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Executive Summary 

In March 2009, the Idaho Department of Environmental Quality and the Coeur d’Alene Tribe 

finalized the Coeur d’Alene Lake Management Plan (LMP).  The overall objective of the plan is 

to “protect and improve lake water quality by limiting basin-wide nutrient inputs that impair lake 

water quality conditions, which in turn influence the solubility of mining-related metals 

contamination contained in lake sediment.”  An essential component to achieving this objective 

is to gain an increased understanding of water quality trends through monitoring. 

 

Nutrient dynamics are a key concern in the LMP as increased levels of nitrogen and phosphorus 

can increase plant productivity.  These increases in productivity can depress hypolimnetic 

oxygen levels, which may result in the release of toxic heavy metals from lake sediments.  

Submerged aquatic plants (macrophytes) utilize nitrogen and phosphorus during their growth 

cycle and may release these nutrients during decay, thus making the study of aquatic plant 

communities paramount to understanding nutrient dynamics in Coeur d’Alene Lake. 

 

A related issue in Coeur d’Alene Lake is the presence and distribution of the noxious, invasive 

plant, Eurasian watermilfoil (Myriophyllum spicatum).  This plant has been found in many of the 

nearby lakes in northern Idaho and eastern Washington as well as the southern waters of Coeur 

d’Alene Lake.  Eurasian watermilfoil is a significant threat to the beneficial uses of Coeur 

d’Alene Lake. 

 

This report presents the second year of aquatic plant surveys within State jurisdictional waters by 

LMP staff.  In 2010 a pilot study was conducted in Rockford Bay (Witherow et al. 2011).  The 

goals of the pilot study were to refine sampling techniques of point intercept/rake tosses, 

transect-quadrat sampling by SCUBA, and underwater videography.  Collected data were used to 

develop baseline information on plant community structure and plant biomass.  Watermilfoil was 

not observed in Rockford Bay. 

 

In 2011, LMP staff surveyed 6 bays: Sun Up, Windy, 16 to 1, Aberdeen Lodge, and Cave Bays, 

(all on the lake’s mid-western shore north of Mowry State Park) and Powderhorn Bay (on the 

mid-eastern shore north of Harrison) (Figure 1).  Methods employed were those developed in the 

2010 pilot study.  Point intercept/rake tosses were conducted from July 5 to July 25, and 

underwater quadrat sampling was conducted from July 25 to September 15.  This sampling 

schedule was designed such that underwater quadrat work was conducted during the period of 

maximum standing crop.  

 

Aquatic plant distribution determined by rake tosses was designed for around 40 sampling points 

per bay from 3 – 30 ft.  Plant growth was not found deeper than 26 ft because of limited light 

availability beyond that depth.  Plant growth was sparse from 20 – 26 ft and was sparse in rocky 

substrate.  During the rake toss methods, the number of aquatic plant genus/species found in a 

particular bay ranged from 8 (Powderhorn Bay) to 11 (Sun Up Bay).  This range represents a 

minimum number of genus/species as some species were grouped together due to the difficulty 

of identification and/or challenges in physically separating specimens (e.g., thin-leaved 

Potamogeton sp.).   In many bays, Elodea sp., thin-leaved Potamogeton sp., Ranunculus 

aquatilis, and the macro-algae Chara and Nitella were common.  In some of the bays Sagittaria 

sp. was common as well as the tall growing Potamogeton richardsonii.  No watermilfoil plants 

were collected during rake tosses. 
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Quadrat sampling was conducted in two transects perpendicular to bathymetry contours in each 

of the six bays.  Underwater sampling was within a 0.2 m
2
 quadrat frame where all plant material 

in that square was removed and placed in nylon meshed bags.  Samples were collected at 3, 6, 9, 

12, 15, 18, and 21 ft depths.  No plants were found along the transect lines beyond 21 ft.  Plant 

samples were sorted and air-dried at the IDEQ lab, placed in labeled paper bags, and then 

submitted to Silver Valley Laboratories (SVL) for oven-drying and weighing.  Net oven-dried 

weight of plant samples (minus the tare weight of bags) was normalized to dry weight in g/m
2
. 

