Macroinvertebrate Background

What are macroinvertebrates?

Macroinvertebrates are animals that lack a backbone (“invertebrate”) and can be seen with the unaided eye
(“macro”). They include insects such as immature and/or adult mayflies, stonefiles, caddisflies, true flies
(e.g. mosquitoes), dragonflies and beetles, as well as other invertebrates such as snails, leeches, worms and
mussels. Aquatic macroinvertebrates spend the majortlands, lakes and other aquatic environments. They
depend on healthy aquatic and upland ecosystems to survive.

Aquatic macroinvertebrates are animals, just like we are, and like us they need oxygen to breathe. Aquatic
macroinvertebrates can acquire dissolved oxygen across the surface of their bodies, but many types such as
mayflies, damselflies, and stoneflies have elaborate branched, tufted or leaflike gills that help them obtain
dissolved oxygen from the water. Still others have breathing tubes or siphons that they stick up above the
surface of the water to breathe (water scorpions, mosquito larvae), while some aquatic beetles capture
bubbles of air at the water’s surface and dive down with their own portable “scuba tank”.

Aguatic macroinvertebrates are affected by multiple different physical and chemical factors in both the
stream and the surrounding watershed. The structure and composition of the aquatic macroinvertebrate
community tells an important story about the biological health of our rivers and streams.

What is biological assessment?

Biological assessment uses the characteristics of biotic (living) communities, such as fish, invertebrates,
amphibians, or plants to provide data about the biological “health” of a body of water. It allows us to detect
biological responses to the effects of pollution and disturbance.

Measuring water quality alone (temperature, pH, heavy metals, etc) doesn’t give a complete picture of
stream health. It isn’t possible to test for every different contaminant that might be present in a stream or
lake, but the invertebrates live in that water all of the time. They are constantly exposed to whatever
chemicals, sediments, or changes in the temperature may be occurring, and may respond by dying out,
migrating away, or reproducing in even higher numbers, depending on the type of invertebrate.

Aguatic macroinvertebrates are excellent “bioindicators” l.e biological indicators of environmental health
and ecological function. They are found everywhere, generally in large numbers, and are easy to collect; they
are confined to the aquatic environment for most or all of their life cycle; they integrate the effects of many
stressors (sediment, temperature, pollution etc) over their life span; different taxa have different known
responses to specific stressors and they are a critical part of the stream food web. Changes in the presence,
condition, diversity, community, composition and relative abundances of specific groups of
macroinvertebrates canindicate pollution or disturbance occurring in a stream or its watershed.
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Macroinvertebrates and the Aquatic Food Web

Macroinvertebrates are critically important in the aquatic food web. Some serve directly as food for
predators such as fish, amphibians, birds, and other invertebrates; others help make more food or
nutrients available in the aquatic system by breaking down leaves and plant material. Fish populations
depend on healthy macroinvertebrate populations to survive. The availability of macroinvertebrates as
food is determined by both the physical and biological condition of the stream.

Macroinvertebrates have a wide variety of shapes, sizes, appearances, and mouth parts, and this
diversity reflects a diversity of feeding habits as well. Macroinvertebrates may feed on living material
(algae, plants, or other invertebrates), as well as on dead or decomposing plants and animals and
particles of organic detritus, and they are often classified according to the way in which they obtain
their food. The major different functional feeding groups (FFG) are shredders, collectors, predators or
shredders) but they are still a valuable method of classifying the stream macroinvertebrate community.
By looking at the feeding habits of these invertebrates, you can begin to sort out different roles these
animals play in the ecology of watersheds. The main categories of functional feeding groups include:

Shredders

Chew on intact or large pieces (>1 mm) of plant material

Usually found in headwaters and areas with a high percentage of canopy cover
Examples. giant stoneflies, Northern caddisflies

Found in leaf packs, water-logged wood, headwater streams

Scrapers/grazers

Scrape off and consume thin layer of algae growing on solid substrates in shallower waters
Examples: snails, flatheaded mayflies, water pennies

