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I. INTRODUCTION.
I-1. The Lake and the Controversy.
Capitol Lake is at the center of an ongoing, low-profile community argument about the
future of west-central Olympia, Washington near the State Capitol campus. The lake
was created in 1951 by the damming and impounding the Deschutes River, causing the
river water to permanently flood a tidal basin that stretched from present-day 5th Avenue
to Tumwater Falls. In recent years, vocal activists have called for removal of the dam
and return of the basin to the ebb and flow of the tides. Others in the community have
defended the Lake and called for its continued existence. The paper that follows is intended to clarify several environmental aspects of any decision to remove or substantially
modify the Lake.
The current attack on the Lake is sustained by a widespread public belief that the Lake is
“sick;” polluted and hazardous to human and environmental health. A second widespread belief is that the Lake’s existence is detrimental to the water quality of nearby
Puget Sound. These beliefs are misinformed and mistaken.
I-2. The Lake and the Claims.
Capitol Lake is the conspicuous body of fresh water that visitors to the State Capitol see
situated between 5th Avenue and the Capitol campus. It is approximately 270 acres in
extent and has an average depth at present of about 9 feet (TCPHSS, 2012). To the north
of 5th Avenue lie the salt waters of West Bay, one of the southernmost arms of Puget
Sound. The Lake and the Bay are connected via an actively manipulated tide gate in the
dam under 5th Avenue.
The Lake is widely regarded as a polluted water body by the public at large, as often exemplified by comments in the Olympian newspaper. For example, a letter to the editor
by Shanewise (2015) refers to “… the unflushed toilet of the lake.”
Critics of the Lake routinely recite the following complaints:
1) the Lake is weedy and its shores and waters are strewn with trash;
2) the Lake is a Federally listed water body “in violation of Article 303(d) of the Clean
Water Act”;
3) the Lake is unfit for swimming;
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4) the Lake is inhabited by introduced aquatic species, of which European water-milfoil
(Myriophyllum spicatum) and the New Zealand Mud Snail (Potamopyrgus antipodarum)
are the most frequently cited biotic offenders (TCPHSS 2012 and later).
Their rationale seems to be that, because all of these things are true of the Lake, its salvation is hopeless and the community’s only option is to destroy it.
For the record, Capitol Lake is probably the healthiest lake in all of Thurston County.
The Federal listing mentioning bacteria (see below), made in 1998, is now obsolete
thanks to diversions of storm drains and sewers over the last three decades, and the
Lake’s modern clean water would not be so listed by any impartial agency. Based on
Regulatory Standards, the Lake has been clear and clean enough for swimming during the
past 15 years, and the “threat” posed by the introduced species is vastly exaggerated.
And although the visual floating weed cover in unattractive and certainly impairs boating
and swimming recreation, it is not symptomatic of pollution and would be easily eliminated by proper management of the Lake.
To balance the discussion, positive features never mentioned in the negative public
clamor (for example, high dissolved oxygen levels and the Lake’s absence of toxic bluegreen algal blooms) make Capitol Lake the best of all lakes in the area.
Capitol Lake and its related environs, water quality issues, management and recent
history is described in detail in Thurston County’s biennial Water Resources Reports
(TCPHSS 2012). The Reports cover pairs of “water years.”1 The most recently published one was released in 2012 and covers water years 2009-10 and 2010-11. Data for
years after the most recent publication should be sought at the Department’s website (see
TCPHSS 2012 in References). That Report covers many lakes and streams in Thurston
County besides Capitol Lake. For the purposes of this paper, some of this information is
included in the following.
I-3. About This Report.
This Report is intended to inform busy interested readers that Capitol Lake is a major
community asset, in as few words as possible. That hasn’t been easy. The Lake is under
attack by nay-sayers, has many positive features that the public doesn’t know about, and
has changed in ways that require understanding and (after a long period of neglect)
action. The main body of this Report presents all of this.
A list of References shows readers where to look for the sources of the facts and assertions made in this Report. The Notes and References are to confirm that the facts enumerated in this Report are reliable findings, resulting from two years of study and factfinding by the author.
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II. CAPITOL LAKE. ITS HISTORY AND RECENT MANAGEMENT.
II-1. Capitol Lake. Its Formation and Early History.
Before 1951, the area in front of the State Capitol campus was occupied by tidal waters.
The present-day Lake basin was flooded twice daily by tides that can rise and fall over a
range of some 22 feet throughout the year (Polk, 1906). Figure 1 shows a partial view of
the former estuary as it appeared in 1944,
looking northward over what is today the
North Basin of Capitol Lake (CLIPA
2010). The intertidal mud covered a larger
area than the present-day Lake, extending
all the way to Water Street and Fifth Avenue at that time (Figure 1).
The Lake was formed in 1951 when the
narrow inlet to the basin (at the location of
the present day 5th Avenue bridge, upper
left corner in the photo) was dammed.
Since then, the basin has usually been Figure 1. Part of the tidal estuary as it exdominated at its surface and in its upper
isted north of the State Capitol in 1944.
reaches by fresh water, with salt water admitted daily to the depths of the North Basin.
The Lake today is divided into the three basins shown in Figure 2. Most (about 90%) of
its fresh water enters the South Basin from the Deschutes River; the rest flows into the
north end of the Middle Basin from Percival Creek. The large shallow Percival Cove,
once broadly connected to the estuary, is now connected to Lake only at the mouth of
Percival Creek. Tidewaters of the earlier estuary sometimes entered all the way up the
basin to Tumwater Falls at the extreme south end of the modern Lake.
The Lake was formerly a popular
site for recreation. A guide to hiking and boating around South Puget
Sound lists the Lake’s amenities as
“Picnic tables, fishing pier, swimming beach, float, hiking trail, rest
rooms” and activities available to
visitors as “picnicking, swimming,
canoeing, kayaking, hiking and
fishing (Mueller and Mueller,
1983). Motor boating and water
skiing are reported by the Capitol
Lake Committee (1974) as other
recreational uses. Figure 3 shows a
Figure 2. Main Features of Capitol Lake.
photo from that era.
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The lake was closed to swimming in 1985 because of high coliform bacteria levels and cloudy
water (DES 2002). It was closed to boating,
fishing, and other water-contact sports in 2009 as
a precaution against spreading the newly introduced New Zealand Mud Snails (Johannes,
2010a). The Lake is still a popular destination for
bird watchers, people walking around its shores
during lunch breaks, people walking dogs, picnickers, and visitors to the State Capitol.
Beginning in 1968, Capitol Lake was routinely Figure 3. Capitol Lake at the pinnacle
drained of much of its fresh water, then refilled of its recreational availability. Mueller
with salt water two or three times per year. These & Mueller, 1983.
“drawdowns” consisted of opening the tide gates at the dam during a low tide in the adjacent salt water and allowing the Lake’s water to run out. The lake was then refilled by
allowing salt water to flood back in. The reasons for these manipulations varied and included controlling algae and aquatic plants in the Lake, enabling maintenance and repair
operations around the lake shore, and “assisting out-migrating salmon.” (Johannes,
2010a).2
Routine drawdowns of this sort occurred up to three times a year from 1968 through
1984, then twice annually from 1984 to 1995. Once in 1992 and during the last routine
drawdown in 1996, the tide gates were closed after the drawdown and the Lake was
allowed to refill with fresh water from the Deschutes River. This was an effort to preserve freshwater organisms. After 1996, routine drawdowns were discontinued. However, “planned drawdowns” followed by refilling of the Lake with fresh water have been
numerous ever since. These have generally been to prevent downtown flooding when
high tides coincide with heavy rain, to enable repair and inspection of drain pipes, to
enable repair of the Deschutes Parkway after the 2001 earthquake, and (since 2009) to try
to kill New Zealand Mud Snails during freezing weather (Entranco, 1997; TCEHD 2003).
II-2. Salmon in the Lake: The Early Years.
Prior to construction of the dam, the Deschutes River had no natural salmon runs. The
river passage for anadromous fish was completely blocked by Tumwater Falls. The
River’s lowermost tributary, Percival Creek, supported natural runs of anadromous fish
(chum and silver [coho] salmon and possibly a few Chinook salmon), most of which
spawned in the lower mile or so of the Creek. In the early years (1949 – mid 1950’s) the
River was stocked with adult Chinook salmon transported above the Falls by tank trucks.
Capitol Lake itself was stocked with hatchery-raised Chinook fingerlings in the years
immediately after it was formed (Engstrom-Heg, 1955; Capitol Lake Committee, 1974).
The blockage of the Deschutes River was bypassed by construction of “fish ladders”
(completed in 1954), as was a difficult low-water passage in Percival Creek. A fish holding facility for retrieval of salmon eggs was completed in (present-day) Tumwater Falls
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Park in 1962. Finally, the (then) Department of Fisheries began rearing young Chinook
salmon in Percival Cove in 1971. In 1973, six million young Chinooks were reared in the
Cove. This program ended in the mid-90’s amid concern that the operation was adding
high levels of nitrogen nutrients to the Lake.
The effects of these activities were spectacular. As many as 27,000 salmon returned to
the Lake each fall and crowds of up to 5000 people per day gathered to watch eggcollection demonstrations at the holding facility by 1974 (Capitol Lake Committee,
1974). In the words of the Committee, “Capitol Lake is Washington State’s most important fish rearing impoundment, having greater recreational and monetary value than any
other fish farm in the State” (p. 7, Capitol Lake Committee 1974).
II-3. Learning As We Go: The Need For Lake Maintenance.
It became clear during the 1970’s that the newly created Lake would need routine maintenance. The main problematic developments presenting themselves at the time were
high levels of coliform bacteria in the swimming area, growth of aquatic vegetation, and
infilling of the South Basin by sediment from the Deschutes River. Several studies, followed by recommendations for maintenance, mostly focused on dredging and coliform
contamination, were conducted during that decade (Orsborn et al 1975; CH2M-Hill
1978). All of them affirmed the high value of the Lake to the community. The coliform
problems have been eliminated (see below) but the need for dredging and vegetation
management remains.
The Deschutes River delivers about 35,000 cubic yards of sediments to Capitol Lake each
year. The effect has been to reduce the area of the Lake from about 320 acres to its
present 270 acres, largely fill in the South Basin, and reduce the average depth of the
Lake by about 4 feet (Hayes et al, 2008, pp 4-5). Dredging has occurred only twice to
my knowledge; in 1975-79 and 1984-86, resulting in removal of about 20% of the
sediment that had accumulated by that time.
II-4. Recent Lake Management and Political Developments.
Administratively, the Lake is part of the State Capitol Campus. As such, its maintenance
is not the responsibility of any city or county. The State General Administration agency
was formerly responsible for its upkeep, security, authorization of public events (such as
fireworks displays) and other administrative matters (between 1951 and 2003). This
agency was reorganized and emerged as the Department of Enterprise Services in 2003,
which maintained its role as the Lake’s overseer. DES manages the Lake following policies approved by the State Capitol Campus Committee, a body of elected individuals with
ultimate responsibility for the Lake. The Committee decides upon actions that affect the
Lake, creates policies regarding its usage and maintenance, and sends directives to DES
for actual implementation. The members of the Committee are the Governor or his/her
designee, the Commissioner of Public Lands, the Secretary of State and the Lieutenant
Governor.
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In 1999, an Environmental Impact Statement was compiled examining six alternative
Lake Management Strategies. Two of the alternatives were to convert the Lake back into
an estuary, three were freshwater alternatives, and a sixth was a “no action” alternative.
These were analyzed by a “CLAMP” (Capitol Lake Adaptive Management Plan) Steering Committee,3 which released its findings in October, 2002 (see DES 2002; “A Vision
For The Next Ten Years”). Intense political lobbying emerged within this committee,
aimed at converting the Lake back into an estuary. This eventually prompted three State
Agency heads to issue a letter stating their support of that objective (Manning et al, 2009)
and encouraged local activists to continue demanding it.
These important developments dominate the discussion today. The main Lake nay-sayers
are estuary advocates, and it appears to me (the author) that very capable agency personnel are burdened by the shadow of a past policy recommendation made by two former
(and one present) directors.
The Report that follows is an effort to show Capitol Lake as the healthy, valuable asset to
our community that it really is, and to dispel mistaken claims that it is unhealthy. Because of the political backdrop, it is occasionally necessary to mention comparisons with
its proposed estuary replacement.
III. WHAT’S “WRONG” (AND RIGHT) WITH CAPITOL LAKE?
The next sections discuss issues that are said to be problematic. Because the Lake’s
designation as an impaired water body as per the EPA’s Clean Water Act 303(d) listing is
perhaps its most widely cited “fault,” we begin with that topic.
III-1. The EPA 303(d) Action List.
The “303(d) violation of the Clean Water Act” invariably cited by would-be destroyers of
Capitol Lake is a clause in an extensive set of definitions, recommendations, and regulations released by the Federal Environmental Protection Agency (EPA) in 1972. The Act
requires the States to designate all salt- and freshwaters into one of five categories. It
does this through section “303(d).” Category 1 water is the best and Category 5 is the
worst (i.e. polluted). Waters designated as Category 5 require the states to take action to
remedy the problem(s). In Washington State, the Department of Ecology (henceforth
“Ecology”) is responsible for proposing standards for EPA perusal and for recommending which water bodies to list.
Many water bodies in Thurston County are flagged as “Category 5” problem sites besides
Capitol Lake. Table 1 shows all of the lakes and two of the flowing waters thus
identified. In addition, Budd Inlet has many listings that can be examined by interested
readers. The “Inner Harbor” (adjacent to the 5th Avenue dam) has some 70+ separate
303(d) category 5 listings, mostly for organic chemicals and heavy metals in sediments
and “tissues” (fish), plus one for “dissolved oxygen” in the water. These can be examined firsthand via the “Ecology” 303d Website shown in the References.
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Capitol Lake was listed by
“Ecology” as a Category 5 violator of bacterial and phosphorus
standards in 1998 (DeMeyer,
2015)4. It has remained so listed
ever since. We will see in the
following that the Lake would
not be so listed for bacteria were
it evaluated today. Its coliform
concentrations have been comfortably within the standards for
the last 15 years.

