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EXECUTIVE SUMMARY
Crystal Lake is a 52-acre private lake located in Snohomish
County, adjacent to the King County line. The Crystal Lake
homeowners association, Crystal Lake Inc., has been actively
managing the lake since the 1950’s. In 2006, Snohomish
County Surface Water Management (SWM) and Crystal Lake
Inc. began a lake monitoring program designed to assess the
lake’s health, identify changes over time, and determine the
impacts of development in the lake watershed.
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LAKE HEALTH & TRENDS
To evaluate the health of Crystal Lake, water quality was monitored between 2006 and 2017. Each of four
key health indicators were assessed and assigned a health rating (Table 1). Overall, Crystal Lake’s health
can be considered in “Fair” condition. The health is trending towards “Good” with the main water quality
indicators improving or remaining stable.
The “Fair” condition is largely expected based on Crystal Lake’s natural features including its size, depth,
and surroundings. However, the lake does have suffer from elevated phosphorus likely from the initial
logging/development of the area. The lake’s shoreline health has also been impacted by the conversion
of natural vegetation to lawns.
TABLE 1: SUMMARY OF CRYSTAL LAKE HEALTH CONDITIONS

Indicators
Water Clarity

Phosphorus

Crystal Lake Conditions
The visibility in the water is relatively low mostly due to the
darker water color. Clarity is occasionally reduced from algae
blooms.
This is the key nutrient in lakes that feed plants and algae.
Phosphorus pollution has declined some in recent years, but
there are still high levels built up in the lake sediments that are
recycled into the lake each year.

Rating*

Trend

Fair

Stable

Fair

Improving

Algae

Algae is a natural part of lakes, but too much can be unhealthy
and lead to toxic blooms. Crystal has moderate algae levels
with occasional blooms affecting lake recreation.

Good

Stable

Shoreline
Health

Just over 50% of Crystal’s shoreline is healthy. Healthy
shorelines have shrubs, trees, and perennials that filter out
pollution and provide habitat for turtles, birds and other
wildlife.

Good

Not
assessed

*POSSIBLE HEALTH RATINGS INCLUDE: “EXCELLENT”, “GOOD”, “FAIR”, AND “POOR” AND ARE IN COMPARISON TO OTHER AREA LAKES
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IMPACTS OF DEVELOPMENT ON LAKE HEALTH
In 2005, Crystal Lake Inc. had concerns that new development north of the lake might threaten the health of
Crystal Lake or the wetlands to the north of the lake. These wetlands include a rare bog ecosystem, Little Lake
Bog. The stream that drains to the lake was sampled prior to flowing into the wetland complex north of the
lake. The stream does have slightly higher peaks of pollution during storm events, which could be impacting
the bog health as these are typically nutrient-poor systems. However, the elevated nutrients do not appear to
be affecting lake health. The large forest and wetland area is acting as a critical buffer for the lake by filtering
out the pollution. The capacity of the system to buffer the lake is limited and may be reached if pollution were
significantly increased.

FUTURE RECOMMENDATIONS
Crystal Lake Inc. is already taking essential steps to protect and improve the health of the lake. To ensure
healthy future for the lake, Snohomish County recommends a three-tier strategy of protection, improvement,
and continued monitoring. The specific actions are listed below and are further elaborated in the full report:

Protect

•Continue forest and wetland protection around the lake
•Retain existing trees and shoreline vegetation
•Prevent new invasives - clean, drain, & dry your boat before launching or leaving
•Restrict aquatic plant management to invasive plants only

Improve

•Prevent pollution from homes around the lake from lawns and yards and septic systems refer to www.LakeWise.org for a specific checklist of actions.
•Replacing some shoreline lawn with shrubs, trees, or other perrenials (can be done to
preserve lake access and views).
•Do not feed geese. Keep them off your property by planting shoreline vegetation.

Monitor

•Continue to monitor the lake health and the lake inlets to track changes and identify new
problems. The monitoring frequency can be reduced as compared to the study period.
•Look out for and report potentially toxic blooms of blue-green algae.
•Track and provide public comment on further development in the watershed that could
threaten the lake and wetland.
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I.

INTRODUCTION

Crystal Lake is located south of Maltby adjacent to the King County line. Crystal Lake is a private lake that is
managed by the Crystal Lake homeowners’ association, incorporated as Crystal Lake, Inc. In addition to lake
management, Crystal Lake, Inc.’s volunteer Board and Committees manage approximately 300 acres of
community-owned timberland on a sustained yield basis. Also known as the Ron Munro Tree Farm, the Crystal
Lake tree farm has been certified by both the Forest Stewardship Council and American Tree Farm Association.
Revenue from timber harvests is used to offset community dues and maintain community property and
resources, including the lake.
Crystal Lake’s overall management goal is to provide sound stewardship of both their timber and aquatic
resources by balancing economic, ecological and recreational uses of the lake and surrounding watershed.
Their specific objectives include maintaining suitable conditions for swimming, fishing, boating, wildlife
viewing, and aesthetic enjoyment and protecting the lake from future degradation.
Concerns over the water quality of the lake prompted Crystal Lake, Inc. to begin working with SWM in 2005 to
better understand the health of the lake and changes over time. At that time, Crystal Lake residents identified
their primary concerns as: (1) the overall lake condition, (2) impacts of development in the watershed, (3) algae
blooms and (4) aquatic plant management. SWM and the community developed and implemented a lake
monitoring plan to better understand the lake and address the community’s concerns with the following
expected outcomes:
1. Characterization of the general health and water quality of the lake
2. Identification of changes in water quality over time, and
3. Assessment of potential impacts of watershed activities on the lake, particularly development in the
urbanized northern portion of the watershed.
This report summarizes the data collected and provides recommendations for future lake management.
Aquatic plant management was not specifically addressed in this study though a brief history of the
association’s aquatic plant management activities are included as part of the report.

