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1.0 Abstract

This report evaluates the macroinvertebrate diversity and water quality health of Sunfish Lake and
Unnamed Pond within Sunfish Lake Park during the summer of 2026. The following variables were evaluated to
determine macroinvertebrate presence and environmental implications: overall abundance, EPT index, family
biotic index, identification down to family level. Surveys were conducted at six locations in Sunfish Lake and four
locations in Unnamed Pond three separate times during the summer months between July and August. Two passes
with two separate D-nets were completed at each site. One individual of each family detected during survey one
and two were collected while all individuals during survey three were collected and counted for an overall
abundance analysis. All specimens were transported and contained in 70% isopropyl alcohol in a labeled jar
corresponding to their collection site. Identification was later conducted with a microscope and identification
guides; all specimens were properly labeled with collection site, date, and species identification. Results indicated
poor water quality with severe organic pollution likely based on the species present in both bodies of water. These
findings highlight the value of monitoring macroinvertebrate presence within a water body to determine
ecological health. Overall, further research and comprehensive planning is required to form a balanced
environmental restoration plan.

2.0 Introduction and Background

Macroinvertebrates are small animals that possess no backbone and are large enough to be seen with the
naked eye. This group primarily consists of aquatic insects (such as dragonflies, caddisflies, and true bugs),
crustaceans (crayfish, scuds), mollusks (snails and mussels), and worms. They are a vital component of aquatic
food webs and are key indicators of water quality within freshwater systems. Because they spend most, if not all,
of their lives in an aquatic system, they are often used for biomonitoring. Due to different species having varying
degrees of sensitivity to pollution, finding sensitive species may indicate exceptional water quality, while the
presence of only pollution-tolerant species may suggest poor aquatic health. Pollution may be caused by
agricultural runoff, residential and urban stormwater, organic debris and wildlife, and other environmental and
industrial factors. Agricultural fertilizers may hold excess nitrogen and phosphorus that runs off into local
waterways along with manure from livestock and eroding topsoil. Rainwater runoff from residential and urban
areas can carry lawn fertilizers, pet waste, litter, and petroleum from leaking cars. Wildlife can cause pollution
through excess waterfowl droppings, decomposing grass clippings, and excessive falling leaves during certain
seasons. Eurasian milfoil, which is present in Sunfish Lake and the unnamed pond, causes organic pollution when
the dense, invasive mats die and causes large amounts of decaying plant matter to sink to the bottom of the lake.
These large mats consume large amounts of oxygen which can lead to water quality degradation and fish kills.
Because milfoil absorbs nutrients through its roots and transports them to its foliage, the decaying matter releases
nitrogen and especially phosphorus directly into the water column. This accelerates eutrophication and fuels algae
blooms.

A macroinvertebrate survey of Sunfish Lake and Unnamed Pond using the Family Biotic Index (FBI) and
the EPT Index provides information on the park’s aquatic health and the variables affecting this ecosystem. The
Family Biotic Index (FBI) was developed by William L. Hilsenhoff in 1988 as a simpler version of his earlier
Hilsenhoff Biotic Index (HBI). Organisms are identified down to the family level rather than genus or species.
Each macroinvertebrate family receives a tolerance score from 0 to 10 with a score of 0 meaning the organism is
very sensitive to pollution and a score of 10 meaning the organism easily survives in heavily polluted water. This
index is calculated by multiplying the number of individuals in each macroinvertebrate family by their assigned



tolerance value, adding all those numbers together, and dividing by the total number of organisms in the sample.
The FBI is a popular method as it requires less specialized taxonomic expertise and reflects overall environmental
stress better than a single chemical water sample. The EPT Index is widely used as a biological indicator for water
quality through measuring for three highly sensitive insect orders: Ephemeroptera (mayflies), Plecoptera
(stoneflies), and Trichoptera (caddisflies). The two main methods to determine the EPT Index are through EPT
Taxa Richness or EPT Percentage. Taxa Richness looks at the total number of families or species within the three
orders present in a sample where a higher count indicates a healthier and more diverse water system. Percentage
takes the total number of EPT individuals divided by the total number of all macroinvertebrates in the sample,
multiplied by 100.

