e, no fish are observed during a walk of 100 feet of the siream
channel.

Suspect a moderate toxicity or severe physical problem.

Stream quality is FAIR if:

a. the number of organisms/square foot sampled is more than 1,
b. 229-30% of the organisms (excluding the head) are lan,

brown, black or green in color; they resemble the caddisfly or
mayfly larvae,



. you can pick out only 3-6 kinds of organisms with the unaided

eye,

d. no one kind makes up 90% or more of the sample, and

e. fish are observed during a walk of 100 feet of the stream

channel,

Suspect a muld toxicity or moderate physical problem or
excessive organic enrichment.

4. Stream quality is GOOD if:

a. the number of organisms/square fool sampled is more than 1,

and

b. 30% or more of the organisms (excluding the head) are tan,
brown, black or green in color; they resemble the caddisfly,
mayfly or stonefly larvae, or

. you can pick oul six or more kinds of organisms with the

unaided eye,

d. no one kind makes up more than 50% of the sample, and

e. fish are abserved during a walk of 100 feel of the stream

channel.

No significant stream quality problems present.

Table 2. Insect Count and Water Quality

In the case of:

Great variety of
insects with a few
of each kind.

Less varicty of
insects, with
great abundance
of each kind.

Only one or two
kinds of insects,
with greal
abundance.

Look for:

Clean water

Walcr overly enriched with organic matter

Severe organic pollution



Mo insects, but Toxic pollution
the stream
appears clean

Stream Problems and Their Impact on Insect Life:

a. PHYSICAL PROBLEMS -- may include excessive sediment
from erosion or a pipe discharge. The sediment may create
poor riffle characteristics and contribute 1o excessive flooding,
reduced waler in stream, extreme lemperatures, smothering of
insects. The results will usually be a reduction in the number
of all animals in the study area.

b, ORGANIC POLLUTION -- is from excessive human or
livestock wastes or high alpae populations. The resultis
usnally a reduction in the number of kinds of insects, and it
seems o favor collectors/scrapers (such as the caddisflies)
with a large increase in the number of organisms per study
area,

¢. TOXICITY -- chemical polluntants such as chlorine, acids,
melals, pesticides, oil. The resull is vsually a reduction of the
number of inscets. Usually a toxic problem is the only
condition which will render a stream totally devoid of all
insects,



APPENDIXF -
TOPOGRAPHIC MAPS

As you become familiar with the land uses in your walershed, you may
wish to use lopographic maps to help identify polential problems and 1o
accurately locate the course of your stream and any tributaries it might
have. Topographic maps are imporant wols for planning, and most
professionals you might deal with, such as those at local, state, or federal
agencies, will understand you best if you can indicate where problems

lie on "topa” maps.
Although lopo maps come in various scales, the mast useful for looking
at your waltershed will probably be in the "7-1/2 minute quadrangle

series.” These maps have a scale of 1:24 000, which means that one inch
equals 24,000 inches or one meter equals 24,000 melers, etc,

Topo maps are made using aerial photographic methods with some field
checking. The colors and symbols on the maps will tell you a great deal
about the area covered. Black is used for man-made objects other than
major roads and urban areas. Houses and other buildings will appear as
small, black rectangles or squares. Blue is used for all water-related
features such as streams, lakes, and marshes, Contour lines are brown,
and vegetation is green. Red is used for major roads and land survey
lines. Pink indicates urban areas, and purple shows up on interim maps
where changes have occurred since the previous edition,

If you would like a free copy of all the symbols used on topographic
maps, or if you need to purchase iopo maps, you can write to or call the
ULS. Geological Survey (USGS). Local maps may also be available from
local outdoor stores, blueprint shops, or your city or town offices. If not,
you can buy a 7-1/2 minute series map directly from USGS for about
$2.50. You can figure out which map you need by looking at a "state
index” which you can find at places that sell them or use them or by
contacting USGS. The Stream Watch Coordinator may also be able o
help.

Morth Caroling Geological Survey
Division of Land Resources
NCDENR

1612 Mail Service Center
Raleigh, NC 27699-1612



VOCABULARY LIST

acute toxicity: Any poisonous effect produced by a single short-term
exposure, that results in severe biological harm or death,

adaptation; A change in structure or habit of an organism that produces
better adjustment to its surroundings.

acclimation: The physiological and behavioral adjusiments of an or-
ganism (o changes in the environment,

aerobic; Life or processes that depend on the presence of oxygen.

algae: Simple plants which do not grow true roots, stems, and leaves
and which live mainly in water providing food for the food chain.

anaerobic: Life or processes that can occur without free oxygen.

aquifer: An underground bed or layer of earth, gravel, or porous stone
that contains water.

assimilation: The ability of a body of water to purify itselfl of pollutanis,

autotrophic: An organism that produces food from inorganic
substances.

