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Introduction

Welcome to the Georgia Adopt-A-Stream Macroinvertebrate Monitoring manual. This
document provides background information and directions for the program’s
macroinvertebrate monitoring protocols. Quality Assured and Quality Controlled
(QA/QC) procedures like this one are standardized and approved through a United States
Environmental Protection Agency (US EPA) Quality Assurance Project Plan (QAPP).
Other QA/QC programs available through Georgia Adopt-A-Stream (AAS) include
bacterial monitoring and chemical monitoring. In addition, AAS offers several non-
QA/QC programs and involvement. More information on each AAS program and
additional resources can be found on the AAS website or in the Introduction to Water
Quality Monitoring Manual.

Macroinvertebrate monitoring helps protect water quality through the following:

Regular monitoring provides baseline information about the health of a waterway
Long-term trend, immediate changes in water quality, and habitat health can be
documented

*» Macroinvertebrate monitoring is useful for assessing both physical and chemical
stream conditions and provides an indication of overall stream health
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Macroinvertebrate monitoring involves identifying and counting macroinvertebrates
(macros). The purpose of macroinvertebrate monitoring is to quickly assess water and
habitat quality. Macroinvertebrates are organisms that lack a backbone and can be seen
with the naked eye. This category includes aquatic insects, crustaceans, worms, and
mollusks. The organisms sampled are benthic macroinvertebrates meaning that they live
in the substrate or at the bottom of a waterbody. Macros live in various stream habitats
and derive their oxygen from water. The abundance and diversity of macros found is one
indicator for the overall stream quality. They are used as indicators of stream quality
because they spend most of their life embedded in stream substrate. These organisms are
impacted by all stresses that occur in a stream environment, both human-made and
naturally occurring.

Aquatic macroinvertebrates are bioindicators of stream quality because:



Each taxa have a known pollution tolerance value, allowing for an efficient
assessment of stream health
They are affected by physical, chemical, and biological conditions of the stream
They are not very mobile and cannot escape pollution, therefore, they will show
effects of short- and long-term pollution events
They are relatively long loved — life cycles of some sensitive macros range from
one to several years
They are an important part of the food web, supporting a range of trophic levels,
including many recreationally and commercially important fish
They are abundant in most streams
Some streams, like 15t and 2nd order streams, may lack fish, but generally
have macroinvertebrates
They are relatively easy to collect, view, and identify with inexpensive materials.

Macroinvertebrates are present during all stream conditions from droughts to floods.
They are adaptable to extreme water flows; for example, some burrow during rain events
or increased water flow. However, heavy rain in areas with high percentages of impervious
surfaces (most urban areas) can cause flash floods and carry macros downstream.

Macroinvertebrate populations may differ in North and South Georgia. This can be
attributed to the geographic differences between the regions. For example, the mountain
streams found in North Georgia are typically high gradient streams (steeper slopes with
fast moving water) with cooler temperatures and rockier substrate. However, streams
found in the Coastal Plains are typically low gradient streams (more flat streambeds with
slower moving water) with warmer temperatures and fine sediments. The Piedmont
region will be intermediate. Naturally, these differing ecosystems support different
populations adapted to each habitat type.

It is important to conduct macro monitoring events each season for several years
regardless of the site location. Regular monitoring allows for the recognition of biological
stream changes and can help determine what changes are natural and which may be
induced by human impact.

Populations of macroinvertebrates can vary from headwater streams to the river mouth.
For more information, review “The River Continuum Concept” in the Visual Stream
Survey manual.

Seasonal cycles also impact the number and variety of macros collected. Organisms like
immature stoneflies and mayflies gain weight and size primarily during the fall and
winter. During the spring and summer, they may reach maturity and begin to
metamorphose into their adult (non-aquatic) stage. Therefore, the presence of aquatic
macroinvertebrates is likely to be more prevalent during winter and spring, just before
metamorphosis. After adults emerge, females lay eggs near or in the water. Soon after,
larvae and nymphs will hatch and begin to grow, feeding on leaf litter, detritus, and other
organic matter. For more information on macroinvertebrates and their life cycle, refer to
the graphics below.



