
 
 



Hayden Lake Water Quality 
Summary Report 2017-2023 Monitoring 

 

Introduction: 

 
Water quality monitoring of Hayden Lake has occurred periodically starting in 1975 with the 

Environmental Protection Agency’s National Eutrophication Study sampling (USEPA 1977).  One 

water sample at a mid-lake location was collected and tested for total phosphorus, while limited 

physical measures like temperature dissolved oxygen and clarity  were assessed at that single 

point in time.  A year later Idaho’s Department of Environmental Quality (IDEQ) measured a 

single clarity at a mid-lake station. (IDEQ 1990).  Concerns about logging in the watershed led a 

group of concerned citizens (Save Hayden Lake Inc.) to fund an in-depth study of the lake’s 

water quality and its plant growth nutrient sources.  The study was completed by Dr. Ray Soltero 

and his students at Eastern Washington University (Soltero et. al., 1986) .  Soltero’s in-depth 

examination of the lake’s water quality involved three monitoring stations, one in the lake’s 

North Arm.  The study for the first time revealed the very different water quality character of 

the waters north of Henrys Point. Soltero’s  monitoring was followed a year later by IDEQ (1990) 

sampling roughly the same stations and then a sixteen-year run of monitoring by Robert Black 

sampling for IDEQ’s Citizen’s Volunteer Monitoring Program (Black 1987-2004).  Locations 

including the mid-lake and North Arm sites were sampled.  After a year pause Robert Black 

sampled a final year and following that Harvey and Walker (2005;2006) sampled the same 

stations in IDEQ’s program on behalf of the newly formed Hayden Lake Watershed Association.  

Sampling ended until 2016, when the Hayden Lake Watershed Improvement District started 

sampling three stations in and just outside the North Arm (HLWID 2020).  The monitoring was 

expanded in 2019 to include the traditional mid-lake station and revamped in 2020 to examine 

the water quality of the lake’s major bays (HLWID 2021; HLWID 2024). 

 

Soltero’s results led to development of the Hayden Lake Management Plan as a part of the 

Clean Lakes Coordinating effort prescribed by Idaho code (PHD 1994). The plan was developed 

by a group of citizens working with professionals from the Panhandle Health District(PHD), 

Idaho Department of Environmental Quality (IDEQ), Department of Fish & Game, Forest Service 

and Natural Resources Conservation Service. The plan set water quality goals for the lake.  

These were total phosphorus of 7 ug/L, Secchi clarity of 10 meters, chlorophyll a below 2 ug/L 

and dissolved oxygen above state water quality standards.  A few years after the plan was in 

place, IDEQ  implemented its responsibility outlined in the Clean Water Act to assess the quality 

of its waters.  IDEQ found from the water quality data available that Hayden Lake was not 

attaining the total phosphorus goal set by the management plan.  Based on this assessment the 

waterbody was listed as water quality limited and a Total Maximum Daily Load document was 

prepared to set the goals to attain a total phosphorus of 7 ug/L (IDEQ 2001).  However, IDEQ 

 



never prepared a TMDL Implementation plan. The Hayden Lake Watershed Association has a 

primary interest in maintaining and, if possible, improving the water quality of the lake.  As it 

studied the lake plan goals and actionable management plans, the Association recognized the 

management plan was poorly equipped to address water quality improvement.  The plan dealt 

in generalities that could not be easily measured, while concrete improvement projects were 

required.  The Association working with cooperating county, state, and federal agencies, 

developed the Hayden Lake Management Plan Addendum to chart a pathway to improving the 

total phosphorus concentration of Hayden Lake through projects that would reduce phosphorus 

input by an estimated amount (HLWA 2009).  Once the plan was in hand the Association worked 

with agencies and private groups to implement the plan.  Many of those projects have been 

completed (HLWA 2023). 

 

The Hayden Lake Watershed Improvement District (District) initially undertook its water quality 

monitoring with the objective of better defining the water quality of the lake’s North Arm.  

Although monitored was often at the mid-lake stations since Soltero’s work,  only the single 

station fairly far north, near Bobs Bay was monitored.  The District’s expressed objective for the 

expanded water quality characterization was to inform it on management approaches to 

improve the water quality of that small and select area of the lake.  After the North Arm 

monitoring was terminated with the 2019 monitoring and subsequent report, the District 

shifted the water quality monitoring effort to add to results of sampling at the mid-lake station 

in 2019 and to characterize the water quality of the major bays of the lake. 

 

The objective of this report is to summarize and interpret the water quality monitoring results 

developed by the District between 2017 and 2023.    These results will be interpreted in light of 

previous Hayden Lake water quality data and the physical, chemical, and biological setting of 

the lake.  The results of mid-lake monitoring over the past five years (2019-2023) will be 

compared to the long record of results. 

