
5-1

Coastal wetlands play host to a rich diversity of inver-
tebrates that scurry, burrow, or swim in tidal creeks,
mudflats, and salt marshes.  Snails, mussels, crabs, and
shrimp are the most conspicuous animals in tidal areas, and
together often comprise the greatest proportion of animal
biomass in these ecosystems.  You can look under vegeta-
tion, turn over rocks, and wade in water to observe less
conspicuous animals such as insects, mites, spiders, amphi-
pods, isopods, and worms.  Salt marshes also support a rich
diversity of tiny (often microscopic) and reclusive animals
that we rarely ever see.

Just like plants, salt marsh invertebrates display a wide
range of tolerance for physical and chemical conditions such
as salinity and tidal influence.  Species will occupy different
areas of the marsh depending on their tolerance for local
conditions, and unlike plants, can migrate between differ-
ent habitats with the ebb and flow of the tide.  The low
marsh and permanently flooded areas support species that
require almost constant inundation, including most
mussels, clams, shrimps, crabs, and bristle worms.  The
high marsh and marsh border support a variety of marine
and terrestrial invertebrates.  During high tide, terrestrial
invertebrates either migrate toward the marsh border or crawl
up vegetation, and many crustaceans migrate from the low
marsh or tidal creek into the high marsh to forage.

Invertebrates perform the critical task of converting
tough salt marsh grasses into a form more palatable for other
organisms, allowing animals (including other invertebrates,
fish, birds, and mammals) to benefit from the rich

productivity of salt marsh grasses.  Thus, invertebrates are
largely responsible for providing the food resources that
help fuel salt marsh and marine ecosystems.  The condition
of the invertebrate community will ultimately influence the
health of all salt marsh dependent animals.

Scientists recognize invertebrates as good indicators of
changes in tidal flow, vegetation cover, salinity regime,
nutrients, and dissolved oxygen.  A number of invertebrates
are also sensitive to pesticides and heavy metals.  Many
marine invertebrates are sedentary (stay in one place for their
entire lives), and their populations reflect past and present
environmental conditions at a particular location.  In
contrast, fish and birds are highly mobile and since they
can leave an area if conditions become unfavorable, they are
not as useful in documenting historical conditions.

Invertebrate communities may provide information as
to how impacted a site may be, but often cannot reveal the
source of that impact.  A thorough habitat assessment will
usually help pinpoint the reasons for an impaired inverte-
brate community.  This chapter provides guidelines and
methods for conducting a habitat assessment as part of an
invertebrate monitoring program.

EQUIPMENT

You will need equipment to conduct the habitat assess-
ment and collect, sort, and identify invertebrates.  Table 1
lists the equipment you will need for each of these tasks, as
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well as the necessary data sheets.  Although the equipment
list is extensive, resourceful people should be able to gather
the materials they need at relatively low cost.  The most
expensive items are the D-net, auger, sieve, magnifying lamp,
and dissecting microscope.  Volunteer groups should try to
seek an arrangement with local biological laboratories (such
as high school, university, or state research labs) so that they
do not have to purchase expensive items.  Many of the
materials required are common household items and can be
donated from volunteers or the community.

SAMPLING METHODS

At this point, take the time to read the “Overview of
Invertebrate Monitoring” text box that accompanies this
section.  Salt marsh invertebrate monitoring is more com-
plex than the other monitoring techniques described in this
manual and may require considerable preparation.  It is wise
to have a full understanding of your commitment before

going into the field.  At times, you will not be able to follow
the instructions exactly as they are described below.  You
may encounter unexpected conditions such as dangerous
mud flats where you want to sample, or steep banks that
make access into the stream difficult.  Use common sense to
modify the procedures if necessary, but try to conduct your
sampling in the prescribed manner.

Habitat Description

The ability of a salt marsh to withstand the effects of
various environmental stressors depends upon hydrology,
substrate, the shape and size of the marsh, and its resident
biological community.  Volunteers should fully describe
habitat conditions and potential stressors to the marsh, and
the best way to do this is by making careful field observa-
tions.  Volunteers should conduct the habitat description
during the growing season after the vegetation has become
established, and preferably at the same time as the inverte-
brate sampling.  The instructions below will guide you
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through the field data form and provide explanations as you
go.  Maps, aerial photographs, and accurate field observa-
tions are your “tools” for completing Form 1, and later Form
5, to compute a habitat condition score.

Complete the site identification section at the top of
Form 1 (Appendix 1 of this chapter).  List the names of all
team members conducting the assessment.  Use a GPS to
record latitude and longitude of your site or estimate coor-
dinates from topographic maps.  Before leaving the marsh
site, double check Form 1 to ensure you have recorded all
information. Record observations on the following variables:

1. Weather:  Tick the appropriate boxes to describe
weather conditions in the 24 hours before inverte-
brate sampling, and on the day of the invertebrate
sampling.  Stormy weather or heavy rains can affect
sampling conditions, turbidity, dissolved oxygen, and
conductivity.

2. Hydrology:  Tick the appropriate boxes to list the
sources of water.  Use tidal charts to determine the

average tidal range during the year.  Document any
tidal restrictions and record any impediment to wa-
ter movement.

3. Marsh Vegetation:  Categorize the abundance of
different types of marsh vegetation in the wetland
evaluation area (WEA) using the following abun-
dance descriptors: N = None, R = Rare, C = Com-
mon, and A = Abundant.  Abundant vegetation
usually indicates a healthy marsh, and marshes with
a rich variety of vegetation types provide more
habitats and feeding opportunities.

4. Abundance of Food for Invertebrates:  Follow the
same method as for the marsh vegetation.  Aquatic
invertebrates generally prefer to consume softer veg-
etation.  The hard stemmed plants, such as Spartina
alterniflora (smooth cordgrass) and Phragmites aus-
tralis (common reed), provide good habitat even
though they are a poor food source.  Record the pres-
ence of fish because they prey on invertebrates and
can affect their densities.

OVERVIEW OF INVERTEBRATE MONITORING

• Set Goals and Objectives.
• Choose a Study Site, Reference Site(s), and Sampling Stations:  Visit the study site and reference site(s)

well before conducting the invertebrate sampling.
• Set Date for Field Work:  Marine invertebrates are always present, but the presence and abundance of

some species changes throughout the year.  Late summer is a good time to sample because invertebrate
size, diversity, and abundance are maximum then.  If you are planning a second collection effort, spring is
good because certain taxa are present that are scarce in the summer.

• Borrow or Purchase Equipment and Materials.
• Organize the Support Team:  A field team should consist of a team leader with experience in salt marsh

ecology or invertebrate taxonomy, and field assistants to help with equipment, sampling and recording.
For safety reasons, single individuals should never undertake invertebrate sampling alone.

• Conduct the Habitat Assessment.
• Conduct the Invertebrate Sampling.
• Sort the Invertebrate Samples:  Ideally, volunteers will work in a laboratory environment equipped with

at least one deep sink and workbench.  A university or local high school biology laboratory is a perfect
setting for sorting and identification.

• Identify and Count Invertebrates.
• Perform Data Entry and Analysis.
• Complete the Habitat Assessment Score.
• Submit All Completed Forms and Invertebrate Samples to the Project Leader:  Be sure that the project

leader has all the necessary contact details so that if questions arise they can be resolved expediently.
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5. Substrate:  Follow the same method as for the
vegetation to record the relative abundance of the
different substrate types, and record other observa-
tions such as oil slicks.  Most water-dependant salt
marsh invertebrates favor sandy and muddy sub-
strates, though some (snails, barnacles) prefer solid
surfaces.  Solid substrates are often colonized by
seaweed that in turn provides food and habitat for
invertebrates.