Found under rocks and more open areas with enough sunlight to support algal growth; rocks in
open- canopied areas, mid-stream reaches

Collectors (collector/filterers and collector/gatherers)

Consume very small pieces of detritus (<1 mm)

Examples: common netspinner caddisflies, back flies, brush-legged mayflies, mussels

Found in rocks and mud; common in all reaches, but make up larger proportion in lower reaches
where sediment collects

Predators

Feed on living animals; may swallow smaller prey whole, tear pieces out of larger prey,
or suck out body fluids

Examples: predaceous diving beeiles, dragonfly larvae, common stoneflies

Found in: all habitat types, in smaller proportion relative to other feeding groups
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Pathways of energy from the sun to the four main macroinvertebrate groups.

Some scientists add salmon carcasses as another source of energy.

Food Processing in Streams

[ Fine Particulate
Organic Matter Organic Matter
(CPOM) L (FPOM)
fecal pellets, plant

RIPARIAN PLANTS

Adapted from: Ken Cummins, “From Headwater Streams to Rivers,” American Biology Teacher, May 1977, p. 307.
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The River Continuum

The river continuum concept (RCC) is a model that describes running water systems using elements such as
stream width, depth, velocity, channel shape, and associated biological communities. Because stream
morphology, vegetation, and energy inputs change from headwaters to mouth, biological communities in a
stream also change in a somewhat predictable pattern. This pattern is influenced by channel structure,
gradient, bank stability, sediment loads, riparian vegetation, light penetration, and temperature.

A stream is a continuum that transports progressively smaller food materials from the headwaters to the
lower reaches. Each year, large amounts of organic material fall into the headwaters of forested streams.
Only 20-35% of this material is flushed downstream; the remaining organic input is retained and used by
stream organisms. It can be processed by bacteria and fungi, physically abraded, or consumed by insects. As
it is processed, organic debris is broken into smaller pieces, which increases their surface area and subjects
them to further degradation by microbial action.

In this way, small 1st- and 2nd-order streams send partially prepared food into larger, higher order streams.
Processing continues as small debris moves downstream through the system. Because different invertebrate
functional feeding groups process different-sized food particles, different FFG communities are expected in
different stream reaches.

Forests at the headwaters (1st- to 3rd-order streams) have less influence as a stream gets larger by flow
volume With less input from the riparian habitat, the energy base relies more on algae that is produced as
additional sunlight penetrates through the open canopy, and on processed material carried in from
intermediate or midreach (3rd- to 5th-order) streams. As the kind of organic material changes, the
proportion of shredders decreases and the proportion of collectors and scrapers Increases.

The midreaches of a stream system have a greater diversity of species than is found either upstream or
downstream. The reason is not completely understood, but may be due to the fact that midreach water
temperatures can change more than those of headwaters or larger rivers. The variety of organic substrates
and physical components found in midreachstreams may also have an effect

Turbidity increases in the lower reaches (6th- and higher-order streams) due to greater loads of fine
sediments from tributaries and downstream movement of processed particulate matter Collectors dominate
these reaches, and the diversity of other organisms decreases. Increased turbidity reduces light penetration
and thereby reduces the efficiency and photosynthetic production of algae in larger streams. Large plankton
communities are important in these areas, RCC predictions RCC work particularly well for forested mountain
streams.

There are exceptions to the pattern outlined in The River Continuum, but the concept shows what might be

expected in a stream system. If a macroinvertebrate community is "out of place" or missing, it can be a red
flag, encouraging further investigation.
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The River Continuum Concept (after Vannote er al,, 1980).

Changes in functional feeding groups accompany changes in stream morphology and

energy inputs.
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In-Depth Sampling Strategies and Collecting Techniques

Macroinvertebrates can be found just about anywhere in streams-fast-flowing riffles, slower glides, and
quiet pools, as well as in tangled rootwads overhanging the stream bank, matted leafpacks, and piles of
large woody debris in the water. Riffles are shallower areas with medium to fast current where the
flowing water breaks and churns over a mixed gravel, cobble and boulder substrate, and are the
preferred sampling habitat because they:

* Contain the greatest diversity of macroinvertebrates.