 

General Water Quality of Hayden Lake: 

 
The compiled data demonstrates that the main pool of the lake has very low total phosphorus 

and as would be expected very low algal productivity as measured by chlorophyll a 

concentration.  Clarity values are in a range from seven to eight meters.  Dissolved oxygen was 

recorded as the lowest value observed for each year, while the highest water temperature 

measured is provided.  Oxygen dissolves in water in concentrations inversely proportional to the 

temperature.  Hence the warmer the water the lower the level of 100% saturation.  The one 

hundred percent dissolved oxygen concentration is well established for any given temperature 

and altitude.  The saturation concentration was calculated at the 2239 feet elevation of the lake 

and recorded.  From the lowest observed dissolved oxygen divided by the level of hundred 

percent saturation,  the lowest percent saturation measured was established.  These are 

 



averages of up to five years and as little as two years. At the mid-lake dissolved oxygen never 

declined below the absolute  Idaho state standard of 6 mg/L nor did it decline below  full 

saturation  (Table 1).  
 

Table 1: Summary water quality monitoring results from 2027 through 2023. 

 
Note:  n  denotes number of measurements from which the summary number is derived. 

 

The value for the bays monitored and even Gonzaga Point reflect those of the main body of 

Hayden Lake.  None exceeded the total phosphorus concentration indicative of a mesotrophic 

lake.  Berven Bay closely reflects the mid-lake station, while Mokins and Windy Bays as well as 

Gonzaga Point are but three micrograms above those of the mid-lake station.  O’Rourke Bay is 

much higher at 13 ug/L, but that value reflects the 2021 season when water levels dropped and 

total phosphorus increased.  Chlorophyll a values mirror the total phosphorus values.  The lower 

the total phosphorus the lower the algal productivity as assessed by Chlorophyll a 

concentration.  The pattern is broken in two cases.  Gonzaga Point exhibited a 

higher-than-expected Chlorophyll a concentration, while O’Rourke  Bay is somewhat lower than 

would be expected.  The higher Gonzaga Point number may be explained by algae drifting south 

from the more highly productive areas of the North Arm.  Dissolved oxygen concentrations in 

 



the bays and Gonzaga Point locations do not even approach the minimum standard of 6 mg/L, 

while even at the highest temperatures dissolved oxygen either meets or exceeds full 

saturation. 

 

The situation is quite different in locations in the North Arm.  Ross Point has a moderately high 

total phosphorus but still within the oligotrophic range, while the Bob’s Bay station has an 

average total phosphorus concentration solidly in the eutrophic range.  These are an average of 

some 27 data points.  Chlorophyll a values mirror the total phosphorus data with Bob’s Bay 

chlorophyll a over 7 ug/L.  The lowest dissolved oxygen measurements were below the standard 

of 6 mg/L and average saturation was well below 100%.  The State  of Idaho appears to have 

dropped its percent saturation standard at least in lakes and certainly in hypolimnion waters, 

but the average dissolved oxygen data clearly indicates oxygen issues at times at some locations 

in the North Arm. 

 

In summary it is clear that the water quality within the North Arm departs from that of the main 

lake progressively as one moves north in that part of the lake. There is little new in these 

results.  Soltero, et. al,  Black and Harvey and Walker found similar results between 1985 and 

2006 and the District’s monitoring extended this to a 35-year period. The District’s monitoring  

results clearly demonstrate that the that the increase in nutrients increases as one moves north 

in the North Arm. 

 

Underlying Physical and Chemical Factors Determining the Water Quality of 

Hayden Lake: 

 
For better understanding of these results, some facts concerning the water flux of the lake  the 

lake’s annual summer stratification and  biological facts concerning plant growth, in this case of 

Hayden Lake’s phytoplankton, must be established.  Without an understanding of these 

underlying mechanisms of the physical setting, a full appreciation of the results is not possible.  

For, example, when we speak of a plant growth nutrient being limiting, what is precisely meant 

by that phrase.  Another reality of any single data point must be appreciated.  Any data point is 

a reflection of a single instance when that sample was collected. Given the inherent variability 

in natural systems, the observer cannot depend on one, two or even several data points.  The 

observer must look for patterns that repeat over a few years (two) at least and make any 

conclusion based on a number of data points. 

 

 

Water Flux 
 

Understanding of Hayden Lake’s water quality must begin with an understanding of the water 

flux (flow) through the lake.  Hayden Lake is estimated to have a turnover rate of approximately 

 



four years.  This means that any given water molecule entering the lake would reside in the lake 

an average of four years or differently stated the lake loses and gains about a fourth of its 

estimated 362,000 acre-feet (acre foot = 1 acre @ 1 foot deep in water) volume or 90,500 

acre-feet per years.  These estimates have been created from volume measures of the lake 

based on crude bathymetry (Mossier) and estimates of Hayden Lake’s  evaporation and 

contribution of water to the Rathdrum Prairie Aquifer. 

 

If one applies average rain and snowfall measurements derived over many years at local low 

elevation (Boyington Field) and high elevation SNOTEL Stations (Rugged Mountain and 

Mosquito Ridge) to the watershed and lake as well as evaporation/.transpiration estimates 

(Figure 1), a  similar picture emerges. 