WATER BODY

Reason for 303(d)
Category 5 Listing

BLACK LAKE

Total Phosphorus
PCB’s in tissue

CAPITOL LAKE

Total Phosphorus,
Bacteria

LAWRENCE LAKE

Total Phosphorus

LONG LAKE

Total Phosphorus
PCB’s in tissue
2,3,7,8-TCDD’s in tissue

The bottom line of this discussion is that Capitol Lake is
just one of several fresh and MOXLIE CREEK
Bacteria
marine water bodies in Thurston
County that have the negative OFFUTT LAKE
PCB’s in tissue
303(d) designation. It is not an
isolated case as is always implied PATTISON LAKE (S)
Total Phosphorus
by the Lake’s detractors.
PERCIVAL CREEK
Dissolved Oxygen
The Department of Ecology is
Bacteria
supposed to revise and update
Temperature
the 303(d) list every two years,
alternating between fresh and SUMMIT LAKE
PCB’s in tissue
salt waters. This process is finally under way for the first time in WARD LAKE
PCB’s in tissue.
15 years as this Report is being
written (spring 2015). The agency appears to be searching for Table 1. All lakes and two selected creeks in
a way to keep Capitol Lake on Thurston County with 303(d) listings for violations of
the 303(d) Category 5 list, des- the Clean Water Act, with all reasons for each listing
pite the Lake’s 15 year history of shown. (“Listing” = Category 5, requiring action.)
low coliform counts5.
Source: Ecology 303d Website (in references).
The following two sections describe coliform bacteria and phosphorous, the two reasons
for the 303(d) listing, in more detail.
III-1A. Coliform Bacteria. Standards and a Cleaned-Up Lake.
Coliform bacteria (including Escherischia coli or “E. coli”)6 live mainly in the intestines of warm-blooded animals. They assist their host animals with digestion of food;
intestines are their “natural habitat,” so to speak. The vast majority of these bacteria
are harmless to their hosts and other animals.7
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Coliform bacteria exit the bodies of their hosts in the hosts’ feces. If the fecal matter
finds its way into water, the bacteria are liberated. There they can survive for a few
days and sometimes even slowly reproduce, but water is not their natural habitat and
they soon die. While waterborne, they can be collected by microbiologists and
cultivated on plates of nutrient gel. After a few days each bacterium multiplies
enough to create a spot of new cells visible by microscope or even to the unaided eye.
These spots are counted and an estimate is made of the number of bacteria present in
the original water sample. These “coliform counts,” as they are called, are the key to
deciding whether water poses a health risk to people.
The presence in water of coliform bacteria themselves is not considered a health risk.
Rather, their presence indicates that sewage is entering the water somehow – via
failing septic drainfields, undiscovered sewer lines discharging into storm drains and
hence into the water, seepage from restroom facilities, swimmers with diarrhea, toilet
discharges from boats and ships, and other sources. If infected people are in the area,
sewage can carry much more dangerous – even deadly – organisms that also exit the
body via feces. These include the organisms that cause giardiasis and cholera and
certain intestinal parasites. 8 Most of these “pathogens” (organisms that cause
sickness) are not as easy or inexpensive to detect as are E. coli bacteria themselves.
So, if the E. coli count is high, it is presumed that there is a significant risk that some
other potentially deadly sewage-borne pathogens may also be present, and contact
recreation in that water body is banned as a health precaution.
How high must the E. coli count be, to warrant the precaution of closing a lake to
swimming?
The strictest standard used in Washington State has two parts.
• Part 1 is that the “geometric mean” (a type of average; see this note9) of a number of
measurements must be lower than 50 bacteria per 100 mL of water taken for each
measurement, in order for “contact recreation” to continue.
• Part 2 is that, if some measurements show counts greater than 100 bacteria per 100
mL, even in a sample whose mean is low, such measurements must constitute no
more than 10% of the total number of measurements in the whole sample.
That is, if either the average of the whole sample exceeds 50 bacteria/100 mL of
water or counts constituting more than 10% of the whole sample exceed 100 bacteria
per 100 mL of water, then the water body must be closed to swimming.
Thurston County uses a less stringent standard for swimming beach closure; namely
• Part 1; the beach is closed if water samples have a geometric mean of 100 or more
bacteria/100 mL, or;
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• Part 2; counts constituting more than 10% of the whole sample exceed 200 bacteria
per 100 mL of water (TCPHSS 2014).10
In this Report I usually refer to the more stringent standard. Capitol Lake meets that
standard for all but one measurement (out of 197) from 2000 through 2014, and virtually all of the measurements if compared with the County’s less stringent standard.
Figure 4 shows the geometric means of coliform counts from Capitol Lake for the entire 15-year period, 2000-2014. The highest average of the 15-year period is 15.54
E. coli/100 mL (in 2013); the
lowest is 2.17 (in 2002). As
can be seen from these data,
the average coliform counts
have been far below the stringent 50 E. coli/100 mL
standard for that whole period.11
In all of the years 2000-2014,
only two of 197 Capitol Lake
E. coli measurements exceeded
the 100 E. coli/100 mL Part 2
of the most stringent standard.
Those two high counts are
shown in Figure 5, in which Figure 4. Geometric means of coliform counts in
counts exceeding 100 for Black Capitol Lake over the time span 2000-2014 comLake are also shown. The two pared with the state Part 1 stringent water quality
blue bars for Capitol Lake standard for banning contact recreation. Values
show that 105 colonies/100 mL calculated by the author from data in TCPHSS
were seen in 2006 and 163 in
2014. See Figure 4a in End Notes.
2011. For Black Lake, values
higher than 100 (ranging from 141 in 2010 to 1066 in 2008) occurred on 10 occasions.
The only violation of the stringent Part 2 coliform standard was Capitol Lake’s reading of 163 in 2011. Since the whole sample consisted of only 9 measurements, that
high reading constituted 11% of the measurements – a Part 2 violation. The samples
at Black Lake were all of size 20 or more. Thus the two very high Black Lake coliform measurements in 2008 constituted 10% or less of those samples – no violations
there. By the less-stringent standard, (highest count of 10% of samples > 200), there
were no violations at all in Capitol Lake throughout those 15 years.
What happened to the high coliform bacteria sources that ultimately closed the lake
for swimming in 1985? One cringes at reports written during the swimming era and
afterwards. One memo on coliform bacteria near Heritage Park describes a “24 inch
metal storm sewer pipe located on the south side of the swimming area …” with
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black sludge in front of it and a
strong odor of hydrogen sulfide
rising from the turbid water
pouring out. The coliform concentrations measured in that
water were 2,300 and 3,700 E.
coli colonies per 100 mL in
June 1983, down from about
17,000 in March of the year
before (Singleton and Bailey,
1983).
Like many of the discharges,
this one was below the filled
lake surface and available for
inspection only when the Lake
was drawn down. One by one,
such drains were hunted down
and eliminated or diverted.

Figure 5. Coliform measurements that exceeded
100 colonies/100 mL during the years 2000-2014 in
Capitol Lake and 2004-2014 in Black Lake. Data
were taken at the centers of the North and Middle
Basins (Capitol Lake) and at the Kennydell Park
swimming area (Black Lake). Sources: TCPHSS
2014 and TCEHD 2014.

For visualization of the improvement, the 2,300 E. coli
per 100 mL measurement, if
plotted on the graph in Figure 4, would be a point some four feet higher than the top
of the page.

To summarize with regard to coliform bacteria, Capitol Lake has met the County’s
coliform bacteria standards for swimming during every one of the years 2000 – 2014.
3I-B. Phosphorus ... Everywhere.
Nutrient chemicals based on two elements, phosphorus and nitrogen, are often important underpinnings of water quality impairment. Unlike coliform bacteria, which
could be indicative of a threat to human health, the nutrients alter the ecology of the
waters themselves, sometimes in ways deemed undesirable by humans. 12 One of
these – phosphorus – is partly responsible for Capitol Lake’s “303(d) violation”
status. At present, this is the only parameter currently out of compliance with
numerical standards.
Figure 6 shows 10 lakes in Thurston County that are monitored for their phosphorus
concentrations by the Thurston County Department of Public Health and Social Services (TCPHSS).13 At every lake except Capitol Lake, two measurements are usually
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made each month (one
at the surface and one at
the bottom), from May
through October inclusive. Only surface concentrations of P are reported for Capitol Lake.
Capitol Lake has the
highest surface phosphorus concentrations of
the 10 monitored lakes
(see Figure 7). The surface phosphorus levels
in the North and Middle Figure 6. Lakes monitored for phosphorus (and other
Basins of Capitol Lake water quality parameters) by the Thurston County Departand five other Lakes ment of Public Health & Social Services.
(Black, Lawrence (W&
S), Long (N), Pattison, and St. Clair (W & E)) all exceed the state “action level” standard (0.020 mg/L).
The bottom waters of all of the
monitored lakes contain much
more phosphorus than do the
surface waters (Figure 8). In
this regard, Capitol Lake levels
are lower than those of four
other lakes (Black, Hicks, St
Clair and Ward) and about the
same as all of the rest. 14
Phosphorus enters natural
waters from some human
sources (mainly fertilizers, also
animal intensive agriculture),
and from geologic leaching of
soils and rocks. It seems likely
that the amount of phosphorus
in the Deschutes River (annual
averages of 0.048 and 0.065

Figure 7. Concentrations of total phosphorus in the
surface waters of 10 lakes monitored by Thurston
County. Values shown are the averages of the
monthly measurements from May through October.
(For some lakes, 2 basins are monitored.)
Year 2011. Source: TCPHSS 2012.
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mg/L during water years 200910 and 2010-11) will continue
to be high for the foreseeable
future (TCPHSS 2012, Deschutes River p 98).
Such
levels are much higher than the
0.020 mg/L standard. If that is
the case, then there is no immediate prospect of removing
Capitol Lake from the EPA
303(d) action list. This is a
watershed issue that can only
be addressed by changes in upland land use practices.
Figure 8. Concentrations of total phosphorus in the
bottom waters of 10 lakes monitored by Thurston
County. Values for all except Capitol Lake are
averages of the monthly measurements from May
through October, 2011. Source: TCPHSS 2012.
Capitol Lake bottom values are not given by
TCPHSS. Source for Capitol Lake (2004 only) is
Ecology 2012 Fig. 24. See footnote15.
III-2. Features of a Healthy Lake.
III-2A. What About Swimming?
Between 1964 and 1985 Capitol Lake was a hugely popular place for swimming
(Figure 9). The swimming area (opened in 1964) was a cove in the shoreline that was
characterized by weak back-eddy circulation (TCPHSS “memo,” 2003)16. It was also
the discharge site of five storm drains, some of them perhaps connected to sanitary
sewers (CH2M Hill, 1978.) After many difficulties with high coliform bacteria
levels and increasing water cloudiness (“caused by algae blooms;” DES 2002), the
lake was closed to swimming in 1985.
Two water quality standards apply to swimming. One is the two-part “mean of 50
colonies/100 mL or less” and the “no more than 10% of samples exceed 100 colonies/100 mL” stringent coliform bacteria standard discussed above. The other is that
the water must be clear enough that objects four feet deep or deeper are visible from
the surface (say, to lifeguards).
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Figure 9. Swimmers at Capitol Lake, about 1964. This swimming cove was filled
when Heritage Park was constructed. Source: DES (2002).
As shown above, Capitol Lake met the state’s most stringent coliform bacteria requirements, except for just one measurement in 2011, during almost all of the 15
years from 2000 to 2014. If the County’s standard were used, Capitol Lake’s record
would be near-perfect. 17 In terms of coliform bacteria, Capitol Lake compares
favorably with Black Lake as a place to swim.
Water clarity measurements have been made in
Capitol Lake since 1999.
Figure 10 shows the results of monthly observations during spring and
summer, 2013. The measurements are made by
lowering a black and
white plastic disk (“Secchi Disk”) to the deepest
depth at which it can still
be seen. The depth at
which it disappears is recorded in meters. In Figure 10, a change in shading has been added to
show the four-foot depth.