Insects with incomplete
metamorphosis pass through three
distinct stages: egg, nymph, and
adult.

Insects with complete metamorphosis
pass through four distinct stages: egg,
larva, pupa, and adult.




Why Monitor for Macroinvertebrates?

Macroinvertebrates are bioindicators of water and habitat quality and can provide an idea
of the health of the stream for all life dependent on it. Macros are benthic organisms; thus,
they are constantly exposed to water quality and habitat conditions. Any pollution or
habitat degradation immediately impacts these organisms. This is valuable for measuring
immediate and short-term effects as well as the impacts on the waterbody and its
organisms on a long-term scale. Establishing baseline water and habitat quality data
reveals trends and patterns that help identify the source of issues in a watershed.

The primary reason for sampling macros rather than other aquatic organisms is because
of their known and established tolerance levels. These values are widely recognized and
hold true for most waterbodies on Earth. In fact, several statistical analyses rely solely on
the tolerance values of macros (EPT index, Hilsenhoff, Biotic Index, etc.). The tolerance
values consider many factors, but one of the most important values related to pollution
tolerance is dissolved oxygen. Dissolved oxygen is the amount of oxygen available in the
water for organisms to use.

Dissolved oxygen and other water quality indicators like pH, temperature, and
conductivity can be impacted by pollution. See the AAS Chemical Monitoring Manual for
more information. Some species are more sensitive to pollution than others. Therefore, if
a stream site is inhabited by organisms that are pollution-tolerant and there are no
pollution-sensitive organisms, there is likely a pollution issue. For example, stonefly
nymphs are very sensitive to pollutants and cannot survive if dissolved oxygen levels in
the water fall below a certain threshold. If a biosurvey (a scientific study of organisms to
assess the condition of an ecological resource) shows that no stoneflies are present in a
stream that historically supported them, a hypothesis might be that dissolved oxygen has
fallen so low that stoneflies cannot reproduce or it has eradicated the population entirely.
However, a biosurvey should be accompanied by a habitat and water quality assessment
to better explain its results.

There are advantages and disadvantages of biosurveys. One advantage is that it clearly
denotes if an ecosystem is impaired due to pollution or habitat loss. Organism diversity
indicates a healthy stream whereas one without much life or diversity is an unhealthy
ecosystem. Each macro occupies a different ecological niche within its environment, so a
higher diversity of species generally indicates a healthy and balanced ecosystem. A
disadvantage of biosurveys is that it cannot definitively explain why certain organisms are
present or absent, although we can uncover substantial hints through observations.

Diversity and abundance must be understood and, in relation to AAS sampling, one is
more important than the other. Diversity is the variety of macros in a community ranging
from sensitive to tolerant types present in samples. Abundance accounts for the number
of each type of organism collected. Both diversity and abundance are considered on the

8



Macro Data Form, but diversity is considerably more significant in the scoring process.
This is because diversity correlates with healthier habitats and water quality. For instance,
if there are more types of macros living in a waterbody, that can mean there are more
habitat types to accommodate them as well as healthy water quality parameters.
Abundance is still important and is noted on the data form but is not weighted as heavily
as diversity when determining the score. For example, 150 leeches at the sampling site
would not have as high of a score as one with stoneflies, mayflies, caddisflies, gilled snails,
damselflies, etc. The AAS scoring process if one method for measuring the health of a
stream.

: SAMPLING FOR

|
|
: MACROINVERTEBRATES :

L------------------------

Determining Stream Type and Sampling Location

Refer to the Introduction to Water Quality Monitoring manual for helpful tips on
selecting a sample site. The location should be within your stream reach if you currently
have a dedicated sampling spot. Stream reach should be determined during a visual
survey. Refer to the Visual Stream Survey manual for instructions on determining stream
reach. Sample the same stretch of stream during each sampling event to ensure
consistency. AAS recommends sampling once every three months, approximately once
each season (spring, summer, fall, and winter). The macro survey should only be
conducted quarterly or seasonally because oversampling can hinder population, life cycle
changes occur seasonally, and it saves the sampler time.