 
Figure 1: Water flux through Hayden Lake 

 
Note: Low elevation precipitation (>2,800 feet) based on long term Boyington field precipitation record; high elevation (<2,800 

feet) based on average of Rugged Mountain and Mosquito Ridge SNOTEL stations; E/T and lake evaporation based on long term 

average of Sandpoint Agricultural Station; Dalton Irrigation based on maximum water right domestic water use based on 200  

users at 200 gallons per day year around. 

 

The watershed is estimated to receive 180,180 acre-feet precipitation on an average annually.  

There is of course wide variance around  this value annually, so the estimate is based on the 

long-term averages most going back 50-75 years.  A major loss is evaporation from all 

watershed surfaces and transpiration from the watershed’s vegetation.  Applying the long-term 

average, 90,300 acre- feet is lost.  The remainder is discharged from the watershed’s streams 

into the lake.  Some tributaries are larger and some smaller with Hayden Creek the largest, 

followed by Yellowbanks and then Mokins-Neilsen Creeks and then many lesser streams.  The 

 



water not transpired or evaporated reaches the lake as spring runoff, periodic storm events or 

eventually groundwater base flow.  It is estimated by this approach 89,880 acre-feet annually. 

Long term average evaporation from the lake is 8,387 acre-feet. If Dalton Irrigation withdrew its 

entire water right, 7,828 acre-feet would be removed.  Domestic water users are liberally 

estimated to take at most 56 acre-feet. The remaining 73,609 acre-feet is lost from the lake to 

the Rathdrum Prairie Aquifer in the vicinity of Honeysuckle Bay and the Gold Coast north to just 

beyond the Hayden Lake Country Club.  The water entering the lake from the watershed carries 

with it essential plant growth nutrients. 

 

Note from figure 1 that the lake holds 358,120 acre-feet of water in that portion south of 

Henrys Point, the pre-dike northern limit of permanent water, but only 3,880 acre-feet of water 

north of Henrys Point assuming a liberal ten feet of depth throughout that portion of the lake.  

The water flux clearly demonstrates that the estimated average 89,880 acre-feet water entering 

the lake much of it during short term episodes like snowmelt and heavy rain events cannot 

possibly be contained by the very small volume (1.1%) of the North Arm.  Since a fourth of its 

water enters the lake each year carrying its load of nutrients, the watershed should dictate the 

water quality of Hayden Lake.  It does dictate the water quality of the main pool, but clearly not 

that of the North Arm as illustrated later. 

 

Plant Growth Nutrients and Availability 
 

Now let’s turn attention to the nutrients carried in that water.  The nutrients necessary to allow 

the growth of any organism are well known,  especially those for plants which are easy to 

contain for experimentation.  The algal species we are concerned with in Hayden Lake are no 

exception.  Figure 2 lists the nutrients essential for plant growth and their common origin. 

 
Figure 2:  Nutrients required for plant growth and common origin 

 



 

The major structural components of plants come from the air and soil or in the case of a lake 

dissolved air and lake water.  Most of the macronutrients are in good supply dissolved in the 

water flowing from the watershed, while the micronutrients are needed in such vanishing low 

concentrations that their availability is very seldom an issue.   

 

Phosphorus and nitrogen are the two exceptions to the common situation.  If growth is limited 

by nutrition, these two macronutrients limit the growth of plants including algae. Limited plant 

growth means lack of the nutrient will not allow further growth and maturation. In the case of 

algae population growth ends. Most terrestrial plants have solved the phosphorus limitation by 

developing a symbiotic relationship with soil fungi (mycorrhiza) where the plant feeds the fungi, 

and the fungi liberate and supply phosphorus.  Some terrestrial plants (legumes and red alder) 

have a symbiotic relation with specific soil bacteria to fix biologically available nitrogen from the 

air.  Ony bacteria including the cyanobacteria are capable of this chemical reduction of gaseous 

nitrogen.  True algae have not developed such symbiosis and thus must obtain their phosphorus 

and nitrogen chemical species from the lake water.  If one or both are in short supply, they limit 

the population growth of those algae.  

 

Growth limitation is modeled in figure 3.  When a nutrient of even a resource like light is 

limited, growth, in this case measured by cell number is limited, the growth curve flattens. 

 
Figure 3: Cell growth (number) limitation by orthophosphorus, available nitrogen or light. 

 

 



 

To fully understand the water quality results it is necessary to go further and examine the 

chemical forms in which phosphorus and nitrogen are found.  Phosphorus is never found in its 

elemental form, but always as  at least the tri-oxide form; phosphorus spontaneously burns in 

air containing oxygen.  Nitrogen makes up roughly 80% of the atmosphere as the dinitrogen gas.  