Figure 10. Clarity of water in Capitol Lake (North
Basin) as measured by lowering a Secchi Disk. Bars in
the blue zone (4 feet or 1.22 meters deep) show water
clear enough to meet swimming standards. Summer
months, 2013. Source: TCPH-SS 2014.
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Any readings deeper than this indicate water that meets the swimming clarity standard. In 2013, all six measurements showed clear enough water for swimming; two of
them barely so in May and June, four of them decisively so (July – October).
Figure 11 shows the average summer clarity of the North Basin water for the summers of years 1999-2013.
During this 15-year time
span, average clarity has
been less than requireed
for swimming only once,
in 2009.18
To summarize, Capitol
Lake has met the water
quality standards that apply to swimming for the
last 15 years. A popular
perception that the Lake
is “unfit for swimming” is
unfounded and inappropriate.19

Figure 11. Clarity of water in Capitol Lake (North
Basin) as measured by lowering a Secchi Disk. Averages for spring and summer months (May-October),
1999-2013. Bars in the blue zone (4 feet or 1.22 meters
deep) show water clear enough to meet swimming
standards. Source: TCPHSS 2014.

In addition to its healthy status with regard to coliform bacteria and water clarity,
Capitol Lake has other attributes of a healthy body of water. These include its high
dissolved oxygen levels and a relative absence of blooms of toxic blue-green algae.
These attributes are described in the following.
III-2B. Dissolved Oxygen.
One of the most critical features of lakes and rivers is the concentration of oxygen
dissolved in those waters. Oxygen is required by all of the aquatic plants and animals
that we notice in everyday life, and by legions of tiny bacteria that dwell in the water
and on or in the bottom sediments. Without oxygen – particularly in the case of the
large organisms – they die.
Water acquires dissolved oxygen in two ways; by absorbing it from the air and by
photosynthesis of submerged plants. Processes that remove oxygen from the water
are the respiration of animals, the respiration of bacteria, some chemical reactions in
the bottom sediments, and (in some circumstances) the escape of oxygen to the
atmosphere. Unseen by us but often astounding in its magnitude, oxygen consumption by bacteria is often as high as by the respiration of all of the animals that are
large enough for us to see (Mann, 1982)20.
Dissolved oxygen (DO) is measured in milligrams of oxygen per liter of water
(mg/L); its levels vary from zero (none) to about 15-20 mg/L at most. The salt content
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of salt water lowers its ability to hold dissolved oxygen; generally salt water has
lower DO levels than comparable fresh water.
Oxygen is much, much scarcer in water than it is in air. Aquatic animals that use it
there (especially those that live near or on the bottom) are often teetering on the brink
of not having enough. Lakes in landscapes dominated by human activities are
particularly vulnerable to degradation that can eliminate virtually all of the oxygen in
their bottom waters, every summer. Figure 12 depicts a common way in which this
can happen.

Figure 12. Depletion of dissolved oxygen in the bottom water of lakes by addition
of nutrients (from fertilizer in this example) to the water. Blue shows water with
high DO levels (~10 mg/L), black shows water depleted of all of its oxygen (0
mg/L).
Briefly, nutrients that get into the water are used by algae at the surface for massive bursts of photosynthesis. Much of the oxygen they create escapes back into
the air and is lost to the lake ecosystem. Algae sinking to the bottom are consumed
by bacteria there, which with the larger animals there use up some, most, or even
all of the oxygen in the bottom water. This zero-oxygen situation persists until fall
and winter cooling of the lake causes cold, oxygen-laden water to sink to the
bottom, eventually restoring normal oxygen levels there and “resetting” the system. Lakes that are vulnerable to this effect are deep ones that stratify thermally to
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inhibit mixing of the upper and bottom layers. Such deep lakes have insufficient
light reaching the bottom for photosynthesis there.
Figure 13 shows an example of this effect for Hicks Lake in June, 2011. The
graph is a type that is widely used
by aquatic scientists, a “vertical profile.” The blue dots show the amounts of dissolved oxygen from the
lake surface (0 meters deep, top of
left vertical axis) to the bottom (11
meters deep, bottom of axis). The
amount of oxygen at the surface is
about 10 mg/L, the concentration
decreases with depth to about 7
meters, and is near or at zero mg/L
from 7 meters to the bottom.
The red squares (water temperature) Figure 13. Vertical profiles of water
show a pattern similar to the oxygen quality properties in Hicks Lake. Blue dots
pattern. The warmer water on the = dissolved oxygen, high at the surface but
surface floats on the colder water decreasing to zero at the bottom. Source:
below and prevents the wind from TCPHSS 2012.
stirring oxygen into the deep bottom
layer. This is the reason why the vast amount of “new” oxygen added by
phytoplankton at the lake surface can’t benefit the organisms on the bottom.
During fall and winter, the surface cools, the cold oxygen-laden water sinks, and
the lake returns to its starting condition of high dissolved oxygen at all depths by
spring (as in upper left panel, Figure 12).
Figure 13 shows the bottom water situation for only one month (June) in Hicks
Lake. The horizontal bar representing Hicks Lake in Figure 14 (below) is constructed from similar vertical profiles for each month of the whole summer. As
that bar shows, the bottom water in Hicks Lake ran out of oxygen in June 2011 and
stayed that way throughout the entire summer.
All of the lakes monitored by Thurston County run out of oxygen in their deepest
water as a result of this effect – except for Capitol Lake.
Figure 14 shows the months in which the TCPHSS dissolved oxygen data like
those in Figure 13 show zero-oxygen water at the bottoms of the other monitored
lakes. In Figure 14, each bar spans the season from May through October, 2011.
Black segments of the bars show the months in which vertical profiles for those
lakes in TCPHSS 2012 show zero oxygen in the bottom waters (as in Figure 13 for
Hicks Lake). For aerobic organisms that require oxygen (fish, insect larvae, snails,
clams, crustaceans), such water is uninhabitable. Those that can’t move to shallower depths die.
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The bottom four bars in Figure 14 show the comparable situations for the North
and Middle Basins of Capitol Lake. During the May-October season, both basins
have abundant oxygen in the bottom waters. The lower bars (for 2005), filling
data gaps for Capitol Lake for 2011, show the same story; that high-oxygen water
is present at the bottom throughout the entire summer season.21
Capitol Lake’s very favorable situation is caused by the flow-through of the Deschutes River. The river receives a “super-charge” of dissolved oxygen when it
roars over the Falls just above the Lake. This highly oxygenated water, usually
colder than the lake, flows along the lake bottom and overpowers the forces that
work to reduce DO’s. Additionally, because so much of Capitol Lake is shallow,
sunlight reaches extensive areas of the bottom and drives plant photosynthesis
(hence oxygen production) there.
Because of this unique deep-water oxygenating mechanism, Capitol Lake has the most
favorable bottom habitat for freshwater organisms of any large lake in the county.
III-2C. Blue-Green Algae.22
Blue-Green algae (Cyanophyta) are
single-celled or colonial photosynthesizing organisms. They are fundamentally different from all other
photosynthetic algae in their cellular
organization (see, for example,
Brock and Madigan, 1988). When
present in masses, the clumps can
appear faintly bluish (the reason for
their popular name) or greenish.
Some species have the very rare and
remarkable ability to “fix” nitrogen
gas from the atmosphere, namely to
transform it from N2 into nitrogen
nutrient molecules that they (and all
other plants) can use. No other algae
or plants have this ability.23 Three
species are reported from Capitol Figure 14. Summer oxygen concentrations
Lake.24
in deepest waters of Thurston County lakes.
Compiled from vertical profiles for these
The Thurston County Water Re- lakes in TCPHSS 2012.
sources Reports name blue-green
algae as the “dominant” algae in the County’s nutrient-rich lakes (TCPH-SS 2012).
Capitol Lake is different for some reason that is not obvious, but which may be an
effect of the non-stop flushing of that lake driven by the flow-through of the Deschutes River.
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Most of the other lakes are threatened (or actually afflicted) by noxious “blooms” of blue-green algae
that release unpleasant or even toxic
chemicals into the water. An extreme instance occurred in Black
Lake in 2000, when a huge growth
of blue-green algae resembling a
blue-paint spill piled up on parts of
the western shore (TCPHSS p. 53,
2012). A brief
summary of the blue-green algae Figure 15. Algal toxin alert for Lake Lawstatus of the lakes shown in Figure rence. Olympian newspaper. May 29 2015.
14 is displayed in Table 4. Hicks
Lake, Summit Lake, and Capitol Lake are the only lakes mentioned in TCPHSS
(2012) as having minor or insignificant blue-green algal growth. All of the others
have experienced blue-green algae blooms or presences sufficient to warrant
posting health advisories. The state standard for posting advisory notices is 6 g/L
of “microcystin,” a toxin of concern. Measured amounts in lakes that have exceeded this level are 13.9 g/L (Black Lake), 166 g/L (Long Lake), 55 g/L (Pattison
Lake), 50 g/L (Lake St. Clair), and “more than 6 g/L” (Lake Lawrence, also
recently with 191 g/L of “Anatoxin-a;” Figure 15, (Olympian May 29, 2015;
TCPHSS 2012).
Capitol Lake’s special status with regard to blue-green algae is described by the
Thurston County Health Department in these words;
“In most nutrient rich Thurston County lakes, blue-green algae tend to be the dominant algae group and the ones associated with “algae blooms.” The algae composition of Capitol Lake is different, in that it tends to have more diatom species
present than most other eutrophic lakes in this county. This is likely due to the
lake’s location at the downstream end of the Deschutes River …” (TCPHSS 2012,
p. 75).
In this regard, Capitol Lake is probably the healthiest Lake in Thurston County.
III-3. Water Quality: Best in Thurston County.
Some features of the Thurston County lakes discussed above are summarized in Table 2.
Despite its superiority to most other lakes in most ways, Capitol Lake is the only Thurston County lake whose water quality has been designated “poor.” Yet it is one of the
county’s healthiest lakes. As we have seen above, Capitol Lake could not be reasonably
placed on the Category 5 303(d) list for “bacteria” if it were re-evaluated today. It is
clear enough and clean enough for swimming and is among the healthiest of Thurston
County lakes with regard to blue-green algae blooms and year-round dissolved oxygen
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levels. In its excess phosphorus levels, it is similar to other lakes that have been the
recipients of runoff phosphorus.
Lake

Black Lake
Capitol Lake
Deep Lake
Hicks Lake
Lake Lawrence
Long Lake
Pattison Lake
Lake St. Clair
Summit Lake
Ward Lake

303(d) listing?
(with reasons)

Blue-green
algae problem?

anoxic bottom
water?

