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LABORATORY ACTIVITY 7

A Survey of the Macroinvertebrate

Population

OBJECTIVES

At the end of this laboratorv activitv., vou shouid
be able to:

« identify the major animal groups in the macro-
invertebrate population of your stream site.

e calculate a diversity index and state its impor-
tance in evaluating water quality.

« make a statement concerming the quality of your
stream site, based on the data collected.

INTRODUCTION

The diversity ot life in an aquatic ecosvstem varies
considerably. Aquatic bioiogists classifv organisms
in aquatic environments mostlv based on where
thev live: neuston are surtace dwellers (water strid-
ers. duckweed), plankton are distributed through
the water mass (microscopic plants and animais
such as diatoms and protozoal, nekton are the free
swimmers (fish. insects), and benthos live on or in
the bottom substrate.

In this laboratory activity vou will concentrate
vour etforts on studving the benthos. The benthos
that vou will study are classiried as macrobenthos;
specifically, the macroinvertebrates (inacro = large,
:nvertebrate = no backbone). These are defined by
biologists as aquatic animais that can be seen with
the unaided eye and that are retained bv a sieve
1U.S. Standard #30) with openings approximately
0.6 mm square. The major taxonomic groups mak-
:ng up the macroinvertebrates are insects and their
larvai (immature) forms. crustaceans (isopods.
icudas). anneiids (segmented worms), nematodes

(roundworms), mollusks (clams. mussels, snauls),

and flatworms (plananansj.
Flowing-water ecosvstems piace great demands

on the organisms living there. The major physical
parameter that influences their life is the rate of
flow of the water. In particularly fast streams, or-
ganisms either are washed away or have adapted
to life in the fast current. These adaptations assume
several forms. For exampie, many organisms have
very flattened bodies (mayflies), others are not only
flat but have claws or hooks to hold on to the sub-
strate (riffle beetles, sow bugs), and some even
build nests and anchor them firmly to a rock or
other substrate (caddis flies). Slower streams have
more sediment, and it is possible to find organisms
that burrow into the silt or mud. such as nematodes
(roundworms), anneiids (segmented worms), and
certain species of mavrly and dragontly larvae.
Others. such as fresnwater shrimp and dapnnia,
are able to swim in the more siowly moving water
and are not dependent upon special adaptations to
keep from being washed away.

The macroinvertebrates are verv sensitive to
stress in the environment and are useful for de-
termining the health or a stream. The diversitv of
species in the macroinvertebrate population pro-
vides a wide range of response to environmental
stress, and a change in water quality will readily
cause a shift in population density of one or more
species. Streamn benthos can be ciassified into three
categories according to their tolerance to pollution.

1. Poliution-sensitive (mavtlies. stone tlies, caddis
flies. cravtish)

2. Moderately pollution-tolerant (net-spinning
caddis flies, water penny beetles, scuds. hell-
grammites, dragonsrly nymphs. tingemnail clams)
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3. Pollution-tolerant (fly larvae. snails. tlatworms.
leecnes. beetles, sow bugs)

Althougn representatives of all three groups mav
be present in a stream. environmental stress can
te detected by observing an increase in the pop-
ulation of organisms in groups 2 and 3 and a decline
in the organisms n group |I.

The 1dea of biological diversity was introduced
in Laboratorv Activity 6. In this activity vou wiil
extend this concept to include a mathematical cai-
culation of a diversitv index and use it as a more
formal measure of the stress (if any) your stream
is undergoing. The basic premise of a diversity in-
dex 1s that undisturbed biological commuruties have
a large number of species with no individual spe-
cles predominating. Conversely, in a stressed en-
vironment, the number of different species 1s re-
duced. and there is a tendency for onlv a few speaes
to assume a dominant roie in the communityv struc-
ture (see Table 7.1).

To calculate a diversity index for vour stream
site. vou will need to place the macroinvertebrates
that vou collect into look-alike groups as you did
in Laboratory Activity 6. Look-alike groups wall save
you from having to use complicated taxonomic kevs
to classify organisms. Even though it may sound
“unsdientific,” this classification scheme will save
you considerable time and is a reasonably accurate
way to classify organisms to the taxonomic level of
class. family, genera, and. in some cases, even spe-
cies.

Figure 7.1 Collecting nets

(b) hand screen
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MATERIALS

Paint brush (2 in. wide)

Spatula

Wide-mouthed iars ot 1sopropyi alcohol (70%)
with givcenn

D-ring net or hand screen

Stick or trowel

White enamel pan

Forceps

Suber net

Watch with second hand

Magmfving glass

Dissecting microscope

Calculator with narural log runction

PROCEDURE

At the Stream Site

There are several ways to collect benthic orga-
nisms, two of which are descnbed below. Figure
7.1 illustrates three different nets you may use to
collect these organisms. Your instructor will seiect
the method and device most suitable for you and

your partner. .

Method |

1. Work through vour site, scraping off the orga-
nisms from the bottom of the larger rocks with

(c) Surber net
(square-foot sampler)

1t " AT5s




. Table 7.1 Companson of macroinvertebrate organisms Dv station 1n a western
Maryiand stream*

Station Station Station Station
1 2" 3 4.
Class: Tubeliana (ﬂatworms,
Ougesia sp. ’ 1 g 1 —_— —
Qass: Ollgodueu:' v yo wAmlo Ge
(segmented worms) : p RS 6% 1
Qass: Hirudinea (leeches) g oA 4z 1

Order: isopoda (sow bugs)
Asellus sp. ..

Order: Amphipoda (scuds)
Gammarus sp..

Order: Ephemempm (mayﬂls)
Tricorythodes sp=.” -
Baetissp. “3Er

Order: Trichoptera (caddis flies)
Hydropsyche sp. 14
Cheumatopsyche sp. 46
Orthotrichia sp. —_—

Order: Plecoptera (stone fiies)
Acroneuna sp. - 1

Order: Megaloptera (heligrammite)
Chauliodes sp. — 2

Order: Diptera (true flies)

Family: Chironomidae
Chironomus sp.
Simulium sp.
Antocha sp.

e
buand
|

Order: Coleoptera (beeties)
Stenetmis sp.

126 98

8

TOTAL ORGANISMS 118

This table summanzes the cata from a stream in westem AMaryiana studied bv the authors. Num-

. pers indicate inaviduals in 3 ft.? (0.28/m"). Measurements were taken at 4 stations: at that tme.
Jne ot these stations (3) was suDject to consiaeradle stress from waste water etfluent. Note that
“~0 grouns Of organisms. Asel/us (pollution-tolerant crustaceans) ana Chironomidea (true fhes)
~ave ratner 1arge poputations. wnile the sensitive species {maytiies. cagais tlies. stone riies) are ab-

‘ent Or cansigerapiv regquceo In numoer.
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Figure 7.2 Collecting macroinvertebrates with a D-ring net

a brush or thin spatula. Sample the area within in your collecting jar and return the residue to
vour site for 20-30 minutes. Place the organisms the stream bed.

in a wide- jar of 70% i ,

L5 idsmegtiedinoL/URl{SspreRyl '3l cehol 5. Repeat the process at two more sites.

for transport to the laboratory. k

2. Return the rocks vou disturbed in the stream to

their original positions. Method Il
3. After removing the organisms from the larger dbis rlnetl}:c?d use; S net]_hcall;d;he Sube;lfqﬁare et
rocks. select several areas (at least three) and YRR erl( 1ghure die): b ELgIDEEREFWE lowl_\’/ou
use a D-ring net (see Figure 7.1a) to collect or- legampie LIS SEEim, botiamiquAniaivey. S
T g el B sumably you will collect all the organisms in one
Elol d the net with the open end facing Epstre;m't square foot of stream bed and you can then express
and have vour partner stir the bottom of the %I QUEEERHHERA% MlisnBET Bl TR SIRE BT Squats
8 oot.
stream bed with a stick or trowel for about 1
rmunute. 1. Hold the net with the open end upstream. The
4. Empry the contents of the net into an enamel water. must bplshalloy: =0 thagt-HosshH coven
: 243 the net.

pan (Figure 7.3) and remove the organisms with

a pair of forceps or spatula. Place all organisms 2. Have your partner lift large rocks within the

framed square foot area and brush or scrape orf
the organisms into the net. Be sure to hold the

!. In place of a D-ring net. vou mav use a2 hand screen made . 4 '
Ot two wood or metal roas attached to a piece of nvion net. rogks dmy_ in front of the net openng '9 av(”
The screen shouid be aoout 2 ft. long and 1 ft. wide (see losing organisms. Pl:{ce the' rocks outside t
Figure 7.1b). frame when you are finished.
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Figure 7.3

Sorting organusms 1n an enamel pan

. With a stick or trowel. stir the stream bottom

within the area of the frame to a uniform depth
for several minutes. Keep track of the length of
time you sample your site and keep this time
constant when sampling the other sites.

Shake the contents of the net out onto a white
enamel pan and then pick out the orgamisms
from the gravel and sediment.