Nitrogen can be partially oxidized to nitrite which rapidly oxidizes to nitrate or can be reduced 

by biological agents to the amide which is a key chemical part of amino acids and precursor to 

any number of the complex biochemicals of living systems.  Decay of organic matter liberates 

amides as ammonia.  Figure 4 further explores nitrogen and phosphorus chemistry by showing 

the chemical forms these elements compounds assume in natural aqueous systems. 

 

Phosphorus is naturally fully oxidized with a strong negative charge.  For this reason, the 

phosphate molecule naturally binds to any strong positive charge.  Naturally a strong positive 

charge is supplied by a micelle.  Although the micelle can be any particle with strong positive 

charge associated, silt is likely predominant in Hayden Lake.  Most of the watershed is unlaid by 

Belt Supergroup geology which are primarily composed of metaphorized siltstones and 

mudstones. These erode to silt particles.  In addition, the atmosphere of Earth was undergoing 

a transition to a 20% oxygen content as the sediments that were metamorphized into the Belt 

rocks were laid down.  For this reason, they have high iron oxide content.  Iron oxide sites on 

the surface of silt particles are strong positive site and phosphate binding sites.  In any solution 

containing phosphate bound to micelles, the strong tendency is for the phosphate to be bound 

with very little free orthophosphate in solution.  Most of the total phosphate in the water is 

 



bound and only a tiny fraction is free orthophosphate.  Figure 4: Phosphorus and nitrogen chemical 

species in natural aqueous systems. 

 

Nitrogen is unlimited supply in the atmosphere, but rather low supply is water bodies with 

heavily vegetated watersheds like Hayden Lake’s.  The typically available chemical species are 

nitrite and nitrate which are also anions, negatively charged and have some chemical affinity for 

cation sites; strong positive charged sites. However, the majority of the nitrite and nitrate want 

to be in solution as the anions not complexed to a micelle or an ion.   The additional nitrogen 

compound available to algae is ammonia.  Ammonia is a product of the breakdown of organic 

amide compounds.  It typically only becomes detectable as organic matter is decaying. 

 

Most nitrite-nitrate and phosphate are carried into the lake in the water of discharging streams 

with the largest load associated with the spring snow melt.  The nitrite-nitrate is primarily free 

in solution, while the phosphate is bound to micelle particles primarily silt particles.  Since it is 

particulate bound a good deal of the phosphate sinks to the bottom over time as the year 

progresses.  Once it leaves the upper warm layer of water in the lake and sinks below the 

metalimnion it is no longer available, even if an orthophosphate dissociates into solution. 

 

Thermal Stratification 

 
Like all northern latitude lakes Hayden Lake stratifies as the warm season proceeds (figure 5).  

This means a thermal gradient from warm surface water up 5 to 6 meters (15 to 20 feet) 

declines rapidly with depth (5 meters; 15 feet) to very cold water below.  This is the classic 

epilimnion, metalimnion and hypolimnion formed each summer.  This is a gradient from warm 

 



to cold.  Since chemicals in solution diffuse on thermal gradients from warm to cold, once this 

gradient is established diffuse of any nutrients from the cold hypolimnion to the epilimnion 

cannot occur.  This is true until sufficiently shallow water is encountered and then the water 

column is entirely within the epilimnion. This occurs in  Hayden Lake’s the bays and North Arm. 

 
Figure 5: Thermal stratification of Hayden Lake 

 

Hayden Lake Water Quality Re-Examined 

 

With this much background in water flux through the lake, the chemistry of the two 

macronutrients limiting algae growth, and thermal stratification we can reexamine the general 

water quality results from Hayden Lake.  The North Arm, and all the bays sampled generally are 

shallow water and part of the annual formation of the epilimnion.  As the lake cools in the fall a 

point is reached where the water column is the same low temperature, approximately 5 

degrees C throughout.  This is termed “turnover,” because under these thermal conditions, 

chemicals can freely diffuse throughout the water column.  Typically, turnover occurs in Hayden 

Lake in late October through November well after the primary growing season. Hence it has no 

part in the past year’s algal productivity, but together with the spring runoff establishes the 

nutrient levels for the coming year. 

 

A summary of Hayden Lake’s water quality in term of total phosphorus, chlorophyll a, a measure 

of algal productivity and dissolved oxygen is provided in Figure 6.  At the mid-lake station clarity 

is included.  This parameter is of no value in the North Arm or the bays, because they are 

sufficiently shallow that their bottom is well within the observable Secchi depth. 

 

Each value in the mid-lake station is an average of five yearly averages which in turn is an 

average of ten to 12 yearly measures.  The North Arm station values are the average of three 

 



year in turn the average of all the observations made that year.  For the bays, the values are the 

average two  

yearly averages.  Water year 2021 was not included in the Mokins Bay values because it was 

anomalous likely due to low water conditions.  Each value is a summary of the water quality 

observed over the length of monitoring, backed up by at least 20 and at the mid-lake station 

over 50 points in time. 

