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Introduction

Fully lay out the three tiers first: (1) Identify metrics (such as second paragraph), (2) determine which metrics are most relevant and measurable, (3) ability to apply standards to chosen metrics.
Population
 viability depends on fitness, and ideally any passage metric would estimate some aspect of fitness. However, estimating fitness in wild populations is difficult, particularly in anadromous fishes such as Pacific lamprey where total lifetime fitness is dependent on growth and survival in multiple habitat types spanning thousands of miles and the course of a decade. Despite these challenges, components of individual life cycle stages, locations, or time periods can be reasonably estimated. The results from separate studies can then be combined into life cycle models that provide insights to the most effective management strategies (i.e., does adult or juvenile survival have a greater influence on population growth rate). A caveat is that negative indirect, delayed, or carry-over effects (e.g., delayed mortality) can be remain unquantified using short-term local scale evaluations (e.g., at individual dams).
Below, we have drafted a list of potential behavioral and demographic metrics that indirectly or directly affect survival and fitness for juvenile and adult Pacific lamprey life history stages. We have attempted to be comprehensive from the life cycle perspective, even though it is not currently feasible to estimate several metrics. We recognize that the selection of performance standards or metrics will ultimately represent a balance of biological relevance, technological feasibility, and practicality. Our purpose here is to identify metrics at multiple scales based solely on biological criteria as a starting point.

A short note on semantics: we recommend attempts to standardize the terminology as much as possible with an emphasis on neutral terms that describe the parameters quantified. For instance, the use of “passage rate” rather than “passage success” or “passage performance” is preferred because “success” and “performance” include implicit assumptions about the motivation of migrating fishes that are unresolved in many cases (e.g., homing in adult lamprey).
Needs to be put in some sort of ecological context.  Look at Bob. H. comments.  Bob H. will discuss with tribal lamprey folks in early September. Includes behavioral, physiological/physical, hydrological components.
Subgroup members agree in general that some sort of introduction is needed.

Adult Lamprey Metrics
	Metric
	Calculation

	Associated Technology
	Scale and Notes

	Total Counts
/Complete Census
	Daytime counts + Nighttime counts
	Visual, cameras, DIDSON
	Dams, weirs, waterfalls, etc. Should include hours sampled (e.g., 20 hours per day). Should be differentiated from Partial Counts.

	Partial Count/Count Index
	Daytime counts + Nighttime counts
	Visual, cameras, DIDSON
	Dams, weirs, waterfalls, etc. Should include hours sampled (e.g., 20 hours per day). Should be differentiated from Total Counts.

	Reach Escapement
	N (i+1) ÷ N (i), where i and i +1 are upstream and downstream locations, respectively
	Visual, cameras, HD-PIT, Biotelemetry
	Multiple projects, see also Conversion Rate. Assumes total count at two locations or tracking sample of individual.
 Escapement estimates

	Conversion Rate
	(N[i+k]−N [tributaries]) ÷ N(i), where i refers to Project and i+k refers to the next Project
	Visual, cameras, HD-PIT, Biotelemetry
	Multiple projects, see also Reach Escapement.

	Passage Time
	Time (b) – Time (a) 
	HD-PIT, Biotelemetry
	May be applied to rivers, tributaries, hydroelectric projects, reservoirs, or dams (see below). 

	Migration Rate
	Passage
 Time ÷ Distance traveled
	HD-PIT, Biotelemetry
	Any migration reach, e.g., fishways (minutes per pool), reservoirs (river km per day), tagging to spawning tributary reaches.

	Predation rate
	Number captured by predators ÷ Time unit
	Visual account, Biotelemetry
	Within a specific location (e.g., tailrace, river reach). 
Most often applied for pinniped predation.

	Attraction Ratio
 Some of these are “new” terms and will need an “aka” 
	Total fish detected outside fishway entrance(s) ÷ Total fish present in tailrace
	Biotelemetry
	Also referred to as Approach Efficiency. Some researchers have used the total number of fish released as the denominator.

	Entrance Ratio
	Total fish detected inside fishway entrance(s) ÷ Total fish detected outside fishway entrance(s)
	HD-PIT, Biotelemetry
	Inside fishway entrance(s) refers to no subsequent detections outside of the fishway
.