Place the organisms into a wide-mouthed jar of
70% isopropyl alcohol for transport to the lab-
oratorv. Return the displaced rocks, sediment,
and gravel to the stream.

Figure 7.4 Look-alike groups
sortea into petn dishes

Repeat these steps at two other sites. remem-
bening to spend the same amount ot time at each

location.

In the taboratory

1.

W
by

Spread all of the orgamisms vou have collected
onto a white enamei pan and studv them care-
fullv. If vou are companng several sites, be sure
to do only one site at a time.

Study each organism. nonng its size, shape, and
color. If necessarv, use a magnifving glass or
dissecting microscope to examine each speci-
men.

After studving each speaimen. move 1t to a sec-
tion of your trav awav from the others. Keep
doing this until vou have sorted ail specimens
into look-alike groups (see Figure 7.4).

In Question 1 in the Evaluation, make a sketch
of a representative organism from each group.
Just outline the major features of thebody; don't
get bogged down in detail. Label the groups A.
B, C. and so on.

Use the diagrams and information in Table 7.2.
“Description of Major Benthic Phyla and
Casses.” to help you place each organism into
a taxonomic group.

The Macroinventeorate Population 61



Table 7.2 Descuplion of major benthic phyla and classes

Phylum

Class

Lacomotion

Body shape Color Habitat Diagram
Platyhelminthes Turbellaria (free- Flat, elongated, unsegmented, Brown, Gliding Under
(Ratworms) living flatworms) 5-10 mm long gray-black submerged plants
and rocks
Nematoda Cylmdnc_al.,_;longaled, Colorless to Consl;r;l,_ In organic —
.(rolgndwonps) unsegmenled, less than 1 cm blackish, rapid. matenal and
. i long often whiplike debris
translucent
Anpelida Oligochaeta (aquatic ~ Cylindrical ringlike segments, Varies, often  Crawling In organic
(segmented woyms)  earthworms, Tubifex)  about 1-30 mm long red matenal and
i debris
Hirudinea (leeches) 32 segments, 3-5 grooves per Brown Crawling Attached to
segment, suction disks at submerged
anterior and poslerior ends objects, logs, and
plants
Athopoda Crustacea (crayfish, 2 pairs of antennae, usually Varled Swimming,  Affached to
(jointed appendages;  shrimp, sow bugs) numesous paired appendages, crawling submerged
hard. chitinous considerable variation [n “ abjects, logs, a,n.q
exoskeleton, size—from microscopic lo racks '
segmented bady) 10 cm ’




Phylm -

lC|al;s fy &% Body shap.e-:_. N Calor Locomol;on" Habitat o .l_)-u;;rar_ﬁ -
Aﬂh’f’ﬂf’d‘} ’ Insecta (l}pmqtu;; Segmented body (head, Brown, Crawling Attached to
(continued forms) thorax, abdomen), thorax black, green submerged
with 3 pairs of jointed legs, objects, logs,
2 pair of antennae on head (see rocks, and plants
] key to aquatic insect larvae) '
Arachnida (water Globular to oval in shape, 8 Brightly Crawling Attached to
mites) legs, 0.4-3.0 mm long’ colored submerged
: objects, logs,
rocks, and plants
M@:_I!qsca Gastropoda (snalls) Body enclosed in 1 coiled ~Gray or “Walking" Attached to
(soﬂ body in 1 sheil i spiral shell, may be cone- black shell with foot submerged
or 2 calcareous

[calcum carbonate)
shells)

LemLunity.

o T

shaped, 2-70 mm long

objects, logs,

rocks, and plants,

or buned in mud

I’elewrwa. (clams,
mussels) "

Body enclosed in 2 shells
Joined by elastic hinge, 2-35%
mm long




0. [denuty insect larvae to the vrder ievel ot clas- Dichotomous Key to Aquatic {nsect Larvae? .

siticatton accora o the Dichoto lev to n
| e g . {ISUs }\ev’ 1. (a) larvae with externally deveioping wings:
Aquauc Insect Larvae and the aiagrams in Fig- ®) | d 'l. B -
— ; - ae w t v deve :
ure 7 3. 1You may wish to use more detaiied aEas aISrEeenaly eV Eeng, WinER

aevs. if avaiiable. and attempt to assign vour 2. (a) mouth parts adapted for biting: 3
:pecimens to a genera or even a species. ) (b) mouth parts joined in the torm of a sucking

beak. directed backward beneath the head:

7. List the groups ot organisms by name or letter
Hemuptera (water bugs)

in Questuon 2 in the Evaiuanon. Using the in-

tormation in the introducnon. artempt to indi- 3. (a) long,slendertails;labiumtlowerlip) notlong-
“"‘t!e wi‘;ether or not they are tolglrant. moder- er than head and not hinged on itseif: 4
ey T stants or intetecqnn B pollutiogs (b) three tails, either leatlike or as small spinous

appendages: extended labium much longer
than head and. when at rest. folded on itseif
like a hinge between forelegs: Odonata (drag-
onflies. damselflies)

Figure 7.5 Representative aquatic insect larvae

(c) maytly (Ephemeroptera)

(a) dragontly (Odonata) (b) stonefiy
| (Plecoptera)

1d) caads flv (Trichoptera) (f) aidertly (Megaroptera) ;

. Adaotea trom Neeanam. james G. ana Neeanam. Paul R.. A Guide to the Studv of Fresnwater Biology,
Ith ea. (Oaklana: =otden-Dav. inc.) 1962, p. 30. Reproducea with oermission ot McGraw-Hill. Inc.
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4. (a) gils found under piates ot thorax (where
legs are attached): two tarsai (terminai seg-
ment of leg) claws: two tails: lecoprera (stone
tlies)

glils usually positioned on sides ot abdo-
men: single tarsai claw: usually three tails:
Ephemeroptera (mavrlies)

‘b

-

3. (a) jointed thoraac legs present: 6

1b) jointed thoracic legs absent: legless or with
abdomunal prolegs (short. tleshv limbs): Dip-
tera (true tlies)

long lateral filaments located on abdominal
segments: Megaloptera (dobsontlies)

lateral filaments missing; often showing mi-
nute gill filaments: cylindrical bodv gener-
allv found in cases attached to rocks: Tri-
choptera (caddis tlies)

~

o. (a

(b

-

Calculating the Diversity index

A formula known as the Shannon-Weaver diversitv
index allows vou to calculate the diversity of your
stream site. This measure ot diversity produces vai-
ues from O to 4. A diversity index between 0 and
1 indicates water of poor quality; values between
1 and 3 are indicative of intermediate qualitv water:
and values above 3 are typical of good water qual-
ity. The Shannon-Weaver index assumes that all
organisms have been identified to species. Because
you are not an experienced taxonomist, your iden-
tifications will probably not be this exact. If you
examtned the organisms closelv when vou ar-
ranged them into look-alike groups. however. the
margin of error will not be sigmficant.

The rormula for the Shannon-Weaver index 1s
N =(P)-InP)
where N = Shannon-Weaver index

number of organisms
In a gven speqaes

R,= 3
total numpber ot
all organisms
and -In P, = naturai log of P.

When calculating the index with vour own data.
tollow the steps suggested below. filling 1n the chart
in the Evaluanon as vou go along. You will need
a calculator to determine the natural logs. Study
the rollowing sample caicuiation before attempting
vour own.

Sampie Calculation
A popuiation or organisms coilected from a stream

bed has the tollowing composituon:

Organism A = 25
B =17
Ch= B
D=3
Total = %4
Frequency Natural log
Organism  (P,) (=inP) (P)X(=In P)
A 25 1.211 0.361
— = 0.298 '
84
B 17 1.598 0323
— = 0.202
= 20
(G 37 _ 0.820 0.362
e 0.440
D Sy 2.821 . - 0.169
i 0.060
N =1,

The Shannon-Weaver index is the sum of the prod-
ucts in the last column. Thus, N = 1.23, indicating
a stream of intermediate water quality.

Once vou feel comfortable with how the for-
mula works. calculate vour own diversity index
using the data that vou have collected from vour

stream site.

1. Calculate the 2. and —in £, values for each group
ot orgarusms n vour collection. Record vour data
in the columns marked “Frequency’’ and "“Nat-
ural log” in Question 4 in the Evaluation.

2. Calcuiate the product (P)(—in P) for each group.
Record vour data in the last column in Ques-

tion 4.

3. Add the values in this last column to deterrnine

the diversitv index (N).
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NAME SECT:ON — _ _ DATE

2. List ail of the groups or organisms vou collected bv letter. zeneral
charactensncs. and—if possible—name and poilution sensinvity.

Pollution sensitivity

Name
General characteristics ‘optionai) ®

Group (optionat)

*Tolerant. mogerately tolerant. sensitive

3. If vou have used a Suber net to collect your organisms, calculate the
numper of each group per square foot according to the following formula.

Total organisms 1n group

- — = Organisms/ft.?
Totat numpoer or square feet sampied

Sampie calculation:

——- = 32.7 organisms/ft.?