II.

LAKE CHARACTERISTICS

Crystal Lake is a 52-acre lake located south of Maltby adjacent to the King County line. There are approximately
66 homes clustered around the lake shoreline. The lake and surrounding areas are not open for public access.
Crystal Lake has a maximum depth of about 30 feet and an average depth of about 13 feet. The watershed, the
area that drains to Crystal Lake, is relatively large—almost 2100 acres or 42 times the size of the lake (Figure
1). Crystal Lake has one defined inlet that flows into the west end of the lake. However, the lake is primarily
fed from the wetland complexes surrounding the lake. The outflow from the lake forms the headwaters of
Daniels Creek, which drains south to King County and into Cottage Lake, Bear Creek, Sammamish River, and
Lake Washington.
The Crystal Lake watershed is part of the larger Bear Creek watershed (King County BEA970), and includes the
Maltby Urban Growth Area (UGA), which is experiencing considerable commercial and residential
development. The developed areas within the Crystal Lake watershed include: residential areas in the
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southwest portion of the watershed and the Maltby community and industrial/commercial development in the
northern watershed. State Highway 522 and a Burlington Northern railroad line also bisect the upper
watershed. Runoff from these transportation corridors and from the Paradise Lake Road interchange flows to
Crystal Lake via a stream near 222nd Street (flows into the Little Lake bog complex before reaching Crystal Lake).
The relatively larger and more urban nature of the watershed means that there is a greater opportunity for
runoff into the lake, increasing the chance the lake could become polluted from the surrounding area.
The Crystal Lake watershed is unique in that the lake is surrounded by extensive wetland complexes, which
includes two rare bog ecosystems as well as large forested parcels. These natural areas capture water, slowing
and reducing the total amount of runoff into the lake. They also filter and clean polluted runoff thereby
mitigating the influence of upstream activities on the lake.
The north wetland complex (~115 acres) was originally part of a larger Crystal Lake, but has become vegetated
over thousands of years. In the center of the wetland sits Little Lake, a darkly colored 4-acre bog. The Little
Lake area is a rare bog system consisting of a floating mat covered with sphagnum moss, shrubs, and small
trees, and is home to the aquatic plant species Utricularia intermedia (flat leaved bladderwort), which has been
designated a sensitive species by WA Department of Natural Resources (DNR). A second wetland complex (~37
acres) to the west of the lake includes the Hooven bog, purchased by Snohomish County in 2015 for protection.
Both wetland systems help regulate the water levels in Crystal Lake and provide a buffer between the lake and
the urban and semi-rural developed areas.
The forested areas cover about 500 acres within the immediate Crystal Lake watershed and extend into the
larger Bear Creek watershed. Almost 100 acres of the large wetland and over 200 acres of the forested area
are owned and managed by Crystal Lake Inc. Other forested areas include the Washington State Department
of Natural Resources (165 acres to the west). Finally, Crystal Lake Inc.’s property is bordered to the east by the
Paradise Valley Conservation Area owned and operated by Snohomish County Parks. It is a 793-acre
conservation area which is mostly wooded, with 13 acres of natural trails for public hiking, biking and
equestrian use.
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FIGURE 1. CRYSTAL LAKE WATERSHED

Crystal
Lake
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III.

SAMPLING PLAN

The Crystal Lake Inc. has been monitoring the water quality of their lake since 1986. Prior to 2006, the sampling
was not consistent with respect to sampling location, sampling protocols and lab analysis. While this data
provides a good snap shot of lake health, it was difficult to detect long-term trends. In 2005, a year-round
monitoring plan was developed by SWM and the Crystal Lake Association to ensure consistency in location,
sampling methodology, and laboratory analysis. Crystal Lake volunteers trained by SWM staff have
implemented the monitoring between May 2006 and September 2017.
The sampling plan includes taking year-round measurements of water clarity, dissolved oxygen and
temperature, as well as, collecting in-lake water samples for phosphorus and Chlorophyll a per the schedule
outlined in Tables 1 & 2. In addition, water samples were collected from the two lake inlets (Figure 2). The
sampling procedures and quality assurance protocols are consistent with Snohomish County’s volunteer lake
monitoring program and can be found at www.lakes.surfacewater.info. This study focuses on data collected in
the last ten years, though Crystal data collected prior to 2006 can also be found in SWM’s online database.
TABLE 1. LAKE MONITORING SCHEDULE
Monitoring Activity
General Observations

Schedule
Monthly (Nov-Apr)
Bi-weekly (May-Oct)

Secchi Disk Depth

Monthly (Nov-Apr)
Bi-weekly (May-Oct)