6. Impacts to Salt Marsh:  Record all observed and
known impacts to the salt marsh WEA.  Mark their
location on the sketch or take photographs.

7. General Water Quality: (Optional, but recommended)
Using a water quality analyzing system (see: “Salin-
ity” chapter), record the water quality parameters
indicated in the table.  Measure water quality at each
of three sampling stations, and if necessary, record
other water quality observations.  Tick the appropri-
ate boxes if suspended materials or water odors are
observed.

8. Record Invertebrate Samples:  After completing the
invertebrate sampling, ensure that there is a record
of all collected, bagged, preserved, and labeled samples
ready for return to the laboratory.  Also, be sure to
record all of the live invertebrates you identified and
counted in the quadrat samples.

9. Sketch of Marsh:  Use a topographic map and aerial
photographs to assist you with the sketch.  Include
all of the elements listed at the top of the sketch area.
Drawing the map will familiarize you with the sur-
rounding land uses and roadways, the size and shape
of the marsh and the related WEA, the stream
pattern, ditches, vegetation types, location of restric-
tions, and other disturbances.  It is important to mark
the three sampling stations at each sampling site.  Take
photographs of the WEA to complement your sketch.

Collecting Samples

At this point, you have already selected your study site,
reference site(s), and WEA using guidelines in Chapter Three
and previous sections of this chapter.  The WEA should be
representative of the marsh condition and meet the overall
goals and objectives of your study.  Within the WEA, you
must choose three locations to collect invertebrates, called
sample stations.  Here are some general recommendations
for choosing sample stations and collecting samples:

• Be sure that your invertebrate sampling coincides with
low tide.

• Flag a 300’ transect along the primary tidal creek if
you are studying an estuarine marsh, or a 300’ transect
along the bank if you are studying a salt marsh that
borders an embayment.

Ribbed Mussel
Family Mytilidae

Two volunteers conducting invertebrate sampling in a quadrat.
Photo: Ethan Nedeau
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• Choose three sample stations near the beginning,
middle, and end of the transect.  Be sure to choose
sample stations that are representative of local
conditions.  Place flags at each location so that you
will remember where you took the samples.

• If you are working along a tidal creek, first check the
direction in which the water is flowing.  Begin sam-
pling at the downstream location against the flow of
water and work “upstream” against the flow so that
you do not disturb other unsampled stations above.
If you are working along an embayment, it does not
matter what order you collect samples.

Three types of samples are collected at each station:
quadrat (or plot) samples at the top of the bank, D-Net
samples in the stream or bay, and auger samples in the
stream or bay (Figure 1).  These three methods will later
form one composite invertebrate sample for each station.
Use the instructions below to collect these samples.

Quadrat Sampling

Quadrats are used to sample invertebrates that exist on
the upper edge of the estuarine stream bank or seaward marsh
edge.  You should expect to find crabs, mussels, barnacles,
amphipods, isopods, flies, spiders, grasshoppers, and mites
in this habitat.  It is useful to have one person do the sam-
pling while another person records the results on Form 1.
You should use protective gloves for this sampling technique.

Use the following procedure:
1. Place the quadrat on the bank near the water’s edge

at a location that is typical of the bank condition.
2. Methodically work the hands backwards and forwards

across the surface of the ground within the frame,
and identify, count, and record every living inverte-
brate that you encounter.  Since barnacles are usually
too numerous to count, record their abundance with
the following notation: + = rare, ++ = common, and
+++ = abundant.

3. Repeat this procedure at the other sampling stations.

D-Net Sampling

D-Nets are used to collect invertebrates from shallow
water environments at low tide, either in tidal creeks or
embayments.   Using this method, you should expect to
collect molluscs, polychaete worms, amphipods, isopods,
and other organisms requiring constant inundation with
seawater.  At least two people (ideally three) are needed to
conduct D-Net sampling.  Use the following procedure:

1. If working in a tidal creek, note the direction of the
tidal movement, and face against the flow.

2. Before entering the water, look for all the different
habitat types, such as banks and vegetated margins,
different substrate types, woody debris, and float-
ing alga mats, and try to collect from each of these
habitats.  Enter the water gently so that you do not
frighten and disperse swimming organisms.
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3. Place the flat side of the D-Net on the surface of the
substrate in approximately 0.3 meters (14 inches) of
water, and hold the net perpendicular to the sub-
strate as you walk 10 strong and even paces toward
the water flow, pulling the D-Net through and over
different habitats.  If working in an embayment, you
will not have the current to contend with and it is
important that you maintain your momentum as you
collect the sample.  Many invertebrates are good
swimmers and try to escape the net.

4. Bring the net containing the sample to the surface
for retrieval.  Gently swish the net back and forth in
the stream to allow fine silt and sand to pass through
the mesh, being careful not to lose organisms.

5. Place the contents of the inverted net over a bucket
half filled with water and wash all debris and inverte-
brates off the net and into the bucket.

6. Use forceps to remove any organisms that remain on
the net, and place these in the bucket.

7. Pour the contents of the bucket through a standard
US No. 30 brass sieve to remove the water.

8. Place the contents of the sieve into a resealable plas-
tic bag, and make sure that no invertebrates are left
on the sieve.

9. If you have a large number of snails and crabs in your
sample, you should identify them in the field, record
the numbers of each family (and if possible, species)
on the field sheets, and then return them back to the
water alive.

10. Label the resealable plastic bag (see instructions
below) and record the sample information on the field
sheet.

11. Once you complete a sample, wash out the D-Net to
remove all remaining debris.

12. Repeat the procedure at the two other sample
stations, placing each sample into a separate reseal-
able plastic bag.  It is important that you collect all
samples in a consistent manner.

Auger Sampling

An auger, or corer, is used to collect a sediment or sub-
strate sample from the stream or embayment.  Using this
method, you should expect to collect a variety of worms,
snails, clams, amphipods, isopods, and other organisms that
live on or within the substrate.  You should collect the sample
in a location that was not disturbed by D-Net sampling.
Use the following procedure to collect auger samples:

1. Hold the auger perpendicular to the water surface
above the point from which the sample will be taken.

2. Push the auger downward into the sediment until
the bucket of the auger is half embedded in the
substrate.  Turn the auger handle to help force the
auger into the substrate.

3. Carefully pull the auger out of the sediment and
quickly place the sieve beneath the auger so that none
of the sample is lost.  Keep the sieve under the auger
as you return to the bank, where you should empty
the remaining auger contents into the sieve.

Periwinkle
Family
Littorinidae

Mud Snail
Family
Nassariidae

Collecting a D-Net sample in a tidal creek.  Photo: Ethan Nedeau
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4. Remove fine sediment from the sieve by carefully plac-
ing it face up in the water (being careful that the
water does not cover the top!) and gently swirling
the contents so that the fine sediment passes through
the sieve.  This important step will greatly decrease
sorting time.

5. Place sieve contents into a resealable plastic bag, seal,
label (see instructions below), and record the sample
information on the field sheet.