 

The number of genus/species found in quadrat sampling ranged from 3 (16 to 1 Bay) to 14 

(Windy Bay).   Elodea sp. and thin-leaved Potamogeton sp. were clearly dominant groups, often 

occuring together.  Occasionally, Potamogeton richardsonii, Potamogeton robbinsii, and 

Chara/Nitella were dominant in deeper waters. 

 

Quadrat sampling confirms visual observations that rooted aquatic plant growth is heterogeneous 

in distribution, density, and species presence due to environmental conditions such as (but not 

limited to) water depth, light penetration, bathymetry, nutrient availability, and substrate.  For 

example, in Windy Bay the total plant dry weight in 23 quadrats ranged from 0 – 1,402 g/m
2
 

(mean = 253 g/m
2
; standard deviation = 245 g/m

2
). 

 

Using ArcGIS, suitable plant habitat was delineated for each bay including Rockford Bay.  The 

data generated from these maps was combined with the total dry weight of plant samples to 

calculate plant growth potential.  Windy Bay by far has the greatest plant growth potential with 

64 acres of suitable habitat and a calculated 67,647 kg dry plant weight within this area.  

Rockford Bay also has a high potential for plant growth with 41 acres and 34,187 kg of dry plant 

weight.  The remaining 5 bays have much smaller areas and plant material, ranging from 5.5 – 

9.3 acres and 537 – 1,888 kg dry plant weight. 

 

Non-native watermilfoil was observed by boat and underwater video in isolated but dense 

patches within Windy Bay.  Small amounts of Myriophyllum sp. where collected in 3 of the 

quadrat samples.  A few isolated sprigs of watermilfoil were also found in 16 to 1 Bay and 

Aberdeen Lodge Bay. 

 

Subsamples of oven-dried plant material were submitted to SVL for the phosphorus, nitrogen, 

and trace metal (arsenic, cadmium, lead, and zinc) content in plant tissue.  Preliminary 

calculations of internal phosphorus and nitrogen loading attributed to rooted plants were made 

for Windy Bay and Rockford Bay.  Based on these initial estimates, rooted aquatic plants may be 

a significant source of nutrients to the water column, and further investigation is warranted.  
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Section 1:  Introduction 

1.1  Background and Description of Study Area 

This is the second annual report of rooted aquatic vegetation (macrophyte) surveys conducted by 

the Idaho Department of Environmental Quality (IDEQ) within Coeur d’Alene Lake.  

Macrophyte surveys are within the program scope of the Coeur d’Alene Lake Management Plan 

(Cd’A LMP), a nutrient management plan jointly implemented by IDEQ and the Coeur d’Alene 

Tribe (IDEQ and Tribe 2009).  In 2010 IDEQ conducted a pilot study in Rockford Bay to 

develop methods and protocols for aquatic vegetation surveys (Witherow et al. 2011).  In the 

summer of 2011, IDEQ began a survey of northern pool bays, i.e., those within State 

jurisdictional waters.  Six bays were surveyed: Sun Up, Windy, 16 to 1, Cave, and Aberdeen 

Lodge Bays on the mid-western side of the lake, and Powderhorn Bay on the mid-eastern side 

(Figure 1). 

 

Coeur d’Alene Lake, Idaho’s second largest natural lake, is geologically dammed to the north by 

Pleistocene glacial flood deposits (Breckenridge and Othberg 1999) (Figure 1).  The area of the 

lake is approximately 32,000 acres with an approximate volume of 2.3 million acre-feet (Woods 

and Beckwith 1997).  The water surface elevation has been controlled by the Post Falls Dam 

since 1906.  The dam lies approximately 10 miles downstream of the lake on the Spokane River, 

the sole surface water outlet of the lake.  Cd’A Lake is primarily fed by the St. Joe and Coeur 

d’Alene Rivers.  During the summer months, the lake level is maintained at 2,128 feet and drops 

to approximately 2,121 feet during the winter months.  During the winter months, lake level may 

vary depending on the amount of precipitation and snow pack conditions. 