Surface Temperature

Monthly (Nov-Apr)
Bi-weekly (May-Oct)

Lake Level
pH Profile

Daily (or as frequently as possible)
Jan-Dec
Annually in Summer (if possible)

Conductivity Profile

Annually in Summer (if possible)

Temperature Profile

Monthly (Jan-Dec)

Dissolved Oxygen Profile

Monthly (Jan-Dec)

Total Phosphorus

Chlorophyll a/Phaeophytin - 1 m

Monthly (Jan-Dec) 1 m & (Apr-Nov) 9 m
1 m (Dec-Mar)
Monthly 1 & 9 m (Apr, May, Oct, Nov)
1 m (Dec)
Monthly (Jan-Dec)

Color - 1 m (select years)

Monthly (Jul-Sep)

Soluble Reactive Phosphorus

TABLE 2. STREAM MONITORING SCHEDULE
Monitoring Activity
222nd

Stream at –
street
Total Phosphorus (grab sample)
Stream at West Inlet
Total Phosphorus (grab sample)

Schedule
Monthly
When flowing
Monthly
When flowing
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FIGURE 2. CRYSTAL LAKE MONITORING LOCATIONS

7|Page

IV.

LAKE HEALTH AND CHANGES OVER TIME
TEMPERATURE AND DISSOLVED OXYGEN

Temperature and dissolved oxygen are closely linked and play an important role in lake health. Aquatic life are
greatly affected by temperature. Fish such as trout require colder, oxygen-rich waters while other species such
as bass tolerate warmer, low-oxygen waters. In addition, long periods of low-oxygen conditions can lead to
internal loading. Internal loading is the release of nutrients, such as phosphorus, from the lake sediments into
the water column.
The temperature and dissolved oxygen were measured at every meter from the top of the lake to the bottom
of the lake throughout the year. In the winter (Dec-Mar), Crystal Lake is cold at all depths (around 41°F) (Figure
3). Starting in April, the warmer temperatures cause the top of the lake to become warm while the bottom
waters stay cold. Warmer water is less dense and floats above cooler dense waters. By May, the temperature
at the lake surface is around 65°F, but the bottom is over twenty degrees colder. The temperature difference
is so great that the warm, upper portion of the lake can no longer mix with the colder, bottom portion. This
process is called thermal stratification. The lake remains divided into two layers until the surface waters start
to cool in the fall. When the temperature at the top and the bottom become similar, the lake will “turnover”
meaning the entire lake mixes and the temperature again becomes uniform. Crystal Lake typically turns over
in November and the turnover is sometimes accompanied by changes in water color, lake odor and/or blooms
of algae.
Dissolved oxygen in the lake is closely related to temperature (Figure 4). In the winter, the lake has high
dissolved oxygen throughout the water column. In the spring, the lake surface continues to have high dissolved
oxygen as it is replenished from the atmosphere. However, once the lake becomes stratified into two layers,
dissolved oxygen from the surface can no longer reach the bottom waters. The oxygen is consumed as microbes
decompose organic matter on the lake bottom. In Crystal Lake, the oxygen levels drop very quickly indicating
there is a large amount of decaying matter in the lake bottom. From July through September, there is near zero
oxygen below a depth of ten feet. After lake turnover, oxygen is replenished throughout the lake.
Both temperature and dissolved oxygen are also connected to aquatic life. Fish such as trout, require colder,
oxygen-rich waters while other species such as bass tolerate warmer, low-oxygen waters. Temperatures that
are warmer than 17.5°C (63.5°F) for salmonid rearing and migration and 20 °C (68°F) 1 for indigenous
warmwater fishes (WAC 173-201A-210). Similarly, oxygen levels that are lower than 6.5 mg/L2 also exceed the
criteria for aquatic life for both salmonids and indigenous warmwater species.
During the months of July and August, water temperatures are warmer and dissolved oxygen levels lower than
fish prefer. Fish experience what is called the dissolved oxygen temperature squeeze as they seek cooler
temperatures found in the lower depths but are restricted to shallower depths by the need for sufficient
oxygen. Water temperatures from 0-6 feet deep are warmer than fish prefer, and dissolve oxygen levels below

This is based on a 7-day average of the daily maximum temperatures" is the arithmetic average of seven
consecutive measures of daily maximum temperatures.
2 Lowest 1-day minimum
1
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3 feet deep are lower than aquatic life prefer (Figure 3 and Figure 4). This indicates that there is not a suitable
region in the water column with both low temperatures and high dissolved oxygen concentrations during the
months of July and August.
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FIGURE 3. TEMPERATURE PROFILES OF CRYSTAL LAKE. VALUES REPRESENT MONTHLY AVERAGES FROM 2011 TO 2017.

