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Introduction 
The Clearwater River Basin includes five major (> 100 ha) lakes and numerous smaller lakes 
(Figure 1).  The lakes are extremely important natural resources for the local communities, the 
region, and the State of Montana.  Fisheries, wildlife, recreation and aesthetic values are central 
to tourism, local lifestyles and the local and regional economy.  The lakes support populations of 
adfluvial bull trout (a threatened species) and westslope cutthroat trout, loons and other wildlife 
that are unique in the encompassing Blackfoot and Upper Clark Fork river basins.  Seeley Lake 
serves as the primary water source for the town of Seeley Lake.  The maintenance of the 
unique values, economic vitality and beauty of the Clearwater basin depend largely on the 
quality and character of these waters and their watersheds.  The potential for anthropogenic 
eutrophication is an important concern. 

Several earlier studies and other unpublished data summarized by MT DEQ and the University 
of Montana, document nutrient concentrations, Secchi transparencies, and seasonal oxygen 
depletion in several of the larger lakes.  Unpublished work that summarized data from 2003-04 
and the 1970s suggests that Seeley and Salmon lakes are currently mesotrophic, Placid Lake is 
between oligotrophy and mesotrophy, and lakes Alva and Inez are oligotrophic (V. Watson 
University of Montana, Mike Suplee, MT DEQ, personal communication of unpublished data).  
This work also suggested that some improvements in trophic status may have occurred in at 
least some of these lakes since the earlier work (V.Watson and M. Suplee personal 
communication of unpublished data), but it is difficult to identify important trends with the limited 
number of observations and no documentation of potential measurement error.   

It is not clear whether human influence has substantially altered the trophic status of any of the 
lakes, but there are reasons for concern.  A strong link with groundwater for lakes in the valley 
floor could make them particularly vulnerable to groundwater pollution (John LaFave and Tom 
Patton, Montana Bureau of Mines and Geology; Jack Stanford UM Flathead Biological Station; 
personal communications).  The preliminary engineering report (PER) for the Seeley Lake 
Sewer District summarized ground water work done by the Montana Bureau of Mines and the 
University of Montana (McCleod and Aune 2004) and concluded that: 1) groundwater is being 
degraded by septic systems, 2) contamination is evident downgradient from town just before 
groundwater enters the lake, 3) increased nutrient loads to the lake will facilitate eutrophication 
and water quality degradation, and 4) that there is very limited carrying capacity for septic tank 
discharges.  Expanding population and development, ageing septic systems, and extensive 
industrial forestry throughout much of the basin are further reasons for concern.  The 
experience of myriad other communities associated with lakes throughout the country shows 
these are common problems often associated with significant declines in lake trophic status and 
water quality.   

The final Middle Blackfoot TMDL 
(http://www.deq.state.mt.us/wqinfo/TMDL/Middle%20Blackfoot%20Nevada%20Creek/FinalMain
Master.pdf)  acknowledged that data on the condition of Salmon and Seeley lakes are limited, 
and more detailed monitoring and analysis are warranted.  Because of constraints in funding 
and staff, however, it appears unlikely that much additional work can be done by the Agency in 
the foreseeable future. We believe that as a community we must take some responsibility for 
understanding and managing the quality of our environment.  State and national government 
agencies are unlikely to have the resources to do this for us although they may work with us in 
the process.  We are anxious to facilitate and support community education, improved land and 



water use and water quality inventory, and monitoring and analysis needed to better understand 
the conditions of our lakes, streams and their encompassing watersheds.   

We propose three general steps to address these issues.  First, volunteer community-based 
water quality monitoring could serve as a mechanism for education, community involvement, 
and the acquisition of continuous information unavailable without local involvement.  Second, 
more involved studies of the current trophic status of our lakes and the condition of our 
watersheds (this is possible, but would require commitment of additional outside funding.)  
Finally, detailed scientific studies of the history and trends of water quality, sources of 
degradation, and the critical actions for remediation (this to, is possible but would require 
substantial outside funding, unlikely through traditional sources).  In the remainder of this 
document we outline our plan for the first step with community involvement. 

Methods 
We will use Secchi transparency and near surface temperature as the focus of a volunteer 
based sampling effort.  Our approach is based generally on similar efforts by the Flathead Basin 
Commission 
(http://flatheadbasincommission.org/monitoring/vol_monitoring/monitering_program.html) and 
other monitoring groups across the continent (see for example: http://dipin.kent.edu/)  Although 
Secchi transparency is a relatively simple metric and is widely used in community and research 
sampling around the world.  Methods do vary so the remainder of this document provides the 
details of our approach.   

