Objective 2 –Whole Stream Metabolism

I. Determination of Sample Reach

The stream reach used for determining community metabolism will be the same reach used for collection of benthic invertebrates and algae.  Determination of this reach will follow the same methods established in Meador and others (1993) and Porter and others (1993).  Specific considerations for metabolism include: the reach should be wadeable, contain no entering tributaries, or significant groundwater inputs.

II. Preparation and DO meter maintenance

Prior to sampling, each DO monitor should have new batteries, a new DO membrane and should be calibrated in water-saturated air using a portable barometer on site.   YSI 650 displays used for communicating with the 600XLM contain built in barometers and can be used in the calibration process.  Methods for these steps are found in the operations manual for the YSI 600 XLM. The monitor should be programmed to record DO, pH, specific conductance and temperature.  

 To verify the DO reading of the monitor prior to deployment, Winkler titrations should be performed.  The difference between the DO monitor and the winkler readings should be within 10%.  If the difference between the readings is greater than 10% then the winkler should be rerun.  If the difference is still greater than 10 %, calibrate another meter and check the value of the new meter against the winkler.

III. Continuous Monitor Placement 

For the single station method, the monitor should be placed at the downstream end of the sample reach.  For the two station method, two meters are placed in the stream with one meter located at the upstream end of the sample reach and the second located at the downstream end of the sample reach.  

A constrained area of the reach (e.g., run) that appears to be well mixed should be selected for the placement of the monitor. The continuous monitor should be attached and locked to a permanent structure (tree/snag) or supports might need to be placed in the stream for mounting the monitor in the appropriate environment (fence post).  The monitor should be mounted so the probes are suspended in the middle of the water column.  Rope, steel cable, or zip ties can all be used for attachment of the monitor.

IV. Sampling Interval


Single station - The sampling interval for the single station method should be set at 15 minutes and the meters should be allowed to record data for a minimum of 48 hours.


Two station - The sampling interval for two station metabolism will be determined from the travel time at each stream.  For specific methods on estimating travel time, please see guidance provided by Jerad Bales.

Since the distance between the two meters will be determined as the top and bottom of the predetermined sample reach, the calculated travel time will be used to determine the recording interval of the meters.  The recording interval for two station metabolism will always be set at a maximum of 5 minutes.  However, if the travel time between the upstream and downstream stations is less than 5 minutes the interval will be adjusted accordingly.   For example, if the travel time between the top and bottom of the sampling reach is 4 minutes, then the recording interval should be set at four minutes.  Meters should be programmed to record data for a minimum of 48 hours. 

V. Light Determinations

Primary production can be affected by the amount of light available at hourly, daily, or seasonal increments.  To aid in understanding the relationship between available light and photosynthesis at each site and among sites (see Mulholland and others, 2002), measurements of photosynthetically active radiation (PAR) should be recorded during the 48 hr period at each site. Estimates of the running means of light should be recorded at an interval of every 15 min. Continuous light can be recorded using quantum sensor connected to a datalogger.   NEET will be using quantum sensors and dataloggers from Onset Corporation.

For the single station method the light meter should be placed on the stream bank near the monitor in an area that is representative of the general light/riparian conditions that exists for each given reach. For the paired-station method the sensor should be placed on the stream bank at a location between the two monitors that is representative of the general light/riparian conditions that exist for the given reach.  The meters should be pre-programmed to take readings at 1 minute intervals and record the average of these readings every 15 minutes.  This can be done following the directions for a delayed launch in the instruction manual from Onset.  Measurements of surface light can be plotted against primary production estimates and used to determine if rates of GPP at any given site were light limited or if other factors were limiting GPP (Young and Huryn 1997).  

VI. Reaeration

Reaeration Determination for 2-Station Metabolism Study

NEET will use empirical models for estimating the reaeration coefficient at each 2-station metabolism site.  In order to test the various models, specific data will need to be collected at each of stream site where the 2-station method is used. Four different stream measurements are required, with these then used for calculating the remaining variables. 