 

From the late 1880s to the early 1980s, the “Silver Valley” (east of the lake, centered around the 

town of Kellogg) was the nation’s largest producer of silver, lead, zinc and other metals.  The 

mining and ore-processing methods produced large quantities of waste material containing toxic 

or environmentally hazardous substances such as arsenic, cadmium, lead, and zinc.  Much of this 

material was directly discharged into the South Fork of the Coeur d’Alene River and its 

tributaries.  The beds, banks, and floodplains of the Coeur d’Alene River, Coeur d’Alene Lake, 

and (to a lesser extent) the Spokane River, contain vast quantities of metals-contaminated 

sediments that continue to be transported downstream and dispersed by hydrologic processes and 

floods in the basin.  In 1983, the USEPA listed the Bunker Hill Mining and Metallurgical 

Complex on the National Priorities List (NPL) under the Comprehensive Environmental 

Response, Compensation, and Liability Act (CERCLA), often referred to as Superfund. 

 

An estimated 75 million metric tonnes of trace-element rich sediments from mining-related 

activities have been deposited into the lake since the late 19th century (Horowitz et al. 1993, 

1995).  Surficial lake bed sediments are highly enriched in metals contamination particularly 

between the mouth of the Coeur d’Alene River and the Spokane River to the north (Horowitz et 

al. 1993).  Lead concentrations for example were measured as high as 7,700 mg/kg (with a 1,900 

mg/kg mean concentration in northern pool surface sediments).  In some areas such as south of 

Conkling Point and in some of the larger bays, the surficial sediment is unenriched.  The larger 

bays and the southern third of the lake are not as strongly influenced by the Coeur d’Alene River 

and therefore have lower concentrations of metals in surface sediment.   
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Figure 1. a)  Coeur d’Alene Lake and surrounding features, b) inset of bays for 2010 and 2011 aquatic 
plant surveys. 



Coeur d’Alene Lake Management Plan 
Aquatic Vegetation Survey – 2011 Report 

3 

In addition to mining activity, the Cd’A Lake drainage basin has also been extensively altered by 

residential and commercial development and agricultural and silvicultural practices.  These 

activities have created concern over the amount of nutrients entering the lake.  The US EPA 

National Eutrophication Survey conducted in 1975 found the lake to be moderately rich in 

nutrients (mesotrophic) (USEPA 1977).  Due to efforts to reduce nutrient inputs to the lake since 

the 1970s, the lake has since been classified as oligotrophic (low in nutrients) (Woods and 

Beckwith 1997).  Most recently, it has been shown that nutrient enrichment is on the rise 

rekindling the concern of nutrient-metal interactions within the lake (Wood and Beckwith 2008). 

 

The dynamics of metal-laden sediments in lentic systems are linked to nutrient dynamics 

including those associated with aquatic plant growth and decay (Jackson 1998).  In oligotrophic 

and mesotrophic lakes, aquatic macrophytes primarily obtain their nutrients from the sediments 

in which they are rooted (Barko and Smart 1980, Carignan and Kalff 1980, Wetzel 2001, and 

others), and metal concentrations in such plants show a direct relationship with the underlying 

sediments (Jackson et al. 1991).  Furthermore, the decay of annual submerged macrophytes 

releases substantial quantities of nutrients (e.g., C, N, and P) and metals (e.g., Fe, Mn, Pb, and 

Zn) to the water column (Carpenter 1980, Jackson et al. 1994). 

