Groundwater Habitat Interactions for Interior Fraser Coho
Workplan 2008-09
BACKGROUND
This project is a continuation of a pilot project initiated in 2007 to confirm juvenile Interior Fraser Coho salmon use of groundwater upwelling areas during summer months as thermal refuge. Interior Fraser Coho are designated as endangered by COSEWIC (2002).  This project will be implemented by 4 First Nation groups, in collaboration with DFO, and will serve to solidify the importance of groundwater upwelling areas and the need for their protection.  

HYPOTHESIS
Groundwater input in streams creates patches of cooler water and it is thought that juvenile Coho congregate in these cooler areas to seek thermal refuge.  More specifically, juvenile Interior Fraser Coho are believed to make full use of available habitat in July after freshet.  In early August, fish may make full use of their habitat during the night only and rely on cooler groundwater upwellings during the day to survive.  In mid to late August, when stream temperatures reach their peak and dissolved oxygen levels drop, fish may rely on groundwater upwellings both day and night to survive.  
Some of the study systems may not have effective thermal refugia due to extensive agricultural groundwater extraction (Davis & Wright 2008). The absence of these thermal refugia could mean that fish in that particular reach are unable to survive high water temperatures in mid to late summer. Salmonids have been documented using coldwater patches elsewhere (Ebersole 2001).  For example, the Thompson watershed is in a semi-arid area with high levels of withdrawal in summer for irrigation which causes low water levels and higher temperatures (COSEWIC 2002). The higher water temperatures are believed to limit available juvenile habitat within the system.  

OBJECTIVES
1. Determine the presence/absence of seasonal and diel spatial distribution patterns of juvenile coho salmon and its relationship to groundwater flow areas
2. To provide a coordinated science-based approach between First Nations and government agencies

METHODS
STUDY AREA
Interior Fraser Coho salmon, those salmon from the Fraser River upstream of Hells Gate, are classified into 5 distinct populations.  These populations correspond to the 5 major coho salmon bearing regions within the interior Fraser River: North Thompson, South Thompson, and Lower Thompson regions as well as the Fraser between the Fraser Canyon and the Thompson River confluence, and the Fraser River and tributaries above the Thompson River confluence. 

Sites were selected in 5 different areas throughout the Interior Fraser basin as listed below, and will be expanded to 6 areas with the addition of the Deadman River in 2008: 

· Bessette system (Lumby) 

· Salmon system (Salmon Arm) 

· Louis Creek (Barriere)

· Coldwater River (Merritt)

· McKinley Creek (Williams Lake)

· Deadman River (Savona)
	Note:  the terms “Groundwater” and “Coldwater” are used interchangeably throughout this workplan


STUDY SITE IDENTIFICATION – complete by last week of June to 1st week of July
Within each stream listed above, smaller study sites are to be identified.  Each study site will contain:

· areas with groundwater/coldwater influence  and,

· areas without groundwater influence (Control site) - located upstream 20-50m of the groundwater upwellings in the mainstem. 

Therefore, each groundwater site will have an associated non-groundwater (control) site upstream.  Find more info on the non-groundwater sites under the next section: Temperature Logger Installation
A task for 2008 will be to identify more groundwater areas – each organization’s biologist will determine which study sites to explore in June of 2008. 

Prep for Study Site Identification:  