* Are the most likely place to find pollution-sensitive species.
* Have fairly consistent habitat throughout the riffle.

* Are shallow and easy to access.

* Are easy to recognize.

* Contain cooler water and thus higher dissolved oxygen.

Riffle sampling is done using a D-frame dip net with 500 micron mesh, which is a small enough mesh to
retain even tiny macroinvertebrates. Place the net base firmly against the stream bottom at the desired
sampling location with the opening facing the current, and stand behind or to the side of the net to
avoid obstructing the flow of water into the net bag. Make sure the water is not deeper than the top of
the net (or you will lose organisms over the top), and that the base of the net is flush against the
substrate (or you will lose organisms under the net bottom).

If the net base is resting on rocks, carefully move the rocks to the net opening and rub them gently to
dislodge any clinging organisms, then set them aside. One the net rim is flush against the substrate, pick
up any large rocks or cobble present in a 1-foot square area in front of the net, and gently rub them
clean while holding them at the net opening so that any dislodged organisms are carried into the net by
the current. Set the cleaned rocks gently aside. Leaves may also be ‘rinsed’ into the net to dislodge any
macroinvertebrates. Then use your boot heel or a small hand rake to thoroughly disturb the substrate
in the same 1-foot square area in front of the net to a depth of about 2-3 inches for -30-60 seconds.
When finished, carefully tilt the nest handle slightly backwards to avoid losing your sample, lift the net
out of the water and empty the contents into a large bucket or plastic tray for sorting and observation.

After allowing the sample to settle for a few minutes, macroinvertebrates can be picked out carefully
from the debris using forceps (tweezers) and pipettes (eyedroppers or turkey basters). Most of these
animals are dark colored and cryptic, blending in with the background, so they may be difficult to see at
first, but look for movement once collected materials settle Individual organisms can be transferred to
the chambers of white ice cube trays filled with water for easier viewing. Remember that many of these
animals are predators, and if you mix together different kinds of invertebrates in the same ice cube
chamber they may start eating each other!
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In-Depth Sampling Strategies and Collecting Techniques

Students can use the identification cards and field guides provided to help identify and record the
numbers of each different general type (order or family, functional feeding groups, etc.) of invertebrate
found. They can also use the pollution tolerance levels and sensitivity ratings in the guides to determine
if they have found more invertebrates from the tolerant (midges, black flies, snails, aquatic worms) or
intolerant groups (mayflies, stoneflies, caddisflies).

These tolerance levels are based in part on the Hilsenhof Biotic Index (HBI), a numeric value related to
an organism's sensitivity or tolerance to nutrient enrichment (resulting from fertilizer runoff, manure,
or sewage) in a stream or lake. Low values (0 to 4) indicate an organism is sensitive to nutrient
enrichment, while high values (B-10) indicate intolerance.

Students can also calculate the overall community richness, i.e. the number of different groups present.
Most students will be able to identify the number of different invertebrate orders present, and some
may be able to identify different families and even a few genera. A healthier aquatic system should
support a greater number of different organisms, including more pollution-sensitive types, while a
degraded community becomes has lower overall richness, and is dominated by one or a few
pollution-tolerant types.
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MACROINVERTEBRATE SAMPLING & IDENTIFICATION

Objectives
Students will understand the importance and roles of macroinvertebrates in the aquatic ecosystem by:

1) Collecting macroinvertebrates from different instream microhabitats (if present)

2) Counting and recording invertebrates from each habitat (if present) (use the provided
StreamWebs data form)

3) Analyzing the data to determine the health of the stream (in accordance with background
materials)

Teaching Tips
-Get students focused with introductions.