If conditions are unsafe for any reason including high water levels, inclement weather, or
slippery rocks — DO NOT SAMPLE!

Macros are found in a variety of habitats like riffles (where shallow water flows quickly
over rocks), packs of submerged and decaying leaves, roots hanging into the water, old
wood, or the streambed itself. Note that all macros sampled with the AAS protocol are
benthic and derive their oxygen from the water. Therefore, avoid capturing or including
terrestrial insects or other organisms that are only found on the water surface.

Determine if the sample site is a muddy bottom or rocky bottom stream based on
its characteristics. Follow the directions that correspond to the stream type. If a stream
shows traits associated with both categories, select the one that best represents the site
and proceed with that sampling method.

Rocky bottom streams are generally found in North Georgia and the Piedmont
Region due to influences from the natural geology. There are some exceptions. For
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instance, several streams in South Georgia possess rocky bottom characteristics.
Rocky bottom streams are characterized by fast-moving water that flows over and
between large rocks and boulders, interspersed with longer, smooth sections where
the water forms pools.

Muddy bottom streams are found mostly in South Georgia where the geology
forms substrate made of fine silt, sand, or coarse gravel. Muddy bottom streams
have slow moving water with little or no disturbances. Many streams in urban
areas that have been degraded by the introduction of sediment are also classified
as muddy bottom streams.

Equipment List

Macroinvertebrate Monitoring manual and data forms
Aquatic Macroinvertebrate Field Guide for Georgia’s Streams (laminated)
D-Frame and/or Kick Seine Nets
Spoons, forceps, hand lenses, petri dishes, sorting pans, ice trays, bucket(s), small
pieces of screening
Pitcher or jug for rinsing out macros from nets into sorting pans
Clear container or Whirl-Pak® bag for visual observations
Pens/Pencils
Clipboard
Trash bag to pick up litter
First Aid Kit
Waders, boots, or old tennis shoes
Optional Equipment:

Rubber gloves for rubbing rocks
Bucket with screen bottom (for muddy bottom sampling)

Documents Available on AAS Website Under Materials & Resources

Aquatic Macroinvertebrate Field Guide for Georgia’s Streams
Macroinvertebrate Data Form

Who to Call List

Equipment purchasing information and recommendations
Details on making a kick seine net

Sampling Rocky Bottom Streams

When sampling rocky bottom streams, samples will be taken from both riffles and leaf
packs.

Substrate: Riffles are areas of a stream or river with a fast-moving current bubbling
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over rocks. The water in riffle areas is highly oxygenated and provides excellent habitat,
food, and shelter for a variety of macros.

Organic Matter: Leaf packs are decomposing vegetation (leaves and twigs)
submerged in the water. Leaf packs serve as a food source and provide shelter from
predators.

This sampling method requires at least two volunteers; one to hold the kick seine and one
to “work” the sample area.

Refer to the steps below for instructions and tricks for sampling a rocky bottom stream:
Identifying Sampling Site

Identify three different riffle areas to collect from using a kick seine. Each site will sample
a 2x2 ft area (note that kick seines are typically 3x3 ft). Find an area where the water is 3
to 12 inches deep.

Best Sampling Practices

Take the first substrate sample at the site furthest downstream and continue upstream to
take other samples; this will avoid disturbing the sediment and macros at the other
selected sites. One volunteer should place the kick seine downstream of the desired
sample location so that the macros will wash into the net, then firmly wedge the seine into
the streambed. Angle the seine down and back so that it creates a pocket to catch the
sample. The second volunteer should pick up the larger rocks in front of the kick seine
and gently rub them down while submerged so any macros adhered to them will flow into
the net. Use the rocks to weigh down the bottom edge of the net so there is no gap between
the net and the streambed. Gently loosen debris off rocks and sticks within the 2x2 ft area
so everything is caught in the net. Once all the rocks in the 2x2 area have been rubbed,
kick the streambed with your feet and do the “macro shuffle” as far as two feet in front of
the net. Push rocks around; shuffle your feet so the substrate becomes loosened. Gently
lift the seine with caution without losing any caught macros. Place the seine over a bucket
and rinse its contents into it. Be sure to carefully scan the net after rinsing and remove
any leftover macros gently into the container with water. Repeat this process three times,
each in a different riffle area.