The biologist will identify which stream sections to survey for study sites based on what has already been completed in 2007.  Start and stop points will be located in easily accessible areas.
At the start of each survey section, crews will first calibrate each temperature probe with a lab thermometer to the actual stream water temperatures.  Calibrate frequently throughout the day to ensure accuracy of measurements.  To calibrate units, put the probe and lab thermometer in the exact stream spot; now turn the “calibration” screw with a small slot-head screwdriver until the digital reading on the screen matches the reading on the hand-held lab thermometer; both must provide stable readings.  This is necessary because we have found that probe readings will ‘wander’ by as much as 1°C over the course of a day.  If the temperature unit readings wander or give unstable readings, install a new probe immediately, they are inexpensive and have a relatively short life.  
Ensure that the GPS “Set-Up” is using MAP DATUM 84 and that the “Units” are set to UTM.  If different GPS devices are used during the field surveys, please assign a unique GPS name to each unit on the space provided.  
Protocol for Study Site Identification:  
· 1 person will survey the left bank, the other will survey the right bank - remain in close proximity to confirm each others’ findings.  
· Use temperature probes to slowly scan the substrate and wetted stream margins for areas with cooler water temperature 
· Check: pool bottoms; areas where riffles transition to pools or runs; side channels; back channels; oxbows; sloughs; and anything else connected to the main stem. 
· Move the probes slowly allowing time for the probe to respond to differences in temperatures.  
· Keep probes as close to the substrate and wetted stream margins as possible.  Groundwater is much more likely to occur in off-channel areas compared to the mainstem and off-channel sites often provide important habitat particularly for coho.  Off-channel areas are easily missed because inlet and outlet channels can be very small and obscured by dense vegetation.  As well, off-channel sites are often connected to the mainstem only at their downstream end.  Many sites will be less than 5 m2 and are easily missed. 
*Groundwater patches are identified when the coldest temperature that can be found is at least 2-3°C colder than the ambient temperature of the stream (ambient temperature is the normal temperature of the stream where it is unaffected by localized groundwater/coldwater sources or tributaries).    
· For each groundwater patch identified, locate an associated non-groundwater (control) site upstream approximately 20-50m.  This site must have NO coldwater influence (e.g., from a cooler in-coming tributary, groundwater seep, etc)

· Mark each of the groundwater and non-groundwater (control) sites with flagging tape to make them much easier to find later!
FORM 1 Instructions:
· First, ensure that the UTM coordinate for the stream confluence/mouth is marked and saved as a point in the GPS unit (see Table below).
· For each section of stream surveyed for groundwater, add a new, unique Waypoint (WP) Name for both the Section Start and Section End Points:  
· How To Name Start & Endpoints:  use two letter prefix for stream name followed by the straightline distance from stream mouth.  For example, SR12.3 indicates a start or stop point in Salmon River 12.3 km in a straight line from stream mouth.  To determine straight distance from your location to stream mouth you need to enter a WayPoint for the stream mouth (see Table below), then use "GO TO" GPS function to show straightline distance.
· For each groundwater source, add a new, unique WayPoint Name to the GPS unit to identify its location.  
· How to Name Groundwater Site WayPoints: using a two or three letter prefix for stream name followed by the straight line distance in kilometers from the stream mouth and add “GW” or “G” to show that groundwater data will be collected.  For example, SR12.3GW indicates that the site is at the Salmon River, 12.3 km in a straight line from the stream mouth, and is a groundwater (GW) source.  To determine the straight distance from your location to the stream mouth, use the already entered stream mouth UTM (see Table below) and use the “GO TO” function on the GPS to show straight line distances.  It is very important to use this format to distinguish the locations of: groundwater sources (GW or G), snorkeling sites (JUV or J), and temperature loggers (LOG or L).

	Stream Confluence
	Latitude/Longitude
	UTM’s

	
	
	

	Bessette Confluence
	N50 17 44.2   W118 48 38.2
	11 U 371040 5573068

	Coldwater Confluence
	N50 06 53.5   W120 48 14.9
	10 U 656988 5553711

	Duteau Confluence  
	N50 15 06.9   W118 57 34.6
	11 U 360300 5568478

	Deadman Confluence
	N50 44 40.01 W120 55 08.68       
	10 U 646839 5623478

	Harris Confluence
	N50 15 07.0   W118 57 34.4
	11 U 360306 5568482

	Louis Confluence
	N51 08 05.7   W120 07 42.3
	10 U 700895 5668750

	McKinley Confluence
	N52 17 20.3   W121 04 12.9
	10 U 631617 5794934

	Nicola Confluence
	N50 25 39.2   W121 19 01.2
	10 U 619539 5587525

	Salmon Confluence
	N50 42 40.1   W119 18 20.8
	11 U 337211 5620238


· For each groundwater site, the WayPoint (WP) Name and the actual UTM coordinates is recorded. 
· The Habitat Type is recorded based on the following five categories: lateral seep (LS), pool bottom seep (PS), riffle toe seep (RS), tributary (T), or side-channel (SC).  A tributary is considered any groundwater or surface water stream flowing into the channel that has its own defined channel extending for more than 200m.  For the purposes of this study, ANY source of colder water entering the channel should be counted as a groundwater or coldwater patch.  A side-channel is any side channel, back channel, oxbow, slough etc, that is connected to the mainstem and contains water at least 2-3°C colder than the ambient temperature of the stream, and that is large enough to provide habitat for juvenile salmonids.  
· Record the Location of the groundwater source in relation to the stream channel by facing downstream and selecting either: right bank (RB), left bank (LB) or mid-channel (MC).  
· Record the Coldest Temperature measured within the groundwater ‘patch’ and the approximate coldwater influence surface area (m2) using the probe to determine the approximate ‘patch’ boundaries.  
· Record the Maximum Water Depth observed WITHIN the coldwater patch