-Review safety guidelines and site protocols:

* Macroinvertebrate sampling should be conducted well away from and downstream from
spawning salmon and redds.

* No more than four students in the stream/river at a time.
e Avoid fast-moving water.
* Take care when walking on slippery rocks.
* Never drink the water—it could make you sick
-Briefly describe the activity/model in-stream collecting techniques
-Divide students into teams for each activity: collecting, sorting, identifying, etc. Insects can be divided
by order (broad categories mayfly, stonefly, caddisfly, other groups).
-Use field guides/cards to determine insect types
-Tolerant/intolerant to pollution sheets can be passed out for de-brief/wrap up

Materials
D-frame nets or kicknets
Large shallow pans for sorting
Ice cube trays for specific sorting
Hand lens or 2-Way Magnifying Viewer
Forceps, brushes, turkey basters, eye droppers for picking up invertebrates
Guide to Pacific Northwest Aquatic Invertebrates Second Edition
Pollution tolerance group key
Tolerant/Intolerant to Pollution Macro sheets
Clipboard, data sheets, pencils
Rubber knee boots
StreamWebs Macroinvertebrate Sampling Data Form (provided with equipment)
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MACROINVERTEBRATE SAMPLING & IDENTIFICATION

Procedure
1. Review safety procedures
2. Identify the microhabitat(s), ie: riffle, pool, to be sampled
3. Collect sample from 1-square foot area immediately upstream from the net opening. To do this,
approach site from downstream. Hold net downstream from area to be sampled, perpendicular to
flow. Upstream, begin rubbing rocks, stocks or other leaf litter to remove any invertebrates. The
invertebrates should slow into the net. Replace the rocks.
4. Repeat in up to 3 other locations if necessary.
5. Remove net contents into a large shallow tray for sorting into groups in ice cube trays.
Tip: It can help to use the analogy of a zoo when discussing the reasoning for sorting. In the
zoo all animals are not in the same cage. You wouldn’t see a lion in the same cage as an
elephant; therefore we do our best to put all the mayflies with the mayflies and caddis flies
with the caddis flies.
6. Count the different kinds of invertebrates and numbers of each kind for reach of the four functional
feeding groups. Use the field guides to help with identification.
7. Macros can also be sorted by habitat type or where found in the stream.
. Record these numbers on the Streamwebs data sheet provided with the equipment.
9. Gently return macroinvertebrates to the stream.

0o

For Discussion/wrap up
Determine the health of the stream by the number/variety of insects found. Use the tolerant/intolerant
insect group sheets provided. Which group best reflects the insect community found in the stream sampled?

Habitat Requirements Questions

-What species are you more likely to find in moving water? Calmer water?
-Which particular nymph type (immature form) is only found in fast, cold water?
-Why might one insect need less dissolved oxygen than another?

-Why is there more dissolved oxygen in a fast flowing stream than in a pond?

Macroinvertebrates and Water Quality

-Why are macroinvertebrates good indicators of water quality?

-What area of the stream contains the most diverse assemblage of insects?

-What species would be more likely found in stagnant areas with more fine sediments?

-What kinds of links on the food chain are filled by aquatic insects? (herbivores, carnivores, detritivores
(insects that eat dead stuff)

What can you do?

-What measures can be taken to protect a stream with healthy macroinvertebrate populations
that support salmonids?

-What measures can be taken to help restore a system that has been degraded and has
lost the diversity of insects that are part of a healthy watershed for fish?
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INSECT GROUPS ARRANGED BY TOLERANCE TO POLLUTION

Group 1: Intolerant
These organisms are sensitive to pollution.
Their dominance generally suggests good water quality.
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Group 2: Somewhat Tolerant
These organisms can tolerate a wider range of water quality conditions.
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These organisms are generally tolerant of pollution. Their dominance
suggests poor water quality.