|

bacteria: single-celled microorganisms that lack chlorophyll.

hed material: The unconsolidated material of which a stream bed, lake
or pond is composed.

benthic rezion: The bottom layer of a body of water.
benthos: The animals and plants that inhabit the bottom of a water body.

bioassay: Using sibling organisms 1o measure the effect of asubstance,
factor or condition,

biochemical oxygen demand (BOD): The dissolved oxygen required
1o decompose organic matter in water. 1t 15 a measure of pollution singe
heavy waste loads have a high demand for oxygen.

biodegradable: Any substance that decomposes quickly through the
action of microorganisms.,

biological control; Using means other than chemicals to control pests,
such as predatory organisms, sterilization, or inhibiting hormones.



biological magnification: The concentration of certain subsiances up
a food chain, A very imponant mechanism in concentrating pesticides
and heavy metals in organisms such as fish.

biomass: Amount of living matler in a given unil of environment,

biomonitoring: Use of living organisms to test water qualily atl a
discharge sile or downsiream,

biota: All living organisms that exist in an area,

bloom: A proliferation of algae and/or higher aquatic plants in a body
af water, often related to pallution.

BOD: The amount of dissolved oxypen consumed in 5 days by biologi-
cal processes breaking down organic matter in an effluent.

bop: Wet, spongy land usually poorly dramned, ghly acid and rich in
plant residue; the result of lake eutrophication.

buffer strips: sirips of grass or other grosion-resisting vegelaton be-
tween disturbed soils and a stream or lake.

c— — —

carbon dioxide (C02): A colorless, odorless, nonpoisonous gas nomal-
ly part of ambient air, a result of fossil fuel combustion, aerobic
respiration, and decomposition.

cfs: Cubic feet per second, a measure of the volume of water passing a
given point; refers to an amount of flow or discharge.

channelization: The modification of a stream including the straighten-
ing of sream meanders for the use in controlling floods, improving
navigation, relocating streams for highway construction, and draining
wetlands to increase agricultural productivity.

chemical oxygen demand (COD): A measure of the oxygen required
to oxidize all compounds in water, organic and inorganic.

chlorinated hydrocarbons: A class of persisient, broad-spectrum
chemicals, including insecticides, notably DIDT, that linger in the en-
vironment and accumulate in the food chain,

chronic toxicity: Long-term effects that may be related to changes in
appeltite, growth, metabolism, reproduction, and even death or muta-
tions.

clear cut: A forest management technique that invelves harvesting all
the trees in one arca at one time, Under centain soil and slope conditions
it can contribute sediment to water pollution,



combined sewers: A system that carmes both sewage and storm water
runoff, In dry weather all flow poes to the waste treatment plant. During
a storm only part of the Mlow is intercepied due to overloading, The
remaining mixwre of sewage and storm water overflows untreated into
the receiving stream,

conservation: The protection, improvement, and use of natural resour-
ces according to principles that will assure their highest economic or
social benefits.

contour plowing: Farming methods that break ground following the
shape of the land in a way that discourages erosion,

cover: Vegetation or other material providing protection.

culvert: A closed passageway (such as a pipe) under roadways and
embankments which drains surface waters.

D_

decomposition: The breakdown of matter by bactena and fungi.

degrading: Progressive deterioration of physical characteristics.

depositional zone: An area of a stream in which one current is relatively
slow and small particles fall out of suspension and become deposited as
silt on the stream bottom.

dissolved oxygen (DO): A measure of the amount of oxygen available
for biochemical activity in a given amount of water. Adequate levels
of DO are needed 1o support aquatic life. Low DO concentrations can
result from inadequate waste reatment.

dredging: To remove earth from the botom of water bodics using a
scooping machine.

dump: A site used to dispose of solid wastes without environmental
contrals,

E——— ———

ecology: The relationship of living things o one another and o their
environments, or the study of such relationships.

ecosystem: The intcracting system of a biological community and its
nonliving surroundings.

efMuent: An outflowing branch of a main stream or lake; waste material
(i.e., liquid industrial refuse, sewage) discharged into the environment,



enrichment: Sewage effluent or agricullural runofT adding nutrients
(nitrogen, phosphorus, earbon compounds) to a water body, greatly
increasing the growth potential for algae and aquatic plants.

environment: The sum of all external conditions affecting the life,
development and survival of an organism,

erosion: The wearing away of land by wind or water,

erosional zone: An area of a stream in which the water velocity is fast
enough to carry small particles in suspension,

estuaries: Arcas where fresh water meets sall waler (bays, mouths of
rivers, salt marshes, lagoons), These brackish water ccosystems shelter
and feed marine life, birds and wildlife,

eutrophication: The slow aging process of a lake evolving into a marsh
and eventually disappearing.

o

fecal coliform bacteria: A group of organisms found in the intestinal
tracts of animals. Their presence in water indicates pollution and pos-
sible dangerous bacterial contamination.

fen: Low-lying land partly covered with water.

filter feeder; An organism that obtains food by passing water through
a filtering mechanism,

Noodplain: Low area of land, surrounding streams or rivers, which
holds the overflow of water during a flood.