3.0 2023 Macroinvertebrate Methods and Results

An aquatic invertebrate study was completed at the Sally Manzara Interpretive Nature Center in 2023 by
Liana Linn, using the Hilsenhoff Biotic Index, the quality of the water in three water bodies in Sunfish Lake Park
(Landfill Pond, Unnamed Pond, and Sunfish Lake) was estimated by determining the presence of certain
macroinvertebrates to attempt to determine if PFAS or other chemical
pollution is affecting biological activity in these bodies of water. The
aquatic invertebrate data was collected with the use of 12 Hester-Dendy
samplers constructed using eyebolts and hardboard, see Figure /. Four
Hester-Dendy samplers were placed in each of the three bodies of water
by tying the samplers to fence poles using a neutral colored parachute
cord and attaching the cord to the fence poles using a worm drive hose
clamp. Each sampler was placed approximately 5 feet from shore in a
line parallel to the shore, and approximately 2 feet from another sampler.
The fence poles holding the samplers were pushed into the substrate
until the bottom of the sampler sat submerged in the water and above the
substrate. Three separate collections were done over the course of two
months with the samplers remaining at the same location until the final
collection. The landfill pond samplers were set out on May 31, 2023

while the Central pond and Sunfish lake samplers were set out on June
1, 2023. The Sunfish Lake samplers were first collected on June 23,

Figure 1. The Hester-Dendy samplers
constructed for the 2023 macro surver. 2023, Unnamed Pond and Landfill Pond were first collected on June 27,

2023. The second round of collection occurred on July 7, 2023 for all
locations with the final round of collection occurring on July 28, 2023. A very fine strainer was used to organize

and separate the specimens into a smaller receptacle for identification to family level, however some specimens
were only identified to order or class level. Through the HBI performed, it was discovered that the mean tolerance
value for Sunfish Lake was 5.47, Unnamed Pond was 4.88, and the Landfill Pond was 5.54. This concludes that
the Unnamed Pond has good water quality with some organic pollution possible. Sunfish Lake and the Landfill
Pond have fair water quality and fairly substantial organic pollution likely. Previous testing for PFAS compounds
had provided information on the concentrations of these materials, but information was not available about how
PFAS affects macroinvertebrates at the concentrations that were found. For details see
(https://sminc-lake-elmo.org/citizen-science-reports/) for a review on PFAS in Sunfish Lake Park.

See (https://sminc-lake-elmo.org/wp-content/uploads/2024/05/Invertebrate-Project-Report.docx) for the full
methods and results of the 2023 Hilsenhoff Biotic Index of Aquatic Invertebrates in Water Bodies Report.

4.0 Methods and Materials
Aquatic macroinvertebrates were collected from Sunfish Lake and Unnamed Pond located within the
boundaries of Sunfish Lake Park. Permits for the macroinvertebrate collection were not required by the following


https://sminc-lake-elmo.org/wp-content/uploads/2024/05/Invertebrate-Project-Report.docx

organizations: Minnesota Department of Natural Resources, Valley Branch Watershed District, Washington
County Parks Department, and Lake Elmo Department of Public Works & Engineering Department. Data
collected in Sunfish Lake occurred at six locations along the shore while data in Unnamed Pond was gathered at
four locations, see Figure 3. The methods of collection were determined based on the unique microhabitats of
each sampling location as outlined in the Multi Habitat Macroinvertebrate Sampling Operating Procedure
Manual by the U.S. Environmental Protection Agency Laboratory Services & Applied Science Division Athens,
Georgia. Sunfish Lake collection required the launching of a canoe from site B, while Unnamed Pond data was
collected by wading into the pond from the shore while equipped with chest waders. See Figure 2 for a detailed
materials list. Each individual was equipped with a D-net for a total of two nets working in tandem for collection.
While microhabitats varied from site to site, collection methods remained largely the same. For the bottom
substrate, the net was bumped along the bottom to reduce the amount of debris in the sample. Submerged
macrophytes were sampled by drawing the net through the vegetation from the bottom to the surface of the water
with shallow habitats being sampled by bumping the net along the rooted plant material. All bottom substrate and
submerged macrophytes present at each site were surveyed using the previous listed methods. All data collected
was analyzed using the FBI and EPT Indexes.