Black Fly

Larva 410" Adule 210"

Striders Boatman Backswimmers

|

Left-Handed Aguatic
Snail Worms

Field Study-Macroinvertebrate Identification-Full Guide www.salmonwatch.org


http://www.salmonwatch.org/

SALMON

P W
e i
AL P
Shreq ey -.:..—_...-..._.. -..r
FEtT :
Asud jo spiny sojepand axppng | Buisow pue Ean] JENgo eAIET
Apog yang o) seel i sauueys poeds | snopeog, Apo ybnomg | I111S 1501 Buojusgoidp | #Rsag Bupsg snossepald
ariije B Apog __m‘mw
i ozl DPIEIHEIN LD Bumuuns “YE|p __U_E:i-..m:mm
waun jo jnd s1spsa) Apoq peusuely | —amaeey | sipb ybnoag Aensn P19 ‘W) ‘punoy eale Auuag Jacp
u.iﬂ SHEUS aqUL En“..ii . spuod s ew.
pue SERul saEn taweasns Buwoy spmpand T 1 A BB MMuos “Apodq :
-15%) Aq Aeme ydaws Gugaq ploae 01 | ‘auomigsay | -saliuy suwos taoegmns Bupuuna | yos s16u 10 Sos03
(E3204) jensarwnn Aauay jo sa6w Sping | Japas) Jeu|4 Apoq ybnowyy | prod a0 100) | pEnG sapeds isop wAIe] Ausipped
mo uabdxn ssoamu) g._.
o sayess ) sjjib TR
sponn] | sobussess | saBm ADu SuswGpGE Bupsuns | -sped Bupn 198 | 37
ualifixo wnipew 01 By seanbey | 1o ssonigeey | Guoge syif ybnosy) | ppoo o joos | sewpeusos) spe ¢ _._n_...._.__.__._hw_._nnl
i}
Moy
ualifxo sswarn o] [ =T T H_ w m m n
sdmysnd,, gaop igpb Iy MHM.:-_- 1o o
sjias) usbifuo yBiy sannbas g0 SEDANpIRY | LS SL0S fEITLNE G spod Guw) “spod
ua Guipae 30 Apoq panpuvansg | 10 sepag Apog yBnosy | pro] | Buwm sies 7 ‘spo 7 ydwilpy Aysuoig
Bupsyies PRUIRIq0 PURcg | SIRSHMDTICYD
iod ¥yoo o) sBuyl pood %l :-Eum MOH SIBYM BuiysinBunsig ETTT

S3LYEEILYIANI JILYNDY OL 3AIND IINIYISZTH H2IND

www.salmonwatch.org

Field Study-Macroinvertebrate Identification-Full Guide


http://www.salmonwatch.org/

SALMON

saqn) Gungmwang . A " mm _._..,“__
soqmpaud -E...:Hh.._.ui_._!“n apis | 15W) 01 MOJS ease Apysy so Ajpeply
Buywa o Aaad mojems ue aanoy | Buow sy ybnoay) | ‘proo so o3 buoyuogondy | CAjuesqeq) sijwwesBjey
P pedyanouw Gupggesd
WHRIPSS 10 SaA0a| peap jo sdum)s sepad LHMUOPOE jO eI SRR SpLS
uy sapay #0 uopeisBon o1 sbuyy annoy | pus w syl yBnosy) 1IR% oo 1w Sjp6 ayirjes) ¢
BRI
sdung soqepaud h__.om.._ﬁﬁ - wedy Gungqest
MIGUPSE 10 SBADS| PRSP JO 3 uil S nj A wioLL Dup
i sagny 5o uoneisbon o) sbuy BAINS ‘uabikxo PAAGESI(] 1as (007 | sqi-uue Apog g ydwidy __.._._.._.unn._nl
& e g
IR (01 DENE UMLOpGR
sjaaa) uabidxo Yy o) wnpaw sjif jpews tasepns Gujuumn o pua 18 sy00y
spaaUl Ao DS YiM SYI00 0] SICYMRY | sapaa) sal| 4 Apoq ybnoay) PO | ews sApoq jews ease] A4 Hae18
gaoopand spop = FNII..I.I T
o Eiﬁiﬂuﬁn BHjL M SaaI8E
LIBQ0M L) 130G MED0) Of Sopel,
Jo ndiy STy Soeng & e mopg pue | sbusaess e gl ORI L iveg
BA0qE 608 01 9848 jo sued om sty | 10 sompesg | sseydsowne wosg | o ssepng | sswBaibiuod iyoug BiBipum
Bupesyivg paulziqo Puncg | sansuaoTIeyd
io4 §ooq oL nu:_..F pood | ._._-_uhu__m. MOH SJaUM u._._._n_:n._.wn_m SliTH