	Ladder
 Ratio

	Total fish detected at fishway exit(s) ÷ Total fish detected inside fishway entrance(s)
	HD-PIT, Biotelemetry
	Fishway exit(s) refers to no subsequent detections in the fishway.

	Fallback Percentage
	Total unique fish detected at fishway exit(s) subsequently detected falling back ÷ Total unique 
fish detected at fishway exit(s)
	Biotelemetry, HD-PIT
	All fallback metrics are project specific. Fish that fallback are not typically used in further calculations. HD-PIT estimates are conservative because they rely on partial reascension. 

	Fallback Rate
	Number of fallback events ÷ Total number passing
	Biotelemetry, HD-PIT
	HD-PIT estimates are conservative because they rely on reascension.

	Reascension Proportion
	Proportion reascending after falling back
	Biotelemetry, HD-PIT
	HD-PIT estimates are conservative because they rely on reascension.

	Overall Fallback Percentage (Need more detailed definition(s) of fallback, fallout, and dropback – from where to where?  More than one possibility, similar to the upstream movement metrics. Use neutral terminology. Need Glossary to define all terms.
	Number of unique
 fish falling back ÷ Number passing 
	Biotelemetry, HD-PIT
	HD-PIT estimates are conservative because they rely on reascension.

	Approach-Forebay Ratio
	(Total fish detected at fishway exit(s)−Total fallbacks) ÷ Total fish detected outside fishway entrance(s) 
	Biotelemetry
	Entrance Efficiency × Fishway Efficiency × (1−Fallback Rate) = Fishway Passage Efficiency; HD-PIT not able to capture fallback rate.

	Tailrace-Forebay Ratio

	 (Total fish detected at fishway exit(s)−Total fallbacks) ÷ Total fish present in tailrace
	Biotelemetry
	Most comprehensive estimate of passage rate at individual projects. May include navigation locks or other passage routes.

	Route or Area Usage
	Number at Route or Area (i) ÷ Number at all routes or areas
	HD-PIT, Biotelemetry
	Project specific.

	Approach Time
	Time first detected at project − Time of release 
	HD-PIT, Biotelemetry
	Local scale, typically single fishway or all fishways at a project.

	Tailrace Passage Time
	Time first detected at entrance − Time first detected in tailrace
	Biotelemetry
	Local scale, typically single fishway or all fishways at a project.

	Entrance Passage Time
	Time first detected in transition zone
 with no subsequent detections in the tailrace − Time first detected at entrance 
	HD-PIT Biotelemetry
	Local scale, typically single fishway or all fishways at a project.

	Transition Passage Time
	Time first detected in ladder with no subsequent detections in the transition zone − Time first detected in transition zone with no subsequent detections in the tailrace 
	HD-PIT, Biotelemetry
	Local scale, typically single fishway or all fishways at a project.

	Fishway Passage Time
	Time last detected at exit − Time first detected at entrance 
	HD-PIT, Biotelemetry
	Local scale, typically single fishway or all fishways at a project.

	Total Project Passage Time 
	Last detection at fishway exit(s) – First detection in tailrace 
	HD-PIT, Biotelemetry
	Local scale, typically single fishway or all fishways at a project.


Juvenile Lamprey Metrics

	Metric
	Calculation
	Associated Technology
	Scale and Notes

	Abundance
	Number passing downstream, number counted at a location
	Visual counts
	Juvenile collection facilities provide a seasonal index of relative abundance passing.

	Density
	Number counted ÷ area sampled
	Electrofishing 
	Tributaries; methods used to record occurrence and distribution as well.

	Project and Reach Survival
	Variable
	Not available
	Dam, reservoir, project, multi-project, estuary, and tributary Survival. See also Conversion Rate.

	Screen Mortality
 Define as a rate.
	Total number of mortalities observed on screen(s) by project and year Define more generally to include all types of screen projects.
	Visual counts
	Mortality rate (proportion killed) can be estimated if total passage rate at location is known. Total no. of morts observed by project w/operational timeframe identified.