Enter vour data in the following table. .
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Organism #1ft? ] Organism 2/t

4. Enter vour data in the following table and calculate the Shannon-Weaver
diversitv index for vour studv area.

Organism Frequencv (P) Naturai log (In P.) (P)(—=in P)

5. Based on the data vou have collected. write a statemnent that indicates the
qualitv of vour stream water.
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Macroinvertebrates as Indicators of
Stream Health

Brook S. McDonald Gary W. Muilins

As part or preserving and managing the nver
resources of Ohio, that state’s Department or
Natural Rescurces has initiated a citizen’s stream
monitoring program. The stream qualitv monitonng
program (Kopec & Lewis 1986) is being used to
establish a baseiine data bank on streams designated
and managed as tomponents of Ohio’s Scenic Rivers
Program. Benthic macroinvertebrates found in the
stream, such as the stonetlv, mavilv and water penny
beetle larva, are used as kev indicators of water
quality and stream health.

Since the program'’s inception tn 1982, much of the
monitoring has been carried out by students. Teach-
ers have capitalized on the opportunity by getting
students invoived in a dtizen action program while
providing them with a field exerdse in stream ecol-
ogy. McDonald (1987) reported that high school biol-
ogy students da bearn a significant amount of benthic
macroinvertebmare ecology as a result of particpating
in the Ohio Scenic Rivers Stream Quality Monitoring
Program (SQMj).

Because of the educational value of SQM in
schools. [llinots as recently impiemented an SQM
program. Several other states. including Kentucky.
North Caroiina and Massachusetts. also have ctizen
stream MonItonng programs.

SQM can uswumilv be performed on anv suitable
stream: therefore, it can bé used as a field biology
exerase. The obiectives are:

1. Introduce students to the relationships between
benthic macoinvertebrates and their physical
environment.

Introduce seudents to a biological method for
determining seam health.

3. Introduce students to sampiing procedures us-

ing qualitative methods.
4. Provide stucents the opportunity to directly

[ 9]

Brook S. McDonaid. a Master ot Saience graduare trom Ohio
State Unmnversnv's SCool of NOtuat Resources. 1s manoger ot
nrerorenve services. whearon Park Dismer. 666 S. Main St
Whearon. L 60187. Gary W. Mulline PhO. s an assocare
Sroressor in e Scrooi of Nanuror Resowrces, Ohio State unver-
snv. Columpus. CH 43210, Stuart Lewm s acminrsirgror tor he
Chio Scenic Rnvers Frogram. Ohio Decarmment ot Nagroat Re-
sources. Cvision or ASTurar Areas ana Preserves. 1889 Founrmain
3cuare. Columows. CH 43224,

Stuart Lewis

contnibute to the preservation and management
of local waterwavs.

Ecology

SQM uses benthic macromnvertebrates found in the
nffles ot streams and rivers. Although macroinverte-
brates are found in other habitats within scream
ecosvstems. thev are most highlv concentrated ;n
nifles. Increased dissoived oxvgen and available sub-
strates are characteristic of riffles. Suitable sreams
must have a contnuous flow of water over nffles
throughout the vear and possess riffle areas large and
diverse enough to support a benthic macroinverte-
brate population.

Macroinvertebrates are defined for the students as
aquatic organisms that can be seen with the naked
eye and lack a backbone. In freshwater streams the
dominant species are aquatic insects in their imma-
ture forms. Mollusks, arthropods and annelids, aiso
considered macroinvertebrates, are found in the
streams.

Macroinvertebrates are divided into three groups
according to their tolerance to poilution (See Figure
1). Orgarusms in Group | are considered pollution-
intolerant and their dominance usuailv sngmﬁes goocl
water qualitv. Included in this group are the mavilv
and stonetlv nvmphs. dobson tlv, caddis fly, water
pennyv beetle larva, aduit nffle beetie and the gl
breathing snaus. Group 2 orgarusms can exist in a
wide range of water qualitv conditions and include
freshwater clams and mussels. cravtish. dragonilv
and damselfly nvmphs. crane larva. sowbugs and
scuds. Group 3 organisms are considered tolerant ot
water degradation and include leeches. mdge and
black flv larva, aquatic worms and the lung-breathing
(pouch) snails. They can tolerate some tvpes of poi-
lution and thewr numbers often increase under these
conditions as Group 1 and 2 orgarusms decline tn
number. Dominance by Group 3 usuaily Slsxu!les
poor water quaiitv. By collecnng sampies ot benthic
macroinvertebrate communities and calculating their
numpers. the students wiil be able to esnmate the
refatve heaith or a stream.

Orgarusms that are poiluton-toierant do not nec
essaniv prerer 0 live :n poiluted water but ¢3f
tolerate such an environment 1if the water quality
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MACROINVERTEBRATE TAXA GROUPS

| GROUP 1 (These organdams ane generally pollution-intoferant. Their dominance
: aeneraily sianifies GUOD WATER QUALITY)
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changes. Some of these organisms are found living 1n
iucn degraded situanons because of low compention
with other macroinvertebrates.

Macroinvertebrates. especailv the immarcure
iguanc insects, are one ot the best indicators for
assessing overall stream heaith. Macroinvertebrates
ena o stav in the same generai area and become
iaapted to therr parucular naoitats. Thus, their sur-
«ival is limuted by the avaiabilitv of food. water
lemperature, stream current. presence or absence of
oreaators, and depth and tvpe of substrate. Their
popuiations change rapidly enough in response to
changes in these limiting factors to provide an early
warning signal of stream enwvironment degradation
tOdum 1971). Since most orgarusms have muitiple-
vear iife cvcles and are restncted to their immediate
environment, they cannot readilv escape changes 1n
stream qualitv. Theretore. if stream gualitv decreases.
1 considerable penod of time mav be reguired for the
natural macromnvertebrate population to fullv re-
cover. Based on the diversitv and relative pollution
tolerance of the organisms collected. a stream assess-
ment can be calculated.

Equipment

SQM equipment is inexpensive and can be readily
obtained. It includes:

1. One piece of 4-by-4 foot fiberglass or nyion
netting with 1/16 inch or smaller mesh stretched
between two poles and weighted at the front of
the net. (Some states require a sdentific collect-
ing permit for the use of small mesh coilecting
nets.)

=. \White or light colored enamei or piasnc pans
approximateiy 8 by 12 inches and four incnes

deep.

el

3. Magrufving glasses or’*‘bug boxes.”

4. Lamunated (waterproof) idenaficanon sheets
that show orgarusms divided into respective
groups or identification keys.

5. Data forms and penals.

6. Waders where water temperature is tco uncom-
fortable or unacceptable for prolonged wading.

Procedures

The most important part of the exerase 1s to find an
approonate stream site. Select nifles that have a
bottom composition of mostly small- to medium-
sized rocks. cobbles and gravei. All sand or silt or
smooth solid bedrock bottoms will not provide the
oroper habitat and thus will be neariv devoid ot
macownvertebrates. Students shouid approach the
irea rrom the dowmstream side o0 as not to disturp
:he sampie area. As one or two students noid the net.
siientlv angied wath the current. the other students

walk i1n front of the net and begin the collection
procedure. All rocks the size ot a fist or larger are
rubbed thoroughly under the water. in front of the
net. :o dislodge all orgamisms into the seine. The
current then carnes the organisms into the net. After
thoroughlv scrubbing these rocks. the next step 1s to
disturb the sampling area 1n front of the net using the
feet to kick up the stream bottom. This ailows for the
collection of the remaining orgamisms that burrow
into the substrate. The rinai seining step is to care-
fullv scoop up the net. taking care not to allow water
to rush over the top, and to carry the seine to a clean.
flat, dry area for examination.

Place examination containers filled with one or two
inches of clear streamwater next to the net. The
organisms are immediatelv picked out of the net and
placed into the water-filled containers. Repeat this
collecnon procedure to insure an adequate sample.
Care should be taken to not injure the organisms.
After all the different organisms are removed from
the net, thorough cleansing and air drying of the net
are required before stonng. When the collecting 1s
finished. the next step is to identifv all the organisms.
This is the most time-consumung aspect of the proce-
dure; pre-trip activities that encourage students to
become familiar with stream ecology and the 20 or so
tvpes of macroinvertebrates will save time. Kevs or
identification sheets aid in identification and catego-
rizing according to the macroinvertebrate tolerance to
pollution. Most books about freshwater animals de-
saibe benthic macoinvertebrates thoroughly (see
references).

To draw a conclusion about the relative stream
health. a determination of the dommnant group must
be made. If Group 1| and 2 organisms (as shown in
Figure 1) dominate the sampie, water quality is gooa.
If Group 3 organisms dominate the sample, the water
quality is somewhat degraded.

Another method, as empioved by the Ohio Sceni
Rivers’ SQM program, is to assign index vaiues tw
different taxa in each group and add up cumulative
index values. For example, Group 1 taxa receive an
index value of 3. Group 2 taxa an index value of 2 and
Group 3 taxa an index value of 1. The higher the
cumulative index value, the better the stream enwvi-
ronment. A range for water quality is shown in
Figure 2.