www.salmonwatch.org

Field Study-Macroinvertebrate Identification-Full Guide


http://www.salmonwatch.org/

wdnd s
sumnwbss | pus (wouy pae e e
(|l E__ﬂ,-l_ [Py e Bgmy 1R
L0 Bpaa— gy yfinoung (E OGNS 10
PAGRISIP BaYM SaAD 10 SUIMG | sefivaneog apbijelEoune Wi { ol 1907 | swoy SApog s eade ounbsopy
i pu
:ﬂ._sit Eﬂ“ _s.ﬁ.._ﬁ ﬂ._r ﬁu_!: %
BRO{NYA A Py e | aney pury
1saliap 01 npseraeg NG aay JEew .E.qﬂ."u sopaeids 1| s SumsIE El_ﬁ.l_;:ﬁo
Bukesap Apoow wa 1wyl saeds anfy alaydSowe wal4 | o Swoeuog Whpog el Ll cade] Ajaucany
o <
SMMLINE §_ JNM WKL SWRaIE W0 LB |
opqang e Buidues | jo sjood ns | suRms tapisiapun
dduys Apog §aas HIUq U Wimg Jonrpay | Aq “aisydsowne woiy 10 SPUD pasogoa-ybiy UNPY JUWIMERoRE
s
o
ﬂ L1l B0 | BORJINE S IBEM L0 i b
"IN o fahues | o sjood gps LG R0
(o e 10 £6iy uo simy Buunums sey | ‘asomug | Ag ¢ Wiy | 4o spuiog Bupuunms Buo| UNpy utwieog Jaiepm
| T
jueyadig s weanE .;..fw
BT PLIT BaR BIDUNS IS SATY By soegrd Jo spood s BOLLHE
BRI BIRLINE & I8 U0 A01% Uy BRI asydeoune w4 W0EpUDY | 8 e uo seeyg INPY JOPLAS JMEA
Bupaypen pauIeIq0 punog SINSNaIRIEYS STy
iod oo o1 nu._.___..F pood &) uaBixg moy BIBLAN n._._._u__..ut:a_m