 

Main Pool of Hayden Lake versus the lake’s Northern Arm: 

 
One can clearly see in figure 6 and  that Hayden Lake’s  main pool terminates at Henrys Point.  

North of that point the lakebed is ten feet or less at nearly all locations.  The lakebed also 

becomes shallower as one progresses north.  The shallow area near the mouth of Hayden Creek 

may be due to sedimentation since the dike was constructed in 1910 or it may just be the 

character of the rising topography, but is most likely a little of both.  North of the Sportsmans 

Point depths are typically less than three feet even at full pool.  Similar shallowing occurs in the 

back of Mokins Slough, O’Rourke Bay and even Windy Bay. These areas are relatively small; less 

than an acreeach. The higher quality of the monitoring stations in these bays is likely due to 

their proximity to the very large and low nutrient pool of water at the core of the Hayden Lake. 
 

 

Figure 6: Summary of Hayden Lake Water Quality 

 



 

 

Earlier it was demonstrated that most of the water entering Hayden Lake annually may pass 

through the North Arm, but the bulk of it comes to reside in the main pool.  It is clear that the 

excellent water quality of the main lake is determined by the good condition of the majority of 

the lake’s watershed.  However, this situation is not the situation in the North Arm and 

especially in the shallower areas of the North Arm represented by the Bob’s Bay station. 

 

This situation can be explained by how and where phosphorus in the form of phosphate is 

cycled in a lake.  Earlier the affinity of phosphate for a carrier micelle was described.  Silt with 

iron oxide and phosphate complexes attached settles in the lake and is deposited on the lake 

bottom.  This settling occurs lake wide.  All the organic matter and other solids, like silt particles 

eventually deposit in bottom sediments.  Bacteria in the sediments are sustained by the organic 

matter using oxidative metabolism.  The bacteria action and the low permeability of dissolved 

 



oxygen in thesediments cause bed sediment to become oxygen depleted (anoxic). Once located 

in the bottom sediment micelles are in a very different oxygen environment.  Bacteria depleted 

of oxygen in its dissolved form turn to alternate oxygen sources.  A primary alternate source is 

ferric iron oxide.  In the process ferrous iron is produced. The reduction of iron breaks the bond 

of phosphate to the micelle and both ferrous iron and  ortho-phosphate become soluble  and 

can diffuse from the sediments into the water column. Once released into lake water that has 

dissolved oxygen well over 6 mg/L, ferrous iron is oxidized to ferric iron and iron oxide 

phosphate bonds are restored and attaches to a micelle.  The pathway of phosphate cycling is 

illustrated in figure 7.Figure 7:  Phosphorus cycle at lake sediment interface 

Iron and ortho-phosphate release occurs in all the bottom sediments of the lake.  However, the 

consequences are far different depending on the depth of the water.  If the cycle is operating in 

bottom sediments at depth, two factors assure the phosphate does not become available for 

plant growth.  The phosphate and ferrous iron are emerging into cold well-oxygenated water 

many feet, often over eighty feet from the photic zone where plants can grow.  During the bulk 

of the growing season, the lake is thermally stratified producing a thermal gradient of cold to 

warm  through which phosphate or any other molecule cannot diffuse.  If the phosphate cycling 

is occurring in shallow warm water, ortho-phosphate is immediately available to fuel plant 

growth.  In the main deep portion of Hayden Lake, phosphate cycling is occurring in tens of feet 

of water.  The ortho-phosphorus produced is cycled from the oxygenated bottom waters back 

into the iron complexes attached to micelles.  In the shallow portions of the lake, like the upper 

North Arm, likely the heads of Mokins Slough and O’Rourke Bay, and possible other small 

shallow locations in the lake, ortho-phosphate is cycled out of the sediments and is immediately 

available for algae growth.  Hence, the North Arm, especially at its extreme north end, differs 

 



from the main lake in that is has its own local source ortho-phosphate capable of fostering high 

algal productivity.  The phosphorus concentrations measured do not limit algal growth. 

 

 

Nitrogen’s Role: 
 

Nitrogen is the other plant growth nutrient that can be depleted from the water and limit algal 

growth.  Nitrogen enters the lake primarily from its watershed as nitrite and nitrate.  Some 

nitrate is deposited on the lake surface from the atmosphere, but this source is limited.  Nitric 

oxide created by electrical discharges (lightning) and combines with water to create the nitric 

acid deposited. Some nitrite-nitrate is generated from decay of algal blooms and decay of 

sediment organic material.  Nitrogen from decay is initially ammonia but is rapidly oxidized to 

nitrite and then nitrate in the lake.  Nitrogen for example from the early to mid-spring diatom 

bloom becomes available for other algal forms as it is released through decay in late spring and 

early summer, while ammonia and nitrite released at depth is soon cut off from the most of the 

lake’s photic zone by the thermal stratification.  The stratification ends in lake turnover in the 

late fall  

before this nitrate becomes available in part for the next year’s algal growth. Each spring after 

the snow melt runoff event, the lake would logically be at its maximum nitrite-nitrate 

concentration.  That concentration is dependent primarily by the amount of runoff from the 

watershed.  It may be augmented by heavy precipitation and large runoff events during spring 

and summer. 