 

Previous work found that 22 plant genera were present in Cd’A Lake, mostly at the shallower 

southern end (Woods and Beckwith 1997, Tribe 2006).  The shoreline throughout the majority of 

the lake forms steep, rocky drops unsuitable for much rooted aquatic plant growth.  Most of the 

northern pool bays do have extensive sedimentary deltas providing suitable habitat as evidenced 

by abundant aquatic macrophytes (Woods and Beckwith 1997, Tribe 2006).  These bays 

included Carey, Carlin, Cougar, Kidd Island, Loffs, Mica, Powderhorn, Rockford, 16 to 1, 

Windy, and the eastern side of Wolf Lodge.  Harrison Slough also had abundant macrophytes.  

Moderate vegetation was found at Bennett, Echo, Fullers, and Turner Bays.   

 

The six bays surveyed in 2011 by IDEQ were chosen given their close proximity to the southern 

waters studied in the Lower Lakes Aquatic Vegetation Survey Project (Tribal jurisdiction waters, 

Tribe 2007).  Much of the shallow southern waters have abundant macrophyte growth including 

dense stands of invasive Eurasian watermilfoil (Myriophyllum spicatum) and what is believed to 

be a hybrid between Eurasian watermilfoil and the native northern watermilfoil (Myriophyllum 

sibiricum). 

 

1.2  Purpose and Objectives 

The primary purpose of rooted aquatic vegetation surveys under the Cd’A LMP is to expand on 

previous work by the Tribe (Tribe 2006, Tribe 2007) by collecting data on submerged aquatic 

plant distribution, biomass, and nutrient content in the northern portion of Coeur d’Alene Lake. 

Included in this purpose is to estimate nutrient (phosphorus and nitrogen) release from the 

existing plant beds into the water column of Coeur d'Alene Lake. Another purpose of this survey 

work is early identification of Eurasian watermilfoil (EWM) or other noxious aquatic species 

that could establish in northern bays.  
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Specific objectives of IDEQ aquatic plant surveys in State jurisdictional waters are: 

 

1. to identify plant species, distribution patterns, and plant biomass using point-

intercept/rake toss techniques, line transect quadrat sampling by SCUBA, and bay 

reconnaissance by underwater video; 

2. to determine concentrations of phosphorus, nitrogen, and selected trace metals in plant 

biomass; 

3. to calculate phosphorus and nitrogen loading into the water column from the release of  

nutrients from actively growing plants, from the sloughing of plant fragments, and upon 

plant decay (senescence); 

4. to assist in early detection/rapid response (EDRR) efforts headed by the Idaho State 

Department of Agriculture. 
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Section 2  Materials and Methods 

2.1  Grid Sampling – Rake Toss Methods 

Grid sampling (point intercept) methods in general followed those presented in Madsen 1999.  

Grid sampling is designed to cover numerous points within a shallow area for identification of 

the aquatic plant community present.  Point intercepts for the six bays surveyed in 2011 was 

generated using Hawths Tools, an ArsGIS extension.  Hawths Tools uses basic statistical and 

spatial analysis operations that are commonly required in spatial ecology research. 

 

Spacing between grid points was variable depending on the bay size and bathymetric (depth 

contour) pattern.  A bathymetric map at 5 foot contour intervals was supplied to IDEQ by the 

GIS department of the Cd’A Tribe.  This GIS coverage was initially developed by Parametrix in 

2004, under contract with Avista Corporation, as part of numerous studies associated with 

Avista’s hydroelectric facilities relicensing process with the Federal Energy Regulatory 

Commission.  The Tribe GIS department has since refined the Parametrix bathymetric map. 

 

The study design was to limit the number of grid points visited to a maximum of 40 points per 

bay.  To achieve the appropriate spacing interval, the sampling area was defined in GIS by 

analyzing the bathymetric map supplied by the Cd’A Tribe with aerial photographs from the 

National Agriculture Imagery Program. The sampling area was defined from a depth of 3 to 30 

feet, and the lateral extent of the area was determined based on shoreline profiles and 

bathymetric slope.  Spacing for all bays except Windy Bay was 30 m between points (Figures 3, 

9, 12, 15, and 18), and for Windy Bay it was 85 m (Figure 6).  Latitude and longitude of grid 

points were imported into a handheld Garmin GPS unit, and the sites were located in the field 

using the waypoint function. 

