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Introduction
The Flathead Lake Biological Station (www.umt.edu/flbs) of The University of Montana in conjunction with a number of other cooperators has assembled a multi-disciplinary team of scientists to document salmonid (salmon and trout) biodiversity and productivity, as controlled by natural and human processes, in a suite of pristine Pacific salmon river ecosystems (observatories). The research focuses on salmonid habitat requirements that appear to vary with life history stage and in relation to population structure.

The two main themes of the research are 1) that productivity and diversity of salmonids are linked directly to the types, amounts and quality of habitat available to them and 2) that this habitat is a constantly shifting mosaic controlled by natural biophysical processes. We call this concept the Shifting Habitat Mosaic (described in detail in Stanford et al. 2005).  Production and diversity appear to be highest in unconstrained floodplain reaches of rivers where there is an abundance and variety of off-channel habitats such as springs, secondary channels, backwaters, beaver ponds, and wetlands.  

Processes that are continually creating this variety of habitats can be disrupted by human activities, so studying the ecology of large, intact systems with a range of characteristics is essential for understanding and effectively conserving healthy, productive salmonid rivers.  This knowledge also can help guide restoration efforts on rivers which have already experienced reduced salmonid production as a result of human activities.  
2007 the project expanded beyond field work on the observatory rivers to include an extensive modeling component.  Modelers are now using data collected at the observatories to predict the flow of nutrients and materials through different floodplain habitats, and subsequently to predict the potential productivity of different habitats in different rivers.  The ultimate goal of the modeling component is to predict which Pacific salmon rivers have the greatest potential for salmon production, given their habitat and other physical and biological characteristics.  Modelers are also examining the potential effects of climate change on salmon rivers.

In order to create, calibrate and expand the models, SaRON field crews have been collecting data from a variety of non-observatory rivers.  We have been using the SaRON research protocol to conduct rapid, expedition-style research on what we are calling Synoptic rivers.  Using outputs from the Pacific Rim River Typology Project, Synoptic rivers are being chosen with a variety of characteristics in order to supply information about the natural range of variation found within salmonid rivers.  In 2007, Synoptic research expeditions were conducted on the Aniak and Mulchatna Rivers of Alaska, and the Kalum and Taku Rivers of British Columbia.    

Synoptic River Surveys
Started in 2007, the SaRON project aims to expand the research that we have been conducting at our long-term sentinel research sites (Kwethluk River, Alaska; Skeena and Kitlope Rivers, British Columbia; and Kol and Utholok Rivers, Russia) to estimate productivity of more salmon rivers around the Pacific Rim.  To do this, a combination of satellite imagery, modeling, and Synoptic Surveys on rivers other than the sentinel sites have been comducted.  On Synoptic Survey expeditions, field crews collect depth and velocity data with Acoustic Doppler Profiling instruments to utilize in concert with satellite imagery in order to conduct habitat classifications.  Field crews also collect ecosystem production samples and data for model development and calibration.  In 2007, SaRON completed Synoptic surveys on three Alaskan Rivers, Aniak, Mulchatna, and Taku Rivers, and three British Columbia Rivers.  
· Remote Sensing, Multi-Spectral imagery technology, and field mapping are used to classify and quantify different aquatic and riparian habitat types.

· Acoustic Doppler Profiling technology is used to measure depth and velocity and to characterize hydro-geomorphic characteristics of the study rivers and to link those characteristics to processes, production, and/or past events.

· Water temperature patterns and other physical attributes, such as wood debris, substratum size and groundwater upwelling, are used to characterize habitat types found within the Shifting Habitat Mosaic and are viewed as primary controllers of salmonid food supplies, growth and reproduction.

· River chemistry and nutrient availability in the different rivers and habitat types are measured and examined in relation to productivity of food webs within habitat types.

· Plants and animals, including aquatic invertebrates, algae, particulate organic material, fish (both salmonid and non-salmonid) and terrestrial vegetation in the suite of habitat types are examined in a food web context for Marine Derived Nutrients with stable isotope analysis and for food quality with lipid analyses.

· Non-lethal tissue sampling (fin clips) of the different life stages of fishes, initially focused on rainbow-steelhead, are used to document population genetic structure.

· Measurements of salmonid lengths and weights and analysis of otoliths, morphometry, and scull and bone structure are used to determine growth rates and life history strategies.

· Salmonid biodiversity, habitat and diet selectivity, density, movement, and growth rates in the suite of different habitat types are quantified by electrofishing and snorkelling surveys coupled with measurements of length and weight and analysis of scales and otoliths and genetic studies.

· Modeling of nutrient and material cycling are being used to predict potential productivity of different habitat types within different rivers and their floodplains.

· Modeling of climate change is used to predict the potential effects on salmonid rivers.