Mow: The direction or amount of movement of water in a stream or river,

food chain: The transfer of food energy from the primary source, plants,
through a series of organisms with repeated eating and being eaten. For
example, algae to aquatic insects to small fish to larger fish (o fish-eating
birds 10 mammals.

by R

game fish: Species like trout, salmon, bass, etc. caught for sport. They
show more sensitivily o environmental changes than "rough” fish,

groundwater: A supply of freshwater under the earth's surface which
forms a natural reservoir.



H S _

habitat: The sum of environmental conditions in a specific place that
is occupied by an organism, population or communily.

half-life: The timé taken by cenain materials 1 lose half their strength.
For example, the half life of DDT 15 15 years: of radium, = ™ 0.

hardness of water: A physical-chemical characteristic that is common-
ly recognized by the increased quantity of soap required 10 produce
lather. Mainly, it comes from the presence of calcium and magnesium,
hazardous waste: Waste materials that are inherently dangerous 1o

handle or dispose of including old explosives, radioactive m ‘erials,
some chemicals, and some biological wastes.

heavy metals: Metallic elements like mercury, chromium, cadmium,
arsenic, and lead, with high molecular weights. They can di i _ = living
things at low concentrations and tend to accumulate in . A1 -4 chain,

herbivore: An animal that fecds on plants,

holding pond: A pond or reservoir usually made from earth buill 1o
store polluted runoff.
humus: Decomposed organic material,

hydrogen sulfide (H35): The gas emitted during organic decomposi-
tion that smells like rolten egges. 1tis also a byproduct of ol refining and
burning and can cause illness in heavy concentrations. It is loxic to fish
and cther aguatic organisms.

I— I

infiltration: The action of water moving through small openings in the
earth as it seeps down into the groundwater.

impoundment; A body of water confined by a dam, dike, loadgate or
other barrier.

indicator: In biology, an organism, species, or community that shows
the presence of certain environmental conditons.

L L

leachate: Materials that pollute water as it seeps through solid waste.




leaching: The process by which nutnents, chemicals or contaminants
are dissolved and carmed away by water, or are moved into a lower layer
of soil,

lead: A heavy metal that may be hazardous to health if breathed or
swallowed,

M

marsh: Wet, soft, low-lying area dominated by herbaceous plants that
provides a habital for many plants and animals, It can be destroyed by
dredging and Alling, (Contrast with swamp).

membranous: Of, pentaining to, consisting of, originating in, or resem-
bling a membrang.

microhabitat; Local conditions which immediately surround an or-
ganism.

monitoring: To watch and care for a stream on a regular basis.

muck soils: Earth made from decaying plant materials.

N— S e

non-point source pollution: A type of pollution whose source is not
readily identifiable--such as, pollution caused by car exhaust carried off
of city streets by rainwaler.

nutrient: Substance which is necessary for growth of all living things
{1.e., oxygen, nitrogen and carbon).

nymph: The young of an insect which undergoes simple metamaor-
phosis; loosely applied 10 the young of all aquatic insects.

o—

oil spill: Accidental discharge into bodies of water; can becontrolled by
chemical dispersion, combustion, mechanical conainment, and absorp-
Lion.

organic: Referring o or derived from living organisms. In chemistry,
any compound containing carbon,

organophosphates: A class of organic chemicals containing phos-
phorus, several of which are used as pesucides.



P | o

pesticide: A chemical that kills insects or roddents; may include her-
bicides which are used (o kill plants,

pH: A measure of the acidity or alkalinity of a matedal, liquid or solid.
pH is represented on a seale of 0 (most acid), o 14 (most alkaline) with
a reading of 7 being neutral.

phosphorus: An essential food element that can contribute Lo the
eutrophication of water bodies.

photosynthesis: The manufacture by plans of carbohydrates and
oxygen from carbon dioxide and water in the presence of chlorophyll,
using sunlight as an energy source.

pincers: An organ used for grasping.
plankton: Tiny plants and animals that live in waler.
pocosin: A swamp in an upland coastal region.

point source pollution: A Lype of pollution that can be racked down
toan easily noticeable cause -- such as, discharging pipes, people pulting
chemicals and trash into the water.

pollutant: Something that makes land, water and air dirty and unheal-
thy.

pollution: The presence of waste that makes the world around us dirty
and contammated.

precipitate: A solid that separates from a solution because of sume
chemical or physical change.

prétreatment: Processes used o reduce the amount of pollution in
water before it enters the sewers or the treatment plant.

primary treatment: The first stage of wastc water treatment; removal
of floating debris and solids by screening and sedimentation.