FIGURE 4. OXYGEN PROFILES OF CRYSTAL LAKE. VALUES REPRESENT MONTHLY AVERAGES FROM 2011 TO 2017.
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WATER CLARITY
The water clarity of a lake is measured by lowering a black and white
“Secchi” disk into the water until it is no longer visible (Figure 5).
Water clarity is affected by the amount of algae and sediment in the
lake, as well as by water color. The summer water clarity of Crystal
Lake is 8.5 feet (Figure 6). Crystal’s water clarity is lower than other
area lakes and could be classified as “Fair”. However, the low water
clarity is mostly natural, stemming from its darker water color. Lakes
surrounded by conifer forest and wetlands are commonly teacolored from tannins (or humic acid) that leaches into the water from
the slowly decomposing plant matter. There are occasional algae FIGURE 5. SECCHI DISK USED TO MEASURE WATER CLARITY.
blooms in the late summer and fall that further reduce visibility in the lake.
Water clarity at Crystal Lake appears to have slightly improved over the last ten years, although there is not
yet a statistically significant trend. The improvement is likely a result of less algae growing in the water column
(see chlorophyll a discussion). Another possible explanation to improving water clarity is that the water has
become lighter in color in the past ten years. However, this does not appear to be the reason at Crystal Lake.
Water color measurements taken in the mid 90’s were actually lower meaning the water was lighter (40
platinum cobalt units) compared to measurements taken in 2010 and 2011 (46 platinum cobalt units).

FIGURE 6. WATER CLARITY MEASUREMENTS AT CRYSTAL LAKE FROM 2006 THROUGH 2017.
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TOTAL PHOSPHORUS
Phosphorus, the main nutrient of concern at Crystal Lake, fuels plant and algae growth in lakes. Lakes are highly
sensitive to phosphorus pollution as even small amounts of extra phosphorus can cause excessive algae and
plant growth, increase the potential of toxic blue-green algae, lead to lower dissolved oxygen (stressing fish),
and decrease water clarity. Because phosphorus level vary greatly when the lake is thermally stratified,
phosphorus levels were measured both near the lake surface and the lake bottom.
Crystal Lake has moderate levels of phosphorus in its upper waters with a long-term summer average of 15.5
micrograms per liter (Figure 7). The health classification for total phosphorus in the upper waters is good, and
trending towards excellent (statistically significant trend p=0.00). As phosphorus in the upper waters is an
indication of recent pollution, these results mean less pollution is coming into the lake in recent years. One
potential explanation is a 2013 state law that prohibits the use of phosphorus fertilizers. Similar decreases have
been anecdotally noted at lakes throughout the County.
FIGURE 7. PHOSPHORUS CONCENTRATIONS IN THE UPPER WATERS FROM 2006 – 2017.

Total phosphorus concentrations in the Crystal’s bottom waters (known as hypolimnion) are a magnitude
higher than the upper waters with a long-term summer average of 177 micrograms per liter. The values vary
greatly from year-to-year though no long-term trend was observed. Relative to other area lakes, these levels
are high, resulting in a “poor” health classification. The bottom waters are a measure of historic phosphorus
pollution that has built-up in the lake bottom.
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FIGURE 8: PHOSPHORUS CONCENTRATIONS IN THE BOTTOM WATERS FROM 2006 – 2017