If students caiculate the stream quality to be pour.
they can search for a source of pollution such as Jn
incoming tnbutary, sewage treatment plant outtall vr
industnal or household discharge. This is accom:
plished by moving upstream approximately one muie
and repeating the sampling techniques and caicui-
tions. If the index vaiue 1s the same or iower. mu*¢
further up stream.

At the sampiing pomnr where the stream gusity
begins to improve. as shown by a higher index vaiue:
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Tton

7 are Stream Quality Assessment

s Observations and Analysis

=lter
AEC I (D)
g the The organisms in Figure | are grouped into three categories:

r the
irrow GROUP1 (poilution-intolerant or good quality indicators)

are- GROUP2 (organisms thar can exist in both exwremes of qualiry)

Taies GROUP3 (pollution-tolerant or poor quality indicators)
Jlean.

rtwo

The The organisms in these three groups are assigned a group index value.

2t and

;1::: GROUP | = 3 GROUP 2 = 2 GROUP 3 = 1
“1sms.

rom
‘e net The analysis procedure consists of countng the number of tvpes of organisms dn each
:ng is category and multiplying the group index vaiue.
Lisms.
Jroce-
ats to EXAMPLES: GRQUP1 TAXA GROUP 2 TAXA GROUP 3 TAXA
Yorso
2vs or CADDISFLY (S) DRAGONFLY (S) BLACKEFLY (S)
atego- STONEFLY (S) CRAYFISH MIDGE (S)
i MAYFLY (S) 3x3=9 CLAM (S) 3x2 =6 2x1 =‘
.is de-
S (see

The respective group index values are then added together to find the cumulanive index value

:f,:: (which in the above case would be 17). By referring to the following chart, the soeam quality
ey assessment can thus be determined.

zo00d.

vater

STREAM QUALITY ASSESSMENT CUMULATIVE INDEX VALUE

centc
.es to EXCELLENT-=---ceccecccccccaacccccccccann- 23 and above
.iative

ve an L ) g 17- 22

Zand

'r the FAIR - - s e cmmmm e e e e e e e ce e 11 - 16

2nvi-
vnon POOR --ccimmmi e e 10 or less (SEE ACTION PROCEDURE ON

PAGE 8)

200r.

S| it

::lr: NOTE: The organisms on the soeam quality assessment form used in the field are to be recorded by
ffmie placing a letter code in the corresponding block. Each letter represents your estimated count
.cuia-

s Figure 2. Stream qualitv assessment observations and anaivsis. Source: Qhio Deparmment of Naturai Resources. .
2auty

lue.,
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the students are to begin sampiing back downstream
:or the source and a decreased water qualitv index
vaiue. Carerul recording or field data is cruaai for
2NITV INtO a classroom computer and for replicanon ot
monitorng Dy ciasses in future vears.

Ohio uses the assessment forms computed by
students and other field monitors to deterrmune um-
pact. [f an impact 1s occurnng, the Ohio Environmen-
tal Protecnon Agency is notified and it follows up
with more intensive stream invesuganons to find the
source.

In addition to taxonomy, students should be en-
couraged to measure water temperature, pH. dis-
soived oxvgen and turbidity and to collect water
sampies for iaboratory analysis. If thermometers and
pH meters are not readily available. most biological
suppiv houses offer fairly reliable versions at reason-
able pnices. Measures of pH provide an avenue tor
tollow-up acawvities addressing aadic deposition rrom
air and land sources as well as students’ expionng the
roie ot pH in determining water qualitv and the
presence of certain aquatic organisms.

Dissoived oxvgen provides further bases for stu-
dents to begin exploring the interactions of additional
factors influendng water quality and the stream eco-
systems. Explanation of the level and cause of turbid-
ity may provide students with further clues to the
status of the stream. Where there are suspended
materials such as industrial or household wastes,
suspended soil or algae, encourage students to ex-
plore laboratory procedures that will separate the
solids for further studies. Binocular scopes and mu-
aoscopes can be used to explore the biota of the
freshwater sampies.

All these tecnrugues, bevond the tield expenence.
have the potennal to help students discover the
compiexities of stream ecology and of maintairung
stream quality. By systematically recording these data
on the ciassroom computer, students have the oppor-
turutv to create simulations and models that mathe-
matically and graphically represent the workings of
the steam. The computerized data banks also pro-
wide future srudents with baseline data with which to
compare their ciass’ findings. :

Where possible. involve the school’s chemustry
program. locai water qualitv laboratones, state or
iocai environmental protection agendes or locai in-
dustnies with water quality laboratones. Detailed
water chemusav profiles provide students one more
parameter for thelr stream quality model.

The ualitv of the SQM program 1s that it can pe
adapted to a vanerv of curricular and temporal needs.
A short-term exerase requiring a pretrp acawvitv, one
11t to a nearov stream to sampie orgarusms and a
‘oilow-up acovity have been shown to be edecave

teaching toois (McDonaid 1987). If appropnate to the
curncuium. the field acavity can include collecting ,
vanetv of data bevond macroinvertebrates and the
data can be used throughout the vear for computer
modeling and to dlustrate the compiex interactions
within an aquatc environment.

The Ohio Department of Naturai Resources uses
student data to monutor changes in water qualitv.
Visits to the ciassroom by naturai resource managers
or the use of speaal librarv assignments can encour-
age students to become invoived in the socio-political
aspects ot insunng that water quaiity laws are being
enforced.

Water 1s a unuversal attraction to all humans and
has been so throughout the ages. Whether for trans-
portation. recreation. nounshment or to dilute and
carrv awav our waste, the link is ever present. Stream
Qualitv Monitonng Programs such as those found in
Ohio and Illinois provide students and teachers an
opportunity to expiore an aquanc communty and
contnibute to the monitoning and protection of that

systern.
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10.

11.

12.

13.

14.

KEY TO ORDERS OF AQUATIC INSECTS; NYMPHS,
LARVAE, PUPAE, AND ADULTS

Usually inactive; pupae......... ..ottt iiiiiiinnes cecanien 2
Active; nymphs, larvae, and adults......... ... ool Y |
Maggot-like, but the body shorter, hard, and dark-colored.
Pupae of DIPTERA (flies), p. 628
Mummy-like, with the future adult appendages more or less concealed in trans-
lucent cases and held close to the body in a fixed position................ 3
Within a case composed of bits of vegetation or mineral matter.
Pupae of TRICHOPTERA (caddis flies), p. 565
Without a case, but sometimes in a silken tube or fibrous cocoon.
Pupae of DIPTERA (flies), p. 628

. Without jointed thoracic legs; maggot-like. . . . Larvae of DIPTERA (flies), p. 628
5!

Jointed thoracic legs present............. ... ... . ...

. With long, segmented, filamentous appendages at the posterior end............ 6

Posterior filamentous appendages absent, or, if present, then not long and seg-

menteds v . S . T Tl T LR o oLRtele, T Tt AL 7

With two posterior filamentous appendages; two tarsal claws; usually with finger-

like tracheal gills on ventral side of thorax.

Nymphs of PLECOPTERA (stoneflies), p. 500

Usually with three, sometimes two, filamentous posterior appendages; one tarsal
claw; with tracheal gills on lateral margins of abdominal segments.

Nymphs of EPHEMEROPTERA (mayflies), p. 509

INSECTA INTRODUCTION 495

With large hard or leathery forewings covering the abdomen; biting mouth parts.
Adult COLEOPTERA (beetles), p. 588
Wings, if present, of another structure...................... ... .00, 8
Small insects, usually less than 3 mm. long; wingless; with a long forked appendage
beneath the abdomen used in springing; on the surface of quiet waters.
Immature and adult COLLEMBOLA (springtails), p. 497
Usually more than 3 mm. long; wings present or absent; no abdominal appendage
for springing; usually submerged............... ... ... ..ol 9
With wing rudiments (pads) or functional wings; nvmphs and adults. . ...... 10
Without wing rudiments or functional wings; larvae....................... 11
Sucking mouth parts in the form of a long jointed beak.
Nymphs and adults of HEMIPTERA (buis), . 541
Chewing mouth parts; labium, when extended, long and scooplike, and when folded
serving as a mask covering the other mouth parts; with or without platelike
caudal gills. . ... Nymphs of ODONATA (dragonflies and damselflies), p. 522
With slender, decurved, piercing and sucking mouth parts about half as long as the
body; small larvae living in or on sponges.
NEUROPTERA (spongilla fly larvae), p. 563
With biting mouth parts........... ... i 12
With five pairs of abdominal prolegs.
LEPIDOPTERA (aquatic caterpillars), p. 585
Prolegs absent, or confined to the last abdominal segment.................. 13
Each abdominal segment with one pair of stout latera!l.ﬂprocesses.
MEGALOPTERA (hellgrammites, alderfly and fishfly larvae), p. 560
No stout lateral abdominal processes, but sometimes with long, thin, lateral fila-
mentous processes; a few beetle larvae with four stout hornlike processes on
each, Body'segment. ! .oy, ol Dl e e oo 0h 00 o S e e g ke e 14
With a pair of terminal abdominal prolegs; usually with small, finger-like, abdomi-
nal tracheal gills; usually in fixed or portable cases.
TRICHOPTERA (caddis fly larvae), p. 565
Without terminal prolegs; rarely with long, thin, filamentous, abdominal tracheal
gills; without cases................ COLEOPTERA (beetle larvae), p. 588



10.