Surveying was conducted on a rotating schedule once every month for three consecutive months at
Sunfish Lake and Unnamed Pond. The first survey for Sunfish Lake was conducted on June 18th, followed by the
second survey on July 13th and the last survey completed on August 12th, 2026. The first survey for Unnamed
Pond was conducted on June 15th, followed by the second survey on July 15th and the last survey completed on
August 13th, 2026. All material collected in each net was transferred to a shallow white tray filled with water to
be “coarse picked.” Each net was inverted over the tray and dragged through the water resting on the bottom of
the tray to ensure all specimens were removed. The material of one net was examined at a time while the other sat
idle. All debris, large sticks, vegetation, rocks and leaves were inspected and any attached organisms were placed
into a 8 oz plastic specimen jar filled 5 with 70% isopropyl alcohol before the material was discarded back into
the lake or pond. All specimens collected were transferred to their properly labeled containers with the
corresponding site letter using tweezers and plastic pipettes. Each specimen jar was filled '5 of the way with 70%
isopropyl alcohol. Any equipment that came into contact with specimens at a sampling site was examined for
organisms and then thoroughly rinsed with water to remove leftover debris. Each specimen collected was
identified under a microscope using the Guide to Aquatic Invertebrates of the Upper Midwest by R.W. Bouchard,
Jr. and was labeled appropriately. Each specimen collected was stored at room temperature in a specimen vial
filled with 70% isopropyl alcohol. All repeating identified families were stored in the same vial. Each specimen
was given a label that included the locality, date of collection, surveyors names, specimen family and order, and
the identifiers name. The first two surveys for both Sunfish Lake and Unnamed Pond did not include an
abundance survey with generally only one specimen of each family being collected. The final collection for both
bodies of water included a measured abundance of each family at every site where all specimens in a sample were
collected and not returned to their body of water.

D-Frame dip net (2) Tweezers 4 mL glass vials

8 oz wide-mouth plastic jars Chest waders 10 mL glass vials

White plastic specimen tray 70% isopropyl alcohol Reichert Jung Series 40 Stereozoom
Microscope

5 mL plastic transfer pipettes Plastic petri dishes Guide to Aquatic Invertebrates of the

Upper Midwest by R.W. Bouchard, Jr.



Figure 2. List of Materials used for macroinvertebrate sampling in Sunfish Lake and Unnamed Pond.
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Figure 3. Map of Sunfish Lake Park showing all macroinvertebrate sampling locations in Sunfish Lake and

Unnamed Pond.



5.0 Results

5.1 Family Biotic Index

Pond Lake
Site FBI Site FBI
A 7.39 E 8.50
B 6.89 F 7.40
C 7.45 G 7.36 S nxt
D 7.81 H 731 FBI = Z IN t
Avg 739 I 8.12 i=1
J 8.30 i e g Feaaiive 10 i Mt
Avg 783 n ol il e sl (3D
FBI Water Quality Degree of pollution
0.00 -3.75 Excellent Organic pollution unlikely
3.76 —4.25 Very Good Possible slight organic pollution
4.26 - 5.00 Good Some organic pollution probable
5.01-5.75 Fair Fairly substantial pollution likely
5.76 - 6.50 Fairly poor substantial pollution likely
6.51-7.25 Poor Very substantial pollution likely
7.26 - 10.00 Very poor Sever organic pollution likely

Figure 4. Table displaying FBI scores for all sampling sites in Unnamed Pond and Sunfish Lake (top left), Family
Biotic Index (top right), and Family Biotic Index degree of pollution chart (bottom).