6. Clean the auger by swishing it back and forth in the
water.

7. Repeat the procedure at the other two sampling
stations, placing each sample into a separate resealable
plastic bag.  It is important that you collect all samples
in a consistent manner.

Sample Bagging and Labeling

You must properly bag and label all samples so that
everybody knows how, where, and by whom a sample was
collected.  A sample without a label is worthless, and it would
be unfortunate if valuable field time were wasted because of
improper bagging or labeling procedures.  Use the follow-
ing procedures to label samples:

1. Using a permanent ink marker, label all samples with
the following information: sample number, field site
identification, sampling station number, date, names
of collectors, sampling method, and the preserva-
tive used (Figure 2).  This can be done before going
into the field.

2. Flood all bagged samples with 90% or higher
concentration alcohol or similar preservative and seal
carefully.

3. Record the sample numbers on the
field sheet (See: Form 1).

4. Place bagged samples in a cooler with
ice to prevent heating in hot weather.

5. Store samples in an air-conditioned
laboratory (or similar workspace) or
a refrigerator for no longer than two
weeks before sorting.

Sample Sorting

After you collect samples and return to
your indoor working area or laboratory, you
must begin the painstaking process of remov-
ing invertebrates from the sand, silt, and peat
substrate.  Many invertebrates are less than

5mm long and pale in color, making them difficult to see
among the sediment.  Sample sorting is a very important
part of your study, and it is imperative that you remove all
of the organisms in your sample (or sub-sample — see #4
below) so that your data are not biased and your conclu-
sions are reliable.  You might have to be patient and thor-
ough, but the data you generate will be well worth the
effort.  Use the following guidelines for sorting samples:

1. Empty the contents of a sample into the standard
US #30 sieve.  You should place the sieve over a bucket
so that sediment is not washed down the drain.

2. Gently rinse the sample under tap water to remove
fine organic detritus, silt, and clay.  Place the sieved
sample into a white sorting tray (one small handful
at a time, if necessary).  You must be careful to
remove any organisms that may be stuck on the sieve.

3. Place the sorting tray under a desk light or magnify-
ing lamp, and using the magnifying lens and forceps,
remove invertebrates from the sediment and place
them into a large (40mL) vial two-thirds filled with
70% or higher concentration of alcohol.

Sample Number:  #4
Field Site Identification:  WEA MSBP-R
Sampling Station: #2
Date: April 20, 2002
Names of Collectors: Tom Hopkins, Bev O’Halloran
Sampling Method: D-Net
Preservative Used: 90% ethyl alcohol

FIGURE 2. SAMPLE LABEL

Volunteers sorting and identifying invertebrates. Photo: Anna Hicks
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4. If you think there are approximately 100 or less
organisms in the sample, then remove all organisms.
If you think there are well over 100 organisms, you
may use the 100-organism sub-sample procedure
(see textbox above).  This sub-sampling method is
appropriate for volunteers with limited time and fi-
nancial resources.  If time and resources are avail-
able, volunteer groups should conduct a full count.

5. After you have finished sorting, have a second per-
son scan the debris in the sorting tray to double check

your work.  Tightly seal and label each vial (two for
each sampling station: one for D-Net and one for
auger), and register the sample on the Invertebrate
Samples Record Sheet (Form 2, Appendix 2 of this
chapter).

6. Samples can be identified and counted any time af-
ter the sorting has been completed, but should not
be left for more than six months because alcohol in
the vial sometimes evaporates and ruins the sample.

RAPID BIOASSESSMENT SUBSAMPLING PROTOCOL
(100-Organism Count Technique)

1. Thoroughly rinse sample in a 500-micron screen or the sampling net to remove fine sediments.  Any large
organic material (whole leaves, twigs, algal or macrophyte mats) should be rinsed, visually inspected for inver-
tebrates, and discarded.

2. Place sample contents in a large flat pan with a light-colored (preferably white) bottom.  The bottom of the pan
should be marked with a numbered grid pattern, each block in the grid measuring 5 x 5 cm.  (Sorting using a
gridded pan is only feasible if the organism movement in the sample can be slowed by the addition of club soda
or tobacco to the sample.  If the organisms are not anesthetized (or preserved), 100 organisms should be
removed from the pan as randomly as possible.)  A 30 x 45 cm pan is generally adequate, although pan size
ultimately depends on sample size.  Larger pans allow debris to be spread more thinly, but they are unwieldy.
Samples too large to be effectively sorted in a single pan may be thoroughly mixed in a container with some
water, and half of the homogenized sample placed in each of two gridded pans.  Each half of the sample must
be composed of the same kinds and quantity of debris and an equal number of grids must be sorted from each
pan, in order to ensure a representative subsample.

3. Add just enough water to allow complete dispersion of the sample within the pan; an excessive amount of water
will allow sample material to shift within the grid during sorting.  Distribute sample material evenly within the
grid.

4. Use a random numbers table to select a number corresponding to a square within the gridded pan.  Remove all
organisms from within that square and proceed with the process of selecting squares and removing organisms
until the total number sorted from the sample is within 10 percent of 100.  Any organism that is lying over a
line separating two squares is considered to be in the square containing its head.  In those instances where it is
not possible to determine the location of the head (worms for instance), the organism is considered to be in the
square containing the largest portion of its body.  Any square sorted must be sorted in its entirety, even after the
100 count has been reached.  In order to lessen sampling bias the investigator should attempt to pick smaller
cryptic organisms as well as the larger more obvious organisms.

5. After 100 or more organisms have been removed, check the entire contents for any taxonomic group that has
been missed.  Pick out one representative of each previously missed group.  This ensures a complete record of
taxa richness.

Source: Plafkin et al., 1989, modified from Hilsenhoff, 1987.  #5 is a modification made by the authors of this
manual.
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Identifying and Counting Samples

Identification can be enjoyable because you get the
chance to look closely at organisms, observe their fascinat-
ing shapes, and spend time looking through identification
guides and learning about each organism and its close
relatives.  It is very satisfying to know the difference
between Capitellidae, Spionidae, and Nereidae — all
different types of marine worms — especially considering
that you probably did not even know these words existed
before you became a volunteer monitor!  Identification takes
practice, and people working in the Northeast are fortunate
to have two outstanding identification manuals for marine
invertebrates entitled Marine Animals of Southern New
England and New York (Weiss, 1995) and A Practical Guide
to the Marine Animals of Northeastern North America
(Pollock, 1998).  Use the following guidelines to identify
and count invertebrates:

1. Create a composite sample for each station by pour-
ing the vial contents of the D-Net sample and auger
sample into one petri dish.  Make sure that no
organisms remain in the vials.

2. Place the petri dish under the dissecting scope set at
10X magnification, and in a deliberate, systematic
manner, scan back and forth, identifying organisms
as you go.  You may need to increase the magnifica-
tion to see finer details.

3. Using Weiss (1995), Pollock (1998), and other ref-
erences, identify the invertebrates to family level.

4. Record and count each taxon on the Laboratory
Bench Sheet (Form 3, Appendix 3 of this chapter).

5. Immediately after you identify and record a speci-
men, return it to a labeled vial two-thirds filled with
70% or higher concentration alcohol.  There should
be one vial per sample station per sample date.

6. Label and safely pack the vials for return to your
project coordinator so that someone can reexamine
specimens or identify them to a lower level of tax-
onomy at some future date.