Water Quality
Designation*

P, PCB’s
P, bacteria
no
no
P
P, PCB’s,
TCDD’s
yes; P
no
PCB’s
PCB’s

yes
no
slight
no
yes
yes

yes
no
yes
yes
yes
yes

FAIR
POOR
GOOD
GOOD
FAIR
FAIR

yes
yes
no
not yet

yes
yes
yes
yes

FAIR
FAIR/GOOD
EXCELLENT
GOOD

Table 2. Comparison of Capitol Lake with other Thurston County Lakes. Reasons for
303(d) listings are excess phosphorus in the water (P), polychlorinated biphenyls in
“tissues” (presumably fish; PCB’s), another organic chemical in “tissues” (TCDD’s),
and coliform bacteria. Shaded items show water quality problems. Not monitored by
TCPHSS and not shown here, but also 303(d) listed for PCB’s is Offutt Lake. Overall
Water Quality Designations as in TCPHSS (2012)25. *Water quality designations were
assigned by the Thurston County Public Health and Social Services (TCPHSS) Department.

IV. THE CAPITOL LAKE ECOSYSTEM.
The following sections discuss selected species from the biota of Capitol Lake. A full
treatment of the Lake’s organisms is beyond the scope of this paper. The species mentioned are those that are relevant to the discussion of the Lake’s future.
IV-1. The New Zealand Mud Snail.
Perhaps the only Lake species that most members of the public know about is the New
Zealand Mud Snail (Potamopyrgus antipodarum, hereafter NZMS). These snails were
first discovered in the Lake at Marathon Park in October, 2009 (Bartleson, 2010). Signs
warning the public to stay away from the water were posted at that time (and afterwards)
now serve as a constant daily reminder of the NZMS presence in the Lake (Figure 16).
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The mud snails are tiny (usually less than 6 mm
long; Figure 17). They are all females that reproduce asexually (Bartleson, 2011). Their genetic
diversity is limited and, as with all such organisms, they have little scope for adapting to changing environmental conditions. In waters that they
invade, they multiply rapidly and become so
numerous as to carpet parts of the bottom with
millions of tiny snails. The main concerns expressed by wildlife managers are that these
numerous snails might eat most or all of the algal
resources needed by other, native herbivores, and
that the NZMS’s themselves, if eaten by native
predators, might malnourish those predators by
passing through their digestive tracts undigested.
(For example, see the Abstract and Introduction to
Brenneis et al, 2011). They have been designated
a “Prohibited Species” by the Washington Department of Fish and Wildlife, meaning their transport
(even if inadvertent, on boots say) is illegal (King
County, 2013).

Figure 16. Sign prohibiting boating,
warning public against contact with
Capitol Lake water and reminding
visitors that the reason is the New
Zealand Mud Snail. Posted at HeritDespite my reasonably diligent search for reports age Park, Olympia.
of ecological damage actually caused by these
snails, none were found. One source frequently cited reports that rainbow trout lose
weight when fed NZMS’s (Vinson & Baker, 2008). In this study, the fish had no other
choice of food items and whether they would eat the snails in the wild is unknown.26 On
the other hand, a study that presented three species of native Washington fishes and a
native crayfish with a choice of foods (NZMS and two small native crustaceans, “G” and
“A”27), suggests that the crayfish may actually benefit from the presence of NZMS’s
(Brenneis et al, 2011). When given a choice in experiments, these big crustaceans actually preferred the NZMSs and ate lots of them.28 Thanks to their crushing, grinding

Figure 17. Left. New Zealand Mud Snail; features used to identify this species. Right.
NZMS (leftmost of six specimens) and five other fresh water snails of Washington with
which it might be confused.29 Source: King County, 2013.
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mouthparts, all of the NZMS’s eaten by the crayfish were digested. The three fishes
were relatively unaffected in their diet choices and amounts of native prey eaten in experiments with or without the presence of NZMS’s. The Brenneis study also examined wild
populations of these fish species and showed that these fishes don’t eat the mud snails.30
Our big, aggressive native crayfish may find NZMS’s a preferred new food resource.
The crayfish and two of the three fishes examined in the Brenneis study (Flounder and
Stickleback) are found in Capitol Lake, along with four other fishes that are reported as
including snails in their diets31 (Wydoski and Whitney 1979; Entranco 1997).
A statement that the snails may not really pose a threat to aquatic ecosystems is provided
by Wiltshire (2014). In his words:
“… the snails have proven to be much less of a problem than originally feared. In
almost all waters where they have been studied their populations have shown the
same pattern. After colonization they quickly expand in number, sometimes
reaching densities as high as 1,000,000 per sq [square] meter. However, these
peak populations are typically followed by a massive population crash with the
numbers of NZMS leveling off at a low level. Since this pattern is typical in
many western waters, the NZMS is no longer considered to be a high priority. Of
course, there are exceptions …”

Are the snails really detrimental to aquatic ecosystems? If that is the claim, then the
agencies making it are obliged to prove it. They have not done so. Thus far, no compelling evidence of damage to any aquatic ecosystems by New Zealand Mud Snails has
been presented by any agency to justify closing Capitol Lake to boating and other
recreation.
IV-2. Aquatic Insects and Bats.
Fresh water is home to myriads of insects that play significant roles in aquatic ecosystems
and in nearby upland environments. The insects that live in water pursue different lifestyles – herbivore, detritivore, predator – and include species that take oxygen from the
air and those with gills that extract oxygen from the water.32
Capitol Lake’s aquatic insects support a huge population of Yuma Myotis bats (Myotis
yumanensis; Figure 18) that fly from “maternity colonies” at Woodard Bay and The
Evergreen State College all the way to Olympia and back on summer nights. The Woodard Bay population forms one of the largest known colonies of this bat species in all of
Washington State (Hayes et al, 2008 citing Olmstead pers comm.; Falxa pers. comm.
2015).33 Three other bat species –Little Brown Bats, Big Brown Bats, and Silver-haired
bats (respectively Myotis lucifugus, Eptesicus fuscus, and Lasionycteris noctivagans) –
also forage regularly over Capitol Lake and an additional three species are occasionally
present (Hayes et al, 2008).
The aquatic insects that support these bats are mayflies, midges, and others that spend
their early lives (immature stages) in water, then emerge from the Lake surface and fly
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away (Figure 19). Many of them – mayflies, for example – live on the lake bottom
for a year or two or three before emerging
for a brief life as a flying adult. As yearround denizens of the Lake bottom, these
immature insects are critically dependent
upon high oxygen levels in the deep water
for every month of the year. As we have
seen (Figure 14), Capitol Lake is one of the
few large lakes (perhaps the only one) that
meets this criterion at all depths.
Numbering more than 3000 individuals, Figure 18. Yuma myotis bat in flight.
each of which can eat approximately its own Wing span about 10 inches. Source:
weight (4-6 gm) in insects every night, the Harvey et al 1999.
Lake’s bat patrol is capable of consuming
some 15 kg of the flying adult stages
of mosquitoes, midges, mayflies,
caddis flies and other insects every
night (Harvey, Altenbach and Best,
1999).
The Yuma myotis bats’ preferred
habitat is anywhere – be it forested-,
open-, suburban-, or even desert land
– that is near open fresh water
(Harvey et al, 1999). Were Capitol
Lake to be destroyed, it would be Figure 19. Mayflies (L) and mosquitos (R).
difficult or perhaps impossible for Adults and immature stages (respectively left &
the Woodard Bay colony’s bats to right of each frame). Mayfly immatures are longfind a comparable food resource lived bottom dwelling gill-breathing organisms;
elsewhere.
Capitol Lake is the mosquito larvae are air-breathing planktonic
closest large fresh water body to short-lived forms. Mayfly adult & larval size ~ 1
their colony.34 The seasonally anoxic inch long. Both adult forms are food for bats.
deep waters of the other large lakes Source: Borror & DeLong 1964.
may well support diminished populations of the aquatic insects whose immature stages live on the bottom for a year or more.
In any case the insects now emerging from those other lakes are almost certainly being
fully utilized by other bats already in residence there (Falxa, pers. comm. 2015).
In addition to feeding bats, the insects of Capitol Lake appear to constitute an important
food source for fishes. For example, Engstrom-Heg (p. 38, 1955) reports that 85% of the
wet weight of stomach contents taken from juvenile Chinook Salmon in the Lake in 1955
consisted of immature (pupal Chironomid) midge insects. Hayes et al (2008) mention that
42-70% of the diets of juvenile fall-run Chinook Salmon and 49-96% of the diets of
juvenile Chum Salmon consisted of Chironomid larvae in the “freshwater portion of the
restored Puyallup estuary” in 1987-88.
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IV-3. The Olympic Mudminnow.
Only one species of native fish occurs entirely within the boundaries of the State of
Washington (that is, is “endemic” to Washington). That is the Olympic mudminnow
(Novumbra hubbsi; Figure 20), a small colorful fish whose range consists mainly of
streams and ponds on the west side of the Olympic peninsula, a few streams and ponds in
the southern Puget lowlands, and Capitol Lake (Mongillo & Hallock, 1999).
Mudminnows are carnivores that eat small crustaceans, worms and insects. Their preferred habitat is “… quiet waters with a mud substrate and dense aquatic vegetation
(Wydoski and Whitney 1979; see also Page and Burr 2011 for a near-identical description of preferred habitat). Their populations appear to be stable, however they are dependent upon “healthy wetland habitat” for their continued survival.
Olympic mudminnows were found during stranding surveys made during drawdowns of
Capitol Lake. Those surveys were not very explicit about the species observed, but mudminnows were among the few species
named and discussed (Entranco 1997) or
listed as “present” (Herrera Environmental Consultants 2004).
Biologists with the Washington Department of Fish and Wildlife listed the mudminnow as a “sensitive species” on ac- Figure 20. Olympic mudminnow. Maximum
count of its very restricted range and vul- size 3.5 inches. Source: Mongillo and Halnerability to wetland loss (Mongillo and lock, 1999.
Hallock, 1999; WDFW 2008).
Capitol Lake, 270 acres in extent, may constitute more prime habitat for this species than
all of its other Puget Lowland locales combined, and in that regard may be of key importance as a refuge for this species.
IV-4. Freshwater Mussels in the Lake.
A native freshwater mussel (Anodonta sp)35 is the largest and most conspicuous mollusk
in the North Basin of Capitol Lake today (Figure 21). One can hardly help noticing their
large shells on the bottom in the shallow water along the east shore.. These bivalves were
almost certainly absent from the Lake before 2009.36
Anodonta species have experienced localized extermination throughout their range to the
south of Washington State, but appear to be stable in Washington and to the north
(Hovingh, 2004; Nedeau et al, 2009). At present, Capitol Lake appears to be important
habitat for native Anodonta mussels, whose populations would be destroyed if the Lake
were changed to an estuary. Its conservation should be considered in any discussion of
the future fate of the Lake.
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Figure 21a. Shells of freshwater mussels
(Anodonta sp, left) and clams (Corbicula
fluminea) from North Basin, Capitol Lake.
Photo by author, December 2013.

Figure 21b. Freshwater mussel shells (and
others) on frozen mud of North Basin’s,
west shore, Capitol Lake. Photo taken during the drawdown of the Lake December 13
2013 by author.