	Proportion of predators consuming lamprey


	Number of predators with lamprey(s) present in stomach ÷ Number of predators sampled
	Stomach content analysis
	Recently performed on pikeminnow, piscivorous fishes, and avian predators.

	Percent Composition by Number (Predation)
	Cumulative number of lampreys present in predator stomachs ÷ Cumulative number of food items
	Stomach content analysis
	Recently performed on pikeminnow, piscivorous fishes, and avian predators.

	Predation rate
	Number of lamprey consumed ÷ number available * time
	Stomach content analysis and abundance estimation
	Not currently available.


Add metrics from adult table that are applicable to juveniles, such as travel time (migration rate), various passage ratios, etc.
Incorporate Bob H comments appropriate to Tier 1.  Include others in Tier 2. 
NEXT TASKS:

(1) General cleanup

(2) More detail in the juvenile table
(3) Introduction – include input from Bob H. discussion with tribal lamprey staff.  Bob will distribute comments by September 4.
(4) Glossary

Definitions and Terminology
.
	Term
	Definition

	Approach
	

	Biotelemetry
	

	Collection gallery
	

	Count station
	

	DIDSON
	

	Dropback
	

	Entrance
	

	Fallback
	

	Fishway
	

	Forebay
	

	HD-PIT
	

	Ladder
	

	Project
	

	Tag shed
	

	Tailrace
	

	Transition zone
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� Individual fish are to be used only once in calculations.


� Also known as a collection gallery.





�Dave Statler Comment:





Chris and Josh -





Thanks for pulling this together.





The draft list of metrics is a good start. Attached are some suggested edits in keeping with the "neutral" terms concept.





For this exercise, I am not sure of the value of the premises outlined in the first 2 paragraphs of the Introduction. For example, "fitness" can have various connotations and measures depending on the context in which is used.





Also, in my opinion, it would be best to avoid a pathway of long years of research and collection of long-term data sets in order to, say, conduct a Population Viability Analysis (model) prior to ascribing management strategies when segments of the Columbia Basin Pacific lamprey are at risk (near local extirpation) today.





In terms of identifying standards, objectives and goals, we need to be realistic in what we know, what we don't know, and how much we can reasonably expect to improve our information base before time runs out on the species we are attempting to help.





Dave Statler


�Dave Statler suggested to delete this secion, and simply stating the following:





“We suggest standardizing terminology as much as possible to avoid the perception of implicit assumptions regarding unknown life history profiles and mechanisms.”


�C. Peery:





Total (population) counts and partial (sample) counts; Most counts will be partial counts except in special situations where all fish must pass counting station. Using these terms, by definition, allow mangers to know that total counts can be comparable between locations and time (Example; count station at Priest rapids Dam in recent years forced all lamprey through count station and was monitored 24 hr per day). Whereas partial counts are typically unique to to each location but would be comparable over time for that location. Example, daytime counts at Bonneville and The Dalles dams are not directly comparable but can be used as index of run strength at each location individually.  


�C. Peery


�C. Peery


�C. Peery


�Dave Statler: Use “Ratio” instead of “Efficiency”.


�C. Peery:





Entrance efficiency: Note states “…no subsequent detections outside of the fishway.” This indicates that a fish that exits that same entrance some time later would not be counted as an entrance for that fishway. I believe intent was to say that telemetry records indicate (verify?) fish actually inside fishway.


�C. Caudill and J. Murauskas:





Consider Ladder instead of fishway.


�C. Peery: 





The titles ‘Fishway Efficiency’ and ‘Fishway Passage Efficiency’ are similar and will generate confusion in use. I also feel ‘Fishway Passage Efficiency’ is really a measure of project passage since it includes all fish that pass minus fallback, an event that may or may not be associated with conditions associated with the fishway. 


�C. Peery


�C. Peery


�C. Peery:





Project passage efficiency; This calculation would not include fish that pass by routes other than fishways and fish that pass without being detected.


�C. Peery: 





I suggest adding a variable with a time component. Numbers per day or per hour screens are in place.


�Will fill in if group feels a glossary would be useful; if so, please add terms to be defined and definitions if missing





Lamprey Technical Workgroup

<Page 1 of 8>