Examining the year-round pattern of phosphorus concentrations provides clues to the sources of phosphorus
pollution to the lake. In the upper waters, phosphorus concentrations at the lake surface consistently average
15 to 16 micrograms per liter over the study period (Figure 9). However, in the few months following lake
turnover, the monthly average is much higher at 23 micrograms per liter. The reason for this increase can be
seen by looking at the phosphorus in the bottom waters. Starting in March, concentrations dramatically
increase near the lake bottom with July and August averages exceeding 200 micrograms per liter. The
phosphorus is released from the lake sediments during the period of low dissolved oxygen. Since the lake is
stratified, it remains trapped in the bottom waters until the lake begins to cool and turns over. Following
turnover, phosphorus diffuses throughout the lake.
The process of phosphorus being released into the water column from the lake sediments is called internal
loading. The amount of internal loading can be estimated by looking at the change in phosphorus from the
beginning of stratification until the lake begins to mix again in the fall. Based on the changes in phosphorus in
the bottom waters from March through October, the internal loading contributes an average of 4.26 mg/m2
day though seasonal rates may be as high as 6.97 mg/m2 day. The buildup through the summer indicates that
internal loading from the lake bottom is likely the largest source of phosphorus to the lake annually. The
buildup of phosphorus in Crystal Lake is likely from past activities in the watershed such as logging and
development.
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FIGURE 9. TOTAL PHOSPHORUS OF UPPER AND BOTTOM WATERS THROUGHOUT THE YEAR.
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INLET STREAMS AND SURFACE RUNOFF
The major external inputs of water and pollution to the lake come from
the two inlet streams and from runoff from the surrounding area that
flows directly to the lake. Runoff from individual properties can
combine to be a significant portion of pollution loading to the lake.
Common sources of pollution from homes include lawn care products,
septic systems that are not regularly maintained, pet waste, and bare
soils and eroding areas (soils in this region are rich in phosphorus).
Unfortunately, the contributions from individual properties are
difficult to directly measure and were not specifically assessed in this
study.
The two inlet streams were monitoring during the rainy season. The streams typically flow from October or
November through April or May. The west inlet starts at the outlet to Hooven Bog and travels through the
mostly forested wetland to the west of Crystal Lake. The phosphorus levels in this stream were low with a 2006
to 2017 average concentration of 31 micrograms per liter (Figure 10). During periods of high rainfall,
phosphorus concentrations increase slightly with peaks mostly in the 40 to 50 microgram per liter range. The
phosphorus values are typical of forested wetlands in this region and do not indicate an elevated pollution
source to the lake.
The second inlet stream was sampled at 222nd Street and flows into the wetland complex to the north that
eventually drains into the lake from the Little Lake bog and the surrounding wetland. The 222nd stream location
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should represent runoff from the entire developed area in the northern part of the watershed. Phosphorus
concentrations at the 222nd Street were also low with a 2006 – 2017, with averages of 36 micrograms per liter
(Figure 11). This stream does experience higher and more frequent spikes in phosphorus during heavy rain with
concentrations reaching as high as 132 μg/L in 2015. The higher peaks are more common in developed areas
as there are more pollution sources and less opportunity for water to be infiltrated and cleaned prior to
reaching streams. The higher peaks in phosphorus do present a threat to the health of the Little Lake system
as bogs are traditionally nutrient-poor. However, the water quality of the bog area or groundwater entering
the lake was not assessed as part of this study.
At this time, Crystal Lake does not appear to be negatively influenced by the stream as the wetland area is
serving as a buffer by absorbing the excess nutrients. However, the wetland can only take in so much
phosphorus before losing its ability to absorb additional nutrients. Reducing nutrient pollution low will slow
the loss of the wetland’s buffering capacity. Increases in pollution levels will decrease its buffering capacity
more rapidly.
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FIGURE 10. TOTAL PHOSPHORUS CONCENTRATIONS AT THE WEST INLET.
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FIGURE 11. TOTAL PHOSPHORUS CONCENTRATIONS AT THE 222ND INLET TO THE LITTLE LAKE BOG COMPLEX.
Total Phosphorus: Crystal Lake 222nd Inlet - Stream entering wetland north of lake
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ALGAE
Algae are primitive, usually microscopic organisms that form the base of the food chain in lakes. They are
similar to plants as they can produce energy from sunlight. Most species of algae in Snohomish County are
free-floating and collectively known as phytoplankton. There are also algae species that attach to rocks, docks,
and aquatic plants such as filamentous green algae. While algae is essential to lake health, too much can be
unhealthy and lead to intense algae growth called blooms. The amount and types of algae that grow depend
upon the light availability, temperature, and levels of nutrients in the water. Darker colored water can depress
some algae growth as the tannins which cause the dark color absorb some wavelengths of light that would
otherwise be available for algae. Aquatic plants also compete with algae for nutrients, so healthy plant
communities may also reduce the frequency of algae blooms.
The most common measure of algae levels in lakes is chlorophyll a, one of the pigments found in algae.
Chlorophyll a concentrations in Crystal Lake are moderate, with a long-term summer average of 5.0
micrograms per liter and appears to have declined over the study period years, although there is not a
statistically significant trend (Figure 12). In comparison to other lakes, the health classification for chlorophyll
a concentrations is “good.” Lake concentration of algae is heading towards “excellent”, likely due to the
decrease in phosphorus limiting algae growth. The lower algae levels are also likely contributing to the
improved lake water clarity given that the water color has actually darkened slightly over time.
Algae levels also appear to be consistently low throughout the year with monthly chlorophyll a averages of 2
to 4 micrograms per liter in eight of the 12 months (Figure 13). However, algae blooms do occur as shown by
spikes in chlorophyll a. While these blooms are not always captured with monthly sampling, it appears that
Crystal Lake most frequently has blooms in the spring (March) and late summer (July, August, and September).
March of 2007 was especially notable with a chlorophyll a value of 33 micrograms per liter. This blooms was
likely a golden-brown algae bloom that could have been a response to nutrient-rich water flowing into the lake.
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FIGURE 12. CHLOROPHYLL A CONCENTRATIONS FROM 2006 – 2017.

FIGURE 13. CHLOROPHYLL A CONCENTRATIONS IN THE UPPER WATERS THROUGHOUT THE YEAR.
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The lake conditions in late summer are more likely to produce blooms of
cyanobacteria also known as blue-green algae. These blooms appear as
blue or green paint collecting at the lake edge. Cyanobacteria blooms are
of particular concern as some species of this algae can produce toxins that
are harmful to people and pets that recreate in and specially consume
lake water. Lake users should avoid contact with the water and keep pets
away from the lake when it is experiencing a blue-green algae bloom (see
www.lakes.surfacewater.info for more information).
Crystal Lake has experienced several minor cyanobacteria algae blooms
though none have tested positive for toxins. These blooms typically occur FIGURE 14. CYANOBACTERIA BLOOM AT CRYSTAL LAKE.
later in the summer. The summer blooms may occur as cyanobacteria
have special adaptations to control their buoyance in water. This allows
them to descend to the lower nutrient-rich portion of the water column and then ascend to the shallow areas
where light is available. Many area lakes also experience blooms following lake turnover when nutrients are
released from the lake bottom. While Crystal Lake does not appear to have regular blooms in November and
December during lake turnover, it is possible the blooms are occurring between monthly monitoring events.
Crystal Lake also regularly experiences periods of intense filamentous
algae growth. Filamentous algae is a type of green algae that is not
harmful but can be unsightly. Filamentous algae forms thick stringy
mats of algae either on the lake bottom or over aquatic plants, logs, or
docks. When filamentous algae dies, it floats to the surface and forms
thick brown bubbly mats. It is particularly sensitive to nutrient inputs
including nitrogen. If the growth seems to be restricted to one
geographic area, it may be a sign of a localized source of nutrient
pollution such as fertilizers, septic system effluent or runoff piped from
driveways and roofs

