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Introduction

Under the Salmon Benefits project conducted by PNNL for the USACE Portland District, PNNL has worked since 2009 on ways to index the "survival" benefits of habitat restoration in the lower Columbia River and estuary (LCRE).  In the first study year, we performed a literature review that assessed and compared direct and indirect approaches.  Direct methods to estimate differential survival rates in restored vs. unrestored areas are impractical given current technology.  Indirect methods, such as fish physiology, hold promise.  In the second study year, a field study at Cottonwood Island in the LCRE was conducted, but the physiological methods were not successful for various reasons.  In the third study year, we reassessed our approach and identified new fish physiology metrics based on USACE-sponsored research by PNNL supporting smolt survival estimation at main stem hydropower dams.  These metrics are related to fish growth.  In the fourth and final study year (2012), we proposed to assess proof-of-concept of new physiology metrics reflecting fish growth.
One of the focus areas for the FY13 Salmon Benefits project is to establish physiological measure(s) to quantify benefits that juvenile salmon obtain from habitat restoration projects in the lower Columbia River and estuary (LCRE).  We compared advantages and disadvantages of doing laboratory versus field cage approaches for proof-of-concept research (see the appendix).  We concluded that a lab experiment with some field supporting activities is the most prudent approach scientifically and fiscally.
Accordingly, we propose a tiered technical approach to the problem because fish physiology research requires a meticulous, thorough, progressive approach to succeed.  The tiers for this work would entail:
1. Lab: proof-of-concept (2013)

1. Lab: expansion of species and factors, verification of robustness (future)

2. Field: proof-of-concept (future)

3. Field: final verification (future)

The purpose of this document is to present a detailed study plan for proof-of-concept of physiological indicators of growth in juvenile salmon.  The specific objective of the experiment is to determine the relationship between fish tissue accretion/degradation and habitat conditions as reflected in various food quantity levels.  The study plan that follows, covers the test fish, experimental design, statistical analysis, and supporting activities.  This study plan is subject to change as a result of peer-review.
Test Fish

This section includes documentation requirements, fish collection, and maintenance of test fish. 
Documentation

Test fish documentation involves coordination and permits from various state and federal agencies.  Permit planning is already in place.
	Permit/Request
	Agency
	  Status

	Institutional Animal Care and Use Committee
	PNNL
	  In review

	Federal Columbia River Power System (FCRPS) ESA Permitting 
	NMFS
	  Prep

	Facility access requests
	USACE & PSMFC 
	  Prep

	Sort By Code request
	PSMFC & FPAC 
	  Prep

	Collection
	WDFW  & NOAA
	  Prep

	Transport 
	WDFW 
	  Prep


Collection of Test Fish
Below are the requirements for collection of fish from the Bonneville Dam Juvenile Monitoring Facility.
	Feature
	Value
	Comment

	Species
	Chinook salmon
	This species tends to use shallow water habitats and is of ESA concern

	Number collected
	740 (800 for permit)
	720 for the experiment and 20 for holding, transportation and acclimation mortalities

	Source
	Bonneville Dam Second Powerhouse collection system
	Allows for collection of run-of-river Chinook salmon

	Hatchery/Wild
	Run-of-river
	Note—we would prefer hatchery (not ROR) so that smoltification variability and overall health do not confound results

	Time Period
	March 25- May 31, 2013
	

	Length
	60-100 mm FL
	If collection rates are low then another size range will be considered, such as ±10 mm of the mode.

	Genetic Stock Identification
	Fin-clips will be collected and sent for processing
	This will not be conducted in FY2013; Clips will be taken and held.

	Tag Present
	Will not take tagged fish
	

	Examination
	Fish will be examined externally for descaling, etc.
	Fish will not be accepted if:

descaling > 20% on either flank
lacerations >5% on either flank
indications of infections (fungus, bloated, etc)

emaciated or moribund
skeletal deformities

opercula damage greater than 50%

fin erosion ≥ stage 3

	Measurements
	Weight and fork length 
	At time of collection

	Condition Factor
	Fulton condition factor
	Calculated

	Stomach Lavage
	Obtain and preserve
	At time of collection, sample will be taken, preserved.  There is no intention of conducting an analysis of the sample at this time.  Stomach fullness will be calculated.