7. If you have doubts about an organism’s identity,
consult with a marine invertebrate specialist.  Place
the specimen in question in a separate vial with alco-
hol and a complete label.  Send the specimens to a
specialist for verification, and add to your records
later.  Alternatively, arrange to have a taxonomist
present during an identification session to provide
assistance.

8. Record the completion of this process for each sample
on the Invertebrate Sampling Record Sheet (Form
2).  Form 2 traces the sample collection, sorting, and
identification to this stage.

9. On the Laboratory Sheet (Form 3), add the data from
the quadrat sample taken from the same sampling
station.  Enter the total number of organisms for each
family or taxonomic group, the number of different
types of taxa you identified, and the resulting total
abundance for the completed composite sample.

10. Repeat this process for the remaining two sample
stations, using a separate Form 3 for each station.

11. Once volunteers have finished collecting, sorting, and
identifying samples for a site, there will be three
completed copies of Form 3 (one for each sample
station).

12. Samples and the registration sheet (Form 2) are to be
returned to the project leader for archival action.
Similarly, return Forms 1, 3, 4, and 5 to the project
leader once they are completed.  Project leaders should
keep copies (hard or floppy disk) for their own records
and as a safety backup.

Amphipoda
Family Gammaridae
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A B C D E F G

1 T AXA GF )1(D )2(D )3(D D %

2 ADOPORTSAG

3 eadinoetcA G 0.5 0.21 0.3 7.6 2.6

4 eadiihtireC G 0.0 0.0 0.0 0.0 0.0

5 eadillebmuloC G 0.1 0.5 0.1 3.2 2.2

6 eadiibordyH FD 0.32 0.21 0.6 7.31 6.21

7 eadinirottiL G 0.7 0.4 0.43 0.51 9.31

8 eadidopmaleM G 0.0 0.0 0.0 0.0 0.0

9 eadiirassaN G 0.9 0.4 0.6 3.6 8.5

01 latotbuS 0.44 6.04

11 ADOPOSI

21 eadietodI C/FD 0.13 0.8 0.41 7.71 3.61

31 eadirinaJ CS/FD 0.0 0.0 0.0 0.0 0.0

41 eadiironmiL FD 0.3 0.7 0.2 0.4 7.3

51 rehtO CS/FD 0.0 0.0 0.0 0.0 0.0

61 latotbuS 7.12 0.02

71 ADINOIPS

81 eadinoipS FD 0.42 0.71 0.18 7.04 6.73

91 rehtO FD 0.2 0.3 0.1 0.2 8.1

02 latotbuS 7.24 4.93

FIGURE 3: EXAMPLE DATA ENTRY
SPREADSHEET

The numbers along the side (1-20) and
letters along the top (A-G) are used to
identify individual cells within the spread-
sheet.  For instance, cell “F6” refers to
the average value of the family Hydro-
biidae, which is 13.7.  This figure only
shows partial data, and a realistic spread-
sheet would include several additional
taxonomic groups.

Column labels are as follows:
Taxa: Class, Order, or Family
FG: Feeding Group (see Table 3 for ab-

breviations)
D(1): The number of organisms in sample

station #1
D(2): The number of organisms in sample

station #2
D(3): The number of organisms in sample

station #3
D: Taxa Average
%: Taxa Percent Composition

DATA ENTRY

Even though the project scientist or leader usually
analyzes the data, volunteers can perform a number of tasks
associated with data entry.  If you followed the sampling,
identification, and counting procedures outlined above, you
will have three completed copies of Form 3 for each site,
which will then be combined into a single Invertebrate Data
Sheet (Form 4, Appendix 4 in this chapter) for each site.
Volunteers should transfer invertebrate data onto Form 4
using the instructions below.  Data entry and analysis is ide-
ally suited for a spreadsheet program such as Microsoft  Excel.
The instructions below include figures that show spread-
sheet format and use real data to illustrate key aspects of
data entry.  Figure 3 is set up similar to a spreadsheet with
column and row identifiers (letters for columns and num-
bers for rows), so that any cell can be identified.  For
example, cell D12 is located in column D and row 12.

Data Entry Instructions

1. Record all pertinent information (site identifiers,
processing dates, names of volunteers) on Form 4.

2. Transfer the number of organisms in each taxonomic
group for each composite sample (the last column of
Form 3) into columns D(1), D(2), and D(3) of Form
4.  For example, if 23 individuals of the family
Hydrobiidae were collected at Station 1, then you
would enter 23 into cell C6 in Figure 3.

3. Sum D(1), D(2), and D(3) for each taxonomic group
(class, order, or family), divide by three, and enter
this value into column D.  This is the Taxa Average.
For example, the value “6.7” in cell F3 of Figure 3
represents the average number of Acteonidae collected
at the three sampling stations.

4. For each order, sum column D to compute Order
Subtotal (Figure 3).  For example, the value “21.7”
in cell F16 of Figure 3 represents the average number
of Isopoda collected at the three sampling stations.

5. Transfer each Order Subtotal into the second col-
umn of the box “Composition of Major Groups” on
page two of Form 4 (see Table 2).  The sum of the
column “Number” represents the Average Number
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of Organisms for the site (stations 1-3 combined).
In Table 2, the value “108.3” represents the average
number of organisms collected at the three sampling
stations.

6. In the box “Composition of Major Groups” (Table
2), divide each Order Subtotal by the Average
Number of Organisms, multiply by 100, and enter
this value into the column “Percent.”  This repre-
sents the percentage of the entire sample comprised
by each Order, and the sum of the column should be
100%.  In Table 2, to compute the percent contribu-
tion of the order Isopoda, divide 21.7 by 108.3 and
multiply by 100 to reach 20.0%.

7. In Figure 3, divide Taxa Average by Average Number
of Organisms (from Table 2) and multiply by 100 to
compute Taxa Percent Composition for the entire
sample.  Enter these values into the column “%.”
For example, in Figure 3 the percent composition of
the family Idoteidae is determined by dividing its
taxa average (17.7; Cell F12) by the Average Num-
ber of Organisms (108.3, from Table 2) and multi-
plying by 100 to reach 16.3% (Cell G12).

8. Sum column “%” for each order to compute Order
Percent Composition for the entire sample, which is
entered as “Subtotal” in column “%” of Figure 3.
The Order Percent Composition in Figure 3 should
be the same as the percent composition in Table 2.
For example, the percent Gastropoda in Table 2 and
Figure 3 (Cell G10) are both 40.6.

9. Complete the box “Composition of Feeding Groups”
by summing the Taxa Percent Composition for each
feeding group (see Table 3).  Feeding group is indi-
cated in column FG of Figure 3.  The Mixed Feed-
ing Group is used for families that have more than
one feeding group (e.g. SF/DF).  For example, in
Figure 3 the deposit feeders (DF) are the
Hydrobiidae (12.6), Limnoriidae (3.7), Spionidae
(37.5), and Spionida Other (1.8), for a combined
percentage of 55.6%.  This value is entered into the
appropriate line on Table 3.  If you have counted
correctly, the sum of percentages should be 100.

10. Locate the summary box “Introduced Species” on
Form 4.  You may not be able to complete this box
because it requires species-level identification of three
common introduced species — the green crab

(Carcinus maenas), common periwinkle (Littorina
littorae), and Japanese crab (Hemigrapus sanguineaus).
Remember that this chapter has recommended
family-level identification.  If you have identified and
counted these species, you can record the average
number of individuals and percent composition in
the sample following the same procedure you did for
the box “Percent Composition of Feeding Groups.”