· Record if Juvenile Salmonids (as opposed to non-salmonids) were observed concentrated within the groundwater patch at much higher densities than in the mainstem areas unaffected by groundwater (yes or no).
*Take photos of all field related activities.

Data Reporting:
· FORM 1 is to be submitted to SFC (mwalsh@shuswapnation.org) every 2 weeks
· WayPoints stored in the GPS unit should be downloaded to a computer file as frequently as possible.  Record the given file name in the box provided at the top of the Groundwater Survey sheet (FORM 1) for ALL corresponding sheets.  WP files should be saved as .gpx type files (GPS exchange format).

Equipment for Study Site Identification:
	Waders, other field equipment
	Zap straps to secure pvc protective extension to the wire temp probes 

	GPS unit (& extra batteries)
	Extra Temperature probe wires

	2 Temperature Probes Units w/ 2 wire probes inside 2 pvc protective extensions
	Extra 9-volt batteries for Temp Probes

	Aslon tape for sizing groundwater patches and depth of the patches
	Ziploc bags to waterproof temp probe

	Calibration/Lab thermometer in pvc case
	Underwater Camera

	Small slotted screwdriver (probe calibration)
	MapSource software & cord to download GPS points

	Data sheet (FORM 1) waterproofed
	Flagging tape and permanent marker


TEMPERATURE LOGGER INSTALLATION – complete by 1st week of July
As you are identifying the study sites as directed above, install temperature loggers at these study sites so that you don’t have to make a return trip.  Install loggers at these locations found in years 2007 and 2008:

a. At all of the groundwater source study sites, and 
b. At control sites not influenced by cooler groundwater, typically located 20-50m upstream of each groundwater study site, in the main stem stream
c. If the groundwater sites are clustered in one area install loggers at other control sites not influenced by cooler groundwater 
Installation will begin in June and actual installation dates is up to your biologist.  The key is to ensure that we start collecting temperatures BEFORE, DURING, and AFTER peak stream temperatures.    
Before installing temperature loggers in the field, the loggers (HOBO U22 Water Temp Pro V2 - Onset Computer Corp) must first be launched with the Hobo software and set to record Celsius temperatures at 1 hour intervals.  It is recommended that crews launch the loggers in the field using a laptop so that each individual logger can be ‘named’ with the actual WayPoint (WP) name (see WP naming instructions under Form 2 Instructions below); this will prevent logger mix-ups when retrieving and downloading the loggers.  
After using the probes to detect the groundwater/coldwater influence boundaries and flagging the area, install the launched temperature logger in the center of the coldwater area where the water is the coldest.  Try to install the logger in as much water as possible to prevent stranding during dropping water levels.  As well, protect each logger with a plastic or metal sleeve (10-20cm long) and anchor the entire logger apparatus at each site; ducksbill anchors work great.  This sleeve will protect against physical damage and solar radiation influencing the temperature data.  

FORM 2 Instructions:
· Fill out this form for each individual temperature logger deployed and retrieved.

· First, ensure that the UTM coordinate for the stream confluence/mouth is marked as a point in the GPS unit (see Table above).

· Identify if the logger was installed in a Groundwater site or a Non-Groundwater (Control) site.

· For each temperature logger installed, add a new, unique WayPoint location name to the GPS unit.  
· How to Name WayPoints: Use a two or three letter prefix for stream name followed by the straight line distance in kilometers from the stream mouth add “LOG” or “L” to the end.  For example: SR12.3LOG indicates that the site is at the Salmon River, 12.3 km in a straight line from the stream mouth, and is a temperature logger (LOG) location.  To determine the straight distance from your location to the stream mouth, use the already entered stream mouth UTM (see Table above) and use the “GO TO” function on the GPS to show straight line distances.  If using an older GPS that won’t allow full WP name shorten LOG to L.  It is very important to use this format to distinguish temperature logger (LOG or L) locations from groundwater sources (GW or G) and from snorkeling sites (JUV or J).
· Record the Logger Code name – this is the logger name entered while launching the logger using the computer software.  As instructed above it is recommended that crew launch the loggers in the field using a laptop so each logger can be ‘named’ with the actual WayPoint (WP) name to prevent logger mix-up.