11.

12.

13.

14,

KEY TO ORDERS OF AQUATIC INSECTS; NYMPHS,
LARVAE, PUPAE, AND ADULTS

Usually inactive; pupae..........c.ooiieiiiiiiiiiiiiniininnn, Ferrelaratels e 2
Active; nymphs, larvae, and adults. .............. ...l vee..4
Maggot-like, but the body shorter, hard, and dark-colored.
Pupae of DIPTERA (flies), p. 628
Mummy-like, with the future adult appendages more or less concealed in trans-
lucent cases and held close to the body in a fixed position................ 3
Within a case composed of bits of vegetation or mineral matter.
Pupae of TRICHOPTERA (caddis flies), p. 565
Without a case, but sometimes in a silken tube or fibrous cocoon.
Pupae of DIPTERA (flies), p. 628

. Without jointed thoracic legs; maggot-like. . . . Larvae of DIPTERA (flies), p. 628

Jointed thoracic legs present............ ...ttt 5
With long, segmented, filamentous agpendages at the posterior end............ 6
Posterior filamentous appendages absent, or, if present, then not long and seg-

MENtCEPreton. o Gasie oke ToaFo TR BEX: ST S ke « DT « A STA I e S e 7

With two posterior filamentous appendages; two tarsal claws; usually with finger-
like tracheal gills on ventral side of thorax.
Nymphs of PLECOPTERA (stoneflies), p. 500
Usually with three, sometimes two, filamentous posterior appendages; one tarsal
claw; with tracheal gills on lateral margins of abdominal segments.
Nymphs of EPHEMEROPTERA (mayflies), p. 509

INSECTA INTRODUCTION 495

With large hard or leathery forewings covering the abdomen; biting mouth parts,
Adult COLEOPTERA (beetles), p. 588
Wings, if present, of another structure.................... ... ... . 0L 8
Small insects, usually less than 3 mm. long; wingless; with a long forked appendage
beneath the abdomen used in springing; on the surface of quiet waters.
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Figure 3.8

Reoreseniat.ves ot tive orgers ot aqualic insects. Tncncctera: A, aoult Hvarocsvere B, case ana net
sttarva. Zcremercctera: G, aauit Ecnemeresa: D, naiaQ or NVMoON ¢t same cenus. F'ecootera:
E.aautisccena: F, naiaa or nvmen. Pleronarcvs. Neurectera: Go aaunt Sians H, larva. same genus.
Zaenata I, azult Macrermia, Jo naiag of nvmon. same scecies. ‘2eaing cn £Cnemereya naad.
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Fre. 316.—Structure of Ephemeridae nvmpns. A. forelee of /lcxagema hilineata Sav: B.
Orctunthus purpureus Traver. +3.5: C. lHexagema bilineata. ~2: D. Ephemera vana Eaton.
« 4; E. Pentagenia vitticcra Walsh., - 3: F. hieaa of P. uitticera: G. head of Ephoron. (A ana

C to E from Neeaham. i920: B modified from Traver, 1931: F modified from Needham. 1920:
C modified from Ide. 1935.) 4

I emacsime 1 fo  wie Fmharnn athum Sav with cxtruded ecr mackets, - 2:
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Frc. 348.—Structure of Megaioptera. A. dorsai view of postenor end of Cliauliodes larva
showing proiegs; B. dorsai view of Siaflis larva. <3: C. lateral view of postenor end of
Corudalus comutus L. showing proiegs. spiracies. and tracneal gills: D. adult Sialis. <5: E.
aduit maie Corudalus cormutus showing enormousiv deveioped mandibles. <1.2. ,D from
Ross: B modifiad from Ross: A and C modified from Snodgrass. 1935.)
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Fre. 359.—Structure of Leptoceridae larvae. A, case of Oeccris cinerascens (Hagen), X6:
B. case of Mystacides sepulchralis Walker. x2.5: C. case of Lcwrocerus amencanus ( Banks),
x3.5: D. head of Athnpsodes: E, case of Athripsodes. .-3.5: F. Leptoceila albida ( \Valker.
X4; G, L. albida, x3; H, case of Athripsodes ancuius ( Vornies), x<8: |, Trigenodes tarda
Milne, x8. (A, E. F, and | from Ross. 1944. courtesv [llinois Natural Historv Survey; C and
H from Llovd, 1921: D redrawn from Ross. 1944; G from Elkins.)

Paddea Fteza

F16. 350.—Adult caddis fies. .\. Hudrops
worara Ross. .<5.5: 3. Rhuacoohila fenestra
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SAMPLING SITE CONDITIONS

site #i- L ——
LocationsLry BUT (‘P\Mkmgham County Mgim’a)

Latitude/Longitude:
Datc Ofsamp“ng: NOVCm bCY , 5, qu g (SUI‘ICLCL\Q

Approximate Sampling Time: 1500 - 1630

o |-
Air Temperaturc'-b-ll-—r—

Weather Conditions: The weather_condhens_were warrn and Oql'”\j SUNNY. A ahqhi bree»c
blew Qc’r\odlmlly QLUHQQ +he bamp\mq Hme.

Precipitation: N/ A

Amount: —j—
S E

Water Temperature:-==——
Water pH:--L-lf--_Q.-_-
Dissolved Oxygen Level192M

Additional Comments:




SAMPLING SITE CONDITIONS

&

Site #:———

Locations-Lry Run L?ock«nqhang County Mnranmo,)

Latitude/Longitude:
Date of Sampling: November 33,1998 (Sundaﬁ

Approximate Sampling Time: 1400-1630

Air Temperature:hﬁ-'—-—

. Ihe weather conditons were clear and sunny. ASIIath brecac

JA(]&Q(C‘PH'P dumna most of the samgma me.

N/A

Precipitation:

Amount: —NJ—I-L————«
JDOE

Water Temperature:-==-——-

Dissolved Oxygen Levcl:-‘-{-Eem-——-—m-

Additional Comments:




SAMPLING SITE CONDITIONS

Site #: 1

Loeations-D0y BUN (Roclﬂhgham CounN.Vn‘rgim‘a)

Latitude/Longitude:

Dateef—Sam-pl-ing-:Decembel’ 5,199% (SO‘l‘urdO\/)

Approximate Sampling Time)100-15C0O
AV F

Air Temperature:—=—-—-

eather Conditions:—1L.c_Weather conditions were Sunny and calm with. no wWind
gloy«lm
4

N/A

Precipitation:

Amount:—NZA-—~—~—--

o
Water Temperature:-'%—F——

Dissolved Oxygen Level:—Q8PPM

Additional Comments;




SAMPLING SITE CONDITIONS

Site #: l

Locations2late Hole  (Reckingham County Virginia)

Latitude/Longitude:

Decermber 5,199 K (Saturday)
1100-1500

Date of Sampling:

Approximate Sampling Time:

Air Temperature:-—2———-

The weather condihons were sunny and ¢alm, with no wind

Weather Conditi
S ine ?R Honemqu the durabion of samohn(i

bl mmng roug

N/A

Precipitation:

Amount:-ﬂm_. ______

Water Temperature: S5°F

Dissolved Oxygen chcl:—j—QPm—-

Additional Comments:




SAMPLING SITE CONDITIONS

Sitc#:-L
Loeations 2late Hole (Rockm%ham Counh,[AVlrgim'a_)
Latitude/Longitude:

January I, 1999 (Sunday)

Date of Sampling:
1420-115

Approximate Sampling Time:

Air Temperature:-

Weather Conditions: The weather conditicns weresunny and cool. There was a
slight breeze, which blew l—hroughou+ fhe duration of sampling.

NJA

Precipitation:
Amount:—NLA——

Water Tcmpcraturc:-ﬂ-”—_

Dissolved Oxygen chcl:-j-P—p—r—-ﬂ—-—-—

Additional Comments:




SAMPLING SITE CONDITIONS

Site #:——5——

Franks Bottem (Reckingham CounQ,Virgtn“a)

Location:

Latitude/Longitude:
Date of Sampling: Decermber 61998 (Saturday)

1100- 1500

Approximate Sampling Time:

fF

Air Temperature:

Weather Conditions:- L0 Weather condihons weresunny and calm with nowind
orfsent Sf-?wouqhou’c, the_duration of samo\mn

N/A

Precipitation:

Amount: -NLA——-—
SEE

Water Temperature:-=-
Water pH:----<----

Dissolved Oxygen Levcl:—-LQQ-P-m—

Additional Comments:




SAMPLING SITE CONDITIONS

Lee_aﬁen:lt}’(lﬂké Botom 'I\R()ck{nghqm C()p_lh"’y Virgihi(\.)