Now look for decayed packs of leaves next to rocks, logs, or on the streambed. Leaf packs
may be found throughout the stream reach in a riffle or pool system. Leaf packs that are
submerged and decaying provide an important habitat and food source for many macros.
The macros sampled with AAS derive oxygen from water, so it is important to avoid
recently fallen leaves or leaves on the water surface. Using both hands, add four handfuls
(approximately 1 sq ft in size each) of decayed leaves to the sample.
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In summary, collect:

3 kick seine
samples of
substrate from
the riffle area
(4 square feet

Collection Method Area Being Sampled
3 kick seine samples from riffle area (4 sq ft each) 12 square feet

each)
4 handfuls of 4 handfuls of organic matter/leaf packs (Isq ft each) 4 square feet
organic

matter or leaf Tolal area being sampled 16 square feel
packs (1

square foot
each)

Sampling Muddy Bottom Streams

Using a D-frame (or dip) net, three habitats will be sampled within muddy bottom
streams. These habitats are vegetated margins, woody debris with organic matter, and
sand/rock/gravel streambed (or substrate). Refer to the descriptions of each habitat type
and tricks for sampling them below:

Vegetated Margin habitats are found
along the bank and edge of a
waterbody, consisting of overhanging o s SWT/SAND/GRAVEL
. . . b SUBSTRATE

bank vegetation, plants living along the ;

shoreline, and submerged root mats.
Vegetated margins may be home to a
variety of organisms like dragonflies,
damselflies, or others. Move the dip-
net quickly in a bottom-to-surface

motion (scooping towards the stream e i )

Sy N QL o
bank), jabbing at the bank to loosen R muﬂﬂ ade 7
organisms. Each scoop of the d-net BT veoramon B8 S

should cover one foot of
submerged/underwater area.

Orgzjlnlc matter an.d.woody debris . \ BY  reerien AuNE
consist of dead or living trees, roots, PN BMK NARGINS

limbs, sticks, leaf packs, cypress knees,
or other submerged organic matter.
Wood traps organic particles that serve
as a food source and provide shelter from predators, making it an important habitat in
slow mobbing streams.

To collect woody debris, approach the area from downstream and hold the net beneath
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the section of wood being sampled. Rub the surface of the wood for a total surface area of
one square foot. Dislodge some of the bark to ensure any hidden macros are removed.
Collect sticks or leaf little to rub the roots of submerged logs. Thoroughly examine any
small sticks collected before discarding them. There may be caddisflies, stoneflies, and
midges attached to the bark.

Substrate is composed generally of sand or mud in slow moving streams because the
velocity of the water is not fast enough to transport large rocks. Ensure the sample is taken
from the coarsest area of the streambed even if it consists of gravel or sand. Gravel bars
may be found at the bend of a river.

Sample the streambed by moving the net forward (upstream) with a jabbing motion to
dislodge the first few inches of gravel, sand, or rocks. Before discarding the gravel, it is
good practice to gently wash it in the screen bottom bucket.

If there are large rocks (greater than two inches in diameter), kick the substrate upstream
of the net to dislodge any burrowing organisms. Only disturb one square foot of upstream
sample area.

Best Sampling Practices

Each net scoop involves a quick forward motion of approximately one foot in length,
covering a sample area of one square foot. With this method, sample the stream a total of
14 times or 14 square feet. To maintain consistency, refer to the graphic for the number
of scoops from each habitat each time sampling is conducted.