Measured variables:

1. reach length (L) - along the principal flow line

2. stream discharge (Q) – using current meter measurement(s) following USGS guidelines (determine discharge at lower end of reach)

3. average stream width (
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) – from 15 transects along the reach

4. slope (S) of water surface - using surveying instruments to measure elevations at both ends of reach (Z1 and Z2), S=Z1-Z2/L

5. travel time (T) - through the reach by peak-to-peak method using dye injection

 (see travel time document by Bales)
Calculated variables:

1. average velocity in reach: 
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2. average cross-sectional area for reach: 
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3. compute average depth for reach 
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Equipment List

1. Data sheets and pencils

2. Waders and PFDs

3. Range finder for reach length or tape measure (metric)

4. Tape measure for stream width

5. Staff rod

6. Survey level

NEET METABOLISIM STUDY

Reaeration Coefficient Data

Site:                                                    USGS Station Number: 


                                                                  

Date:                                              
Data collected by: 





Measured variables:

Reach length - L (m):  




Stream discharge - Q (m3/s): 




Stream width –
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Stream slope – S:
Z1 =    
     Z2 = 

     S = Z1-Z2/L = 

      

Travel time - T: see travel time methods document by Bales

Calculated variables:

Average velocity in reach: 
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Average cross-sectional area for reach: 
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Average depth for reach 
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VII. Single station Sampling 

1. Arrive at the site with 1 DO meter with a new membrane.

2. Begin calibration process (follow directions in the 600 XLM manual).  Use the saturated air method for calibration.  Once the meter is calibrated, program the meter to record for at least 50 hours at 15 minute intervals and have the program begin recording immediately.  Leave the protective cap used in the calibration process on the meter and prop the meter up in a shallow area of the stream so just the bottom half of the cap is in the stream water. Make sure that the small amount of water in the cap does not touch the DO membrane – we want saturated air conditions only.  Allow the meter to record data in this manner for at least 45 minutes before deploying the meter in the stream.  This process will allow us to account for drift.

3. Deploy the light meters next.  Place a pre-programmed light meter in a location along the stream bank with representative light/riparian conditions for the reach and place the meter.  Allow this meter to record for the duration of the DO data collection.

4. Once the 45 minutes has passed, remove the calibration cap, place the guard over the probes, put the DO meter in the stream and allow it to stabilize for 5 minutes.  During this period, perform the winkler titration.  Attach the 650 display to the monitor and verify that the winkler and the meter are within 10%.  If difference between the winkler and the meter is greater than 10% follow the guidance listed above.

5. Deploy the meter in a well-mixed location at the downstream end of the sample reach.  Be sure that the probes are suspended in the middle of the water column.

6. Return to the site after 48 hours.  Attach the 650 display to the meter to obtain the current DO value and perform a Winkler titration for verification of the reading.  

7. After retrieving each meter, place the protective cap over the probes with a small amount of water in the bottom (saturated air conditions), prop the meter up in shallow water (same as the pre-sampling routine) and all the meter to record under these conditions for at least 45 minutes before terminating the sampling.

8. Use either the 650 display or laptop to retrieve the data from the 600 XLM before moving the meter to the next location. 

9. Clean the 600 XLM and place a new membrane on the DO probe prior to use at the next location. 

VII. Two- Station Sampling 

1. Arrive at the site with DO meters with fresh membranes.

2.  Take physical measurements used for calculation of reaeration (Section VI).

3. Begin the rhodomine dye injection following the methods provided by Jerad Bales.  

4. Calculate travel time.


5. Determine the recording interval for the continuous monitors (see section IV).

6. Begin calibration process (follow directions in the 600 XLM manual).  Use the saturated air method for calibration.  Once the meters are calibrated, program the meters to record for at least 50 hours at the determined interval and have the program begin recording immediately.  Leave the protective cap used in the calibration process on the meter and prop the meter up in a shallow area of the stream so just the bottom half of the cap is in the stream water. Make sure that the small amount of water in the cap does not touch the DO membrane – we want saturated air conditions only.  Allow the meter to record data in this manner for at least 30 minutes before deploying the meter in the stream.  This process will allow us to account for drift.

7. Deploy the light meters next.  Place a pre-programmed hobo light meter in a location along the stream bank with representative light/riparian conditions for the reach and place the meter.  Allow this meter to record for the duration of the DO data collection.

8. Once the 45 minutes has passed, remove the calibration cap, place the guard over the probes, put the DO meter in the stream and allow it to stabilize for 5 minutes.  During this period, perform the winkler titration.  Attach the 650 display to the monitor and verify that the winkler and the meter are within 10%.  If difference between the winkler and the meter is greater than 10% follow the guidance listed above.

9. Deploy the meters in well-mixed locations at the downstream and upstream ends of the sample reach.  Be sure that the probes are suspended in the middle of the water column.