Latitude/Longitude:
Date ef_sﬂmpﬁng:])ecembe r 12,1998 (Satu rd%)

Approximate Sampling Time:-H'—‘CS'o -1630

]
Air Tcmpcrature:—l}lb—-}—:--
Weather Conditions:Ac Weather condihdins were cloudy with gccasienal spankles.

Precipitation: Rain -
Amount:epunkles

Water Temperatu rc:ﬂ'.&“_[':_
Water pH:-ﬁ"-:i___

Dissolved Oxygen chel:lO.EP_n’W__.

Additional Comments:




SAMPLING SITE CONDITIONS

Site #: 3 _—

Lecations franks Bottom (R()ckmgham County Virginia)

Latitude/Longitude:
Date of Sampling: Janua 'y 1.1999 (Su nday )

1430-1!5

Approximate Sampling Time:

4%

Weather Conditions:—-N€ Weather condihons were sunny and cool. There was o

Air Temperature:

Shant_breeze, which blew throughout the durahen of sampling.
= T o

NJA

Precipitation:

Amount:-’l”i\_—
Water Temperatu rc:-fB:-—-

Water pH:-ﬁ'E’-----

Dissolved Oxygen Levcl:lgpﬂ——

Additional Comments:




Site #1-L

MACROINVERTEBRATE LOG

Location:- 20y Bun (Rockingham County Virginia )

Latitude/Longitudc:

Date of Sampling: Novernber 15,1998 (Sunday)

Approximate Sampling Time: 15001630

Specics:
Common Name Order # Caught and Identified
Caddisfly Trichoptera 33
Hellarammite Meqaloptera. |
Mayfly EDY'\emem.Dk’.rOL Py
Stonefly Plecaptera 4

Additional Comments:

Total Caught:—q’g




Site #: 1

E

MACROINVERTEBRATE LOG

"
ToCatoi

Dry Run (Rockingham County Virginia)

Latitude/Longitude:

Novermber 29,1498 (Sunday)

Date of Sampling:

Approximate Sampling Iim;::_H'OO-J £30

Species:
Common Name Order # Caught and Identificd
Caddis{l:/ Tnchoptera 15
Mayfly Ephemeropte ra i
Stonefly Plecoplera. (o
A5

Total Caught:

Additional Comments:




MACROINVERTEBRATE LOG

Site #: 1

Leeaﬁon:DQ’—R“” (ROcklngha m_ County. \h rgin o)

Latitude/Longitude:

Date of Sampling: December 5,1998 (Saturd a\/ﬁ)

Approximate Sampling Time: 1100-1500

Species:
Common Name Order # Caught and Identified
Cadd-sfl:/ Trichoptera 3%
Mayfly Ephemeroptera, 3
.Sh;mef-l}/ Plecoptera 4
Total Caught: 35

Additional Comments:




MACROINVERTEBRATE LOG

Site #: 2
Slate Hele  (Rockingham COunﬁ‘Vlrépm‘a)

Location:

Latitude/Longitude:
December 5,199% (Saturday)

Date of Sampling:
Approximate Sampling Time: 11001500
Species:
Common Name Order # Caught and Identified
Caddu’sfl;l Trichoptera 3%
MayFly Ephemeroplera |5
SfoncFly Plecoptera 10
Stonefly (different species)| Plecoptera |
10

Total Caught:

'Additional Comments:




MACROINVERTEBRATE LOG

Site #:—:’l—

Locati()n:ic‘I>c Hole (RGC«klngham (:OunﬁLV\rgnn_i(L)

Latitude/Longitude:
Date of Sampling: Januar 3 17,1999 (Sund ay)
Vi =
Approximate Sampling Time: 14301615
Species:
Common Name Order # Caught and Identified
Caddisfly Trichoptera 30

Total Caught:

Additional Comments:




Site #:-3——

MACROINVERTEBRATE LOG

Location:-tranks Bottem (Rockingham County,Virginia)

Latitude/Longitude:

Date of Sampling: December 5, 199 g (So%u rda){)

Approximate Sampling Time:-1l 00-1500 -

Species:

Common Name

Order

# Caught and Identified

Ma'FI\,;

Ephemeroptc ra

Total Caught: 1

Additional Comments:




MACROINVERTEBRATE LOG

Site #-3———
Fanks Boorn (Roakrnghorm erﬁy,\lirgim’a)

Location:

Latitude/Longitude:
January 11,1999 (Sunday )

Date of Sampling:

2 -
Approximate Sampling Time: 1430- 11 5

Species:
Common Name Order # Caught and Identified
CaddusF\\IJ Tricho pkeroc Q1
qu_{:ly‘ Ephemeroplera 5
Si‘oneﬂ}[ Plecoplera 1

Total Caught: s

Additional Comments:




SAMPLE LOG

Site #: 4

Location:- 20 Run (ROCngham County Vlrginia.)

Latitude/Longitude:
Date of Sampling: Novernber 15,1998 (Sunday )

Approximate Sampling Time: 1500- 130
Salveliaus fontinalis

Species:
Fish #:—g-'—
Lcngth:-L'J'—l—-
Weigm--Mg.__.

«Male

Eggs NA

Mass:MA
Weight of Stomach:—lil—bg———-—-
Weight of Stomach Contcnts:Mg-—

Contents:

Identification Number Observed
9-spotted ladybuq (Order Coieopiera) ]
unidentifiable dipteran (Order Diptera) |
unidentifiable true bug (0rder Heminlera) |

Additional Comments: 1€ uhidentifiable true buq had eyes +hat were wider +han the thoray,
and the odentation of +he mouthpaits was (ndi st nguishable




SAMPLE LOG

Site #:

Dry Run (Rockxhgham County , Vlrginia,)

Location:

Latitude/Longitude:
Novermber 16,1998 (Sunday)

Date of Sampling:

Approximate Sampling Time: 1500Q- 130

Salvelinus fontinalis

Species:
Fish #: %

"
Length N W

Weight- 3009

Scx:M
Eggs: .NJ.A__._.
Mass:M—A-—-

Weight of Stomach:&a—g-——-—_-
Weight of Stomach Contents:ioﬁs.‘}_

Contents:

Identification Number Observed

Incompletely metamorphosized Stonefly [arva |
L

(Order Plecopkra)

unidentifiable tue bug (Order Hemipicra) i

Additional Comments:




SAMPLE LOG

Site #: 4

Dry Run (Rock |hgha m CounﬁLVirgim'a)

Location:

Latitude/Longitude:
Novermber 15,1998 (Sundq)

Date of Sampling:

Approximate Sampling Time: 1500-11030

Salvelinus fontinalis

Spct.iw.

Fish #:—3—

Lcngth:—LQ-:—-
Weight:jﬂ‘—s-LD—f}——---

Weight of Stomach:l—%g—
Weight of Stomach Contcnts:-—QzQx_g—

Contents:

Identification Number Observed

Stonefly larva (Order Plecaptera)

grqssh'opper larva. (Order Orthoplera)

amund_beetle (Order Coleoplera)

Unidentifiable dipteran (Order Diptera)

idenhfiable plant hssue

Additional Comments:




SAMPLE LOG

Site #: 8

Locaﬁomm Run (Rockurigham (ounty, Virgin ia)

Latitude/Longitude:

November 29,199% (Sunday)
1400-1630

Date of Sampling:

Approximate Sampling Time:

Salvelinus fontinalis

Species:

Fish #:————

1
Length:—tg—l———-—--——

Weight-ﬁﬁgiﬁ-—--

Male

Eggs -NLA-_
Mass; =

Weight of Stomach:-----—3--——-—-
Weight of Stomach Contents:ﬂi[—-ﬂ———

Contents:

by

dentification

Number Observed

-spoled Iadvbuq (Order Coleoptera) &

aVFlv larva_(Order Enhernerooiera.) i

identifiable plant Hissue ]

Additional Comments:




SAMPLE LOG

Site #: 1

Location: ny Run (Rocklﬁgha m_County Vi rgin a)
Latitude/Longitude:

Date of Sampling: Lecember 5,1998 (Saturday)

Approximate Sampling Time: 1100-1500

Species:ﬁawelm’us fontinalis

Fish #:—5—__
Length;-.éz{g_il____
Weight;-l_g_'gg.g_

Male

Eggs:-—-—-—-
Mass:Mﬂ -----

Sex:

Weight of Stomach:--Qﬁ-O-- =
Weight of Stomach Contents:o—\lg-——

Contents:

Identification Number Observed

wood Weevil (Order Coleoptera)

unidentifiable beetle (Order Coleoptera)

unidentifiable tnsect parts

o | | — | —

plant fissue

Additional Comments:




SAMPLE LOG

Site #: 1

Dry Run ﬁROCkur{gham County, V(r\gim‘a_)

Location:

Latitude/Longitude:
December 5,1998 (Saturday )

Approximate Sampling Time: 1100 -1500
Species: Salvelinus fontinalis

Date of Sampling:

Fish #:—(0—-
Lenggh:.ﬁ“—_----

Wcight:—-——-—Qs 4 13——-—

Sexefemale
Eggs:z‘_m-
Mass:-339.