The Family Biotic Index (FBI) was calculated using the formula displayed above in the top right of
Figure 4. The table in the top left of Figure 4. Shows the FBI score of each sampling site in both Sunfish Lake
and Unnamed Pond as well as the overall average FBI score for Sunfish Lake and Unnamed Pond as a whole.
Each FBI score was calculated from the specimens collected during the third lake survey on 08/12/2026 and the
pond survey on 08/13/2026. Unnamed Pond had an average overall score of 7.39 which indicates very poor water
quality with severe organic pollution likely. Site B had the lowest score of 6.89 while site D had the highest score
of 7.81. These scores were calculated from a sample size of 1,379 identified specimens. The 2023 aquatic
invertebrate study conducted by Liana Linn found an average score of 4.88 with a sample size of 89 identified
specimens. The 2023 score displays a good water quality level and some organic pollution probable. These two
scores display a FBI difference of 2.51 and a collected specimen difference of 1,290 identified invertebrates.
Unnamed pond had the highest abundance of Coenagrionidae (narrow-winged damselflies, t; =9, n; = 365),
Libellulidae (common skimmers, t; = 9, n; = 326), Notonectidae (backswimmers, t; = 6.57, n; = 91), and
Gammaridae (scuds, t; =4, n; = 201) among other families. Sunfish Lake had an overall score of 7.83 which
similarly indicates very poor water quality with severe organic pollution likely. Site H had the lowest score of 7.31
with the highest score measuring 8.50 at site E. These scores were calculated from a sample size of 557 identified
specimens. The 2023 survey calculated a score of 5.47 for Sunfish Lake indicating fair water quality with fairly
substantial pollution likely. These two scores display a FBI difference of 2.36 and a collected specimen difference
of 483 identified invertebrates. Sunfish Lake had the highest abundance of Coenagrionidae (narrow-winged
damselflies, t; = 9, n; = 197), Libellulidae (common skimmers, t; =9, n; = 134), and Chironomidae (non-biting
midges, t; = 6, n; = 69).



5.2 Ephemeroptera, Plecoptera, Trichoptera Index

Total EPT Taxa

———— x 100% = % Abundance
Total Taxa Found

Total Number of Pollution Tolerance Index EPT Index (%)
Individuals (PTI) Score
Sunfish Lake 448 12 6.7
Unnamed Pond 1,101 15 7.9
Pollution Tolerance Index Score Pollution Tolerance Index Rating Degree of Organic Pollution
23 or more Excellent Organic pollution unlikely
17-22 Good Some organic pollution
11-16 Fair Substantial pollution likely
10 or less Poor Severe pollution likely

Figure 5. Formula used to calculate EPT score (top), results table of EPT Index % and PTI score for Sunfish
Lake and Unnamed Pond (middle), PTI score and rating chart (bottom).

All EPT scores for Sunfish Lake and Unnamed Pond were calculated using the Pollution Tolerance Index
Score calculator developed by the Stroud Water Research Center. See Figure 5. for EPT formula, full table of EPT
results for both bodies of water, and PTI score chart. All EPT and PTI scores were calculated based on the
specimens collected during the third lake survey on 08/12/2026 and the pond survey on 08/13/2026. Sunfish Lake
has a PTI score of 12 which indicates fair water quality and substantial pollution likely. An EPT Index % of 6.7
shows that only 6.7% of the aquatic macroinvertebrates found in the sample collected from Sunfish Lake belong
to pollution-sensitive species ephemeroptera, plecoptera, and trichoptera. A percentage of 30% to 50% or higher,
depending on the region, usually means a healthy, clean stream. Unnamed Pond has a PTI score of 15 and an EPT
Index of 7.9% which similarly indicates fair water quality and substantial pollution likely. Using the collected
sample data from the 2023 aquatic invertebrate study, a PTI score of 7 and EPT % of 48 for Sunfish Lake was
calculated indicating poor water quality with severe pollution likely. This calculation included a sample size of 25
from the overall sample of 74 individuals from Sunfish Lake. This is a difference of 423 specimens from the 2026
EPT survey sample. The 2023 data from Unnamed Pond calculated a PTI score of 6 and EPT % of 0, similarly
indicating poor water quality and severe pollution likely. This calculation included a sample size of 31 individuals
from the overall sample of 89 individuals from Unnamed Pond. This is a difference of 423 specimens from the
2026 survey. This is a difference of 1,070 specimens from the 2026 EPT survey sample. The 2023 aquatic
invertebrate study suggested the use of the Hilsenhoff Biotic Index though the methodology suggests the use of
the similar Family Biotic Index assessment and therefore all comparisons are considered equivalent.
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Figure 6. Pie chart displaying macroinvertebrate family diversity in Sunfish Lake and Unnamed Pond.