R—

raw sewage: Untreated waste waler.

receiving waters: Any body of water where wastes are dumped.

refuge, wildlife: An area designated for the protection of wild animals,
within which hunting and fishing are either prohibited or strictly con-
trolled,



reservoir: Any holding area, natural or artificial, used o store, regulate,
ar control waler.

riffle: A shallow arca of water with a [ast current,

riparian rights: Entitlement of a land owner to the waler on or border-
ing their property, including the right to prevent diversion or misuse of
it upstream.

river basin: The land area drained by a river and its ributarics.

rough fish: Those specics not prized for game purposes or for eating:
gar, suckers, etc. Most are more tolerant of changing environmental
condilions than game species.

runoff: Water from rain, snow mell, or irrigation that Nows over the
ground surface and returns 1o sireams. It can collect pollutanis from air
or land and carry them 1o the receiving walers.

S S

salinity: The amount of salt in water,

salt water intrusion: The invasion of fresh surface or ground water by
salt water, If the salt water comes from the ocean it's called sea water
intrusion.

sanitary landfill, landfilling: Protecting the environment when dispos-
ing of solid waste, Waste is spread in thin layers, compacted by heavy
machinery and covered with soil daily.

secondary treatment: Biochemical treatment of waste water afier the
primary stage, using bacleria to consume the organic wastes. Use of
irickling filters or the activated sludge process removes floating and
setileable solids and about 90% of oxygen-demanding substances and
suspended solids. Disinfection with chlorine is the final stage of secon-
dary treatment.

sediment: Soil, sand, and minerals washed from land into waterways.

sedimentation: When soil particles (sediment) settle to the botlom of a
walerway.

seepage: Water that flows through the soil.

sewajpe: The organic waste and waste water produced by residential and
commercial establishments,

sewer: A channel that carries waste water and stormwater runoff from
the source o a treatment plant or receiving stream.



silt: Fine particles of soil or rock that can be picked up by air or water
and deposited as sediment.

slumping: Sections of soil with or without vegetation that have come
loose and slipped into the stream.

stagnation: When there is little water movement and pollutanis are
trapped in the same area for a long period of ome.

storm sewer: A system that collects and carries rain and snow runoff
10 a point where it can soak back into the groundwater or flow into
surface waiers.

substrate: Solid matenal upon which an organism lives or o which it
15 attached.

suspended solids (88): Tiny pieces of pollutants floating in sewape that
cloud the water and require special treatment 1o remove,

swamp: A low, wet area dominated by trees and woody plants. (Con-
trast with marsh.)

synergism: A cooperative action of two substances that resulis in a
greater effect than both of the substances could have had acung inde-

pendently.
terracing: Dikes buill along the contour of agricultural land 1o hold
runoff and sediment, thus reducing erosion.

tertiary treatment: Advanced cleaning of wasle water thal goes
beyond the secondary or biological stage. It removes nutrients such as
phosphorus and nitrogen and most suspended solids.

thermal pollution: Discharge of heated water from industrial processes
that can affect the life processes of aquatic plants and animals.

tidal marsh: Low, flat marshlands traversed by interlaced channels and
tidal sloughs and subject 1o tidal inundation; normally, the only vegeta-
tion present is salt-wolerant bushes and grasses.

tolerance: The ability of an organism to cope with changes in its
environment,

toxicity: The degree of danger posed by a substance to animal or plant
life.

toxic substances: Poisonous matter (either chemical or natural) which
causes sickness, disease and/for death to plants or animals.



turbidity: A cloudy condition in water due o suspended silt or organic
malerial.,

undercutting: A type of erosion which occurs when fine soils are swept

away by the action of the stream, especially around curves. The result
i5 an unstable overhang.

urban runoff; Storm water from cily streets, usually carrying litter and
Organic wastes,

N

variance: Government permission for a delay or exception in the
application of a given law, ordinance, or regulation.

waste: Unwanted materals left over from manufacturing processes,
refuse from places of human or animal habitation,

waste water: Water carrying dissolved or suspended solids from homes,
tarms, businesses, and industries,

water pollution: The addiuon of enough objectuonable matenal w
damage water quality.

water quality standard: A management plan that considers (1) what
water will be used for, (2) sewing levels w protect those uses, (3)
implementing and enforcing water treatment plans, and (4) prolecting
existing high quality waters.

watershed: All the land that serves as a drainage for a specific stream
or river,

water table: The upper level of groundwater,

waterway: A natural or man-made place for water 1o run through (such
as a river, stream, creek or channel),

wetland: Anarcaof land thatis regularly wet or flooded, such as amarsh
or Swamp.

Z

zooplankton: Tiny aquatic animals that fish feed on.
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