 

Rake tosses at grid points within the six bays were conducted from July 5 to July 20, 2011.  Once 

a sampling point was reached in the field, weighted, double-sided rake heads tethered to rope 

(Figure 2a) were deployed from the starboard and port sides of the bow (two rake tosses per 

point).  In shallow depths, rakes were tossed about 5 feet from the boat, at the deeper depths 

rakes were tossed as far as possible (~20 ft).  The rakes were slowly pulled in, and the plants 

entangled in the rakes were removed and combined into water-filled trays for identification.  

Species and genus groups were separated and identified referencing two field manuals: Aquatic 

Plants of Wisconsin/North America (Borman et al. 1997) and Aquatic Plants of Washington 

State (Washington State Department of Ecology 2001).  Field notes were taken on genus/species 

present, the dominant or co-dominant species, a qualitative ranking of plan community density, 

and the general substrate composition.  There was no further processing of plants collected in 

rake tosses, and they were discarded. 

 

2.2  Transect Sample Techniques 

The transect sampling was a modification of the “line intercept” method (APHA 1995, Tribe 

2006).  The locations of two transect lines per bay were determined by analyzing bathymetry and 

aerial photographs in ArcGIS.  The transect lines ran perpendicular to the interior bay shoreline 

from approximately 3 to 27 ft. The locations of transects were established such that they 

approximately trisected the width of the bay.  Locations of transect lines on aerial photographs 

are shown in the Results Section for each bay surveyed.  The transect starting and ending 
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coordinates were imported into a handheld Garmin GPS unit, and the sites were located in the 

field using the waypoint function (Table 1). 

 
Table 1.  Locations and dates of IDEQ bay sampling in 2011. Coordinates in North American Datum 
(NAD) 1983 

 

 

Bay Name 

Dates of 

Rake 

Tosses 

Dates of 

Quadrat 

Sampling 

Beginning 

Coordinates 

for Transect 1
 
(T1) 

Beginning 

Coordinates 

for Transect 2 (T2) 

Transect 

Length 

(feet) 

Sun Up Bay July 21 Aug. 3 
47º 29’ 15.8’’ N, 

116º 54’ 49.6’’ W 

47º 29’ 14.6” N, 

116º 54’ 51.6” W 

T1: 205 

T2: 204 

Windy Bay 
July 5 

& 6 

Sept. 6 

& 8 

47º 27’ 45.9’’ N, 

116º 56’ 23.7’’ W 
47º 27’ 50.1” N, 

116º 56’ 23.1” W 

T1: 1903 

T2: 1442 

16 to 1 Bay July 6 July 25 
47º 28’ 8.7” N, 

116º 53’ 18.2” W 
47º 28’ 10.7” N, 

116º 53’ 22.5” W 

T1: 458 

T2: 399 

Cave Bay July 7 Sept. 15 
47º 27’ 48.1” N, 

116º 52’ 48.2” W 

47º 27’ 47.1” N, 

116º 52’ 44.7” W 

T1: 418 

T2: 387 

Aberdeen Lodge 

Bay 
July 18 July 26 

47º 27’ 33.6” N, 

116º 52’ 0.2” W 

47º 27’ 32.8” N, 

116º 51’ 52.6” W 

T1: 328 

T2: 325 

Powderhorn 

Bay 
July 20 Aug. 2 

47º 29’ 19.1” N, 

116º 49’ 8.4” W 

47º 29’ 19.1” N, 

116º 49’ 11.5” W 

T1: 490 

T2: 462 

 

 

 