Weight of Stomach: 2 DLQ%
Weight of Stomach Contents:-0:359

Contents:

Identification Number Observed

unidenhfiable smali fish 1

stonefiy larva (Order Plecoptera) ]

Additional Comments:




SAMPLE LOG

Site #: 1

Location: 2ry Bun (Rocki tham County. Virginia)
Latitude/Longitude:

Date of Sampling: December 5,199 (Saturday)

Approximate Sampling Time: 1100-1500
Species: Salvelinus fontinglis

Fish #:j——

= |/ "
Length:-—-,-i' ----------

Weight:—-—S—w-_S—--_-

]

Weight of Stomach:ﬁ-'sj—g—
Weight of Stomach Contents:-lé-oig———

Contents:

Identification Number Observed
unidentifiable arasshopper leq(0rder Orthopterg

arasshopper (Brder Orthoptera)
cravfish piricers

mayfly larva (Order Ephemeraptera)
unidentifiable insect wings

o []0— |~

Jditional Comitien szlb_g_,gn;_gtg,is_&'mpgg:_lgg_grd not_belong to_the other_grasshopper
Mﬂhlcihn all kegs. R




SAMPLE LOG

Site #: 1

Location:-2xy. Run (Rock|n3ham County Virginia.)

Latitude/Longitude:

Date of Sampling: December 5.1998 (Saturday)

Approximate Sampling Time: 1100-1500

Species: Salvelinus fontinalis

Fish #:—8-—

Weight of Stomach:-l—'—OD-g——-———--
Weight of Stomach Contents:-—o—'-o-3-3-—

Contents:

Identification Number Observed

mayfly lavrva (Order Ephemeroptera) I
Stonefly larva. (Order Plecoptera) |

hcllgra'mm&e (0vder Megaloptera) |

Additional Comments:




SAMPLE LOG

Site #: 4

Locations Dfy RUD (Rodnngham County Virginia)

Latitude/Longitude:
Date of Sampling: Yecermber 5.199% (Satu rd%)

Approximate Sampling Time: 001500
SOIVclmus fontinalis

Length::llﬁ"——-—--——-
Weight'--%g——

LMale
Eggs NA

MassMA
Weight of Stomach:-Q*gﬁg—
Weight of Stomach Contents:-gg—o—“ﬂ—-

Contents:

Identification Number Observed

grass hopper head (Order Orthoptera) ]

s’roneflv larva (Drder Plecoptera) 1

unidentifiable plant tissue |

Additional Comments:




SAMPLE LOG

Site #: 1

Location: Dry Bun (Rockingham County, Virgin i)
Latitude/Longitude:

Date of Sampling: December 5,1998 (Satu rday )

Approximate Sampling Time: 1100-1500
Salvelinus fontinalis

Species:

Fish #: 10

Weight of Stomach:iilg——
Weight of Stomach Contents:—g-'glg——————

Contents:

Identification Number Observed

unidentifiable plant Hssue |

Additional Comments:—"'S_Stomach was basically empty only one small pilece of plant

material wgs_tound.




SAMPLE LOG

Site #: &

Slate Hole (Rocklhgham Coun‘h/.Vlrgima3

Location:

Latitude/Longitude:
Date of Sampling: December 51998 (Saturday)

1100-1500

Approximate Sampling Time:

Salvelinus fontinalis

Species:
Fish #:-—i-——-—

"
Lcngth:--(g—————————-—

Weight:-«a-j-'—o-jg——

. Male
Sex bl i
JNJA
Eggs.‘: NIA

-M-nss—L——-—
Weight of Stomach:—l‘—o—gg---—_—

Weight of Stomach Contents:-Q-‘-g-gg-—-—--

Contents:

Identification Number Observed

unidentifiable dipteran (Order Diokera) ]

unidentifiable beetle (Order (oleopterad 1

unidenhifiable plant tissue |

Additional Comments;12<.contents of +his stamach scemed 1o be much more digested than

n_other stomachs. Identification was very dificult with $hisstomach and its

contents




SAMPLE LOG

Site #: S
Location:-2late Hole (Rockingham County,Virginia)

Latitude/Longitude:

Date of Sampling: December 51998 (Saturday )

Approximate Sampling Time: 1100-1500

Qalvelinus fontinalis

Species:
Fish #:—9~——
4_ V?. "

Length:——~———

Weight of Stomach:o'—%g———
Weight of Stomach Contents:—o-'o—qg———-

Contents:

Identification

Number Observed

arachnid

nidenhfiable or+hopleran (Order Orthoplera)

unidentifiable tvue bugs (Order Hemipiera)

Pjgheﬂ\l larva_(Ordcy Plecoptera)

) [ )

unidentifiable plont Hissue

Additional Comments:




SAMPLE LOG

Site #: .

Slate Hole (’Roaknhgham CouanVIrgim'a)

Location:

Latitude/Longitude:
December 51998 (Saturday)

1100-1500

Date of Sampling:

Approximate Sampling Time:

Siedies Salvelinus fonh nalis

Weight of Stomach:-'-"-i—g-g___
Weight of Stomach Contcnts:-Q-‘-‘-]ﬁg-—--—-

Contents:

Identification

Number Observed

unidentifiable beetle head [mouth (Order (oleoplera)

unidentifiable beetle shells (Order Coleoplera)

arachnid

unidentifiable Winged insect

ground beeHe (Order (Colcoplera)

aht

unidentfiable roundworms

small arasshopper (Order Orthoplera)

mayfly larva (Ordevr Ephemeroplera)

N BN Y Ny Y

unidentifiable plant fissue

Additional Comments:




SAMPLE LOG

Site #: d

Location:-late Hole (ROCklﬂ:tham COunb/LVlrgin{a)

Latitude/Longitude:
Date of Sampling: December 5,199¢ (Saturday)

Approximate Sampling Time: 100-1500

Qalvelinus fonhinalis

Species:

Fish #:A'——

A

Length: -+t eeme—ov

Weight: Q.18

Sexs Male

Eggs:-.’y.l_&.-_-
Mass:-- -

Weight of Stomach:——Q—'-aﬂ——g—
00%g

Weight of Stomach Contents:

Contents:

Identification Number Observed

stonefly larva (Order Piecoptera) |

Additional Comments:




SAMPLE LOG
Site #: &
Location:-~ate Hole (RCCk‘thGm Cou nty, Vlrauma)

Latitude/Longitude:

Date of Sampling: December 5,1998 (Saturday)

Approximate Sampling Time: 1100-1500

Species: Salvelinus fonhinalis

Fish #:—2
It
Lcngth:-LD—-———--—

Wcight:—ag-'g-‘ig_._-

Sex: Male

Eggs:NJA
Mass:-MA

Weight of Stomach:—- 439

Weight of Stomach Contents: O'ng_. _

Contents:

Identification Number Observed

unidentifiable white roundworms

grasshopper lcgs (Order Orthoplerad

mav#lv parts (Order Ephemcroplera)

Unidentifiable Jipterans (Order Dipteray

around beeHe shell (Ordev (oleopiera)

uhidentifiable \nsec+ heads

-—(»-—pm?—’g

unidentifiable plant tissue

Addltlgual Cg'ﬁa ments:-Allthree of the unidentifigble Insect_bheads_had mouthparts that




SAMPLE LOG
Site #:-H
Slate Hale (Rocklrigham County Mil’giafﬂ-)

Location:

Latitude/Longitude:
Date of Sampling: December 5.199% (Saturday)

Approximate Sampling Time: [100-1500

Specics: Salvelinus fontinalis

Fish #:—("

Weight of Stomach:—(1% r"{’g
Weight of Stomach Contents:~2-21 9

Contents:

Identification Number Observed

unidentifiable plant fissue )

Addiional, Comments: TRiS_stomach was basically empty ,only onesmall piecé of plant ti
was né. Hissue




SAMPLE LOG

Site #: A1

Loeation-—2late Hole (Rockingham Counfy;\/""qfhfa)

Latitude/Longitude:

Date of Sampling: December 6,1998 (50+urday>

Approximate Sampling Time: [100-1500
Salvelinus fontinaliS

Species:
Fish #:—j—-

Leugth:ﬁ-—'/-z-—“—————-
Weight:—@ﬁg-—»—-—

Sex:——---M al c.__,____,A

Mas;:ﬂlﬂ-:——

Weight of Stomach:—0:099.___

Weight of Stomach Conteuts:—Q e,

Contents:

Identification

Number Observed

grasshopper head [+horax (Ordev OrHnopiera) | |
unidentifiable brown leetle (Order (oleopiera)

stonefly larva (Order Plecoplera) ]

Additional Comments:




SAMPLE LOG

Site #:-&—

Loeatien0latc Hole (Rocklhgham C0un‘r\/ VIFSHFHQ)

Latitude/Longitude:
Date of Sampling: December 5, 1998 (Saturd ay)

Approximate Sampling Time: [100-1500
Species: Salvel nus fontinalis

Fish #:8-—

Weight of Stomach:mg_.