FIGURE 15. FILAMENTOUS ALGAE AT CRYSTAL LAKE

SHORELINE HEALTH
Shoreline health is important to understanding the overall lake health. Healthy lake shorelines have deeply
rooted shrubs, trees, or perennials along the lake edge instead of lawns. Healthy shorelines protect the lake by
trapping and filtering out pollution from runoff and provide important habitat for birds, turtles, frogs and other
aquatic wildlife. They also help landowners by preventing shoreline erosion and keeping geese off yards.
Homeowners can keep most of their shoreline healthy while still allowing lake access and preserving views.
Compared to other area lakes, Crystal Lake’s shoreline is in “Good” health. Approximately 50% of the shoreline
has intact vegetation. This assessment was based on a review of aerial imagery only, so the presence of
bulkheads or other shoreline armoring that disrupt the lake shoreline ecology could not be assessed.
Crystal Lake has a diverse plant community as indicated by past surveys of the Washington State Department
of Ecology (DOE, 2006 & 2008). Twenty-four plant species were found along the edge of the lake shoreline
(Table 3). The survey identified three species that are considered Class C noxious weeds in Washington State:
yellow-flag iris, purple loosestrife, and reed canary grass. The purple loosestrife population has decreased from
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annual efforts by the association to introduce the biological control Galerucella beetle [acquired from Professor
Gary Piper at Washington State University] which feeds on the plant and reduces the population. Limited hand
removal of yellow-flag iris is also conducted.

AQUATIC PLANTS
Crystal Lake has a diverse plant community as indicated by past surveys of the Washington State Department
of Ecology (DOE) (DOE, 2006 & 2008). The survey showed fifteen plant species that are growing underwater
(either rooted or floating) and another three that are rooted but have floating leaves (e.g. water lilies) (Table
3). Most notably, Crystal Lake is home to a state-sensitive species, the flat-leaved bladderwort (Utricularia
intermedia). Bladderworts are unique plants that are not rooted but instead float. To obtain additional
nutrients, bladderworts evolved into a carnivorous plant that traps tiny zooplankton in their bladders.
Aquatic plants in Crystal Lake are a natural and beneficial part of the lake ecosystem. The aquatic plants in the
water compete for the same nutrients as algae and their growth helps prevent large algal blooms. Aquatic
plants also provide critical food and habitat for fish and the aquatic insects they feed upon. Removal of aquatic
plants puts the lake at risk to increased frequency of algae blooms. When plant matter decays quickly algae
can rapidly grow with the available nutrients. In addition, when there are no native plants to compete with,
opportunistic non-native species are better situated to spread aggressively, which impedes recreation and
harms fish and aquatic life.
While most species in Crystal Lake are native, the lake does have one non-native aquatic species that is
considered a Class C noxious weed in Washington State, Fragrant waterlily. Noxious weeds are problematic as
they outcompete native species and degrade the quality of the habitat. Fragrant water lily can be distinguished
from the similar native yellow water lily or watershield by its showy pink or white flowers. Fragrant water lily
is a very aggressive plant, and when widespread, can:






Interfere with swimming, boating, and recreation
Harm beneficial plants by blocking out native beneficial plants from growing
Interfere with oxygen exchange at the water’s surface
Trap heat and warm the water temperature
Accelerate sedimentation by filling in shallow areas

Based on the last survey findings, Crystal Lake does not currently have invasive Eurasian watermilfoil that can
be problematic at other lakes.
Crystal Lake has managed native and non-native aquatic plants for approximately 20 years under permits from
the Washington DOE using a professional licensed herbicide applicator, Northwest Aquatic Ecosystems.
Herbicides which have been used over the years include fluridone (Sonar), diquat, glyphosate and 2-4-D.
Targeted species for control have been milfoil, pondweed, elodea, watershield, and fragrant waterlily.
Most recently, the southern portion of the lake was treated with 2-4-D in 2017 to control native milfoil. Per
DOE permit requirements, residents relocated the Flat-leaved bladderwort (Utricularia intermedia) plants to
the northern portion of the lake, which was not treated with herbicide, prior to treatment. Aquatic plant
surveys from 2016 (pre-treatment) and 2018 (post treatment) indicate that the herbicide affected Utricularia
intermedia coverage where herbicide treatment was applied on the southern shoreline, and did not affect
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areas that were not directly treated with herbicide along the northern shoreline (Figure 16 and Figure 17). The
southern populations of Utricularia intermedia had not rebounded by 2018 while the northern populations of
Utricularia intermedia were not affected and populations increased.
TABLE 3: AQUATIC PLANTS FOUND IN CRYSTAL LAKE

CRYSTAL LAKE AQUATIC PLANTS
PLANTS THAT GROW UNDERWATER OR WITH FLOATING LEAVES (E.G. LILIES )
 Stonewort
 Common bladderwort
 Whorled milfoil
 Common water moss
 Large leaf pondweed
 Elodea
 Flat-leaved bladderwort
 Muskwort
 Floating leaf pondweed
 Ribbonleaf pondweed