· Record the GPS UTM’s for the logger location

· Record the GPS unit such as the brand name and color of the unit, especially important if using multiple gps units

· If you download the GPS WayPoints onto a computer (using a patch cord and software), record the file name on the data sheet

· Describe in detail the logger location – draw a picture or describe the nearest access point, which bank the logger is secured, how the logger is secured, and list other landmarks to assist in others finding the site.  

*Take photos of installing temperature loggers.

Temperature logger removal will occur in September, however the actual date will be up to your biologist as there is a possibility that loggers will need to remain in the stream until after chinook and coho redd identification is complete (see Section “GPS Redd Locations” below).  
Equipment for Installing Temperature Loggers:
	Waders & other personal field items
	Underwater camera

	GPS unit
	Flagging tape & permanent marker

	Laptop with Hobo launch software, USB cord, and other launch equip
	Ducksbill anchors 

	Temperature loggers (all of them)
	Aircraft cable, crimpers, etc

	FORM 2 – waterproofed (bring enough for each loggers)
	Sledge/hammer & rebar


Data Reporting:
· The temperature loggers are to be downloaded at the end of each month
· Submit each FORM 2 to SFC Fax (250)-828-2756 monthly
· WayPoints stored in the GPS unit should be downloaded to a computer file as frequently as possible.  Record the given file name in the box provided at the top of the Temperature Logger Tracker sheet (FORM 2) for ALL corresponding sheets.  WP files should be saved as .gpx type files (GPS exchange format)

SNORKEL SURVEYS – Start date is the 2nd week of July
To determine if juvenile coho are using the groundwater sites more so than the non-groundwater sites, snorkel surveys will be conducted.  
Snorkel Survey Schedule:

Snorkel surveys will be conducted every 2 weeks starting in early July and ending in September; encompassing BEFORE, DURING, and AFTER peak stream temperatures.  We expect that during the peak stream temperature period juvenile coho will move to cooler groundwater sites.  Crews must document the time and temperature at which fish cease normal territorial daytime behavior and congregate near groundwater sites (thermal refugia) and if possible, at what time and temperature the fish resume their territorial daytime behavior. 
A DFO crew will assist each crew with the snorkel surveys however they likely will not be available for all of the snorkel surveys.  In June, the project biologists must organize the snorkel survey schedule (based on the number of sites) with DFO.
Each survey will last for 16 hours spread over 2 evenings (two 8-hour long shifts per night from 4pm to Midnight).  During each 16 hour survey, a number of sites (as determined by the project biologist) will be surveyed per 8 hour shift, with those sites being repeated until the end of the 8 hour period.   The swimmers will rotate through the sites of the day to document fish presence/absence and habitat use and its relationship to groundwater areas.  Standard snorkeling methods will be followed (see O’Neal 2007).

Snorkel Site Selection:  

Snorkel surveys will be conducted in both Groundwater sources and Non-Groundwater (Control) sources.  
For snorkeling, Groundwater sites must meet these criteria:
· Coldest temperature is at least 2°Celcius colder than the ambient stream temperature 
· The area of coldwater influence should be at least 10m2 of stream area that provides usable juvenile salmon habitat (e.g., 20cm deep)

· The groundwater source should be easily accessible

· Groundwater can be from any source (e.g., a tributary, groundwater seep, side channel, etc)
For snorkeling, Non-Groundwater (Control) sites must meet these criteria:
· Located approx 20-50 m upstream from Groundwater site, and located in the mainstem stream.  If this is not possible select a site closer to the groundwater source.
· Must have no coldwater influence (e.g., cooler tributary, groundwater seep, etc)

· Must have similar habitat as the location of the associated groundwater site.  Necessary in order to effectively compare snorkel results between the groundwater and the non-groundwater sites.  For example, if your groundwater site is located in a side channel, do NOT select your non-groundwater site in a series of rapids, etc.