During the 2008, field season in Alaska would like to complete a two-week Synoptic expedition on another three rivers.  We are proposing to do this on the Copper, Mulchatna, and Sagavanirktok Rivers.  Each Synoptic Survey would include floating the river from up high in the watershed down to the mouth (or as much as logistics allow) and sampling intensively in 10 different reaches.  The sampling reaches will be randomly identified a priori through our Typology Remote Sensing database.  These reaches will consist primarily of complex floodplain reaches but will also represent a range of different geomorphological and habitat characteristics.  On the ground, field crews will collect a variety of samples (water, algae, aquatic insects, riparian foliage, and juvenile fishes) and data from a range of habitat types (e.g. main channel shallow shoreline and springbrooks,) as outlined in Table 1.

Table 1.  Methods and collections to be made at each sampling location on each of the three synoptic Alaskan Rivers.  All lethal fish samples will include extraction of otoliths, scale collections, and tissue collections for lipids and stable isotopes.  Samples will be frozen and shipped to Flathead Lake Biological Station for laboratory analysis.
	Method
	Parameters
	Sample collections

	Single-pass electrofishing for juvenile fishes
	Abundance, population estimate, diversity, density, stable isotope and lipid content
	5 individuals of coho, dolly varden, and mykiss species of oldest cohort (Table 2)

	Hook and line fishing for adult fishes
	Age, stable isotope and lipid content
	Up to 10 adults of each salmon species and rainbow trout (Table 3)

	Periphyton sampling (scraping natural substrate)
	Biomass and diversity
	5 vials (2 ml each)

	Invertebrate sampling (quantitative kick net)
	Relative biomass and diversity
	1 vial (2 ml) of dominant taxa

	Riparian Foliage
	Marine derived nutrients
	5 vials (2ml) of leaves from willow and cottenwood species

	Water quality
	Temperature, nutrients, specific conductance, and dissolved oxygen
	Point measurements, 4 vials (5-10 ml)

	River profiling
	Depth, velocity, Froude number
	Acoustic Doppler Profiling, and eventually modeling, of entire river system with satellite imagery


SaRON researchers concentrate on shallow water rearing habitat types for electrofishing protocols.  We DO NOT sample where adult salmon, trout, or charr are spawning or present.  We have performed single-pass in Alaska on the Kwethluk River in 2004 and 2005 and multi-pass in 2006 as well as sinle pass on the Aniak, Mulchatna, and Taku Rivers in 2007 with great success and very low mortality rates.  Multi-pass electrofishing is a vital component of our research and a common application in fisheries science, for the determination of population size and density of fishes.  
Table 2.  Juvenile catch for each proposed Synoptic River 2007.  Note:  It is unlikely we will catch any chum or pink salmon juveniles as we will start too late in the season.  
	
	 # of individuals        
	*    # of cohorts
	*    # of sites
	= Total

	
	
	
	
	

	Juveniles
	
	
	
	

	Chinook
	0
	0
	0
	0

	Coho
	5
	1
	10
	50

	Dolly varden
	5
	1
	10
	50

	Sockeye
	0
	2
	0
	0

	Chum
	0
	0
	0
	0

	Pink
	0
	1
	0
	0

	Rainbow trout
	5
	1
	10
	50

	Juvenile Total
	
	
	
	150


Table 3. Maximum adult catch for each proposed Synoptic River 2007.  Note:  Fish will be caught opportunistically and likely we will not encounter some species, so actual total will be below table below.  

	
	Individuals

	Adults
	

	Chinook
	10

	Chum
	10

	Pink
	10

	Sockeye
	10

	Coho
	10

	Rainbow trout
	10

	Adult totals
	60


Preliminary analysis of diversity and marine nutrient subsidies to and in salmon river systems was conducted as a result of samples obtained in 2007. This has allowed us to narrow our research questions and reduce the number of lethal samples we are requesting in 2008. 
  The sampling design in 2008 will allow us to fill in a few data gaps in answering our broader research questions. For example, the amount and type of lipids appears to be an important factor in determining life history strategy in mykiss. It is likely that food quality and source, determined by stable isotope analysis, is an important contributor to habitat productivity for fishes. Are certain rivers more productive for salmon? Are certain habitats in those rivers more productive to salmon? What makes them so productive? Has this led to the development of genetically diverse populations  further increasing the resiliency and productivity of salmon stocks? These are just a few of the questions we will answer upon completion of data gathering and analysis.

Synoptic location and timing
Synoptics will be conducted over 2 weeks for the Copper and Mulchatna and over 10 days on the Sagavanirktok. Times are tentatively scheduled as follows:

Copper: June 28th to July 12th
Mulchatna: July 19th – August 2nd
Sagavanirktok: September 7th – September 17th
Study location on the Copper has not been exactly defined at this point. We will determine the study area so it coincides with existing work by partner organizations. Currently we are discussing conducting the expedition on the Gulkana down to the Million Dollar bridge. The section will likely be accessed by boat.