11. Complete the box “Percent Insects, Spiders, and
Mites” on Form 4 by summing Taxa Percent Com-
position for the Insecta (insects), Aranea (spiders),
and Acarina (mites).

12. Fill out the box “Summary” (see Table 4) using the
following instructions:

Line 1: Enter the Average Number of Organisms
(Table 2, value = 108.3).
Line 2: Count the number of different taxonomic
groups present in the samples (whether to class,
order, or family) and enter that figure into line two.
Using data in Figure 3, there are nine different taxo-
nomic groups.
Line 3: Find the highest value in the third column
of the box “Composition of Major Groups” and
enter the value into line three (Table 2, value =
40.6 [Gastropoda]).

O REDR N REBMU P TNECRE

adoportsaG 0.44 6.04

adoposI 7.12 0.02

adinoipS 7.24 4.93

latoT 3.801 0.001

TABLE 2. COMPOSITION OF MAJOR GROUPS

F GNIDEE G PUOR P TNECRE

)RP(rotaderP 0.0

)FD(redeeFtisopeD 6.55

)G(rezarG 0.82

)MO(erovinmO 0.0

)CS(regnevacS 0.0

)FS(redeeFnoisnepsuS 0.0

)M(dexiM 3.61

latoT %001

TABLE 3. COMPOSITION OF FEEDING GROUPS
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Line 4: Find the highest value in the second col-
umn of the box “Composition of Feeding Groups”
and enter the value into line 4 (Table 3, value =
55.6 (Deposit Feeder).
Line 5: Enter the combined percentage of Insects,
Spiders, and Mites.

DATA ANALYSIS AND COMPARISON

You have completed Data Entry and by doing so you
have computed some important community metrics for your
study site and reference site.  This section discusses what
each of these metrics means and how they are used to
compare a study site with a reference site.

Average Number of Organisms

This is the average number of organisms that were
collected in three composite samples from a site.  This is
sometimes called “average abundance” or “average density.”
This is not a very meaningful value.  Scientists have found
that the average total number of organisms, or abundance,
usually does not respond in a consistent way to environ-
mental impact.  The results are always highly variable.  Some
impacts, such as an increase in nutrients, may promote an
increased abundance of organisms, whereas other impacts,
such as heavy metals, may cause a decreased abundance of
organisms.  Even though this figure is not very useful as a
metric, it is needed to calculate other more reliable metrics.

Taxonomic Richness

This is the number of different types of organisms that
were collected at the site.  If you identified all taxa to the
family level, then this would be the number of families.  It is
more likely that you only identified some difficult organ-
isms to the class or order level.  Taxonomic richness usually
represents the number of groups that were identified to the
lowest possible level.  For example, if the final taxa list looked
like this:

Class Insecta
Class Turbellaria
Unknown Polychaeta
Family Spionidae
Family Capitellidae
Family Gammaridae
Family Idoteidae

then the taxonomic richness for your sample would be seven,
even though you could only identify four of these to the
family level.  High taxonomic richness is usually associated
with favorable conditions with various types of microhabi-
tats.  Taxonomic richness is usually lower in disturbed areas
because sensitive species are lost and certain habitats are
eliminated.  The exception occurs with a mild disturbance
that can create more habitats or niches than previously
existed.  In this case, taxonomic richness is likely to increase.

M CIRTE V EULA

smsinagrOforebmuNegarevA 3.801

ssenhciRcimonoxaT 9

tnanimoDfonoitubirtnoC%
puorGcimonoxaT

%6.04

tnanimoDfonoitubirtnoC%
puorGgnideeF

%6.55

setiMdna,sredipS,stcesnI% %0

TABLE 4. SUMMARY

Family Nereidae

Family Spionidae

Class Oligochaeta
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Percent Composition of Taxonomic
Groups

The types of organisms and the percent
composition of major groups of organisms
can reveal important information about the
health of a community because groups
respond differently to environmental pollu-
tion and disturbance.  Some species are very
sensitive to disturbance, and a community
with large numbers of sensitive organisms
is probably very healthy.  Other species are extremely toler-
ant of pollution and often increase in abundance in
polluted habitats.  For example, studies have shown that the
abundance of the families Palaemonidae, Spionidae,
Nereidae + Nephtyidae, and Capitellidae increase with
eutrophication.  Table 5 suggests that the study site is more
eutrophic than the reference site, even though Nereidae +
Nephtyidae did not respond as expected.

Percent Composition of Dominant Taxonomic Group

A healthy community should have a balanced compo-
sition of taxa consisting of at least three co-dominant groups.
Usually no single group should greatly dominate the rest of
the community.  One or two groups usually dominate
stressed communities, either because sensitive species are
eliminated or because certain groups respond in a positive
way to pollution or disturbance.  If the percent composi-
tion of the dominant taxonomic group is 36% in the
reference site and 78% in the study site, then it is possible
that conditions at the study site favor one type of organism
that out competes the others.

Percent Composition of Trophic Groups

This metric is very similar to the one above except that
it indicates the balance between different feeding groups
in a community.  A healthy community should have a well-
balanced composition of different trophic groups, although
detritivores and suspension feeders are usually dominant
in salt marshes. Many invertebrate predators, such as the
blue crab and the clamworm, live a long time and their
presence in a water body usually indicates good water
quality, especially because predators are subject to the
effects of biomagnification — the increasing concentra-
tion of a pollutant in body tissues as food passes along a
food chain.  With increasing impact, the proportion of
predators is expected to decline and the proportion of
detritivores to increase.

Percent Contribution Dominant Trophic Group

A healthy community should have a balanced compo-
sition of trophic groups, and no single group should greatly
dominate the community.  The percent contribution of the

NOITISOPMOCTNECREP

T AXA ECNEREFER YDUTS

eadinomealaP 2 5

eadinoipS 0 51

eadiythpeN+eadiereN 4 1

eadilletipaC 3 03

ecnadnubAtnecreP 21 84

TABLE 5. COMPOSITION OF TAXONOMIC GROUPS

Grass Shrimp
Family Palaemonidae
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dominant trophic group can be a reliable indication of the
feeding opportunities that exist in a community, and
provide insight about wetland condition.

Introduced Species

There is a growing concern that species introduced from
other areas of the world find ideal conditions in New
England.  Often they do not have natural predators or dis-
eases that were present in their native habitats, and can of-
ten out-compete native species and spread very quickly
throughout the ecosystem.  The green crab (Carcinus
maenas), common periwinkle (Littorina littorae), and Japa-
nese crab (Hemigrapus sanguineaus) are three common
introduced species.  High numbers of these species might
not indicate other environmental problems associated with
the salt marsh, but should be cause for concern.  In some
cases, careful monitoring or mitigation measures might be
appropriate.

Percent Insects, Spiders, and Mites

The presence of aquatic freshwater insects (such as
chironomid midges, beetles, true bugs, mosquitoes, and
dragonfly larvae) in salt marshes might indicate low salin-
ity regimes possibly caused by excessive stormwater runoff
from the surrounding landscape, the influence of ground-
water springs, or the lack of tidal flushing due to a tidal
restriction.  The presence of terrestrial organisms such as
spiders, mites, flies, aphids, and grasshoppers very close to
the water edge can indicate a reduction in flooding by tidal
salt water.  For example, if you found 28% of Insects,
Spiders, and Mites in the study site and only 4% in the
reference site, then it is likely that the two sites have a differ-
ent salinity and/or hydrological regime(s).  You would prob-
ably want to measure salinity or tidal hydrology to support
these findings.