10. Return to the site after 48 hours.  Perform a second Winkler titration in the vicinity of the meters prior to removal from the stream.  Note the time of the Winkler titration.  

10. After retrieving each meter, place the protective cap over the probes with a small amount of water in the bottom (saturated air conditions), prop the meter up in shallow water (same as the pre-sampling routine) and all the meter to record under these conditions for at least 45 minutes before terminating the sampling.

13. Use either the 650 display or laptop to retrieve the data from the 600 XLM before moving the meter to the next location. 

14. Clean the 600 XLM and place a new membrane on the DO probe prior to use at the next location. 

Programming the sonde


Once the 650 display is connected to the 600 xlm there will be 2 separate menus that you will need to use for programming and operating the equipment.  One menu is for the 650 display and the other menu is for the 600 xlm sonde.  

When you first power up the 650 display, there is a menu that reads:





650 Main Menu



Sonde run



Sonde menu



File



Logging setup



System setup

Sonde run – is used to communicate with the sonde to get real time readings of the parameters that are functional  –  use this option to take a quick reading of the physical parameters at a given site.

Sonde menu – is used to access the main menu for the 600 xlm – choose this to program the sonde, change parameters that you want to log, or adjust the date and time for the 600 xlm

File – is used to upload files from the 650 display to a PC – also has a directory that you can use to view the files you have uploaded from the 600 xlm

Logging setup – use this to store data from the sonde directly to the 650 display – this requires that the 650 remain connected to the 600 xlm – we will not use this option for NEET

System setup- is used to program and control the 650 display – the only option needed is the date and time.





600 xlm menu

To access this menu you will need to select sonde menu from the 650 display main menu



Run



Calibrate



File



Status



System



Report



Sensor



Advanced
Run – is used to set the program for deploying the sonde – there are 2 options (discreet and unattended) –use the Unattended sample option for data that is to be collected for long periods of time

Calibrate – is used for calibrating the meters attached to the sonde (follow the directions in the manual for each parameter)

File – is used for uploading the data from the sonde , or viewing the data from an active file

Status – is used for checking the date and time of the 650 xlm, the battery voltage and the logging status (is the meter actively logging or not)

System – is used for changing the date and time (there are other options under this menu but they aren’t needed)

Report – use this option to verify which parameters you are recording

Sensor – use this to select which parameters you want to record

Advanced - used for calibration constants, etc – we won’t use this option
Steps for programming

1. Connect the 650 display to the 600 xlm

2. Turn on the display 

3. This is the 650 menu

4. Select System setup
5. verify and correct if needed the date and time

6. escape from the system setup option and return to the 650 main menu

7. Now select Sonde menu
8. First select System

9. verify and correct the date and time

10. exit this option to return to the main menu 

11. next select Sensor

12. in the Sensor menu select temp, ph, DO, cond

13. exit the Sensor menu

14. next select Report
15. din the Report menu select temp, ph, cond, DO mg/L, DO%, DO Chrg, date, time

16. exit the report menu

17. next select Run
18. choose the unattended sample option
19. set the sample interval to 5 or 15 minutes (careful…the correct time interval should read 00:05:00 not 05:00:00 or 00:15:00 not 15:00:00)

20. set the start date (today)

21. set the start time (program the meter to start at least 15 minutes after the current time – this allows you time for any other adjustments or programming problems

22. set the duration (for 3 days – allow an extra day in case you can’t retrieve the meter)

23. enter the file name

24. enter the site name (optional )

25. once you have entered the file name scroll to the bottom of the field (keep going – more options are hidden at the bottom) and when the cursor is on start logging press enter.  

26. The meter is now ready to record 

27. Press the escape button  

28. Disconnect the cable.

Downloading the data

1. Connect the 650 display to the 600 xlm

2. Turn on the display

3. This is the 650 menu

4. Select Sonde menu

5. Select File

6. Select upload 

7. Select the file you want to upload to the 650 display.

8. Once the file is uploaded, exit all menus and disconnect the cables 

9. Do not delete the data file from the 600 xlm until you have successfully transferred the data from the 650 display to a PC

To transfer the data from the 650 to a PC

1. Connect the 650 display to the PC

2. Open ecowatch for windows

3. Select File from the 650 menu

4. Select upload 
5. Select the file you wish to upload
6. Transfer
7. After all files are stored on the computer and a CD,  delete all files from the PC and 600 xlm
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