· Be a minimum length of 30 m up to a maximum length of 50 m
Snorkel Site Layout:  

· Snorkel sites will consist of lengths of shoreline 
· The length of the Groundwater snorkel site will be the entire length of shore influenced by coldwater input (use the temp probe to determine the boundaries and mark boundaries with flagging tape); depth should be at least 20cm deep.
· Non-Groundwater (Control) snorkel sites must be 30m to 50m long
· Use flagging tape to mark off the start and stop points of the Groundwater and Non-Groundwater (Control) snorkel survey sites ahead of time (ahead of time is best so as not to disturb fish behavior before the planned snorkel survey)

Snorkel Procedures

Crews must first conduct a practice snorkel survey (away from the actual snorkel sites) to go through snorkel procedures and sequence of events; technicians strong in fish identification will point to a fish to be identified and verify if other staff identified correctly.  Perform practice snorkel surveys frequently to ensure quality assurance and control.    
· Ensure that the snorkel site boundaries are flagged off for both the groundwater and non-groundwater snorkel sites 

· Set-up your dive slate to record this information:

· Counts of salmonid species and the 3 size categories listed below
· Counts of non-salmonid species and the 3 size categories below
· Counts of unknown species and their Family e.g., minnows, etc

· And if you can’t identify the above listed bullets, at least identify the number of salmonids and non-salmonids observed. 
· Finally, add in room to describe fish behavior (e.g., fish grouped closely at groundwater source, or better yet burying into the gravel at the gw)
· Put on dry suits and do an equipment check using the ltable below 

· Discuss and plan out how the survey will be conducted using tips below
· Use enough crew to complete the survey in 1 pass (wider streams will require 2 crew snorkeling side by side)

· If 1 snorkeler can effectively snorkel the width of the stream, 1 snorkeler can survey the groundwater site while the 2nd snorkeler surveys the upstream non-groundwater control site

· If 2 snorkelers are used, they should remain adjacent to one another and move at the same speed upstream.  Observers should mentally divide the channel into “lanes” in which each observer will look for fish and only count fish that pass within their “lane”.  Each observer should be in the middle of the channel looking towards the bank to cover his/her lane.

· Before starting the survey, start to fill out the FORM 3 (instructions below).  FORM 3 must be completed for EACH snorkel site surveyed.  It is possible you will have multiple data sheets for the same site
· Upon entering the water, survey the bottom for trout that may quickly hide (other species like coho are more resistant to disturbance)
· Snorkel upstream using slow, controlled movements to avoid scaring fish away and/or disturbing fine sediments
· Count fish as you pass them to avoid double counting

· Frequently check on each other to maintain position and confirm fish identification if questions arise

· Frequently check for the snorkel site flagging tape so as not to pass it
· Counts of the number of fish should be recorded along entire snorkel survey site.  When enumerating and identifying fish observed, 3 levels of identification are possible.  

· Identify all fish to species, especially salmonid species (those with adipose fins).  

· Second, identify fish as an unknown species of a known family.  

· Lastly, every effort should be made to at least classify fish as a member of the family salmonidae (having adipose fins) or unknown.

Care should be taken to minimize the number of unidentified fish.

· Salmonids (having adipose fins) should be lumped into the following length categories:  
1. young of the year (<100mm) 
2. juveniles (100-300mm)
3. adults (>300mm)

· Describe any unusual fish behavior or observations pertinent to the study

· Record data on a “divers slate” using a pencil - attached to forearm

· Attach a ruler to the dive slate or to your glove to help size the fish.

· Take photos during EACH snorkel survey (of crews working AND of fish behavior around the coldwater source)
· After the snorkel survey, measure and record the length of the site surveyed

· If crews wish to replicate/re-do a survey, wait until after fish have had time to recover from disturbance but before conditions that would affect the survey results (e.g., light levels, turbidity, etc)

Data Collection & Recording 
· After the snorkel is complete, crews will transfer dive slate data onto waterproof FORM 3 sheets – Fill out 1 data sheet for EACH site snorkeled
· Submit all FORM 3 to SFC via fax (250)-828-2756 every 2 weeks
· WayPoints stored in the GPS unit should be downloaded to a computer file as frequently as possible.  Record the given file name in the box provided at the top of the Groundwater Survey sheet (FORM 1) for ALL corresponding sheets.  WP files should be saved as .gpx type files (GPS exchange format).