ADVANCED ANALYSIS

You can now see how to use metrics to make compari-
sons that may suggest health problems for different aspects
of the invertebrate community at a study site.  The infor-
mation you have obtained to this point is very important.
It forms the basis for the final step in the invertebrate com-
munity health analysis, the calculation of the Invertebrate
Community Index (ICI).  Volunteers are not asked to take
this step because it requires special expertise.  Volunteers
should complete the Habitat Assessment Score (HAS), and
by reading the section “Summary of ICI and HAS” volun-
teers can see how the invertebrate data and habitat evalua-
tion can be graphically displayed and presented to decision
makers and managers.

Invertebrate Community Index (ICI)

Project leaders use invertebrate data to calculate an ICI
with assistance from a professional biomonitoring scientist.
The ICI is a summary of the multiple metrics and indices
that have been selected for each site.  The ICI summarizes
the degree of impact to the invertebrate community at the
study site as compared to a reference site(s) by comparing
all of the invertebrate metrics that were calculated.  The study
site is given a score between 0% and 100%.  A score of
100% means that the invertebrate community at the study
site is the same as that of the reference site(s).  A score of 0%
means there is no resemblance at all with the reference site.
Scores will nearly always fall in between 20% and 90%.  For
example, a score of 72% means that the invertebrate com-
munity from the study site differs by 28% from that sampled
at the reference marsh.

Habitat Assessment Score (HAS)

Invertebrate community health is reliant on both habi-
tat quality and water quality.  It is important to document
habitat quality and water quality variables in order to put
invertebrate results into context.  Form 1 and Form 5

Tanaid
Family Leptocheliidae
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provide a means to express habitat and water quality in a
way that is comparable to the invertebrate community
metrics and the ICI.  This manual uses 10 important
variables of habitat condition to compute an overall score,
called the HAS.  The HAS is expressed as a percentage of a
theoretical optimal condition.  Follow the procedure below
to compute the HAS:

1. Use the information recorded on Form 1 and your
best judgment to determine a score for each of the
variables on Form 5.  Scores range from zero to five,
with zero = poor and five = excellent.  You may use
partial numbers (i.e. 3.5).  Record the score in the
appropriate column on Form 5.

2. Sum the scores for each variable and convert the to-
tal to a percentage.  Conversion to % = total score
for attributes/50 x 100

Reference marshes may or may not score 100%.
Reference marshes are selected because they are minimally
disturbed or because they are less disturbed than other salt
marshes within a region — not because they are perfect.
Most of the best marshes in New England show some signs
of historical disturbance such as ditches or tidal restrictions.
Similarly, study sites sometimes receive a higher HAS than
reference sites.  Some types of disturbance may seem impor-
tant but may have little influence on overall habitat quality
in a salt marsh — for example, the odor of sulfur that is
natural.  Investigators should examine both the overall HAS
and the individual variables to fully understand how habi-
tat may affect invertebrate communities.

Summary of ICI and HAS

The Salt Marsh Invertebrate and Habitat Summary
Graph (Figure 4) is a graphical representation of the HAS
and the ICI.  The vertical axis of the graph represents the
ICI and the horizontal axis represents the HAS.  The graph
provides a visual representation of salt marsh invertebrate
community condition and provides some indication about
the relative importance of habitat quality when marshes are
plotted against the two axes.  This graph is a valuable
evaluation tool and has implications for planning and
management in light of the rapid rate of development that
is threatening many of New England’s salt marsh habitats.

Typically, reference sites will be near the upper right
hand corner of the graph and impacted sites will be closer
to the lower left hand corner of the graph.  If the ICI is
very low (indicating impairment) yet the HAS is high
(indicating good habitat), then it is likely that something
other than the habitat variables you measured are causing
biological impairment (for example, toxic pollution).  Any
anomalies — such as poor invertebrate communities and
excellent habitat, or excellent invertebrate communities and
poor habitat — should be followed with a more intensive
investigation.  This manual provides instructions on
measuring tidal influence, salinity, and three other biologi-
cal parameters — all of this information can complement
your invertebrate study.  Other types of information that
may be helpful include land use analysis, a more detailed
habitat assessment, measurements of water quality and sedi-
ment quality, and toxicity tests such as Microtox and
bioassays.

Family Idoteidae
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FIGURE 4. ICI & HAS SUMMARY GRAPH
The abbreviations on the graph represent different wetlands and are meant for illustrative purposes.
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Green Crab
Family Portunidae
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APPENDICES

APPENDIX 1.  FORM 1: SALT MARSH INVERTEBRATE FIELD SHEET
APPENDIX 2.  FORM 2: INVERTEBRATE SAMPLES RECORD SHEET
APPENDIX 3.  FORM 3: INVERTEBRATE LABORATORY BENCH SHEET
APPENDIX 4.  FORM 4: INVERTEBRATE DATA FORM
APPENDIX 5.  FORM 5: HABITAT ASSESSMENT SCORE SHEET
APPENDIX 6.  FORM 6: ICI AND HAS SUMMARY GRAPH
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FORM 1: SALT MARSH INVERTEBRATE FIELD SHEET

SRUOH42TSAPNIREHTAEW WONREHTAEW

)niaRyvaeH(mrotS )niaRyvaeH(mrotS

)niaRydaetS(niaR )niaRydaetS(niaR

)niaRtnettimretnI(srewohS )niaRtnettimretnI(srewohS

tsacrevO tsacrevO

ynnuS/raelC ynnuS/raelC

WEATHER (check appropriate boxes)

)ylppatahtesohtelcriC(:hsraMehtotsecruoSretaW.1

ecneulfnIladiTretawdnuorGreviR/maertSretawhserFffonuRnoitatipicerP

:raeYgniruDegnaRladiTegarevA.2

)tnemevomladitrofsnoisnemidgnidulcni,enohcaeebircseddnarebmun(snoitcirtseRladiT.3

HYDROLOGY

HSRAM-NOITATEGEV MAERTS-NOITATEGEV

sessarGhsraMtlaS sknaBotdehcattAdeewaeSdnaeaglA

stnalPhsraMtlaStnetsisrep-noN deewaeSdnaeaglAdegrembuS

silartsuasetimgarhP staMeaglAgnitaolF

noitategeVburhS/burcS etartsbuSeraB

:ecnabrutsiDfoecnedivE

:noitacihportuEfoecnedivE

VEGETATION  Note approximate abundance: N = Absent, R = Rare, C = Common, A = Abundant
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:
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ROTADERP/DOOF

sknaBnoemilSneerG

eaglAgnitaolFecafruSdehcattanU

deewaeSrehtOdnaeaglAsuotnemaliFdehcattA

sutirteDcinagrO

setyhporcaMdemmetS-tfoS

setyhporcaMdemmetS-draH

setarbetrevniorcaM

hsiF

ABUNDANCE OF FOOD FOR, AND
PREDATORS OF, INVERTEBRATES

Note the approximate abundance:
N = Absent
R = Rare
C = Common
A = Abundant

EPYTETARTSBUS RODOTNEMIDES

kcordeB lamroN

sredluoB egaweS

elbboC muelorteP

levarG rufluS

dnaS rehtO

duM :setoN

taeP

SEDIMENT TYPE AND QUALITY
Note approximate abundance and provide a short explanation if necessary.
N = Absent, R = Rare, C = Common, A = Abundant

ERUTAEF kcehc NOITPIRCSED

noitazilennahC/eganiarD

gnigderD

gnilliF

noitacifidoMknaB

gnipmulSdnanoisorEknaB

lavomeRnoitategeV

seicepSevisavnI

gnipmuD

serutcurtSllaWdraH

hsraMhguorhtskcarT

seitivitcAlanoitaerceR

rettiL

stcapmIrehtO

IMPACTS TO SALT MARSH
Check appropriate boxes and provide a short description.