PLANTS THAT GROW NEAR THE LAKE SHORELINE
 Cattail
 Horsetail
 Water-starwort
 Water purslane
 Threeway sedge
 Swamp smartweed
 Waterplantain
 Hardhack
 Spotted ladysthumb
 Willow herb
 Purple cinquefoil
 Tufted loosestrife
 Spreading rush
 Bur-reed
 Spike rush
 Nightshade









Watershield
Coontail
Yellow waterlily
*Fragrant
(invasive)

waterlily

Speedwell
Bog Labrador tea
Dulichium
Common marestail
Smartweed
*Yellow flag iris (invasive)
*Purple
loosestrife
(invasive)
 *Reed
canary
grass
(invasive)

*These plants are considered Class C noxious weeds in Washington State

FISH & WILDLIFE
Crystal Lake is home to a wide variety of fish and aquatic life including: largemouth bass, crappie, bluegills,
freshwater mussels, northwest salamanders and tree frogs. Crystal Lake Inc. also stocks the lake with
approximately 1000 triploid trout annually ranging in size from 10” to 20”. Two known invasive species that
have made their home in the lake include the Chinese mystery snail and the bullfrog. These species, like other
invasive species, outcompete and reduce habitat for native species.
The lake and surrounding area provide home to a variety of wildlife such as river otters, rabbits, black bears,
bobcats, white-tailed deer, raccoons, and coyotes. A variety of bird species are commonly observed around
Crystal such as bald eagles, cormorants (migratory), ducks, blue herons, resident and migratory Canada geese
and numerous other native birds. The resident Canada geese populations have grown to nuisance levels.
Crystal Lake, Inc. has contracted with the USDA to decrease the population of resident Canada geese in order
to control nutrient levels in the lake.
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FIGURE 16. CRYSTAL LAKE AQUATIC PLANT SURVEY, JUNE 13, 2016.
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FIGURE 17. CRYSTAL LAKE AQUATIC PLANT SURVEY, JUNE 22, 2018.
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V.

CONCLUSIONS & FUTURE RECOMMENDATIONS

When looking at Crystal Lake as a whole, the health condition can currently be classified as “Fair”. However,
the lake water quality is actually improving and the health is trending towards “Good”. Crystal Lake Inc. is
already taking essential steps to protect and improve the health of the lake. To continue to ensure a healthy
future for the lake, Snohomish County recommends a three-tier strategy of protection, improvement, and
continued monitoring.

LAKE PROTECTION
1.

CONTINUE FOREST AND WETLAND PROTECTION IN COMMUNITY

The natural areas surrounding the lake are critical to protecting the water quality in the lake. The
wetlands and forests soak up water and clean out pollution before it flows into the streams and
ditches or the lake itself. As a community, Crystal Lake Inc. can continue their good stewardship of
their natural resources. In particular, the forestry practices should be protective of water quality.
In addition, the capacity of the wetland to buffer the lake is limited and may be reached if pollution
were significantly increased. Crystal Lake Inc. can track and provide public comment on further
development in the watershed that could threaten the lake and wetland.

2.

RETAIN EXISTING TREES AND SHORELINE VEGETATION

Just like the benefits of surrounding forests and wetlands, vegetated shorelines also clean out
pollution, prevent erosion, protect water quality, and keep geese out of lawns. The plants along the
lake shorelines are particularly important for turtles, frogs, and birds. Individual property owners
can also make a difference by retaining or planting new trees and shrubs that absorb and clean
polluted runoff before it reaches the lake.

3.

PREVENT THE SPREAD OF INVASIVE SPECIES

As a private lake, Crystal Lake has a reduced risk of invasive species being introduced by boats.
However, any boat launched on the lake could be bring invasive species. All boats should be
cleaned, drained, and dried before launching or leaving the lake to prevent the spread of invasive
plants or animals into or out of Crystal Lake.

4.

RESTRICT AQUATIC PLANT MANAGEMENT TO INVASIVE PLANTS ONLY

Crystal Lake has a diverse plant community that plays an important role in protecting the lake and
providing unique wildlife habitat. Aquatic plant control should be restricted to invasive species only
and limit impacts to native plants, especially the sensitive species Utricularia intermedia. Options
for invasive plant management include:
 Manual removal – Hand cutting or similar manual removals can be conducted by
individual property owners. This method can be effective for fragrant waterlily. Cutting
the pads multiple times per year can prevent the spread of this aggressive plant. The
WA Department of Fish and Wildlife (WDFW) requires landowners to follow the
guidelines and restrictions in their Aquatic Plants and Fish publication. This document
serves as an individual landowner permit for aquatic plant control activities. The plants
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should be removed and put away from the lake to dry. Decaying plants release
phosphorus into the water, so removing plants will help protect water quality.
 Mechanical harvesters – Large mowers that cut the plant is also an option. Groups can
either purchase a mower or hire a commercial operator. Larger-scale mowers typically
cut and then collect plants, but smaller mowers require collecting the plants manually.
Harvesting large areas may require additional permitting from WDFW.
 Herbicides – Herbicides are recommended for the control of invasive aquatic plants when
no other options are feasible. They are not recommended for the control of native
species. Conducting too much aquatic plant control activity can shift the lake from being
plant-dominated to algae dominated leading to increased risk of toxic algae blooms or
nuisance filamentous algae. If herbicides are used, select an herbicide and knowledgeable
applicator to minimize impacts to native plants especially the bladderwort.