Weight of Stomach Contents: Q.10 -

Contents:

Identification Number Observed

gmsshopper Icgs/gmn‘s (Order Or¥noptera) 3
unidentifiable plant tissue

Additional Comments:




SAMPLE LOG

Site #:_Q__

Slate Hole (Rocklnéham County Vurginio_>

Location:

Latitude/Longitude:
December 5,1998 (Saturday )

Date of Sampling:
Approximate Sampling Time:-1100 11500
Salvelinus fontinalis

Species:

Weight of Stomach:-wg—

Weight of Stomach Contents:—Q&-'&-S—

Contents:

Identification Number Observed

unidentifiable plant Hssue |

Tne matenalin this stomach was very digested. Identificaion was

Additional 2
i Conimests




SAMPLE LOG

Site #: B

Slate Hole (Rockingham County Virginia

Location:

Latitude/Longitude:
December 5,199¢ (Sah,l rday)

Date of Sampling:

Approximate Sampling Time: (100 -1500
Species: Salvelinus fontinalis

Fish #:—IL

| / "
Lcngth:---LO —_—

Wcight:—s-&'j-@—

Male
Sexi-——=— e
Eggs;.AU_A.-__-

Mass:--
Q
Weight of Stomach: I 33—
Weight of Stomach Contents:-01%g

Contents:

Identification Number Observed

grasshopper (Order Orthoplera) |

Additional Comments:




SAMPLE LOG

Site #: 3

Location:

Franks Bottem (Rockmgham COu@ﬂ/n*gnnfO&)

Latitude/Longitude:
Date of Sampling: December 5,1998 (Satu rda\Q

Approximate Sampling Time: 11801500

Species: Salvelinus fontinalis

Fish #: 4

Weight of Stomachzm_

Weight of Stomach ContcntS:_-_o‘o g _

Contents:

Identification Number Observed

mayfly larva (Order Ephemcroplera) |

unidentifiable plant tissue |

Additional Comments:




SAMPLE LOG

Site #:-3—

Location:-ranks Bottorn (Rockingham County Virginig)

Latitude/Longitude:
Date of Sampling: December 5,199 13

100-1500

Approximate Sampling Time:

Species:-2alvelin us fontinalis

Fish #:-2~—
1 / {1
Length:—>—1——w—

Wcight:-jﬂ&—g

Sex:.remale
Mass:-‘-'i-'ia\g-
Weight of Stomach:\‘—q‘%g—_

Weight of Stomach Contents:-2:003

Contents:

Identification

Number Observed

This stemach was completely empty.

Additional Comments:




SAMPLE LOG
Site #:-3—

Location: Franks Botom (Rockmgha m County. V'v’gmia)

Latitude/Longitude:
Date of Sampling: December 12,189¢ ( Sa’rurdgv)

Approximate Sampling Time: [430-1630
Species: Salvelinus fonhnalis

Fish #:-—‘3—-—-
Lcngth:--S-E/.Ac.'.'_________
Weight: 20.39.9

Sey.female

Eggsﬁ'-gg- -----

Mass:-—Q‘n%-
Weight of Stomach:o—‘(og-:g-—-
Weight of Stomach Contcnts:-gp-é—g—-

Contents:

Identification Number Observed

yfly lawa (Order Ephemeroplera) )

unidentifiable plant fissue |

Additional Comments:




SAMPLE LOG

Site #: 3

g ‘ al .
., Tran otiom  (Rock ~
Location: [ra RS B H (’)\ ng{ham COU YT}\/, Vurgmg C{_)

Latitude/Longitude:
Date of Sampling: December 12,1998 (Satu rday )

Approximate Sampling Time: 1430-130

Species: Salvelinug fontinalis

Fish #:—LL——

Wcight:--l—-s-'ﬁg.-_..--

Scx:-—-—--—-------Mq le

Eggs:.—.m.lg.._.

Mass:---f_/i—‘..-
Weight of Stomach:—-Q'-Lﬂg_
Weight of Stomach Contents:-g-g-g-g«-—----

Contents:

Identification Number Observed

nidentifiable \nsect+ head |

yfly lavva (Ordev Ephemcroptera) \

o . The insect nead[+horax_had eyes Hhatwere He Same widFh as
the Hhorax ona long anhtennd. .




SAMPLE LOG

Site#:j———
Franks Botorm (Rockingham CounﬁLV;‘rgm.‘aﬁ

Location:

Latitude/Longitude:

Date of Sampling: December 13,1998 (Saturd ay)

Approximate Sampling Time:]_q‘al’ 1L30
Salvelinus fontinalis

Species:
Fish#:2
Length: &Y e
Wcight:-Ej'—Atg-Lg__
Sex:—remale
Eggs:-————
Mass:-0119.
Weight of Stomach:—2-193____
Weight of Stomach Contents:-—o'—”‘Lg——

Contents:

Identification Number Observed

mayfly larva (Order Epnemeroplera))

unidenhifiable plant Hssue

caddisfiy larva (Order Trichoptera)

unidentifiable black beetle (Order Coleoplera)

ground beeHe (Ordev (oleoplera.)

e | [ [ f— | —

grass hopper (Order Or+hopiera)

Additional Comments:




SAMPLE LOG

Site #: 3

Location:xank $ Rottom (Rocklngham County, Vlrgmia>

Latitude/Longitude:
Date of Sampling: DC’(CVY'! bcr \& . \QQ 8 (SO[‘}'U I’d.a\/ )

Approximate Sampling Time: 1430-1L30
Species: Salvelinus fpotinalis

Fish #:—(D-—
"
Length'--k2 ———————

Weight: 30, 39(-.:9--_.-

Se‘_rcma\c

4
Weight of Stomach:l'—rg-g—-
Weight of Stomach Contcnts:o—'lqg-——

Contents:

Identification Number Observed

arasshopper (Ordev Orthoplera)

idenh figble brown beetle (Order Coleoptera)

unidentifiable FiN (Order Dipkera)

Yonefly |arva (Order Plecoplera)

unidentifiable plant tissue

Additional Comments:




SAMPLE LOG

Site #: 3

Location:-ranks Bohom Q’\ockfngham CouniyAVfrgmfa)

Latitude/Longitude:
Decermber 12,1998 (Saturday )

1430 -130

Date of Sampling:

Approximate Sampling Time:

Salvelinus fanhnalis

Species:

Fish #:—L—
n

Leﬂg@h%_@.lﬂ’___—._--
Wcight:—{}ﬂla-—-«

Sextsmale___
Eggs‘.’ﬁQ_Q__

Mass:-E-'ﬂ-O—g—
Weight of Stomach:—gg—b—g——-»——-
Weight of Stomach Contents:—oéc-)—‘r-?g—-—

Contents:

Identification Number Observed

unidentifiable Insect head [Hhorax |

uUnidentfiable aguatic insect i

grasshopper lcg (Order Orthoplera)) |

Additional Comments:_the unidentfiable Insect head had eyesthat-were wider Hhan the

tho¥ax-




SAMPLE LOG

Site #: 3

Location: Franks Boltern (ROCk.l‘f\ghOm COunfyL\flr_g_\‘m'cL)

Latitude/Longitude:

QDecember 12,199 aturda

Approximate Sampling Time: 1430-1630

Date

Species: Salvelinus fontnalig

Fish #:-—8——-—

It
Lcngth:-:’ ——————— =

Weight:-f}—%'—"’-z-l—.g_

Sexe=tarmtean s o =
Eggs:-%-i%.-_-
Mass: -4

.

Weight of Stomach:l‘—r'qg__
Weight of Stomach Contents:-2:093

Contents:

Identification Number Observed

unidentifiable plant fissue ]

caddisfly larva (Order Trnchoplera) |

Additional Comments:




SAMPLE LOG

Site #: 3
Location: Franks BOHOm_IBD*‘hS{ham _CQ_\JW"\/ ‘Virgihi&)

Latitude/Longitude:
Date of Sampﬁng:bﬁceMbc" 12,1998 (Satu rday )

Approximate Sampling Time: 1430-1630
Species: Salvelinus font Nnalls

Fish #:ﬁ__
Length:-.%.flﬁ:l-____
Weight:—-m—g-—
Sexslale
Eges:-NA_
Mass:MA___

Weight of Stomach:—j-élg._._
Weight of Stomach Contents:gﬁ-———

Contents:

Identification Number Observed

grasshopper (Ordev Ortnopterad ]

Additional Comments:




SAMPLE LOG

Site#:—s——-—-
Faenks Bottorm (Rock\'hghom County Virginia)

Location:

Latitude/Longitude:
January 17,1999 (Sunday )

1430-1L15

Date of Sampling:

Approximate Sampling Time:

Speetess Salvelinus fonhnalis

Fish #:-I 0 =
3, U
Lcngth:—L'Z—ﬁ _____ -

Mass:-
Weight of Stomach:--l—‘-g—qﬂ____
Weight of Stomach Contcnts:-&(-)gg—

Contents:

Identification Number Observed

fonefly larva (Ordev Plecoptera) |

Additional Comments:
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