FORM 1
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FORM 1

LAIRETAMDEDNEPSUS RODORETAW

enoN lamroN

eaglA egaweS

yalC/tliS muelorteP

rettaMcinagrOetaluciraPeniF rufluS

rehtO rehtO

:setoNrehtOdnanoitacihportuEfoecnedivE

WATER QUALITY AND ODOR
Check boxes as appropriate, and provide a short explanation if necessary.

TNEMERUSAEM

ELBAIRAV '0ta1NOITATS '051ta2NOITATS '003ta3NOITATS

htpeD

erutarepmeT

Hp

negyxOdevlossiD

ytivitcudnoC

ytinilaS

sdiloSdevlossiDlatoT

roloC

WATER CHEMISTRY

:)noitartnecnoc,epyt(desUevitavreserP

?ylthgitsgablaesdnagnilebaletelpmocuoydiD

noitatS elpmaS #elpmaS

1noitatS teN-D

reguA

2noitatS teN-D

reguA

3noitatS teN-D

reguA

INVERTEBRATE SAMPLES RECORD CHECK
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FORM 1

SKETCH OF MARSH
Include:  approximate scale, WEA shape and dimensions, location of streams, direction of coastline, ditches, restrictions,
surrounding land uses (including roads and storm drains), north direction, and any other relevant information.  Include
a legend if useful.  Indicate the three sampling stations.
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:#ETIS

SPUORG/SEILIMAF '0ta1NOITATS '051ta2NOITATS '003ta3NOITATS

sdopihpmA

eadirtilaT

rehtO
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eadicsinO

rehtO

slessuM

eadilityM
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rehtO

sbarC

)neerG(eadinutroP

)relddiF(eadidopycO

rehtO

slianS

)hsraM(eadidopmaleM

)elkniwireP(eadinirottiL

rehtO

)sreppohssarG(aretpohtrO

)sreppohtnalP(eadicahpleD

)sliatgnirpS(alobmelloC

)sredipS(aenarA

)setiM(iracA

)seilF(aretpiD

)sreppohfaeL,sdihpA(aretpomoH

:rehtO

:rehtO

:rehtO

:rehtO

:rehtO

:rehtO

QUADRAT SAMPLES RECORD SHEET
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:rebmuNetiS :rebmuNelpmaS

:naicinhceT :rebmuNenohP

:etaD

:rebmuNteN-D :rebmuNreguA :rebmuNtardauQ

SSALC/MULYHP REDRO YLIMAF GF YLLAT LATOT

airallebruT - - FD

aleocohcnyhR - - FD

aetremeN aetremenoreteH - RP/FD

rehtO

aediolucnupiS smroWtunaeP FD

ateahcogilO adixatolpaH eadidiaN FD

eadicifibuT FD

rehtO

ateahcyloP adilletipaC eadilocinerA RP

eadilletipaC FD

eadinadlaM FD

adirussoC eadirussoC FD

adilirdonetC eadilirdogreraP FD

adicinuE eadillebarA FD

eadiellivroD MO

eadicinuE MO/FD

eadirenirbmuL FS/FD

rehtO

adiilehpO eadiilehpO FD

eadimgerbilacS FD

adiinibrO eadiinibrO FD

adicodollyhP eadirecylG RP/FD

eadidainoG RP

eadinoiseH G/FD

eadiereN MO

eadiythpeN RP

eadicodollyhP MO/FD

eadinoisiP RP

eadinoilagiS FD

eadillyS MO

adillebaS eadillebaS FS

eadibroripS FS
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SSALC/MULYHP REDRO YLIMAF GF YLLAT LATOT

adinoipS eadinoipS FD

adilutarriC eadilutarriC FD

eadinoaraP FD

adillebereT eaditerahpmA FD

eadillebereT FD

nwonknU

adopolahpeC eadinigiloL RP

eadihpertsammO RP

arohpocalpyloP adinotihconhcsI eadinotihC G

adoportsaG adoportsagoeahcrA eadieamcA G

adoportsagoeN eadiniccuB FS/FD/RP

eadillebmuloC G

eadiirassaN G

adoportsagoseM eadieartpylaC CS/FS

eadiihtireC G

eadiibordyH G

eadinucaL G

eadinirottiL G

arohpotammosaB eadidopmaleM G

aihcnarbiduN eadiisylE RP

eadirecyloP RP

adopyceleP adioreneV eaditamsedoseM FS

eadinilleT FD/FS

eadireneV FS

)aivlaviB( adioyM eadiyM FS

adioyM eadirodnaP FS

adiolityM eadilityM FS

adiolucuN eadinalucuN FS

adioertsO eadiertsO FS

adioertsO eadinitceP FS

aedionihcE G/FD

aediorelletS sratSaeS G/RP

aedioruhtoloH srebmucuCaeS FD

atadrohcimeH mroWnrocA FD/FS

aecatsurC adopaceD eadinognarC RP/CS/FD

eadityloppiH FD

eadinomealaP RP/CS/FD

eadiladnaP FD

eadieaneP FD

eadircnaC MO
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SSALC/MULYHP REDRO YLIMAF GF YLLAT LATOT

eadippiH MO

eadijaM MO

eadirugaP CS

eadirehtonniP MO

eadinutroP MO

eadihtnaX G

rehtO

aidepirriC eadionalaB FS

adopihpmA eadicsilepmA FS/FD

eadiohtipmA FD

eadiroA FD

eadiipoillaC FS/FD

eadirammaG G/FD

eadiirotsuaH FD

eadilayH FD

eadirecoryhcsI FD

eadirtilaT FD

adoposI eadietodI FD

eadirinaJ RP/FD

eadiironmiL FD

eadicsinO FD

rehtO

aecadianaT eadiilehcotpeL FD

aecamuC FD

atcesnI alobmelloC FD

aretpiD eadimonorihC RP/FS/FD

eadiciluC RP/FS

eadinabaT RP

aretpimeH G/RP

aretpomoH RP/G

atanodO RP

adinhcacA eaenarA eadinoibulC RP

eaditnahpyrciM RP

eadicitlaS RP

)aniracA(iracA setiM RP

srehtO

:spuorGcimonoxaTlatoT :slaudividnIforebmuNlatoT





:rebmuNetiS :hsraMtlaS

:delpmaSetaD :)s(emaN

:kroWbaLfoetaD

AXAT GF 1D 2D 3D D % AXAT GF 1D 2D 3D D %

)N(AETREMEN )S(ADILLEBAS

aetremenoreteH RP/FD eadillebaS FS

rehtO rehtO

NlatotbuS SlatotbuS

)C(ADILLETIPAC )PS(ADINOIPS

eadilocinerA RP eadinoipS FD

eadilletipaC FD rehtO

srehtO PSlatotbuS

ClatotbuS )PO(ADIILEHPO

)OC(ADIRUSSOC eadiilehpO FD

eadirussoC FD POlatotbuS

rehtO )P(ADICODOLLYHP

OClatotbuS eadirecylG FD/RP

)TC(ALLIRDONETC eadidainoG RP

eadillirdogreraP FD eadinoiseH G/FD

srehtO eadiereN MO

TClatotbuS eadiythpeN RP

)E(ADICINUE eadicodollyhP MO/FD

eadillebarA FD eadionyloP FS/RP

eadiellivroD MO eadinoilagiS FD

eadirenirbmuL FS/FD eadillyS MO

eadihpunO RP rehtO

srehtO PlatotbuS

ElatotbuS )ET(ADILLEBERET

)O(ADIINIBRO eadillebereT FD

eadiinibrO FD eaditerahpmA FD

eadinoaraP FD ETlatotbuS

OlatotbuS
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AXAT GF 1D 2D 3D D % AXAT GF 1D 2D 3D D %