IV-5. Introduced Species in the Lake and Budd Inlet.
Recitations of the alleged problems of Capitol Lake often include mention of introduced
(non-native) species (see for example Rosenberg, 2014). Foremost among these species
is the New Zealand Mud Snail. That one and others less frequently named are shown in
Table 4. Usually not mentioned is the fact that Budd Inlet itself, as are estuaries in
general (see for example Cox Chapter 5 1999, also Carlton 1979), is rife with introduced
species that would simply move in to replace the freshwater organisms now in the Lake
basin, were the Lake to be replaced by an estuary. A list of introduced species reported
to occur in Budd Inlet is shown in Table 5.
Nearby lakes also have introduced species, some not known to occur in Capitol Lake. An
example is the “Chinese mystery snail,” CipangoIntroduced species in Capitol Lake.
paludina chinensis, occurring in Ken, Long, Hicks,
1
New Zealand Mud Snail
Chambers, St. Clair and Pattison Lakes (Johannes, 2
Bullfrog
2010b) 37 . Likewise, there are many introduced 3
Nutria
species in nearby South Sound estuaries that almost 4
Common Carp
certainly occur in Budd Inlet but have not been for- 5
Brown Bullhead
Bass: Large- and Small-mouth
mally “reported” there to my knowledge. These in- 6,7
8
Yellow Perch
clude a seaweed (Sargassum muticum) and at least
9
Eurasian Water Milfoil
10 species of small invertebrates (Cohen et al, 2001).
A discussion of the impacts of introduced species is
beyond the scope of this paper. As is well known,
some are considered “useful” (for example, bass,
perch, water lilies, oysters, clams, mussels), others
can wreak havoc in native ecosystems (by, say,
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10
Asian Clam
11
“Big-Eared Radix” snail
12
Fragrant Water Lily
Table 3. Introduced species known to inhabit Capitol Lake. 38 After Johannes,
2010b, and author’s personal observations. Johannes cites Hayes et al 2008.
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becoming dominant and even driving native species to extinction). Most simply settle in
harmlessly or even eventually disappear after their initial introduction (see Williamson
1996; Cox 1999; Carlton 1979).
If the presence of introduced species is of overriding
concern, the Capitol Lake basin would be occupied
by just as many of these, and probably more, if an
estuary were to replace the Lake. 39 The species of
greatest concern – the New Zealand Mud Snail –
would probably thrive there, given its ability to live
in salinities typical of brackish water (LeClaire and
Cheng, undated).

Introduced species in Budd Inlet.
1
Pacific Oyster
2
Manila Clam
3
Eastern Soft-shell Clam
4
Atlantic Slipper Limpet
5
Japanese Oyster Drill
6
Atlantic Oyster Drill
7
Baltic Macoma (clam)
8
Lined Sea Anemone
9
European Moon Jelly
10
European mussel
Table 4. Introduced species known to
inhabit Budd Inlet.40 Author’s personal
observations; Wrobel and Mills, 1998.

IV-6. Lake Drawdowns – Controlling or Helping New Zealand Mud Snails?
Ecologists have recognized for many decades that undisturbed native (“climax”) communities resist invasive species, whereas disturbed habitats are fertile ground for invasion by non-native species (Elton, 1958). A somewhat detailed description of our present
understanding of this property of ecosystems is presented in this note.41
Capitol Lake has been subjected to severe,
frequent disturbances almost every year
since the Lake was formed. Most recently,
for the sake of killing a few per cent of the
population of New Zealand Mud Snails, the
Lake has been drawn down during freezing
weather and left with its bottom exposed for
days and nights on end (Figure 22; Figure
21b). In addition to killing the snails, such
treatment must inevitably also kill native
animals that, if given a chance to establish
their own dense populations, might control
the snails by themselves. In addition to dying of exposure, some species (such as peamouth minnows and crayfish) are undoubtedly eaten by foraging raccoons, gulls, otters, and other animals, as are other native
species (mussels and Olympic mudminnows).

Figure 22. Exposed lake bottom (Middle
Basin) during the freezing weather drawdown of December 2013. Photo by
author.

As noted, NZMS are all females. They have a rapid life cycle and every individual,
reproducing asexually, can produce offspring that can themselves start producing young
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within a few weeks. By contrast, potential predators such as those killed by the drawdowns (fish, crayfish) are sexual animals with lifespans measured in years. Only half of
the individuals (the females) can produce young, and weeks or months must pass before
those juveniles reach maturity, full size, and their full function as effective predators.
Lake drawdown assaults on the benthic community can only benefit the short-lived, fastreproducing types – not their big, long-lived, slow-reproducing predators and competitors.42
The drawdowns disrupt the whole freshwater community, not just the population of New
Zealand Mud Snails. There are several reasons why they should be stopped. Ramping
up native predator pressure on the NZMS’s may be one of them.
IV-7. Species Diversity in Lakes and Estuaries. An Overview.
The heads of estuaries are among the most
species-poor habitats of all familiar ecosystem
types. The reasons are that intertidal organisms
are stressed by being exposed to air, then covered by water, then exposed to air, day after day
after day. This exposure can subject them to
freezing temperatures in winter, broiling heat in
summer, rain some times and severe drying at
others. Intertidal and subtidal estuarine organisms are also severely stressed by the
drastically opposite osmotic demands made on
them by salt water and fresh water. Few species
can live in this alternating regime of wet/dry/
wet/dry hot/cold hot/cold coupled with salt/fresh
salt/fresh challenges.
Figure 23 illustrates a common pattern in change Figure 23. Change in species diverin species diversity that occurs as one proceeds sity as one moves from fresh water
down a river, seaward down its estuary, and out (salinity 0 o/oo, left) through an
to the ocean (left to right on the graph). The estuary to the ocean (salinity 35 o/oo,
total number of species (uppermost line) drops right). Source: Day and others, 1989.
drastically as one reaches the estuary, then starts
to increase and returns to a high level at the ocean (right of Figure, salinity about 35 parts
per thousand [“o/oo” in the Figure]). At the point where the species diversity is smallest
(at the place where the average salinity is about 4 ppt in this Figure), the species actually
living there are a mix of salinity-resistant freshwater species, other species that are
adapted to brackish water and thrive in it, and a few truly marine species that manage to
penetrate landward all the way from the ocean coast to the head of the estuary. Local examples of these three types are the New Zealand Mud Snail, the Softshell Clam, and a
barnacle (respectively Potamopyrgus antipodarum, Mya arenaria, and Balanus glandula.
See Kozloff, 1996, for descriptions of estuarine and fully marine species.).
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In terms of species diversity, removing Capitol Lake and replacing it with an estuary
would destroy a species-rich ecological community and replace it with a speciesimpoverished community. Given that “… the vast majority of habitat in the estuarine
option is mudflats…” (Hayes et al, 2008), mostly populated by burrowing organisms –
clams, worms, perhaps tunneling shrimps – the lush appearance of the Capitol Lake
community would be replaced by a visually barren landscape of tan-colored mud during
the mid-day low tides.
V. WHY DOES SUCH A HEALTHY LAKE HAVE A NEGATIVE IMAGE?
Given the many positive attributes of Capitol Lake and the fact that its negative features
(high phosphorus levels, for example) are not much different from those of other lakes, it
is clear that the Lake is one of our area’s most valuable assets. Yet, somehow, perhaps
inadvertently perhaps not, its reputation has been smeared. There are at least seven
reasons for its negative image in the public eye. These are;
• Misleading information on signs posted around the Lake;
• Alarmist emphasis on the New Zealand Mud Snail;
• Negative bias against the Lake in newspaper reporting;
• Trash-strewn shores;
• The weedy appearance of the Lake;
• Inadequate CLAMP attention to species that would be affected by Lake removal;
* Mistaken interpretations of outputs of a Department of Ecology computer model.
These are briefly described in the following.
V-1. Misleading information on signs posted around the Lake.
The photograph in Figure 9 above (swimmers at
the Lake in 1964) is replicated on a misleading
interpretive sign on the west side of the Lake
(Figure 24), which informs passers-by that the
swimming area can never again have high water
quality. On the sign, the caption says:
“No more. Area residents enjoying the public
swimming area of Capitol Lake in 1964. Water
quality would not increase sufficiently for residents to safely swim under any of the alternative futures for Capitol Lake.”
Figure 24. Detail of an interpretive
sign on Deschutes Parkway, posted by
In fact, the sign is wrong. The area shown has the Department of General Adminhad high water quality since at least year 2000 istration, showing swimmers in 1964.
(see above discussion in “Swimming” section).
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V-2. Alarmist emphasis on the New Zealand Mud Snail.
Of some 32 sites in Washington State where the NZMS is now found, Capitol Lake is the
only body of water closed to public use on account of the snail (Holman, 2015. See
USGS 2015 for list of NZMS sites.). The claim is that the closure helps prevent the
spread of the snails. An example of a snail site that is not closed is the boat launch at
Blue Slough of the Chehalis River (Figure 25). At this much-used recreational location,
the WDFW sign cautions against letting dogs enter the water and urges users to take
other (seemingly unrealistic) precautions43. Lake Washington is also home to NZMS’s;
no closures or quarantines of waters have occurred
there.
Visitors to Capitol Lake finds signs everywhere
warning them to avoid contact with the water. Their
effect is to constantly remind area residents of some
“threat” posed by the dreaded NZMS and, by association, by Capitol Lake itself.
There are now hundreds of sites inhabited by the
NZMS in the US. Capitol Lake is the only one that is
closed to public use (Holman, 2015).

Figure 25. Signs at Blue Slough
(Chehalis River) telling boaters
about New Zealand Mud Snails.
November 4, 2014.