www.salmonwatch.org

invertebrate Identification-Full Guide

Field Study-Macro


http://www.salmonwatch.org/

SALMON

olivwmas % i
puUw SR E.ﬁ“ ...\.11 g
Budesap 3 r,.n___,._u.a_u,_,__ oty s
S KALIBALY FS0L ma— upy A 1| FaERA LR LELE R e g ]
o 910 Spaan wabihxo mo) aasans uey | sebusseg ausydson wie 4 o) P thpeog propspupgdsy eade wBBey pajeL-1ey
Ajpanoe ayBbim siegey pupy By
isalifxo wodsuery diay oy poqg 18y | SERAPLILE 10 YA (1) |[Ers pue m_..ﬁ,
u) upgojfoway aamy Asuy) asneoaeq | Casomgeey | sl ews ‘eoepns | Buisow pue by PR © A g
Pad SIUNBLIOS JUOUALDD Apauiapeg *poyIpaly Aoty vy | 1118 K5O Apog upp jpaug eade aBpiy
SLIE 1S
paceid am s66a paz)juey yopym oy 50 ‘spuod e w3
GEED SOALIODE LI “LIC)E| SN0 10 SLITANE s R
10 J0y SpaYS Lay) ajewa) Hunmw | oAU o Apoq e Ly BALILME SPIE O] e
Buung §200 1 U0 sy soues se | sbuasesg | sepun s ySnosy) | o wonog | eps ‘Apoq pausie 4 pnag
....__....... i _
W)
= + n_-.H - ,.M...._
ssousnrssabibe e 50| (R- e
BjrILiG) EIPEL O] JOIARLSY B SARLLITH] _I_.Eti_qﬂuh_ ...,.,.. _.
diEunos Muos ARdsip SHEw | OAILS I Apoqg W K IR0 UL
PRQINSIP sy spueaaoug spwes) | sebuaaesg | sepun sB uBinony) | syoos sepun | 1sa) sBey o sumd g ysyheay
B0 BUCAJLIALIC SAATE] pEap .
paoed am PAT|HLIR) YU Dang | o BB Pum S0 %
SSRD SMUOISG LIIYM LO)E|BYSONE Buidesap Guowne sfiay i
10 Juy spays usyy sqews) Gurpow Sj0a— sfia) uo aappns | gAMLY EaI) gijed § uopog o
Buunp y sapun speus) sdsu aqeyy | seBusasag Apoq yBnoay | mojjeys | doy ‘Apog Bngmosg apenby
Bupeyies PTG 0 puncg BEUaaTITYD wen
iod joeq o nn__._____._.l_. pood & uaBAxg Moy SIBYAA BujysinBupsig

www.salmonwatch.org

invertebrate Identification-Full Guide

Field Study-Macro


http://www.salmonwatch.org/

SALMON

Resource List

Adams, J., M. Vaughan, and S. Black. 2004. Stream Bugs as Biomonitors: A Guide to
Pacific Northwest Macroinvenebrate Monitoring and ldentification. The Xerces Society
for Invertebrate Conservation, Portland OR.

The Cascade Streamwatch Experience, Wolftree, Inc. March, 1996,

Farthing, P_, B. Hastie, 5. Weston, and D. Wolf. 1990. The Stream Scene, Watershed,
Wildlife, and People, Oregon Department of Fish and Wildlife.

Hafele, R. and S. Hinton. 2003. Guide to Pacific Northwest Aquatic Invertebrates, 2™
ed.

Kellog, L. 1992, Monitor's Guide to Agquatic Macroinvertebrates, Izaak Walton League
of America.

Lehmkuhl, D. M. 1979. How to Know the Aquatic Insects. William C. Brown Publishing
Company.

McCafferty, W. P. 1988, Aquatic entomology: the fishermen's and ecologists' ilustrated
guide to insects and their relatives. Jones and Bartlett Publishers, Sudbury MA. 448 pp.

i
Mitchell, M. K. and W.B. Stapp. 1994, Field Manual for Water Quality Monitoring, &
ed. Thomson-Shore, Inc., Dexter, Michigan.

Murdoch, T_, M. Cheo and K. O'Laughlin. 2001. Streamkeeper's field guide: watershed
inventory and stream monitoring methods. Adopt-A-Stream Foundation, Everatt WA,

296 pp.

Nedeau, E. J., A. K. Smith, J. Stone and 5. Jepsen. 2009. Freshwater mussels of the
Pacific Northwest, 2™ ed. The Xerces Society for Invertebrate Conservation, Poriland
OR. 51 pp.

Voshell, J. K. 2002, A guide o common freshwater inveriebrates of North Amenca.
McDonald & Woodward Publishing Company, Blacksburg, VA. 442 pp.

Wiedemer, 5. and 5. Chan. 2008. On the lookout for aguatic invaders: Identification
guide for the Pacific Northwest. Oregon Sea Grant, Oregon State University, Corvallis
OR. 71 pp.

Yates, 5. A. 1988, Adopling a Stream, University of Washington Press, Seattle.

Field Study-Macroinvertebrate Identification-Full Guide www.salmonwatch.org


http://www.salmonwatch.org/

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17