6.0 Discussion

6.1 Limitations of the Study

The findings of this study should be interpreted with the restraint of certain limitations. All specimens
taken from each sampling location were sorted manually often through dense vegetation and murky water. This
introduces the possibility that certain specimens may have been overlooked and unaccounted for due to low
visibility. All calculations for both the FBI and EPT analysis were completed with the data from the third
macroinvertebrate survey conducted on August 12, 2026 in Sunfish Lake and August 13, 2026 in Unnamed Pond.
The first two surveys in both the pond and lake were conducted with the goal of testing cumulative families
present, not overall abundance. Due to this factor, certain aquatic invertebrate families found in the first two
surveys, were not sampled in the third and final survey. This could have affected overall scores, though the
response difference most likely would have been minimal. A high abundance of Aphidiae were collected from
Sunfish Lake and identified with a total sample size of 872 individuals, but were not included in the FBI score as
they are not considered aquatic and do not have a designated tolerance value score. However, the presence of
these terrestrial invertebrates suggest environmental stress, nutritional imbalances, or a lack of natural predators
for vegetation. The Family Biotic Index offers certain limitations as it only identifies macroinvertebrates down to
the family level rather than genus and species used in the Hilsenhoff Biotic Index. Different species within the
same family can have different sensitivities to pollution and therefore forces tolerance-value averaging that may
skew outcomes. Additionally, individuals' susceptibility to pollution can change depending on their current life
stage which the FBI does not take into consideration. Nor are environmental stressors, outside of organic



enrichment, such as the presence of heavy metals, synthetic pesticides, fine sediment loads, or thermal pollution
considered. Likewise, the EPT index ignores natural variations within macroinvertebrate groups by assuming all
species within Ephemeroptera, Plecoptera, and Trichoptera are equally sensitive to pollution. Both indexes signal
biological impairment but offer no insight into exact stressors.

6.2 Future Directions and Recommendations

While these findings provide baseline insights, future efforts should identify harmful terrestrial
environmental factors and address water quality and shoreline health in order to restore and rebalance
macroinvertebrate diversity in a degraded water system. A water bodies shoreline and riparian zone is a critical
area for macroinvertebrates. An overly-manicured or degraded shoreline greatly reduces food and habitat.
Aggressive chemical herbicide usage should be avoided when eradicating weeds and invasive vegetation and
replaced with mechanical harvesting of over-dominant species. Fallen logs, branches, and roots on shorelines and
shallow water provides grazers a rich habitat and should be left alone unless damaging to their surrounding
environment. Introducing a mix of gravel, pebbles, and sand creates micro-fissures where species can hide, lay
eggs, and overwinter. Many species greatly benefit from high dissolved oxygen and low phosphorus and nitrogen
concentrations. Treating the water column with eco-friendly binding agents (like lanthanum or aluminum sulfate)
or beneficial biological probiotics and installing a solar or electric bottom aerator provides immature insects with
a rich and balanced habitat. The overpopulation, as noted in the 2026 Sunfish Lake Park Fishing Survey, of
bluegills in Sunfish Lake eat ecologically important insects and cause an imbalance in diversity. Introducing
predatory fish through a controlled fish stocking would keep smaller insect-eating fish populations in line while
allowing the macroinvertebrate community time to recover. Overall, further research and comprehensive planning
is required to form a balanced environmental restoration plan.
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