Transect sampling by SCUBA was conducted from July 25 to September 15 (Table 1).  In the 

field, the nearshore starting points of transects were located, and the beginning of a 600 foot 

white rope was set with a large anchor and buoy.  Keeping the rope as taught as possible, the 

boat was slowly motored toward the ending transect point.  Using a Humminbird™ depth finder, 

a small anchor secured by yellow rope to a numbered buoy (Figure 2b) was thrown overboard 

along the transect line from 3 to 24 ft at 3 ft depth intervals.  Rake toss and depth finder images 

had shown that for 2011, no plants were growing deeper than about 24 ft.  When water depth 

reached 27 ft, the white rope was secured to another large anchor and a buoy, and the line was 

set taught.  GPS coordinates were taken at this end point. 

 

In some instances, maintaining a compass heading toward a transect’s end point was difficult due 

to propeller entanglement with dense plant growth in shallow zones.  As a result, some transect 

lines had a bow to them, and pre-determined end points were often missed.  This probably didn’t 

adversely impact our results, but rather it added a level of randomness to the sampling method. 

 

A 600 ft transect rope for underwater work was selected for diver safety, but occasionally within 

large, gently sloping bays such as Windy Bay, the lateral extent of plant growth exceeded the 

600 feet. In these cases, once quadrat sampling was completed within the first 600 ft, the line 

was reset with the transect rope beginning at the end of the first line.  If the lake bottom along a 

transect section was nearly flat for a long distance (over 150 feet approximately), additional 

samples were collected.  This happened occasionally for the 3 ft and 6 ft sample zones, and these 

additional samples were identified with the letters “a”, “b", etc. 
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Figure 2.  a) two-sided weighted rake for rake tosses, b) sample collection bag, anchor, and buoy system, 
c) 18" x 18" sampling quadrat. 

 

Two divers collected plant samples within quadrats using depth-marked mesh bags (Figure 2b).  

Divers started at the 27 ft anchor and swam toward shore along the white rope marking the 

transect line.  The depths of the sampling sites were field checked using a dive.  If the depths 

corresponded, the quadrat sampler was placed next to the anchor aligned with the white transect 

line.  If the anchor-yellow rope position did not correspond to the dive computer, then the 

quadrat sampler was randomly placed along the white line within the 3 ft interval depth 

determined by the dive computer.  The dive computer used in this study was a Suunto DM4, 

which can be read to 1 foot increments and is accurate in shallow depths. 

 

Samples were collected using an 18” x 18” (0.21 m
2
) quadrat, a fixed corner, three-sided frame 

constructed from PVC pipe (Figure 2c).  At each sampling location, the quadrat was placed on 

the lake bottom. Any plants contained within the quadrat were pulled from the substrate and 

placed in a numbered mesh bag.  This bag was then secured to the anchor-buoy system and 

attached to the white transect rope, to be collected at the end of a transect sampling.  This process 

was repeated until all points along the transect were sampled. 

 

In most cases the last quadrat sample was at 3 ft, but in some cases because of shoreline slopes, 

the shallowest sample was at 4 ft.  Another exception to the generalized sampling scheme was in 

Windy Bay along Transect 1 where the 5 ft depth was very flat and long.  In this transect five 

a) 

b) 

c) 
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Photos 10 & 11.  Sorting quadrat samples at our lab. 
 

 

 

 

 

 

 

Photo 12.  Air drying plant samples in our mobile lab.      Photo 13.  Bagged samples for lab analysis. 
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IDEQ’s Coeur d’Alene Lake Management Plan (LMP) Team 
 

 

 

Photos 14 & 15.  Glen Pettit – dive team leader and ace science technician. 

 

 

 

 

Photo 16.  Becki Witherow - LMP limnologist. 
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Photo 17.  Tyson Cline – dive team and TMDL watershed coordinator. 
 

 

 

Photo 18.  Glen Rothrock – LMP coordinator          Photo 19.  Jake Watkins – technician & retired Vet. 