V-3. Negative bias against the Lake in newspaper reporting.
Capitol Lake’s water level was lowered during freezing weather on
several occasions during winter 2014
- 2015 ((Martin, 2015a; Figure 26).
Each drawdown was accompanied
by an article in the Olympian newspaper. The front- or second-page
articles and captions explained that
the drawdowns were to “help control
New Zealand Mud Snails.” These
news items had the incidental effect
of reminding the public of this
negative aspect of the Lake.
Figure 26. Drawdown of Capitol Lake. The capNews of several other important tion explains that the Washington Department of
drawdowns has always been con- Fish and Wildlife hoped to kill 10 to 20% of the
spicuously absent from the news- New Zealand Mud Snails. The Olympian, Jan. 2,
paper. The lake was drawn down at
2015
least four times during periods of high tides and torrential rains during the same 2014-15
interval (Martin, 2015b) in a successful effort to prevent downtown flooding. Not once
was that positive aspect of Capitol Lake mentioned in the Olympian.
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V-4. Trash-strewn shores.
Persons walking around Capitol Lake can hardly fail to notice the trash strewn everywhere in the waters and along the shores. The author has noticed that some of it lies or
floats there for months (Figure 27).
The reaction of people visiting the lake and noticing
this neglect is one of disgust. Unfortunately, instead of directing their anger toward the agency responsible for decades of
custodial neglect, their anger translates into negative Figure 27. Typical trashfeelings about the Lake it- strewn shorelines of Capitol
Lake. Feb 19, 2015.
self.
V-5. The Weedy appearance of the Lake – The Most Misleading Negative Symptom.
During the summer, mats of floating algae and widespread clumps of rooted plants
spreading over the surface give the Lake an obvious unkempt appearance. (Some observers report an unpleasant odor from the plants, as well.) This painfully obvious symptom
that all is not well is noticed by virtually everyone and is the main reason for the widespread view that “the Lake is sick.”
This problem is easily fixable and indeed is actually a sign that the Lake is performing a
tremendous “ecosystem service” (behind the scenes) for our community.
The Lake’s plants and algae owe their exuberant growth to the fact that the Deschutes
River carries the next-highest load of nitrogen nutrients toward South Puget Sound of any
river, stream, creek or seep, second only to the Nisqually River. 44 Capitol Lake intercepts
most of that nutrient load during the summers and prevents it from entering Puget Sound.
The amount captured by Capitol Lake in September, 2007 was about the equivalent of 87
fifty-pound bags of fertilizer (@ 10% nitrogen) every day.45
Figure 28 shows what happens to nutrient nitrogen when it enters the Lake. Blue bars
show the concentration of nitrogen in the water entering the Lake and red bars show its
concentration in water exiting the Lake at the dam, all arranged along an axis that starts
in January and goes to December (1977). During the growing season, the Lake’s plants
extracted almost all of the River’s nutrient nitrogen during that summer.
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By this measure, the Lake’s
plants are a cause for celebration,
not censure. The plants we see in
the Lake every summer are biomass prevented from growing in
Puget Sound. The marine biomass
that that growth would create in
the form of algae and phytoplankton would by its decay consume oxygen in the bottom water
(by the mechanism shown in Figure 12 above), were it not for this
interception by the Lake’s
plants.46
The appearance of the plants is a
cosmetic problem that could be
easily solved by well-known techniques of periodic plant harvest- Figure 28. Removal of nutrient nitrogen from Desing. If properly conducted, plant chutes River water by Capitol Lake. 1977. Source:
harvesting would also permanent- CH2M-Hill 1978.47
ly remove from the waters the
nitrogen embodied in the plant biomass taken from the Lake.
6) Inadequate CLAMP attention to species that would be affected by Lake removal.
A report to the CLAMP Steering Committee by Hayes, Quinn and Hicks (2008) assesses
possible effects on various marine, lake-dwelling, and terrestrial species of replacement
of the Lake by an estuary. A puzzling feature of this report is its consistent omission of
certain species that, if analyzed, would strengthen the argument for preserving the Lake.
For example, the authors consider 16 species of fish (ten of them native Washington
species) that have a “significant presence” in the Lake48”. Not surprisingly, the authors
envision that destroying the Lake would “substantially reduce, or perhaps in some cases
eliminate populations” of these species. All 16 of them would experience “negative consequences” if the Lake were replaced by an estuary (their Table 10).
The Olympic Mudminnow, mentioned earlier in this paper as a “State Sensitive Species,
is not one of those 16 species. Indeed, it is conspicuous in the Hayes Report’s analysis
by its absence. The Mudminnow is named and mentioned just once, in their Appendix I:
“Excluded Species” (p. 91). The reason for omitting it is given as “Capitol Lake not
preferred habitat.” Yet this small fish was encountered and discussed in the fish stranding survey by Entranco (1997; Table 2 Appendix B) and mentioned in a review of literature by Herrera (2004).49 The description of the mudminnow’s “preferred habitat” by
Wydoski and Whitney (1979), quoted verbatim earlier in this paper to show its close
similarity to Capitol Lake, is in striking contrast with its reason for dismissal given in the
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Hayes Report. All three of these references were known to Hayes et al (2008) and were
cited by them.
It is likely that the Mudminnow would be locally exterminated along with the other 16
freshwater fish species in that basin, were Capitol Lake to be replaced by an estuary. Yet
Hayes et al (2008) somehow overlooked it.
An analysis of the bats that depend upon insects emerging from Capitol Lake is presented
on one page by Hayes et al (2008). Their accompanying Table 13 indicates that the
effects of destruction of the Lake would be “no change in status quo” for two of the
scarcer bat species (Big Brown Bat and Silver-Haired Bat) and “negative” for the two
very common species. In words, the authors limit themselves to this phrase; “… a
decline in bat breeding colony numbers may occur if the existing lake is converted to an
estuary.” Their assessment of the effects on the aquatic insects that feed the bats is
presented later in the report in three paragraphs accompanied by their Table 16. The
Table indicates that the effects of destruction of the Lake on Caddis flies, Mayflies, and
Crane flies would be “negative.”
The authors’ weak conclusions seem optimistic to a local bat researcher (Falxa, pers
comm. 2015). Specifically, destroying the lake would decimate the local Yuma myotis
bat population and perhaps result in the relocation or abandonment of the important
breeding colony sites at Woodard Bay and The Evergreen State College.
Anodonta mussels were not present in Capitol Lake when Hayes et al conducted their
review. The modern-day presence of these mussels requires a serious look at likely consequences for the species’ regional success if their Lake habitat is destroyed.
7) Mistaken interpretations of outputs of a Department of Ecology computer model.
Figure 29 shows an outline of Capitol Lake produced by a computer model currently in
use at Ecology. The model divides the Lake into 280 squares. While simulating the
seasonal changes in Lake oxygen, phytoplankton, plants, and other features, the computer
“flags” (colors) a square whenever it calculates that the dissolved oxygen level in that
square has fallen below some water quality standard. The end result is this map. Each
colored square shows the worst DO violation that occurred in that square all “year.”50 As
shown by the key at the right, the worst of these “violations” (red colors) are on the order
of 4 mg/L – a huge drop in dissolved oxygen below the “standard.”
This Figure has supported the belief by almost everyone who has seen it that Capitol
Lake is a severely impaired body of water. The most important thing to know about it is
that, although it does technically display a measure of DO water quality standard violations, the violations have no significant relationship to real-world water quality issues in
Capitol Lake.
Essentially, the modelers found that Capitol Lake violates a standard by comparing the
Lake in its present condition with the Lake as it is supposed to have existed in some
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natural condition at some time in the past.
Their explanation hinges upon properties
of the Deschutes River. In its “natural”
(pre-modern) condition, the River is said
by Ecology to have been three degrees
Centigrade colder than it is today (Ahmed
et al, 2014). 51 Since cold water holds
more dissolved oxygen than does warmer
water, and since the colder river fed the
Lake in the past, by comparison with that
hypothetical situation modern Capitol
Lake is indeed in “violation” of a modern
water quality standard. Essentially, the
modelers claim that the Lake holds 2-4
mg/L less dissolved oxygen today than it
could if the River were colder; that is the
“violation” shown in Figure 29.
A glance at the present-day (2014) condition of the Lake shows that ECOLOGY’s
technical “violations” are not useful information. Nor do they show any real-world
impairment of the Lake environment for
any animal species. Figure 30 compares Figure 29. Output of an Ecology computer
a few real-world benchmarks with the pre- model that portrays Capitol Lake in signisent-day dissolved oxygen levels in Cap- ficant violation of some dissolved oxygen
itol Lake in 2014. Dissolved oxygen lev- water quality standard. Source: Ecology
els in the Lake are higher than the “extra- 2012.
ordinary” standard level (7.0 mg/L) all
summer long, higher than the standard for the lower reach of the Deschutes River (8.0
mg/L), and much higher than any low DO levels that would be cause for concern.
Suffice it to say that the ECOLOGY’s “violations” portrayal (Figure 29) bears no relation
to any ecological reality of real-world concern. Unfortunately it has misled many readers
to think that it does, and has contributed substantially to views that Capitol Lake is an
impaired body of water.52
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Figure 30. Real-world Capitol Lake dissolved oxygen levels, 2014. Measured DO levels
of Capitol Lake (blue lines), May – October 2014, Middle Basin. For reference, the
water quality standard for the lower Deschutes River (red line, 8.0 mg/L) is shown. The
labels and levels used for water quality categories are shown on the colored key. There is
a grey zone below 4.0 mg/L where ecological problems may be anticipated. I have added
a commonly used “risk level” (black line, 3.0 mg/L) and indicated that 1.0 mg/L is deadly
if that low level persists. Sources: TCPHSS 2012-2014; Ahmed et al 2013; VaquerSunyer and Duarte 2008.
VI. CONCLUSIONS AND SUGGESTIONS.
Capitol Lake’s present-day negative reputation is unwarranted. The Lake is probably the
healthiest, most robust body of fresh water in our county.
Thanks to sustained community actions and commitment, the water quality problems that
plagued Capitol Lake during the 1980’s have been eliminated to a point at which the
Lake is now suitable for swimming. As a related result, the Lake now serves as prime
habitat for a rich assemblage of species that find high-oxygen conditions there superior to
those of all other lakes. This is a success story for which many agencies, communities,
and dedicated individuals can take credit.
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From an environmental standpoint, there is room for further improvement. One
suggested action would be cessation of the disruptive lake drawdowns. These drawdowns prevent the development of a stable “climax” aquatic community. Such a
community would almost certainly include effective potential predators of the New
Zealand Mud Snails (several fishes and the native crayfish) and perhaps potential
competitors. Another would be a policy of routine harvests and removals of mats of
floating- and some rooted plants. This would physically remove the nutrients that the
Lake plants capture from all waters, and would improve the appearance of the Lake. The
dredging and removal of accumulated sediment (not considered in this paper) might be
another positive action for the future.
As a final personal observation, a colleague and I had an opportunity to row out to the
center of the North Basin in September 2013 for the purpose of taking water quality
measurements. On that sunny day, ours was the only boat on the entire abandoned Lake.
We had a chance to see Olympia, our Capitol, the shores of the Lake, the Deschutes
Parkway, and Marathon and Heritage Parks from the center of our Thurston County
universe and to realize that all of it was beautiful. Sadly, we also realized that this grand
view of the place where we live had been forbidden to all other residents and visitors for
four years, by then, by closure of the Lake.
It’s time to move forward and reclaim one of our community’s biggest natural assets –
Capitol Lake.
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NOTES

1

The “water year” is the period from October 1 through September 30. It essentially
starts at the beginning of our “rainy season” and ends at the end of our dry season. From
a water resources standpoint, it is a more meaningful subdivision of time than the
conventional calendar year. (TCPHSS 2012; see p. 1.)
2

The first drawdown was accidental, when saltwater entered the newly formed Lake in
1955 due to a malfunction of the tide lock in the dam. Young Chinook salmon in the
Lake immediately moved out into the saltwater of Budd Inlet. Ironically, this movement
may have been forced upon the young salmon by the destruction by saltwater of aquatic
insect larvae that had served as an abundant food supply during the previous few years.
See Engstrom-Heg (1955).
3

The CLAMP Committee was composed of representatives from Olympia, Tumwater,
Thurston County, Port of Olympia, the Squaxin tribe, and four state agencies; WDFW
(Fish and Wildlife), General Administration (then; now Department of Enterprise
Services, DES), Ecology, and Natural Resources.
4

My colleague John DeMeyer reports that Capitol Lake was listed in EPA’s 303(d)
Category 5 in 1998 based on four samples taken in January-March, 1997. His source
reports that the data were taken by Brown and Caldwell (consultants), “Listing ID
40588,” and showed “4 excursions above the upper criterion between 1/97 and 3/97.”
5

Two colleagues and I met with the Ecology personnel responsible for assessing Capitol
Lake’s 303(d) status to request that the “bacteria” designation be removed (April 21,
2015). They explained that “Ecology” will disregard the 15 years’ data collected by the
Thurston County Health Department reported here in the main text, above. Instead,
Ecology will use data that their own personnel collected in 2003-2004.
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Why not use the Thurston County data? The “Ecology” personnel told us that Thurston
County should have been collecting data during winters, not summers (Roberts et al, pers.
comm.). We asked whether “Ecology” had informed Thurston County of that fact. The
answer was “no” (Roberts et al, pers. comm. 4/21/2015).
Which data will Ecology use? Ecology mentions 16 measurements for “summer” (dates
undefined) and 18 measurements for “winter” (dates undefined) for 2003-2004, Capitol
Lake station 13-CAP-00.4 (Ecology 2012, p. 68). Both samples at that station (the
railroad bridge) meet Part 1 of the most stringent coliform standard for swimmable water
(geomeans 3.9 and 15.9 E. coli/100 mL respectively). However two of the 18 “winter”
measurements exceed “Part 2” (100? 200? E.coli/100 mL, not specified) of some
(unspecified) standard constituting 11% of the “winter” sample. By that logic, the Lake
is not in compliance.
By Ecology’s own figures, all of the samples for that station in 2003-2004 amount to 34
measurements. Three (one in summer, two in winter) exceed the Part 2 limit. That is,
only 3/34 = 9% of the measurements are out of compliance, and by this measure Capitol
Lake as a whole is in compliance.
John DeMeyer succeeded at finding the raw data from Ecology’s coliform study of 20032004. The whole study included the railroad bridge and five other locations including
Percival Cove and the North and South Basins. There were 63 measurements in all. The
geometric mean of all of Ecology’s measurements for that year was 7.50 E. coli/100 mL.
Only three measurements constituting 5% of the total, all at the railroad bridge (two on
July 1, one on October 10 2003), were higher than the Part 2 limit of the standards. The
Lake as a whole met the standards with flying colors that year. It can only be perceived
as “out of compliance” by disregarding 15 years’ data by Thurston County and
disregarding all of Ecology’s own Lake samples except “winter” at the railroad bridge.
6

The scientific names of organisms are conventionally shown in italics, for example “E.
coli” and Escherischia coli.
7

The vast majority of E. coli bacteria are not harmful to their hosts or any other animals;
however mutant forms sometimes arise that sicken or kill certain mammals that ingest
(“swallow”) them. These are the ones that make their way into newspaper stories about
contaminated food.
8

Even E. coli bacteria themselves have been considered to be “opportunistic pathogens”
by some; unhealthy to ingest even if usually harmless (Filip, pers. comm).
9