LAKE IMPROVEMENT: PREVENTING POLLUTION & MAKING HEALTHY SHORELINES
1.

PREVENT HOUSEHOLD PHOSPHORUS P OLLUTION

All Crystal Lake area residents can help communities improve water quality by reducing pollution from
everyday household activities. Phosphorus pollution comes from common sources like lawn fertilizers,
pet and animal wastes, septic systems and dirt from driveways, roofs or erosion (soils in this area are
naturally rich in phosphorus). While each of these sources are small, they can add up to cause bigger
problems.
Snohomish County created the LakeWise program to help learn about and prevent phosphorus pollution. The
LakeWise Clear Choices Checklist lays out the most important actions that residents can take to reduce
pollution (
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Figure 18). Completing any action on the checklist will help prevent pollution to the lake. Property

owners that take all actions on the checklist can have their property “LakeWise” certified and receive
an attractive award sign.
LakeWise is completely voluntary and free for Crystal Lake residents. To start participation, sign up for
an educational visit to your house. A local expert will meet with you to provide practical suggestions
for implementing the Clear Choices such as tips for your lawns
and yard. Residents will receive a follow-up summary and a
LakeWise sign if all actions are completed. For more
information or to sign-up visit www.lakewise.org.

2.

REPLACE SHORELINE LAWN WITH SHRUBS

AND TREES

Before Planting
Lakefront landowners have a special opportunity to protect
lake health by creating or preserving a healthy shoreline.
Healthy shorelines are simply lake edges that have a border
of plantings like shrubs, trees, or perennials instead of lawns
or turf grass. These types of plants have deeper roots and
remove 80% more phosphorus than turf grass. In addition,
healthy shorelines provide great habitat for birds, turtles,
After Planting
frogs, and other wildlife. Everyone can have a healthy
shoreline while still enjoying lake access and views. Planting your shoreline has
the added benefit of discouraging geese from coming onto your lawn. The taller vegetation reduces
the line of site and makes the geese less secure from predators and makes a barrier for easy access
from the water. The plantings should be thick enough to discourage nesting. Snohomish County’s
LakeWise program also offers free native plants to landowners interested in replacing some shoreline
lawn with shrubs or trees. Visit www.lakewise.org to find shoreline landscape designs, plant lists with
photos, and more.

3.

AVOID FEEDING WATERFOWL

While people often have good intentions when feeding waterfowl, research shows that feeding
waterfowl is not recommended as it harmful to the birds, to the health of your family, and to the lake.
Food that is not part of a birds regular diet can lead to nutritional deficiencies. It also leads to more
birds than an area can naturally support, increasing the frequency of disease and parasites. Waterfowl
droppings can also harbor harmful bacteria and parasites that cause swimmers itch. Goose poop also
contributes nutrients that increase algae growth. Planting taller vegetation on lake shorelines can also
discourage waterfowl and prevent bird droppings in your lawn.
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FIGURE 18. LAKEWISE CLEAR CHOICES CHECKLIST
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LAKE MONITORING
1.

KEEP AN EYE OUT FOR TOXIC ALGAE

Crystal Lake is susceptible to blue-green algae blooms which
most frequently occur in the late summer and early fall. These
blooms have the potential to produce toxins and can pose a
health risk to people and animals that swim or play in the lake.
Blooms often appear as blue or green paint or large clumps near
the lake shoreline. If blooms are present, residents should
follow the guidance for recreation developed by the State
Department of Health (Figure 19). If you do notice an algae
scum, please report it, so it can be tested for toxins. Call 425388-3464 or email lakes@snoco.org.

2.

WATER QUALITY MONITORING

FIGURE 19: TOXIC ALGAE RECREATIONAL
GUIDANCE

To maintain an up-to-date understanding of the water quality of the lake and track changes over time,
lake monitoring should continue. Participation in Snohomish County’s standard lakes volunteer
monitoring program should be sufficient for tracking long-term trends as shown in Table 4. The
program is free for Crystal Lake at this time, though its continuation each year is subject to availability
of budgets.
An optional recommendation is to continue to take 3-5 stream samples from the 222nd and west inlet
locations during the period when they are flowing and have them analyzed for total phosphorus. The
stream sampling will help to determine if there are any changes resulting from development in the
watershed. Samples should be used as a screening tool, meaning if high values are found, further
sampling could occur to confirm and explore the source of the pollution.
TABLE 4: SNOHOMISH COUNTY VOLUNTEER LAKE MONITORING PROGRAM SCHEDULE

Monitoring Activity
General Observations
Secchi Disk Depth
Surface Temperature
Lake Level
Temperature Profile
Dissolved Oxygen Profile
Total Phosphorus - 1 & 9 m depths
Chlorophyll a/Phaeophytin - 1 m depth

Schedule
Bi-weekly
May-Oct
Bi-weekly
May-Oct
Bi-weekly
May-Oct
As frequently as possible
Jan-Dec
Monthly
May-Oct
Monthly
May-Oct
Monthly
June-Sept
Monthly
June-Sept
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