Study location on the Mulchatna will be from the confluence with the Koktuli Creek down to the confluence with the Nushagak River.
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This section of river is approximately 50 km. It will be accessed by float plane.

The Sagavirnirktok expedition will proceed downstream from the confluence of the Ivishak for 27 km. This area is accessible by road.
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Specific Synoptic Protocol
Inserted here are the SaRON synoptic protocols which are specific to fish sampling and pertinent to this permit application. Please feel free to inquire for information on additional methods.

Study Site Selection and Definition
Number and location

In all, there will be 8-10 study sites in the main channel and up to 5 parafluvial springbrooks within the section of interest (SOI). 

Delineating a specific study site


A study site is a particular section of interest on a river. It is composed of various biotope types or study areas.

1)  If you do not have mean wetted width at a study area in advance of field work, measure/estimate the wetted width at 3-5 places considered to be of typical width and average those values.  Use a tape measure or laser range finder (if available).  If the stream is braided, then all braids should be included in the width estimate.  Once you have calculated the average wetted width, multiply by 40 to get the length of the study reach.  However, the minimum length should be 150 m and the maximum length should be 400 m, so if your calculated study reach length is not between 150 and 400 meters, adjust accordingly.  


2)  You may slide or adjust the study reach upstream or downstream according to practical constraints.  (eg, so a stream confluence is at one end rather than within the study reach)


3)  Start at the midpoint of the study reach and measure a distance of 20 channel widths down one side of the stream using a tape measure, range finder or GPS.  This is the downstream end of the reach and should be marked (flagging or cairn).


4)  Proceed upstream from either the downstream end of the study reach or the midpoint with the tape measure, until you have gone the appropriate distance for your study reach.  Mark the upper endpoint (flagging or cairn)


Figure 1. Distribution of study sites in a nonwadeable stream.
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Figure 2. Distribution of study sites in a wadeable stream.
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This approach will provide data for the whole river corridor of the sentinel river and provide its calibration procedure then to expand it for the synoptic rivers.  

Delineating specific study areas within a site

A study area is a specific biotope type within a section of interest on the river. This is the scale that biotic measures are taken at.

1) Take a photo of each habitat sampled and link to GPS position with a waypoint number.  Record photos in Salmon Excel spreadsheet. Archive the photos in C:\Salmon\Images.

2) Collect Ground Control Points (GCPs) – on the synoptic rivers in the SOI mostly.   GCPs are needed to help geo-rectify new quickbird imagery. For each image 
acquisition area (100 sq km), 12 to 15 different points must be collected. 
· These 
points should be things that we can see clearly see on the imagery (e.g. lone individual trees or large shrubs, rock outcrops, edge of a large piece of wood, a sharp edge along a bank boundary, or anything that doesn’t move and can be seen at ~ 1m resolution image). 
· Collect points near sampling sites. Try to get the best reception/resolution possible with the GPS (lots of satellites, accuracy 4-5 m).  Make sure you get a lot of reception points (i.e. gather up to 20 position readings) at each of these sites.  
Fish
Number and location

· Adults

· Collect opportunistic adult samples via angling if conditions permit. As noted below we want 30-40 specimens of each salmonid species for genetic and age data
· Juveniles
· Electrofishing for juveniles: the goal is to collect approximately 400-500 fish total, (but once you reach that goal, you still need to finish your pass(es) and process everything you get). At a minimum, your sample must contain 100 fish of the dominant species. Determine your reach size keeping this in mind, although a length of 50-100 m is ideal, but in particularly densely populated sites, an absolute MINIMUM of 25 m may be used. Block nets will be used for ALL sites at the top and bottom of the reach EXCEPT for main channel shallow shoreline sites. 

· Process (ID, weigh and measure) all fish, including non-salmonids. But, collect SI and lipid samples ONLY for age 1+ for the following species (if present): Coho O. kisutch Dolly Varden Salvelinus malma and Rainbow/Steelhead O. mykiss.
At a specific study area

Processing fish collected (per the Salmon program): 

1.   Enter meta data about the electofishing reach/event. Be sure to describe the reach fished very thoroughly including area, cover (amount of wood – measure it!!), substratum size by photo-sieve procedure, river stage or discharge (measure discharge in springbrooks).

2. Start at the downstream end of the biotope and systematically work your way upstream from side to side until the entire area has been electrofished.

3. Identify, record length (snout to fork) and weight of at least 100 juvenile fish for each cohort (fry or parr) of each species present, enter in SALMON; 

4. ID and count remaining fish for total density calculations (SALMON now has a batch entry feature where the species, life stage, condition, length (average or 0) and weight (average or 0) are all the same and no samples requiring field labels have been taken.)
5. Lethally sample and freeze 5 of each 1+ cohort of each prioritized species for SI (orange vials) and 5 of each 1+ cohort of each prioritized species for lipids (blue vials). Start with the individuals that were killed or injured during E-Fing. This can be done at the lab later.  Collect DNA samples from any mortality.