Equipment for Snorkel Surveys:
	Dry suit w/ adequate insulation 
	Handheld dive light (extra batteries)

	Wet suit hood
	Flagging tape to mark sites

	Neoprene gloves (w/ attached measuring tape as a quick fish measuring tool)
	Measuring tape to get snorkel distance

	Wader boots or rubber sole boots
	AquaSeal

	Snorkel & mask (Rx lens if required)
	Thermometer

	Data recorder for underwater (dive slate)
	First Aid kit

	pencil
	Knee/elbow pads (optional)

	Data sheet (FORM 3) - waterproofed
	Underwater camera

	GPS unit
	


HABITAT SURVEYS
Include discharge info and depth at each groundwater site
Baseline habitat assessment data will also be collected at the survey sites (e.g., habitat type, riparian cover, substrate, wetted width, bankfull width, and thalweg depth). 

Photos will be taken of the habitat characteristics of each site, as well as photos of the thermal refuge habitats during the day.
Take photos of crews collecting habitat data.

FORM 4 Instructions:

Data Reporting:

· All FORM 4 must be submitted to SFC Fax (250) 828-2178 every 2 weeks
· WayPoints stored in the GPS unit must be downloaded to a computer file as frequently as possible.  Record the given file name in the box provided at the top of the Habitat Survey sheet (FORM 4) for ALL corresponding sheets.  WP files should be saved as .gpx type files (GPS exchange format). 
Equipment for Habitat Surveys:

	Waders & other field gear
	Thermometer

	GPS unit
	Flagging tape

	Aslon measuring tape or Range Finder
	Data sheet (FORM 4) - waterproofed

	Measuring device (for stream depths)
	Camera

	
	

	
	First Aid kit


GPS REDD LOCATIONS
Depending on the budget, crew may be required to collect and record the GPS locations of chinook and coho redds/nests within your study stream.  A meeting will be scheduled for the middle of field season for all organizations to identify budget opportunities to complete this work or other identified priority works.  
By identifying and marking the location of the chinook and/or coho redds/nests, we may be able to link their nest selection to the groundwater and temperature data.  

To collect GPS location data for the redds, crews will survey the stream on foot (in pairs preferable) as per normal enumeration surveys and fill out the standard data sheets termed SILS (provided by DFO).  Upon finding a redd, crews will record the UTM coordinate of the redd on SIL card data sheets (provided by DFO), being sure to identify the stream reach AND mark the recorded redds with ribbons to prevent re-counting of the same redd.  If many redds are clustered in a small area, the number of redds observed within the location will be recorded.     
TRACKING YOUR FIELD WORK
· EACH time you perform any field activities, a Daily Field Report FORM 5 must be completed in full. 
· Record comments that describe any issues, concerns, or recommendations here, these will be very important to the unlucky person that is writing the report :D
· Submit these FORM 5 to SFC every 2 weeks

REPORTING – A SUMMARY
· Submit all Groundwater Survey sheets (FORM  1) to SFC every 2 weeks
· Download temperature loggers at the end of each month and forward digital data to SFC (mwalsh@shuswapnation.org) monthly
· Submit all Temperature Logger Tracker sheets (FORM  2) to SFC every 2 weeks 
· Submit all Snorkel Survey sheets (FORM 3) to SFC every 2 weeks
· Submit all Habitat Survey sheets (FORM 4) to SFC every 2 weeks
· Submit all Daily Field Reports (FORM 5) to SFC every 2 weeks
· If budget permits, submit all Redd Survey data to SFC at the end of the project
· WayPoint data stored in the GPS unit must be downloaded to a computer file; saved as .gpx type files (GPS exchange format); and forwarded to SFC mwalsh@shuswapnation.org
· Submit copies of all photos taken during the project mwalsh@shuswapnation.org  - any photos used will be credited to the source
· Submit copies of any field notes that can assist with the final report

· The Secwepemc Fisheries Commission will compile and produce a final technical report before March 15, 2009.

APPENDICES
� Adapted from 2 sources:  O’Neal (2007) cited in Johnson, D.H. et.al., 2007.  Salmonid Field Protocols Handbook: Techniques for assessing status and trends in salmon and trout populations.  American Fisheries Society.


Arterburn, J., Kistler, K.  2007.  Okanagan Monitoring and Evaluation Program.  Field Manual – Snorkel Survey Methodology.  
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