Maintenance

Fish will be collected and the study performed at the Bonneville Second Powerhouse Juvenile Monitoring Facility, North Bonneville, WA.
	Feature
	Value
	Comment

	Tank Type and Volume
	250-L circular fiberglass tanks supplied 
	

	Water Supply
	aerated LCR water
	

	Water Temperature
	Ambient
	

	Light Source and Regime
	Ambient
	We may want to consider 10L:12D to reduce photoperiod effects, like zeitgeber and smolt syndrome, from fish migrating towards the LRE

	Noise
	Ambient
	

	Food Source and Diet Composition
	BioDiet pellets (Bio-Oregon, Oregon)
	

	Feeding Regime
	Holding diet will be a maintenance diet that will be 1% of the body weight
	

	Pre-Test
	Starve fish for 24 h before the experiment
	

	Tank cleaning 
	Twice a day to minimize food and fungal accumulation, with non-consumed food
	

	Post-Test
	Fish sacrificed for necropsy
	



Experimental Design

The experimental design is as follows: 
	Feature
	Value
	Comment

	Basic Design
	Control and Treatments
	

	Feeding Regime
	Daily
	

	Water Quality
	Ambient
	

	Experimental Treatments
	Time (4 days)

Food Quantity (3 treatments, 1 growth)
	

	Treatment Levels:

Time
	Days: 0, 7, 14, 21, 28
	Observable growth (weight change) need to change by more than 5 g over 28 days to assure changes are related to diet and not social status.  

	Treatment Levels:

Feeding
	Varies with treatment (% of body weight):  

Growth Treatment - 2.0%

Maintenance (“control”) - 1.0%

Malnutrition Treatment - 0.6%

Starvation Treatment - no feed
	

	Sampling Frequency
	Every 7th day (thus 4 samples):

Traditional L:W measures on all fish Physiological sampling of 10 fish
	Given the desire to have this associated with habitat, measures sensitive to 4-8 day changes are desirable.

	Repeated Measures
	Yes:

Traditional L:W taken on each sampling date

Physiological measures taken on Day 0 and 28 for all fish; and a subsample will be taken on Day 7, 14 or 21
	All fish to be PIT identified to track changes to growth, mass, physiology over time

	Replicates
	3 replicates tanks for each treatment
	To ensure the overall project is not affected by health issues, there are 3 tanks for each feed treatment.

	Number of Fish per Replicate (tank)
	50 (start with 60 Day 0)
	Given that there are 4 sampling dates with a sampling of 10 fish, we will have 10 fish left over.  These extra fish are required to ensure we have enough fish in case of health issues.

	Total Fish Required 
	720
	

	Total Number of Tanks
	12
	

	Response Measures
	Physiological:

MLC2
MuRF1

mTor

odc1

Traditional:

Absolute growth rate (g/d)

Instantaneous growth rate (%/d)

Fulton’s Condition
	Descriptions below.


1) Physiological Measures using muscle samples:
a. Myosin Light Chain 2 (MLC2):  MLC2 is a polypeptide component of myosin.  MLC2 significantly increases by day 14 of refeeding (Bower et al. 2008).  Bower et al. (2009) demonstrated that there was a significant decrease by day 3 of refeeding, but a marked increase by 32 days of refeeding compared to day 0 of refeeding.
b. Muscle-specific RING Finger 1 (MuRF1):  MuRF1 is involved in the ubiquitin-proteasome pathway; directly involved in the breakdown of myofibril proteins.  MuRF1 is significantly up-regulated in response to fasting (starvation) and immune challenge in Atlantic salmon (Bower et al. 2009; Tacchi et al. 2012).  MuRF-1 is involved in targeting proteins such as MLC2, so taking a ratio of MuRF1 to MLC2 may be appropriate. 
c. Mammalian Target of Rapamycin (mTor):  This gene is part of a pathway that is responsible for transmitting signals related to cell growth and is sensitive to nutritional state.  It is involved in the regulation of protein accretion in skeletal muscle.  mTor gene expression increases with refeeding (Macqueen et al. 2011).

d. Ornithine Decarboxylase 1 (odc1):  odc1 gene expression has been shown to up-regulate with feeding in zebrafish and remain low during periods of prolonged fasting (Amaral and Johnston 2011).  odc1 gene expression was intermediate 9 and 36 hours after re-feeding of a single meal following 7 days of fasting.
2) Traditional growth measures using fork length (mm) and wet weight (g):
a. Absolute Growth Rate (Growth Measurement).  Absolute growth rate is the change in mass over time and is calculated as Ga = (Wi – Wf)/(ΔT),  where Wf is the final weight, Wi is the initial weight, delta T is time in days of the exposure.  Instantaneous Growth Rate (Index of Growth).  Growth rate will be calculated as a change in weight (assuming cage study design) divided by the time interval between sampling events.  
b. Fulton’s condition factor (Index of Growth).  These measures will be used to assess the growth of tissues and storage of energy that can result on great than expected weight at a particular length.  
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Statistical Analysis