· Stable Isotope (orange vials):  For smaller fish, put body minus head, tail and GI tract into 2ml vial and freeze.  For larger fish, fill 2ml vial ¾ with muscle tissue (meat/filet) from near the dorsal.

· Lipids (blue vials):  For juveniles, put body minus head, tail and GI tract into 2ml vial and freeze.  For larger fish, fill 5ml vial ¾ with muscle tissue (meat) from near the dorsal. Fill them 3/4 full with meat only (use 2 vials per sample if there is enough material for lipids because the analysis needs a lot of material); no GI tract materials!!!!

· DNA fin clip (95% alcohol vial):   For juveniles, put the caudal fin/tail into a vial of alcohol.  For larger fish, the fin clips should be 8 x 8 mm from any fin other than the adipose.  Do not use denatured alcohol to preserve any genetic sample; always use 95% or higher ethyl alcohol.
· GI tract:  Examine GI tract for contents, take notes and discard.

· Otoliths:  For small juveniles, place the head into the DNA vial with the tail, preserved with 95% ethyl alcohol.  For larger fishes, remove otoliths and place in beam capsule or folded piece of paper in a scale card (with scales if applicable).  If beam capsule is used, allow otolith to dry before sealing. 

· Scales:  For fish longer than 70 mm in length, scrape or pluck at least 5 scales from each side  of the fish (10+ total), above the lateral line and behind the dorsal fin, and put onto notecard and then into labeled scale envelope.


Otoliths need to be collected on all sampled fish but, scales need to be taken in fish above 70 mm in length. 
6.  Process ALL mortalities for DNA fin clips, scales and otoliths (again, for fry put the heads in with the tail fin in the DNA vial); for larger fish we want scales, otoliths and DNA samples.  

For DNA be sure you use 95% ethyl alcohol as the preservative. Do not use denatured alcohol to preserve any genetic sample always use 95% or higher ethyl alcohol and change the alcohol as needed if heads are causing the samples to spoil. 

MAKE SURE TO CHECK ALCOHOL LEVELS PERIODICALLY DURING SEASON/TRIP IN ANY VIAL PRESERVING SAMPLES (e.g., fin clips, benthos, fish heads/otoliths).
Angling and opportunistic sampling with an 80 meter beach seine of adults should occur when possible while on the river, use beach seine on the sentinel rivers.  Samples are ideally collected from spawning beds. Collect a minimum of 30 of each species (salmon (particularly keta and nerka) and rainbow/steelhead) for each river and keep fin clips for at least 50 resident and all other life history types from Kol.

On each fish, obtain the following data and samples: 

1. Species 

2. GPS coordinates 

3. Fork length and Length from mid eye to last scales at end of peduncle (MEHP) 
4. Sex, if possible 

5. Scales for life-history identification, 

6. Muscle tissue (meat) from near dorsal fin for SI and lipids, 

7. Fin (usually anal) clips into alcohol-filled vial with label (genetics)

A note on genetic tissue storage: if you are concerned about running out of ethanol and/or vial storage boxes, keep this in mind: juvenile heads (for otoliths) should be covered in ethanol for the duration of the season. Fin clips can be dried after they have been in ethanol for at least 48 hours. For fin clips, make sure they are fully submerged in ethanol (you don’t need to fill the entire vial) and stored upright in a vial box for at least 48 hours. After that, fin clips can be stored loose in ziplock bags AS LONG AS they are labeled in an ethanol-proof fashion (preferably pencil on write-in-rain field labels – sharpies are not ethanol proof). Ethanol can be drained from all samples prior to transport by air as long as it is returned to the juvenile head samples immediately after arrival at FLBS. 

Carcasses. Aggregations of adult salmon carcasses provide valuable information about the location and timing of salmon spawning. When you come across an aggregation, at the VERY MINIMUM record: 

1. Species 

2. GPS coordinates where carcass was found 

3. Note any recent flow conditions that would result in this carcass being deposited far from where the fish might have actually spawned 

Briefly survey the area to determine whether you can collect data from at least 15-20 carcasses within your time constraints. If so, collect in addition to 1-3: 

4. Length from mid eye to last scales at end of peduncle (MEHP) 

5. Sex 

6. Otoliths in alcohol-filled vial with label 

7. Fin clip in alcohol-filled vial with label (up to 40; minimum 15) 

Data

All data and samples have a sample number entered along with associated data in the Fish Log module of Salmon. Take notes on any species feeding on salmon and other river features. Record any recaptures of tagged fish as well as tag number. Data should be backed up daily and backups should be carried on different boats for synoptic sampling trips