 

However, the data collected indicates nitrite-nitrate concentration is on the average so low in 

the main pool of the lake that this pattern is difficult to decern (Figure 8).  The nitrite-nitrate 

concentrations measured over five years of monitoring are very close to or below the detection 

limit of 1 ug/L.  Analysis of nitrite-nitrate  data compiled from the three years of monitoring at 

the Ross Point Station demonstrates the expected pattern (Figure 9). Nitrite-Nitrate 

concentration declines as the season progresses . Nitrite-Nitrate is likely higher in the North 

Arm again because of the close proximity of the surface water to the bed sediments.  A similar 

pattern likely occurs lake wide, but nitrite-nitrate concentrations are so close to the detection 

level that variance likely obscures the pattern. 

 

Water quality conditions when nitrite-nitrate is exhausted and significant ammonia is not 

available are believed to promote  cyanobacteria (blue-green algae) blooms.  Cyanobacteria are 

not true plants, but rather are prokaryotes allied with the bacteria.  Cyanobacteria, unlike true 

algae, are capable of the fixation of atmospheric nitrogen into biochemical amides.  When other 

nitrogen sources are exhausted, cyanobacteria can grow while true algae cannot.  

Cyanobacteria are known to use internal air batters to rise to the lake’s surface when aquatic 

nitrogen sources are depleted. Once the cyanobacteria use this advantage to dominate the 

 



water surface and preferentially absorb most all the sunlight, the other algae fall in both 

number and biovolume.   
 

 

Figure 8:  Five-year average Mid-Lake nitrite-nitrate  

 
 

 
Figure 9:  Three-year average of Nitrite-Nitrate monitoring at the Ross Point Station 

 
This biological phenomenon has been described as a blue-green algae bloom.  Such 

cyanobacteria blooms occur in the lake’s North Arm but have not been observed elsewhere in 

Hayden Lake.    

Nitrite-Nitrate depletion is difficult to demonstrate in the Hayden Lake’s main body, because 

nitrite-nitrate is present in concentration just above or below the detection limit. Such a 

depletion may have occurred in summer 2023, when nitrite-nitrate concentration was below 

detection through most of the monitoring year until early September. Even then ammonia likely 

from herbicide treatment and aquatic plant decay was available for algal growth through July 

and August (HLWID 2024).  However, the main body of the lake and the bays around it are 

 



phosphorus limited.  So even if nitrogen is depleted, sufficient phosphorus is not available to 

nourish a cyanobacteria bloom. 

 

In the lake’s North Arm at the Ross Point and Bobs Bay stations nitrite-nitrate depletion is easier 

to demonstrate because the concentration of these nutrients is higher.  During the summer 

2019 nitrite-nitrate was depleted by mid-June at the Bobs Bay and Ross Point Monitoring 

Stations (Figure 10). Ammonia levels were present (Figure 11), but these too slipped below 

detection at critical points in late June to early July and in late August. The chlorophyll a 

concentration monitored is an indicator of productivity.   Chlorophyll a approaching 16 ug/L is 

typical of a cyanobacteria (blue-green algae) bloom likely started in late June-early  July and 

then amplified later in the year as aquatic nitrogen sources were depleted.  The presence of 

high chlorophyll values at the Bobs Bay station is likely due to the commonly observed 

phenomena of  “windrowing”.  Once cyanobacteria rise to the surface to use the atmospheric 

nitrogen source,  the cells are easily blown along on the prevailing wind.  During the late 

summer months of the year, strong afternoon winds prevail north on this part of Hayden Lake. 

 
Figure 10:  Nitrite-Nitrate at Bobs Bay and Ross Point Stations and Chlorophyll a at Bobs Bay Station in 2019 

 
 
Figure 11:  Ammonia concentrations at the Bobs Bay and Ross Point Stations in 2019 

 



 
 

 

In summary the data collected for total phosphorus, nitrite-nitrate, ammonia and chlorophyll a 

lake wide are consistent with the main body of Hayden Lake exhibiting phosphorus limitation of 

algal growth.  The aquatic nitrogen sources are rarely in significant concentrations in this part of 

the lake and yet algal blooms of true algae or cyanobacteria do not occur.  They have not been 

observed in the bays adjacent to the main body of the lake either, although some elevation of 

productivity as measured by chlorophyll a concentration does occur.  These observations 

suggest that the main pool exerts some dilutive influence on the bays adjacent to it and to the 

Gonzaga Point Station.   