Volunteers 

CRC staff and board members will solicit volunteers through flyers, newspaper articles and 
advertisements, announcements at CRC meetings, and presentations at meetings of the 
homeowners' associations on each lake. Volunteers will be involved in several ways. They will 
collect Secchi depths and near-surface temperature on the lakes, they will build and maintain 
the equipment used in the monitoring program, they will be encouraged to reach out to their 
neighbors to educate them about the program and encourage their participation.  Qualified 
volunteers will help with data management. Volunteers for each lake will be encouraged to 
coordinate among themselves to collect data at each specified point on their lake twice per 
month. CRC staff will work with volunteers to designate a "lead" for each lake who will 
coordinate the volunteers on lake, communicate any questions, concerns, or comments to CRC 
staff, and transfer data from the volunteers to CRC staff.  

Transparency 

Transparencies will be measured with a 20 cm diameter black-white quadrant disk suspended 
on a calibrated cord or tape.  Measurements will be made at least on location over the deepest 
portion of each lake based on baythmetry published by Constellation Services, Helena Mt 
(http://lakemaps.foliosnap.com).  In larger lakes and those with multiple basins (e.g. Seeley) 
multiple stations will be used if we have enough volunteers.  Sample sites used in previous work 
will be used when the occur near the center of the lake or primary lake basins as outlined 
above.  The sampling sites anticipated for this work are referenced in Table 1.  Sampling will be 
conducted from early May (or following ice out) through mid-October at approximately 14 day 
intervals.  Sampling dates will not be coordinated among lakes because we are interested in 
seasonal means and variability not the conditions on any specific date.    Locations will be 
standardized and relocated for subsequent samples using either GPS or triangulation from 
obvious landmarks.  Measurements will be made between approximately 11:00 am and 3:00 pm 
(to bracket local solar noon).  Volunteers will be encouraged to sample during relatively calm 
conditions to minimize surface disturbance and drift.  Anchoring can be used to stabilize the 
boat whenever it is possible and can be done safely.  Measurements will be made without 
sunglasses (unless the volunteer must use prescription and or polarizing sunglasses which will 



be noted with the observation) on the shady side of the boat.  The disk will be lowered to the 
point it disappears and then raised until it reappears.  This will be repeated several times to 
locate the point were the disk just disappears as precisely as possible.  The depth will be 
recorded in feet and inches to the nearest inch.  The entire process will be repeated for a 
second measurement.  Both measurements will be recorded and submitted.  If the first two 
measurements differ by more than 12 inches a third measurement will be taken and the two 
closest measurements will be recorded. 

Temperature 

Near surface temperature will be recorded with pre-calibrated field grade hand thermometers 
with a temperature range of -10°C - 110°C.  The thermometer will be suspended from a small 
float 18 inches from the surface when the sampler reaches the station.  The thermometer will be 
retrieved and the temperature will be read immediately, once the Secchi measurements are 
complete.   

Safety 

Samplers will be encouraged to work in pairs, to sample only when conditions are suitable for 
the boat they have, and to wear a life jacket.   

Quality Assurance 

Quality of the data will be managed through training of, standardized guidelines for, and periodic 
review with the volunteer sampling crews.   

Training will be conducted initially by an experienced biologist familiar with the methodology and 
with the lakes and conditions in the Clearwater lakes.  Staff from the Clearwater Resource 
Council and other volunteers with a technical background may be used as secondary trainers.   
Part of the training will involve replicated sampling within and among volunteers to demonstrate 
the concepts of observation error and to encourage care in the sampling process.  Volunteers 
will be encouraged to work in teams of two or more and each team will be trained on site.  Each 
team of volunteers will be provided with a laminated copy of the sampling guidelines (Figure 2) 
that can be taken in the field.  Staff will periodically contact volunteers to answer questions, 
review guidance, and solve problems.  Any new volunteers must be ‘certified’ through training 
with the primary or secondary trainers before their data can be accepted and recorded.  Data 
recorded in the field will include the name of the sampler and notes on any potential sampling 
issues that might compromise the data (e.g. choppy conditions, drift, etc.).  Secchi disks and 
thermometers will be calibrated against a reference instrument and individually identified.  
Equipment will be periodically inspected to ensure it is in a fully functional condition. 