)PU(ATEAHCYLOPNWONKNU )CD(sbarC-ADOPACED

nwonknU eadircnaC MO

PUlatotbuS eadijaM MO

)A(ADOPIHPMA eadihtnaX FS

eadiohtipmA FS rehtO

eadillerpaC FS CDlatotbuS

eadirammaG G/FS )I(ADOPOSI

eadilayH FS eadietodI C/FD

eadileiflognI FS eadirinaJ CS/FD

eadirecoryhcsI FS eadiironmiL FD

eadirtilaT FS rehtO

rehtO IlatotbuS

AlatotbuS )EP(ADOPYCELEP

)T(AECADIANAT eaditamsedoseM FS

eadiilehcotpeL FD eadiyM FS

TlatotbuS eadilityM FS

)G(ADOPORTSAG eadinalucuN FS

eadinoetcA eadinilleT FD/FS

eadiihtireC G eadireneV FS

eadillebmuloC G rehtO

eadiibordyH FD EPlatotbuS

eadinirottiL G )GO(SPUORGREHTO

eadidopmaleM G aecamuC FD

eadiirassaN G atamredonihcE FD

rehtO atcesnI dexiM

GlatotbuS aniracA RP

)SD(spmirhS-ADOPACED aenarA RP

eadinognarC RP/CS/FD atamotsoreM RP

eadityloppiH FD aihcnarbiduN RP

eadinomealaP C/CS/FD ateahcogilO FD

eadiladnaP FD arohpocalpyloP G

eadieaneP FD airallebruT FS

rehtO FD atadrohcorU FS

SDlatotbuS rehtO

GOlatotbuS
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FONOITISOPMOCTNECREP
SPUORGROJAM

FONOITISOPMOCTNECREP
SPUORGGNIDEEFROJAM

SLATOTBUS REBMUN TNECREP PUORGGNIDEEF TNECREP

NlatotbuS )RP(rotaderP

ClatotbuS )FD(redeeFtisopeD

OClatotbuS )G(rezarG

TClatotbuS )MO(erovinmO

ElatotbuS )CS(regnevacS

OlatotbuS )FS(redeeFnoisnepsuS

SlatotbuS dexiM

PSlatotbuS LATOT

POlatotbuS

PlatotbuS SEICEPSEVISAVNITNECREP

ETlatotbuS SEICEPS TNECREP

PUlatotbuS aerottilanirottiL

AlatotbuS sulytcodorcamnomealaP

TlatotbuS sueniugnassuspargimeH

GlatotbuS saneamsunicraC

SDlatotbuS LATOT

CDlatotbuS

IlatotbuS SETIM,SREDIPS,STCESNITNECREP

EPlatotbuS PUORG TNECREP

GOlatotbuS )atcesnI(stcesnI

LATOT )aenarA(sredipS

)aniracA(setiM

LATOT

YRAMMUS

smsinagrOforebmuNegarevA

ssenhciRcimonoxaT

puorGcimonoxaTtnanimoDfonoitubirtnoC%

puorGgnideeFtnanimoDfonoitubirtnoC%

setiMdna,sredipS,stcesnI%
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:rebmuNetiS

:emaNetiS

:ybdetelpmoCmroF :enohP

.)elbissimrepera)5.3.g.e(srebmunflaH.noitidnochcaeerocsot5-0morfegnarehtesU

ROTACIDNI 5-4 3-2 1-0 EROCS

tlasenirautsefoeziS
hsram

serca02nahtregraL
)seratceh8(

serca4dna02neewteB
)seratceh6.1-8(

serca4nahtsseL
)eratceh6.1(

gnihsulfladiT erasegrusladitlarutaN
dedepminu

otnoitacifidomemoS
noitautculflarutan

morfffotuchsramtlaS
noitautculfladitlamron

noitcirtserteltuO noitcirtserteltuooN noitcirtserteltuO
'5dna'03neewteb

'5<noitcirtserteltuO

sknabfonoisorE knabenirautselamroN
elttilhtiwnoisore

gnipmuls

foecnediveemoS
;noisoreknabdetarelecca

ssergorpnignipmuls

;noisoreknabereveS
,nommocsignipmuls

gninediwmaerts
gnirrucco

revocnoitategeV etelpmocdnanevE
forevocnoitategev

hsramtlas

fosehctapemoS
tnedivednuorgdesopxe

hsramfosaeraegraL
detategevnuera

dnaltewdetategev'001
reffub

%08> %04-08 %04

etartsbusfoerutaN
enirautsenihtiw

maerts

erutximafodesopmoC
,tlis,dnas:setartsbusfo

cinagrodna,dum
tneserprettam

sepytowtfoerutxiM
etartsbusfo

enoyltnanimoderP
epytetartsbus

retawhserffoecnedivE
noisurtni

-hserffoecnediveoN
cificepS(noisurtniretaw

)000,5>ytivitcudnoC

-hserffoecnediveemoS
cificepS(noisurtniretaw

neewtebytivitcudnoC
)008dna000,5

,008wolebytivitcudnoC
ecnediveonroelttilro

retawtlasfo

rofsecruosdooF
*setarbetrevni

citauqafoecnadnubA
dehcatta,setyhporcam

,notyhpirep,eagla-orcam
MOPFdnaMOPC

eagladehcattaemoS
htiwnotyhpirepdna

MOPFdnaMOPC

,setyhporcamcitauqaoN
ro,eagladehcatta

emosylno;notyhpirep
MOPFdnaMOPC

morftcapmifoeergeD
**seitivitcanamuh

tcapminamuhoN
tnedive

levelmuidemotwoL
tcapmilaminimhtiw

hsramhtiwlevelhgiH
dedargedylereves

EROCSLATOT

EROCSTNECREP ]001x)05/EROCSLATOT([

rettaMcinagrOetalucitraPeniF=MOPF,rettamcinagroetalucitrapesraoC=MOPC*

enilerohs,gnihctid,lavomernoitategev,sdaor,sliart,gnitaob,gnimmiws,gnihsifmorfecnabrutsiD**
.cte,gnipmudetsawdilos,noitacifidom
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FORM 6: ICI AND HAS SUMMARY GRAPH
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Habitat Assessment Score (HAS)

Ecological integrity not
impaired
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somewhat impaired
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moderately impaired

Ecological integrity
severely impaired
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