 

Within the shallow North Arm of Hayden Lake nutrient conditions are very different.  This was 

first demonstrated by Soltero and his students (1986), supported by Robert Black’s data 

(1987-2004) and that of Harvey and Walker (2005, 2006).  The District’s monitoring effort 

(HLWID 2020) provided similar results at Bobs Bay, but demonstrated the eutrophic character 

lessened at Ross Point and was absent at Gonzaga Point. The primary physical feature varying 

between these stations is lake bottom depth.  Phosphorus in the North Arm, especially at Bobs 

Bay does not limit algal growth.  It is constantly at  concentrations supportive of unlimited algal 

growth.  The data collected suggests that nitrogen depletion of aquatic nitrogen chemical 

compounds can trigger cyanobacteria blooms.  Once the aquatic nitrogen falls to a critical level, 

cyanobacteria (blue-green algae)  which are always present gain a competitive advantage 

through their unique ability to fix atmospheric nitrogen. With essentially unlimited phosphorus 

and nitrogen and their tendency to rise to the surface, cyanobacteria quickly dominate the light 

resource and multiply until their shear density of cells controls growth through light limitation.  

During a bloom prevailing wind typically ”windrow” the bloom and concentrate it into an even 

 



smaller area of the lake.  In the case of Hayden Lake’s North Arm, this is the Bobs Bay- 

Sportsmans Park Area. 

 

Total Phosphorus, Chlorophyll a, Clarity, and Dissolved Oxygen Trends: 

 
Four parameters were used over the years to define the water quality of Hayden Lake.  Total 

phosphorus is the surrogate measure for the available phosphorus, ortho-phosphate, which is 

typically at concentration below detection.  Chlorophyll a is a surrogate for the lake’s primary 

productivity, which depends on algae.  Clarity is used to assess suspended solids.  Dissolved 

oxygen is a measure of the ability to support the fishery (cold water biota).  Total phosphorus, 

chlorophyll a and  clarity have been assessed off and on since 1975.  USEPA (1975), IDEQ 1990) 

and Black (1987-2004) did not collect dissolved oxygen data.  Soltero and his student (1986) and 

Harvey and Walker (2005, 2006) measured dissolved oxygen and found it in concentrations and 

saturation value supportive of the fishery.  These measures have been collected at the mid-lake 

station, which represents nearly 99 percent of the lake’s water. 

 

Total phosphorus trend  is provided in figure 12. The yearly average, maximum and minimum 

are plotted as is the total phosphorus goal of the Hayden Lake Total Maximum Daily Load.  The 

graph labels the investigators that collected the samples analyzed.  Average total phosphorus 

values between 2019 and 2023 are statistically lower than those recorded between 1975 and 

2006.   The standard deviations of the two populations of average values do not overlap nor do 

those of the two populations of minimum values.  However, the standard deviations of the two 

maximum value populations still overlap. These maximums may reflect high discharge events 

that are independent of Hayden Lake’s internal nutrient controls.  Based on the statistical 

analysis, it is clear that total phosphorus has declined in the lake from an average of 7.5 ug/L to 

an average of 4 ug/L 

 



 

Figure 12: Total phosphorus trend in Hayden Lake between 1975 and 2023 

 

 
Chlorophyll a  concentration is measured as a surrogate measure of the primary producing 

algae.  This included both the true algae (diatoms, green algae and flagellate forms) and the 

cyanobacteria (blue-green algae) that are prokaryote life forms.  All of these primary producers 

contain chlorophyll a, the key light gathering molecule of photosynthesis.  The chlorophyll a 

trend over the years is plotted in figure 13.  The average and range (maximum and minimum) 

for each year are graphed along with the level of chlorophyll a that is recognized as the division 

between oligotrophic and mesotrophic lake conditions; 2.5 ug/L. 
 

The 2019 to 2023 average chlorophyll a values have declined to one-third of the  average values 

between 1975 and 2006.   Not even the maximum values were in the range of mesotrophic 

conditions in the past five years.    The standard deviations of the average populations between 

1975-2006 and 2019-2023 do not overlap. The populations are significantly different.  However, 

the maximum and minimum populations do overlap and are statistically the same.  The decline 

in chlorophyll a is expected given the decline in total phosphorus because in the large majority 

of the lake’s water, phosphorus is limiting to algal growth. 
 

 



 

Figure 13:  Chlorophyll a trend in Hayden Lake between 1975 and 2023 

 

 
 

Lake clarity is a measure of the presence or absence of fine suspended sediments and/or excess 

algae growth.  The long-term plot of clarity is provided in figure 14.  Clarity remains essentially 

unchanged in Hayden Lake over the long term of clarity monitoring.  No significant difference 

between the populations of average , maximum and minimum were found between the 

1975-2006 data set and the 2019 to 2023 date set.  The clarity goal set in the Hayden Lake 

Management Plan was set at 10 meters.  This goal has not been consistently attained in the 

near thirty years since that plan was put in place, even though the concentrations of total 

phosphorus and chlorophyll a have declined significantly. A Secchi depth of ten meters is rare in 

any of the large lakes of North Idaho.  Such Secchi depths are observed in high alpine lakes with 

low productivity, small vegetated or rock watersheds and no motorboat activity.  It is unlikely 

that the clarity goal will be attained as long as motorboat activity occurs on Hayden Lake.  Since 

chlorophyll a and apparently primary productivity has declined, but clarity measurements have 

not, a possible explanation is stirring of the lake by motorboats causes  the static clarity.  All the 

measurements of clarity were made during the season when motorboat use is prevalent on the 

lake. 
 