Quality Control 

Thermometers will be calibrated by comparing all instruments’ readings in a climate-controlled 
room. Those that deviate from the group mean by more than 0.5 degrees will not be used.  Any 
data recorded from a thermometer that is out of calibration at the end of the season will be 
flagged as suspect or excluded entirely from the data summary.  During the first complete 
season of sampling following the development of this plan we will determine the relative 
precision and potential bias in observations through replicated sampling at a site, among sites 
within a lake (when possible), and through the season as outlined above.  We will also use blind 
replication by other teams on the same water body when multiple volunteers are available, and 
random, blind replication by trainers.  During standard sampling the volunteer(s) will record two 
measurements.  If those differ by more than 12 inches, a third measurement will be taken.  The 
closest two measurements will be recorded.  When multiple sampling teams are working on a 
single lake or if volunteers are willing to sample other lakes, teams will be asked to duplicate the 
sampling of other teams (within one or two days time).  Trainers will replicate samples on lakes 
routinely sampled by volunteers periodically through the season. The frequency of replicated 



samples will depend on workload, but it will be conducted as possible throughout the season.  
The replicated sampling will be summarized to explore the potential error at each level of 
sampling and constrain any inference as objectively as possible.  Samples will not be excluded 
from the data base, but the potential sampling error and the spatial and temporal variation will 
be noted and considered in any comparisons that are made with the data.    

Data Recording 

Volunteers will be given data collection sheets (Figure 3) printed on write-in-the-rain paper to 
record the closest two Secchi depth measurements (in feet and inches to the nearest inch) and 
near-surface temperature (in Celsius to the nearest 0.1 degree). The data sheets will also allow 
volunteers to record water conditions, such as water color and algal mats or unusual debris, 
lake surface and weather conditions, such as air temperature and wind conditions. One data 
sheet will be filled out for each sampling site during each sampling session. 

Data Transfer and Management 

Data sheets for each lake will be collected by CRC staff once per month during the sampling 
season in order to reduce the risk of data being lost. CRC staff will determine the best method 
for collecting data sheets on a lake-by-lake basis in conjunction with the volunteers on each 
lake. Once collected, data will be entered into a data base maintained by a volunteer who is a 
professional data base manager.  Data will be entered by the data base manager and proofed 
for entry errors.   Backups of the electronic data will be performed whenever the data base is 
updated. Original hardcopy of field forms and the backup data will be stored in a safe location, 
separate from the original data.   

Analysis and Reporting 
The data will be summarized annually by lake at the end of each field season following 
acceptance of this SAP.  Charts will be used to display seasonal patterns in Secchi depth and 
temperature for each station and lake.   Replicated samples will be used to summarize the 
variation associated with observer and location within lakes and to provide a measure of the 
relative precision of our methods. Means and ranges will be calculated for general comparison 
with data collected in preceding years and with similar lakes in the region and lakes throughout 
the country.  Generally accepted measures of trophic status will be reviewed in the current 
limnological literature and referenced in the report.  A report summarizing the methods, results, 
and general comparisons will be provided to each volunteer, relevant state and federal agencies 
(including DEQ and the U.S. Forest Service), participants in the watershed advisory group, and 
any funding sources.  The data and report will be available on the CRC webpage.  All water 
quality monitoring data collected as part of the Adopt-A-Lake program will be submitted to DEQ 
using the most current upload process.  At present we anticipate that data submitted to DEQ will 
be stored in the Montana EQuIS Water Quality Exchange (MT-eWQX) database as outlined in 
WQPBDMSTECH-24 (DEQ 2010). Scanned copies of all original field data sheets (for data 
collected following acceptance if this SAP) any project photos and other relevant material will be 
submitted to DEQ at the conclusion of the contract. 

 

References:  
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engineering report, Final.  ENTRANCO, Engineering. 

MTDEQ (Montana Department of Environmental Quality) 2009.  Montana EQuIS water quality 
exchange guidance manual.  WQPBDMSTECH-24  Data Management Section, Water Quality 
Planning Bureau, Planning, Prevention and Assistance Division.  Helen, MT.  



 
Figure 1. Lakes of the Clearwater River Basin. 

 



Clearwater Resource Council 
Adopt-a-Lake Monitoring Program 

STANDARD DATA COLLECTION METHODS 
 

• SAFETY FIRST!! Don't go on the lake if your safety would be at risk. Remember, the law 
requires you to wear a life jacket when boating. Please return to shore if there are strong winds, 
thunder, or lightning. If possible, take someone with you. 

 
• TIME OF MONTH FOR OBSERVATIONS: Twice a month, at roughly two-week intervals, is the 

optimum schedule. The more regularly such observations are taken, the more useful the data. 
 
• HOUR OF DAY FOR OBSERVATIONS: Mid-day is the best time to insure optimum sunlight 

penetration, regardless of cloud cover. Within a four-hour period from approximately 11:00 am to 3:00 
pm; random times for observations are preferable to always using the same exact time. 

 
• SECCHI DISK TECHNIQUE: Once the monitoring site is reached, position the boat so one side faces 

away from direct sunlight. Do not use sunglasses (unless you use prescription glasses - in which 
case, please indicate on the monitoring form) or any other device to eliminate surface glare. Use the 
shaded side of the boat and your body to remove surface glare and improve visibility. Lower the 
Secchi disk until it disappears from view. Then slowly raise the disk until it reappears. Do this several 
times to double check the precise point where the disk disappears. Mark the point on the line, record 
the number of feet and inches to that point. Repeat this procedure and record the average of the 
two secchi disk readings. If the two measurements differ by more than one foot, take a third 
measurement and record the closest two. 