The statistical analysis is similar to that by Woodley et al. (2012).  The basic idea is to relate gross measures of growth (ground-truth) to the new physiological growth measures.  The statistical analysis will include the following steps:
1) The association between fork length and wet weight will be examined using Pearson’s r correlation a) within each treatment and b) across treatments.
2) The relationship between fish size and each physiological measure will be examined using analysis of variance (ANOVA), followed by a Tukey-Kramer Honestly Significant Difference (HSD) criterion test for a) the study as a whole, and b) across treatments.
3) Mortality frequencies will be examined for tank effect using the nominal logistic model.  

4) Multinomial logistic models will be used to investigate the interaction of sampling week and treatment on the mortality rate of each species, as well as fish size and treatment interactions on the mortality rate of each species.  

5) The last step will be to correlate or model the variable such that physiological variables are mathematically related to the L:W changes.

Supporting Activities and Schedule
Preliminary Marker Assessment:  Perform a preliminary assessment of the physiology methodology in March 2012 during surgeon training for 4-Dam Study.  This assessment will allow us to capture samples and test the measures prior to the start of work.  COMPLETED.
Preliminary Field Proof-of-Concept:   Test the growth markers using 10 fish captured during beach seine sampling in October for the Multi-Scale AER study.  Informally compare these measurements with those from the laboratory experiment to examine growth marker levels between the field and laboratory.  Due to limited funding and fish this activity was not completed.
The schedule follows.
· February 29 – Complete study peer reviewed experimental design and implementation plan complete.

· February 29 – Permitting applications complete

· March 20 – BON JMF water turns on 

· March 25 – Collect ROR Chinook from JMF samples (est. 60-100 mm) and held in JMF facility
· April 1 – Test begins
· April 29 – Testing complete

· May 30 – Lab sample analyses complete, raw data delivered to UW

· June 30 – Rough draft of report complete

· July 30 – Final draft given to PI
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APPENDIX:  Comparison of Lab and Field Cage Study Approaches
	
	Lab
Benefits
	Lab
Limitations
	Field Cage
Benefits
	Field Cage
Limitations

	
	
	
	
	

	Site Selection
	Sequim: Has space and equipment
	Sequim: Availability is in J/F and A/S/O


	In-situ measurements
Leverage MSP and historical data for habitat characteristics
	Variable
Find sites that do not disrupt current effort but still accessible

	Time of Year
	Variable
	---
	June and July 
	Only have 2 mo window

	Abiotic Factors
	Controllable down to ± 2°C
	Cannot mimic H20 composition of LCRE
	---
	Highly variable

	Fish Species
	Chinook, Coho, Steelhead
	Not all species available year round
	Chinook
	Not all species available year round

	Applicability to multiple species
	Yes 
	Strongest with tiered approach
	Yes 
	Sites, time of year, abiotic factors will vary and add confounding effects

	Capture of Fish
	Hatchery, Can use field samples
	Requires transport from Hatchery to facility
	No choice; Hatchery
	Requires transport to dock, and then transport to cage location

	Fish Diet
	Controlled
	Not live feed
	Natural
	Unknown for quality or quantity

	Numbers of Fish
	20 fish/sample period
4 sample period/tank

2 tanks/treatment

3 treatments
	---
	40 fish/sample period
1 sample period/cage

5 cages/treatment

2 treatments
	We cannot house more than one treatment per cage because retrieving fish in the cage will be stressful and we would not want to bias our sample

	Fish Source
	Known
	---
	---
	Unknown

	History of Fish
	Somewhat accessible 
	May have received therapeutics
	---
	Unknown; May have received therapeutics

	Statistical Variance
	Low; due to control of diet, and ambient conditions will reduce confounding variable and allow for smaller sample sizes 
	NA
	High; even though the sample size is greater, the unknown diet composition, ambient variation and stock variation, will result in  greater individual variability
	NA

	Experimental Repeatability
	High
	NA
	Low; Without knowing diet composition, and history of fish, there will be greater inherent variability and need to increase sample sizes and likely more experiments
	NA

	Safety
	High; Controlled lab environment
	NA
	
	NA
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