For deep statistical reasons, the “mean” or average used for bacterial counts is a
quantity known as the “geometric mean.” It is used as a way of ensuring that one wildly
high (or low) measurement doesn’t drag the average for the whole sample to some high
(or low) value that is unrepresentative of the sample as a whole.
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Table 1N shows an example from Capitol Lake, year 2006. Each value is the number of
E. coli bacteria that appeared on a gel plate, per 100 mL of lake water, from a sample
taken on each date shown. There are 18 measurements in all. The lowest nine values
(shown “<5”) were fewer than five (perhaps even zero) bacteria per sample. The sample
with the highest value, 105 bacteria
per 100 mL, was found in the Date (in 2006)
Locality
Middle Basin on May 24 or 25
North
Middle
Percival
The geometric mean of these
Basin
Basin
Cove
18 values is 3.34 bacteria/100 May 24-25
10
105
40
mL. For water quality pur- June 21-22
5
<5
<5
poses, that is much lower than July 26
<5
<5
<5
the state’s stringent 50 bac- August 16
<5
<5
5
teria/100 mL standard of Part September 20
5
10
10
1. There is just one value high- October 11
<5
5
<5
er than 100, namely the 105
count observed in May in the
Geometric mean of all 18 values = 3.34 E. coli/100 mL
Middle Basin. Because that
measurement constitutes only
Table 1N. Coliform counts from locations in Capitol
6% of all measurements (less
Lake, 2006. Values are numbers of coliform bacteria
than 10% of the whole sample per 100 mL of water. Source: TCPHSS (2014).
of 18), the Lake was also in
compliance with Part 2 of the stringent water quality standard during that period of time.
10

The more stringent standard (50 colonies/100 mL or >10% of sample >100) is used for
“extraordinary” fresh water suitable for both swimming and shellfish harvesting. The
less stringent standard (100 colonies/100 mL or >10% of sample >200) is used for
“excellent” fresh water suitable for swimming but not for shellfish harvest. TCPHSS
reports show that Capitol Lake has almost always met the more stringent standard and
has always met the less stringent standard in every way since 1999. (For the source of
these standards, see Washington State Legislature 2015 in References.)
11

The numbers in Figure 4 were calculated by the author from data in TCPHSS 2014,
using the convention that numbers shown as “<5” or “<1” were converted to “1.” They
are close to the numbers used by the TCPHSS authors.
Figure 4a shows the same data as are shown in Figure 4, except here portrayed on a log
scale (y axis). This log scale method of portrayal (used by TCPHSS) creates the
mistaken visual impression that the mean coliform counts are much closer to the standard
level than is actually the case (compare with Figure 4).
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Figure 4a. Annual Mean Coliform Counts in Capitol Lake, 2000-2014. Source graph
from TCPHSS 2014 with author’s calculated values superimposed by eye (red markers).
12

Phosphorus (element P) is almost always combined with oxygen in the form of a
phosphate ion (PO4 3- ) when it occurs in water. Phosphate is in huge demand by aquatic
plants; without it there can be no plant growth. In pristine waters it is typically scarce,
plant growth is meager, and the waters are clear. If phosphate is added, plant growth
increases, the water can become cloudy, and dissolved oxygen changes in ways that can
be very detrimental to aquatic life (see “Dissolved Oxygen” Section). Simply put,
phosphate is (often, not always) the “limiting nutrient” in fresh waters. No other nutrient
can take its place, and (in most lakes) no other nutrient is scarce enough, relative to
plants’ needs, to run short, be used up, and stop plant growth.
13

TCPHSS reports “total phosphorus” in the surface waters, defined as the amount of
phosphorus element present both in phosphate and in dissolved organic form.
14

Oxidized phosphorus (= phosphate) eventually becomes chemically incorporated into
the bottom sediments and tends to remain there, often as iron (ferric) oxides and
hydroxides. There it is unavailable to many aquatic plants. If the bottom water of the
lake becomes anoxic (lacks oxygen, as described in the section 3f), the oxidized
phosphorus changes its chemical form and becomes a ferrous form. This very soluble
chemical exits the sediments and carries the phosphorus back up into the water column.
During the winter, the cloud of dissolved phosphorus at the bottom is stirred back to the
surface and re-oxidized back to phosphate. The result is that, at the onset of spring, the
surface water of such lakes almost certainly contains much more phosphate than is
measured in May, after plant growth has begun to take it up. Since Capitol Lake never
goes anoxic at the bottom and all of the other monitored lakes do, it may well be true that
all of them start the growing season with more phosphorus in their surface water than
does Capitol Lake. (see Horne and Goldman, 1994).
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15

Phosphorus data for Capitol Lake’s bottom water are not shown in the TCPHSS
Reports. The only bottom water phosphorus data available to me at this time are points
shown in Figure 24 of the Department of Ecology’s TMDL Report for 2004 (p. 80,
Ecology 2012). The Figure shows box plots for total phosphorus for the North and
Middle Basins in 2004 (respectively data stations 13 CAP-00.0 and 13 CAP-00.4 in the
Figure). Since bottom phosphorus is almost invariably higher than surface phosphorus in
lakes, I have assumed that the highest values indicated on the box plots (0.045 mg/L for
both stations) is the bottom value for the Lake. Those 2004 data points are shown in
Figure 8 above.
Another estimate can be obtained for 2011 by assuming that the phosphorus
concentration in the Deschutes River is the same as at the bottom of Capitol Lake. For
months May-September 2011, that mean concentration is 0.030 mg/L (not shown in
Figure 8 above). If this is closer to the true 2011 figure, Capitol Lake would have less
phosphorus in its bottom water than six of the other nine lakes.
16

This 2003 memo lists valid problems with the former swimming area in Capitol Lake.
It mentions a “1976 study” that shows a weak vortex current pattern in the cove formerly
used for swimming. Without mentioning evidence or data, the authors assume that
“weak circulation” by itself creates water quality problems. The cove has since been
eliminated and the shore straightened out, probably eliminating the vortex. More
importantly, the lake was the subject of a comprehensive study by the CH2M-Hill
consultants in 1977. The vortex was found and reported by them. CH2M-Hill found that
the former swimming area was no different from the rest of the Lake in water quality.
17

For swimming months, the coliform record compiled by the Thurston Co. Health
Department (TCPHSS) is “perfect” by the County’s standard. The Department of
Ecology reports an instance in which two measurements in a sample of size 18 exceed
100 E. coli/100 mL in winter 2003 (TMDL 2012 Table 14). This constitutes 11%, of the
sample, therefore this is a violation of the stringent standard. Hence the record is “near
perfect” compliance with the standards for the years 2000-2014, not quite “perfect.”
18

During a year like 2009, months (or even days) in which the water is too cloudy for
swimming can easily be determined by a lifeguard with a Secchi disk via an observation
that takes just a few minutes. Where clarity is in question, a swimming area could be
opened or closed on a day-by-day basis. One or two days, weeks or months of cloudy
water need not close a swimming area for the whole season.
19

As this Report was being assembled, an official of the Thurston County Health
Department (Sue Davis) attempted to prevent the County’s coliform measurements from
being used to verify that the Lake is suitable for swimming. In an e-mail to John
DeMeyer dated April 22 2015, Davis stated in part:
“The [coliform] monitor is intended to track water quality trend over time. Sampling sites are in
the main flow of the river path through the lake, one in the middle basin and one in the north
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basin. Based on the monitoring design, the data insufficient (sic) to evaluate the suitability of a
near-shore swimming area and should not be used for that purpose.”

Davis is evidently unaware of a key finding of the CH2M-Hill (p. 73, 1978) consulting
team, namely:
“The statistical analysis of all water quality parameters showed that the swimming area (station
55) water quality is undistinguishable from that of the other lake stations. The circulation
apparently is sufficient to prevent a local difference in this area.
Because of this lack of difference, no management plan specific to the swimming site is feasible.
Strategies to control bacteria and algal growth in the whole lake will also control water quality in
the swimming area.”

The CH2M-Hill team based this conclusion on a year-long Lake-wide study of water
movements and some 14 different water quality properties (including fecal coliform
bacteria), with repeated observations at 59 stations in the three Lake basins, Percival
Cove, Deschutes River, Percival Creek, and marine waters near the dam.
20

Mann cites studies that strongly indicate bacterial respiration equal to half that of the
entire aquatic community. His Table 7.2 shows bacterial biomass in a “typical” estuary
in about the same amount as the biomass of the macroscopic animals. “Microorganisms” in a study cited by him use up some 95% of the oxygen consumed by the
entire community (Mann, 1982). I tend to believe that this is the case almost everywhere
but find it difficult to locate authors who mention it explicitly.
21

Low bottom-water oxygen is frequently seen in the deep-water holes in the bottom of
the North Basin. This is caused by the intrusion of salt water from Budd Inlet. The salt
water settles in deep pockets, does not easily flush out, remains isolated from the surface,
and slowly declines in DO as time goes by. The author is not aware of any examples of
this deep water’s DO dropping into the red or black zones shown in Figure 14.
22

Blue-green “algae” are called “cyanobacteria” by scientists. This acknowledges the
fact that these organisms are actually large bacteria, vastly different in their cellular
makeup and metabolisms from all of the other photosynthetic organisms known
familiarly as “algae” – diatoms, dinoflagellates and others. Here I use the familiar
popular name of this group.
23

Many land plants – legumes, alders, Ceanothus species and others – appear to “fix”
nitrogen from the atmosphere and add it to the soil. In all such cases, the plants
themselves are not doing the fixing. They all have associated symbiotic bacteria and/or
“actinomycetes,” often living inside nodules on their roots, which perform this process.
These varied bacteria and bacteria-like organisms have the same nitrogen fixing ability as
that possessed by blue green algae. The chemistry of the process is nearly identical in all
such cases. See Brock and Madigan, 1988.

44

45

24

Blue green algae reported from Capitol Lake are species of Oscillatoria,
Pseudanabaena, and Aphanizomenon (TCPHSS 2012).
25

For Capitol Lake and Black Lake, TCPHSS (2012) explicitly mentions that these two
water bodies are on the 303(d) list. The 303(d) designations of Lawrence, Long, Pattison,
Summit, Offutt and Ward Lakes are not revealed by TCPHSS (2012) and must be
discovered from other sources.
26

As a humorous analogy, this study would be comparable with maintaining teenagers on
a diet of unshelled hazelnuts swallowed whole, with no access to the refrigerator. Weight
loss might be expected in that case.
27

Species used in this study were the New Zealand Mud Snail, the fishes Starry Flounder
(Platichthys stellatus), Staghorn Sculpin (Leptocottus armatus), and Three Spined
Stickleback (Gasterosteus aculeatus), the small crustaceans “G” (Gnorimosphaeroma
insulare, an isopod), “A” (Americorophium salmonis, an amphipod), and the native
Signal Crayfish (Pacifastacus leniusculus). Brenneis et al 2011, see References.
28

The crayfish in this experiment acquired significantly more food energy with NZMS’s
present than they did in experiments with native prey but no NZMS’s. They ate a lot of
NZMS’s and also, for some reason, a lot more of one of the native prey species
(crustacean A) when NZMS’s were present. For the crayfish, NZMS’s increased their
overall food supply.
29

From left to right, the snails shown in this Figure are first the NZMS, then species of
Pristinicola, Galba, Physella, Juga (juvenile), and Stagnicola. Johannes found
Pristinicola, Juga, and Physella species in his exhaustive survey of 85 water bodies
within 5 miles of Capitol Lake (2010b) and Juga, Stagnicola, and Physella in his
examination of samples taken from Capitol Lake during the December 2009 drawdown
(Johannes, 2010a).
30

The investigators examined wild-caught fish of the three experimental species plus two
others (Shiner Perch and English Sole) for evidence of NZMS consumption. The sites
sampled were Baker and Youngs Bays, both at the mouth of the Columbia River. All of
the fishes collected had consumed natural prey of at least eight species. Only 2% of them
(5 of 264 specimens) had NZMS’s in their stomachs; of these five, only one fish had
eaten more than two snails.
Youngs Bay (Oregon) is described by Brenneis et al (2011) as having “millions” of
NZMS’s per square meter in some areas. Baker Bay (Washington) is reported to have
NZMS’s present in low numbers. Both sites are estuarine.
31