 
• TAKING WATER TEMPERATURE: Before beginning the Secchi disk measurement, place 

thermometer in lake, allowing it to remain immersed during the time you are taking the disc 
measurement. The tip end of the thermometer (measurement end) should be 18 inches from the float 
or lake surface. Be sure to attach the end of the float cord to the boat so it doesn't float away.  Read 
the temperature quickly to the nearest half degree.   

 
• DETERMINING WATER COLOR: Record the color you see when viewing the white part of the disk 

when it is lowered a few inches into the water. 
 
• OTHER IMPORTANT POINTS: Please fill out completely and legibly all parts of the reporting form. 

Include your name and return address. Please double check that you are recording Secchi disk feet 
and inches; water temperature is recorded in degrees Celcius. 

 
If you have any questions about procedures, need supplies, or have information of interest to the 
Clearwater Resource Council, please call 406-677-0069 or email megan@crcmt.org. 
 
ADDITIONAL CONTACTS: 
Watercraft, fishing, and hunting violations: 
Montana Fish, Wildlife, and Parks, Region 2, 406-542-5500 
 
Lakeshore construction violations: 
Missoula County Planning Office, 406-258-4657 
 
Figure 2. Sampling guidelines for Clearwater Community Based Lake Monitoring 

 

 

 

 



DATA COLLECTION SHEET 

 
Lake 
Name:________________ 
 
Site Name: 
________________ 
 
Sampling Date:  
(DD/MM/YY) 
________________ 
Sampling Time: ____________ 
Volunteers: _______________ 
                     _______________ 
 
 
Secchi Disk Depth 
Disk ID: _________ 
(record two closest measurements to 
nearest inch) 
________   Feet _____ Inches 
________   Feet _____ Inches 
 
Water Temperature: 
Therm. ID: 
_________________° Celcius 
(record to nearest 0.1 degree) 

WATER CONDITIONS: 
 
The water color seems: 

 Clear                        Brown         Gray 
 Green                      Yellow         
 Blue-green 

 
The odor of the water is: 

 None                       Rotten egg-like 
 Fishy                        Septic-like 
 Musty                      _____________ 

 
Other observed substance: 

 None            Dead fish    Algae mats 
 Garbage      Sediment clumps 
 Leaves/debris    Pollen          Oil film   
 ________________     

 
Other observations or unusual conditions: 

WEATHER CONDITIONS: 
 
Secchi disk was measured in: 

 Strong sunlight                Hazy sunlight 
 Partly Cloudy                  Overcast    

 
The air temperature is: 

 Cold (below 40°)           Hot (81°-90°) 
 Cool (41°-60°)                Very hot(over 90°) 
 Warm (61°-80°) 

 
The wind conditions are: 

 Calm         Breezy (< 10mph)      Windy 
                                                              (>10mph)    
The wind is generally from: 

 No wind                   West           East 
 North                       South 

 
The water surface is/has: 

 Calm                       Mod Some white caps 
 Ripples                     Heavy White caps 
 Small waves 

 
The lake level is: 

 Above normal         Below normal 
 Normal 

 
Unusual conditions in the past week (storms,  
high winds, temperature extremes): 
_____________________________________ 
_____________________________________ 
_____________________________________ 

Clearwater Resource Council Adopt-A-Lake Monitoring Program. Call 406-677-0069 for more information. 
Figure 3. Data collection sheet for Clearwater Community Based Lake Monitoring 



Table 1. GPS coordinates for all sampling sites in the Adopt-A-Lake monitoring program. 

Lake SiteNum Lat Long 
Depth 
(m) Notes 

Salmon 1 47.10328 -113.413  Upper 
Salmon 2 47.08842 -113.4  Midlake 
Salmon 3 47.0719 -113.386  Lower 
Placid 1 47.11819 -113.521  Center 
Placid 2 47.12864 -113.526  North 
Big Sky 1 47.11567 -113.398  Midlake 
Big Sky 2 47.1133 -113.388  S1 
Seeley 1 47.20462 -113.52  North 
Seeley 2 47.18636 -113.504  Mid 
Seeley 3 47.17493 -113.489  South 
Inez 1 47.28623 -113.568  Midlake North 
Inez 2 47.27856 -113.565  Midlake South 
Alva 1 47.31611 -113.583  Midlake North 
Clearwater 1 47.3851 -113.5398   
Rainy 1 47.3391 -113.5949   

 

 