Golleclion Method Area Being Sampled

3 Samples from Streambed Substrate using a D-
Frame Net (1 sq ft each)

3 square feet

4 Samples of Organic Matter using a D-Frame Net

4 feet
(1sqfteach) 4 square fee

7 Samples from Vegetated Margins using a D-Frame

7 are feet
Net (1 sq ft each) Square lee

14 square leet

Tolal area being sampled

Hold the net horizontally and sweep the mesh bottom of the D-frame net back and forth
through the water (not allowing water to run over the top rim of the net). This will rinse
fine silt from the bottom of the net without losing any macros in the sample. This will
prevent a large amount of sediment and silt from collecting in the pan and clouding the
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sample.

Place the contents of each scoop from the net into a bucket. Ensure that samples collected
from the streambed, vegetative margin, and woody debris are separated. Ensure each
bucket is filled with water so the organisms do not suffocate.

Separating Fine Silt from the Sample

Some substrates are almost entirely composed of fine silt or mud. Use the process of
elutriation to separate aquatic organisms from the sediment. Place the sample in a bucket
with water and stir. Pour off water into the D-frame net and repeat the process three
times. Macros will separate from the collected mud and get caught in the net. Inspect the
bucket for snails or mollusks before dumping the remaining substrate.

Calculating the Results

After sorting through each habitat sample, place the macros in a white sorting pan or
plastic tray with approximately one inch of water from the sample site. These organisms
require oxygen from water to survive, do not forget this step. The white background of the
sorting containers allows for easier sorting and identification. Separate similar-looking
organisms into groups using an ice tray. Use the AAS Aquatic Macroinvertebrate Field
Guide for Georgia’s Streams to classify the types and numbers of each macro. Each

Macroinverlebrales Found Polenlial Stream Status

Variety of macroinvertebrates with many

Healthy St
individuals of each kind calthy stream

Little variety with many of each kind Water enriched with organic matter

A variety of macroinvertebrates but only a few of

each kind Toxic Pollution

NO macroinvertebrates but the stream appears

Toxic Pollution
clean

Few macroinvertebrates and the streambed is

i X Poor habitat from sedimentation
covered with sediment
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stream will have different amounts and varieties of macros. Calculate the score using the
water quality index on the Macroinvertebrate Data Form. Refer to the table below to
interpret the results.

This table simply illustrates potential correlations between monitoring results and stream conditions. Use
this table along with other AAS monitoring protocols to determine factors affecting a waterbody.

Final Steps Before Leaving Sample Site

When sampling for macroinvertebrates, there are several things that can be done to
minimize unnecessary stress and harm.

Always fill the bucket with stream water, at least halfway full.
Avoid placing the bucket in direct sunlight
Shaded areas are ideal because it takes longer for the water temperatures to
change and reduces temperature shock when depositing macros from the
sampling net(s)
If macros are caught in the net, use a jug with stream water to gently rinse them
out
Avoid crushing or causing macros bodily injury by gently transferring them
between containers
After sampling, thoroughly rinse nets and check that all organisms have been
returned to their habitats
Work quickly to minimize the amount of time the organisms are in captivity
When returning macros to the stream, pour containers out gently and close to the
water surface
Rinse and examine all containers to confirm there are no visible organisms
present
If salamanders are found, minimize handling them and avoid handling them
altogether if there is insect repellant, sunscreen, moisturizer, etc. on the handler’s
skin
Salamander skin is very absorbent and chemicals or oils from human skin
will absorb into their bodies
They are sensitive to toxins and pollutants and must be released promptly
close to the location at which they were found
Crayfish and fish must be quickly and gently released to the water after
identification
Supervise children and educate them on safe and humane handling techniques
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Explore the AAS website for the following resources and more information on
macroinvertebrate sampling:

7
A X4

3

%

R/
0‘0

X3

S

X3

S

R/
‘0

L)

3

%

3

%

X3

S

Macroinvertebrate Data Form

Aquatic Macroinvertebrate Field Guide for Georgia’s Streams
Glossary of Stream Related Terms

Background on Aquatic Insects

Habitat Enhancement

AAS Macroinvertebrate Presentation

Macroinvertebrate Equipment Purchasing Information

Who to Call List

Other Macroinvertebrate identification resources

16