 

 



 

Figure 14: Clarity trend in Hayden Lake between 1975 and 2023 

 

 

 

The dissolved oxygen status of  Hayden Lake is provided in table 1 and figure 6.  No dissolved 

oxygen under the Idaho standard  of 6 mg/L was found in the main pool of the lake or in the 

bays or at Gonzaga Point.  When the minimum dissolved oxygen value for each station was 

compared to complete oxygen saturation value at the maximum temperature recorded the 

lowest dissolved oxygen was either at or above the level of complete saturation.  Only the two 

North Arm stations (Ross Point and Bobs Bay) exhibited dissolved oxygen below the Idaho state 

standard on occasions as well as occasional values under full saturation.  This situation is likely 

the result of the biological oxygen demand created by organic matter in the water column and 

lake bed sediments.  Dissolved oxygen is above the state standard in 99% of the waters of 

Hayden Lake, with some issues in the 1% of the waters in the North Arm. 

 

Conclusions:  

 
The water quality of nearly all the waters of Hayden Lake is good.  Total phosphorus, chlorophyll 

a, dissolved oxygen and clarity from six monitoring stations in and around the lake’s main pool 

are all at levels indicative of an oligotrophic lake. Based on conservative estimates this is the 

 



condition of just under 99% of the lake’s waters.  The water quality of the majority of the lake is 

determined by the water flowing from its predominantly forested watershed.  Over most of that 

watershed there had not been significant disturbance like a large forest fire or logging in the 

25-30 prior to the Hayden Lake Watershed Improvement District’s water quality monitoring 

efforts. Primary productivity of the main body of the lake is controlled by the availability of 

phosphorus, but aquatic sources of nitrogen are also low.  Total phosphorus has declined 

significantly since the last assessment in 2005-2006.  Hayden Lake currently has the lowest 

known total phosphorus concentrations compared to any other lake wholly within Kootenai 

County.  The decline in phosphorus has caused a decline in primary productivity as assessed by 

chlorophyll a content.  The decline in productivity may be of some concern to the lake’s fishery.  

However, disturbance has occurred recently in the watershed with the Ridge Creek Fire affecting 

a quarter to a third of the Hayden Creek Watershed.  Additional disturbance is expected from 

the scheduled Honey-Badger timber harvest in the watershed.  These disturbances should 

increase phosphorus delivery to the main pool of Hayden Lake.  Currently the nutrient status of 

Hayden Lake is well positioned to absorb reasonable phosphorus and nitrogen nutrient 

increases. 

 

The North Arm of Hayden Lake contains just over 1 % of the Hayden Lake’s volume, due to its 

very shallow nature.  This area north of Henrys Point was created as a perennial portion of the 

lake in 1910.  As a result of its shallow nature and natural cycles of phosphorus cycling and 

organic matter decay being in close physical proximity to the surface waters, much of the North 

Arm is eutrophic. The area has much higher primary productivity as assessed by chlorophyll a 

concentration which magnifies to the north where the shallowest waters exist.  Given the North 

Arm’s higher trophic status, phosphorus does not limit productivity, but soluble forms of 

nitrogen likely does limit true algae productivity.  When soluble forms of nitrogen are 

exhausted, Cyanobacteria (blue-green algae) “blooms” do occur in this part of the lake.  

Cyanobacteria unlike the true algae are capable of  using nitrogen gas as a nitrogen source.  

Although diatom “blooms” can occur in the spring lake wide these go unnoticed because the 

biomass involved is much smaller and spread out over a large area.  Cyanobacteria blooms are 

very apparent because densities are high and are magnified by the individual cyanobacteria 

rising to the surface to access nitrogen and then being windrowed into dense matts by 

prevailing winds.  Other areas of the lake  with trophic status similar to the North Arm exist at 

the extreme shallow margins of Mokins Slough, Windy and O’Rourke Bays, but these areas are 

very small; a few acres total.  However, lower lake levels will enlarge these areas. An expansion 

of shallows was observed in Mokins Bay in August and September of the 2021 monitoring 

season. Total phosphorus and algal productivity as measured by chlorophyll a increased.  Once 

water levels were restored in 2022, the good quality in Mokins Bay was restored.  This incident 

is cautionary that lake levels cannot be permitted to decline. 

 

Protection of the watershed and actions to stem fine sediment delivery to Hayden Lake will help 

maintain the main body of Hayden Lake.  As a result of its shallow nature and close surface 

 



water proximity to nutrient cycling in the sediments, these actions will do little to improve 

water quality of the North Arm, but would stem additional sedimentation. 
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