The four Capitol Lake fish species that eat snails (in addition to sticklebacks, which are
very common in the Lake) are the Peamouth Minnow (Mylocheilus caurinus), Largescale Sucker (Catostomus macrocheilus), Redside Shiner (Richardsonius balteatus), and
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Riffle Sculpin (Cottus culosus). Two (sucker and sculpin) are bottom feeders; 42% of the
diet of a third species (peamouth) is reported as consisting of snails at Hanford Reach,
Columbia River, Washington. Source: Wydoski and Whitney, 1979.
32

A few surveys of Capitol Lake (Hayes et al, 2008; Herrera, 2004) have mentioned the
following groups as present there; midges, dragonflies, caddis flies, crane flies and may
flies (respectively taxa Chironomidae, Odonata, Trichoptera, Tipulidae and
Ephemeroptera). Many others including mosquitoes, stone flies, beetles, water
striders/water “bugs,” and alder flies (respectively Culicidae, Plecoptera, Coleoptera,
Hemiptera and Sialidae) are also present.
33

About 3000 Yuma Myotis bats use the Woodard Bay habitat and another 500
individuals of this species fly to the Lake from a colony at the Evergreen State College. A
note on an interpretive sign at Woodard Bay reports that the nightly migration of bats
between Woodard Bay and Capitol Lake and back is the longest known bat “commute”
for feeding in all of North America.
34

Distances from Woodard Bay to area lakes range from 6.87 miles (Chambers Lake) to
12+ miles (Summit Lake). Distance to Capitol Lake is 6.83 miles. Calculated using
Google Earth measuring tool.
35

Two species of Washington freshwater mussels -- Anodonta oregonensis and A.
kennerleyi – are so similar that mollusk specialists caution that the two can’t be
distinguished by their physical appearance alone (Nedeau and others, 2009). The species
in Capitol Lake is probably one or the other. For our purposes it doesn’t matter; I refer to
it as “Anodonta species”.
36

When the Herrera Consultants surveyed the lake biota in 2003, not a single mussel
specimen was reported (Herrera, 2004). A review of available literature by Hayes,
Quinn and Hicks (2008) makes no significant mention of mussels in the Lake. M.
Hallock, a retired fisheries biologist with working experience on mussel conservation
throughout the western USA, is also of the opinion that Anodonta mussels were virtually
nonexistent in the Lake until recent times (pers. comm. 2015). Johannes (2010a) found
just two dead Anodonta shells in some 69 samples collected by WDFW personnel from a
Capitol Lake North Basin survey site during the Lake drawdown in late 2009 and none in
any of the 85 water bodies within five miles of the Lake that he surveyed in 2010
(Johannes, 2010b).
By startling contrast, knowledgeable WDFW biologist J. Anderson recalls seeing the
mussels in the Lake “during the 1980’s” and afterwards, and recalls cautioning his fellow
biologists that the then-frequent drawdowns of the Lake, followed by refilling it with salt
water, were killing “about 100,000 mussels” per episode (Anderson, pers. comm. 2015).
To my knowledge, the first published record of living Anodonta sp. in Capitol Lake is by
Bartleson (2010).
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37

The “mystery” of the Chinese snail is, “how did it get here?” In addition to the lakes
named, it is found in many other western Washington lakes. Johannes (2010b) cites
Chung & Jung, 1999, as reporting that this snail in Korea is the intermediate host in the
life cycle of a human intestinal parasite.
38

Scientific names of the Capitol Lake species are 1) Potamopyrgus antipodarum, 2)
Rana catesbiana, 3) Myocaster coypus, 4) Cyprinus carpio, 5) Ameiurus nebulosus, 6&7)
Micropterus salmoides & M. dolomieu, 8) Perca flavescens, 9) Myriophyllum spicatum,
10) Corbicula fluminea, 11) Radix auricularia, 12) Nymphaea odorata. The clam
Corbicula is shown in Figure 21a.
39

Estuaries are prime targets for invasion by exotic species from elsewhere, in large part
because their waters are the destinations of ships carrying exotic species in their bilge
water, ballast water, and on their hulls. Estuaries have also been the sites of massive
transplants of oysters from other shores, with all of the exotic “hitch hiker species” that
accompany those shellfish introductions.
40

Budd Inlet species are 1) Crassostrea gigas, 2) Venerupis philippinarum, 3) Mya
arenaria, 4) Crepidula fornicata, 5) Ceratostoma inornatum, 6) Urosalpinx cinerea, 7)
Macoma balthica, 8) Haliplanella lineata, 9) Aurelia aurita, 10) Mytilus
galloprovincialis.
41

Natural communities of plants and animals, if left undisturbed, often shift in their
species makeup toward assemblages of species that achieve a persistent stability that can
last indefinitely – at least, until some external disturbing force such as a fire or human
activity disrupts and simplifies the community’s fabric and sets it back to restart the
process. The process that ultimately results in a stable persistent “climax community” is
known as “succession.” Familiar examples are the decades-long transitions from weedy,
then brushy fields following logging back to stands of large old trees that then occupy the
site with little change until some new disturbance – say, logging or a fire – “resets” its
ecological status back to an earlier stage. Until that disturbance occurs, climax
communities – consisting of hundreds or thousands of plant- and animal- species that
have evolved to coexist with each other and make maximum use of the site’s resources –
are resistant to colonization by introduced species, whose special ecological abilities are
fine-tuned to conditions somewhere else.
42

There is a faint, suggestive hint in the sporadic records from the past that refraining
from the worst kinds of disturbances of Capitol Lake can start the natural freshwater
succession back toward a natural native community. The drawdowns from 1968 through
1995 were followed by flooding the Lake with saltwater. The stranded organisms
examined during the drawdown of 1996 were species that could withstand that treatment
(including carp, rainbow trout, and starry flounder). In 1996, for the first time, the
drawn-down lake was (partially) refilled with fresh water. During the next (1997)
drawdown and stranding survey, species appearing for the first time during that year but
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not during 1996 were stranded native freshwater fish (speckled dace), an introduced fish
(smallmouth bass), and the potential NZMS predators peamouth minnows and crayfish
(Entranco, 1997). (The stranded carp, trout, and flounder seen during the earlier 1996
survey were not found during the 1997 survey; Entranco 1997.)
43

Precautions against spreading New Zealand Mud Snails recommended for
recreationalists using the Blue Slough boat launch site are: “1) Freeze gear 4-8 hours at
26oF or below; 2) Soak for at least 5 minutes in hot water; 3) Dry gear at least 48 hours
under low humidity (or 2 hours in a clothes dryer); 4) Soak gear for a minimum of 10
minutes in Anti-bacterial Formula 409© (Rinse water must be disposed of down a sewer
drain, not a storm drain or nearby water body).”
44

The Nisqually River has a much lower concentration of nutrient nitrogen in its water
than does the Deschutes River – 0.20 mg N/L vs. 0.91 mg N/L respectively -- but its
greater volume causes it to carry more of those nutrients toward (and, for the Nisqually,
into) Puget Sound. Respective average annual loads carried are (1) Nisqually 1011
kg/day, (2) Deschutes 729 kg/day. For insight into the immense load carried by the
Deschutes River, the third-place runner up in this comparison is Chambers Creek near
Steilacoom at 422 kg N/day. (Data for 2006-2007. Median concentrations are from
Figure 9, total daily loads are from Table 7 in Mohamedali et al, 2011.)
45

In September 2007, the Deschutes River discharged an average of 198 kg N/day into
Capitol Lake, considerably less than its annual average (Mohamedali et al, 2011).
Converting to pounds @ 2.2 lb/kg and envisioning a 50-lb bag of fertilizer @ 10% N
(thus 5 lb N per bag), the Deschutes River’s September nitrogen discharge to the Lake is
the equivalent of dumping 87 50-lb bags of fertilizer into the Lake every day.
46

The Department of Ecology is currently searching for an explanation of the Lake’s
nitrogen uptake that continues to cast Capitol Lake in a negative light. A recent DOE
version is that essentially all of the uptake of nitrogen converted to plants immediately
begins to sweep over the dam in the form of large plant parts and phytoplankton, starting
in May, and oxygen is then consumed in Budd Inlet during the summer by the decay of
this tonnage of plant matter. (See Ahmed, Pelletier and Roberts, undated). My
preliminary look at this claim shows nothing credible in real world data and much to
contradict it. A more thorough evaluation will have to wait until I have time for it.
(DHM).
47

This Figure is only the tip of an iceberg of discussion about whether Capitol Lake is
detrimental to dissolved oxygen levels in Budd Inlet. In my view, the Lake is actually
beneficial to the Inlet, preventing dissolved oxygen depletion there by trapping nutrients
that would otherwise set off plant growth and decay. I addressed this in a preliminary
report in 2014 based on my first few months’ study of this issue (Milne, 2014). Since
then, additional evidence has vastly strengthened my conviction that the Lake’s effect on
the Inlet is positive.
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The 16 species judged to have a “significant presence” in the Lake are Cutthroat- and
Rainbow*- Trout, Common Carp*, Peamouth (Minnow), Northern Pikeminnow,
Speckled Dace, Redside Shiner, Largescale Sucker, Brown Bullhead*, Three-Spined
Stickleback, Smallmouth*- and Largemouth*- Bass, Yellow Perch*, Prickly Sculpin,
Riffle Sculpin, and Western Brook Lamprey. Species marked * are introduced, the others
are all native Washington species.
49

Herrera (2004) estimates that the mudminnow’s population in the South Basin of the
Lake is “less than 10.”
50

The computer “year” runs from January 15 through September 15, using weather data
from 1997.
51

The following is the modelers’ response to my question about how they found Water
Quality DO violations in water that is certain to be 100% saturated with oxygen;
“The other change reflected in the model is the Deschutes River temperature that would
occur under natural conditions. We consulted the river projections for temperature,
which would be over 3oC cooler under natural conditions. Cooler water holds more
oxygen at saturation, so the river would also have higher oxygen concentrations. The
differences between natural and existing oxygen concentrations predicted in the south
basin of Capitol Lake mostly reflect the river temperature and dissolved oxygen
differences. This effect is limited to the south basin, however (red cells in Figure 92 [my
Figure 29 above; dhm]) . Oxygen levels in the middle and north basins reflect
productivity within the lake.” (Ahmed et al, 2014).
52

The modelers obtained their “violations” by following relatively rigid legal
requirements.
First, they determined that the “detention time” of water in Capitol Lake is 15.2 days.
(The detention time is the average residence time of water in the Lake between its
moment of entry from the Deschutes River to its time of exit at the dam.) To obtain this
15.2 day figure, they divided Capitol Lake’s volume by the lowest 30-day river flow
value of the 10-year interval 1991-2001, which was 59.8 cubic feet per second. (Ecology
2012, p. 13). (According to Orsborn et al [1975, p. 45] this is a 30-day low flow level so
rare that it occurs only about once every 50+ years.)
If the detention time were 15 days or less, the Lake would qualify as a “reservoir” whose
DO standard is 8.0 mg/L (shown in Figure 30). For most river flow volumes for most of
the time, that is the case. (CH2M-Hill 1978, Orsborn et al 1975, TCPHSS 2012 and other
studies give detention times of 9 days or so, plus or minus a few days.)
If the detention time were 15 days or fewer, there would be no DO violations at all under
past or present dissolved oxygen conditions, in almost all day-to-day situations. However,
given their 15.2 day calculation, the modelers are at liberty to apply a standard that is

49

50

fantastically easy to “violate.” To do so, they used the computer model to compare
modern Capitol Lake’s dissolved oxygen with levels calculated to have existed during
some “natural” era of the past. (By “natural”, they envision a time when the Deschutes
River was 3oC cooler than at present, as per the previous footnote.) If their computer
model estimates that dissolved oxygen levels in natural times past were more than a
microscopic 0.2 mg/L higher than the modern Lake DO levels – even for as few as 10
minutes – a “violation” is flagged.

As they tell us in their Figure 92 (my Figure 29 above), their computer found plenty of
huge “violations.”
As mentioned in the text, the “violations” that this legalistically defensible procedure
identifies bear no relationship to real ecological considerations of modern times (see
Figure 30).
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