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For the purposes of this investigation, early life history diversity is the variation in morphological and behavioral traits expressed within and among populations by individual juvenile salmon during their downstream migration.
Pacific salmon (Oncorhynchus spp., including migratory forms of steelhead O.mykiss  and cutthroat trout O. clarki). 



» Problem
statement

» Goal and
objectives

» Index
development

» Case studies

» Caveats and next
steps

» Conclusions




Problem Statement

» One premise for the Columbia Estuary Ecosystem
Restoration Program (CEERP) is that increased
habitat diversity will increase life history diversity
which in turn will improve salmon resilience and
recovery (Bottom et al. 2005).

» However, there is no existing, standard method to
track progress to improve life history diversity and
report to managers.

» A life history diversity index for juvenile salmon in the
LCRE was mandated in RPA 58.2 of the 2008
FCRPS BIOp.



Goal and Objectives

» Goal: Establish an index of early life history diversity as a
high-level metric that managers can use to track biological
performance of salmon populations using the LCRE.

» Objectives:

m Characterize and prioritize
early life history traits for use
In the index

® Review diversity index
literature

m Identify an indexing approach

m Test candidate indices using
data from another study

m Recommend an ELHD index



Desirable Index Characteristics

» Applies to multiple life history strategies using readily
measurable life history traits.

» Incorporates fish abundance, density, or catch per unit
effort data, not simply presence/absence data.

» Incorporates both species richness (number of species)
and evenness (equitability of proportional frequencies).

» |Is understandable and interpretable by non-
mathematicians.

» Supports comparisons across like locales and
examinations of trends through time at a given locale,
where locale is a prescribed area of a river or estuary.



Life History Traits and Factors Affecting Them

Traits Factors
» timing of entry into tidal » stock of origin
freshwater, estuarine » distance upriver of origin

water, and the ocean
» age and size of fish
» residence times

» habitat availability
» ecological conditions

For the purpose of this study, we focused on traits that
are readily measured from typical data collection efforts
for juvenile salmon: size and timing.

<61 mm, 61-90 mm, 91-120 mm, >120 mm.

“Rare traits” are those that are observed infrequently. \ﬁ/
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**There are many traits to consider when conducting a full evaluation of life history diversity. During our literature review we focused on attributes that are specific to juvenile salmon in estuaries. The table provides a few examples of different strategies applicable to juvenile salmon in estuarine habitats. The various attributes outlined here center on size and timing of estuarine entrance as well as varying residence times associated with these generalized patterns. 

Other attributes affecting the expression of traits include: stock of origin, habitat availability, ecological conditions, etc.

Our initial efforts have focused focused on attributes that are both meaningful (at least at a high level) and can be easily measured in the field. These include size as well as temporal occurance.


Literature Review

» We did not find an established method to index salmon
ELHD.

» ELHD application is analogous to species diversity.

m Not concerned with functional, phylogenetic, biological or
ecological diversity measures.

» Most important to ELHD is the commonality across these
diversity concepts expressed by Patil and Taillie (1979)
as the:

m “...apportionment of some quantity into a number of well
defined categories, determined by the problem at hand.”

» Our quantity is juvenile salmon density (abundance) and
our categories are the combinations of ELH traits.


Presenter
Presentation Notes
Alpha and gamma species diversity apply to ELHD; not concerned with beta diversity.
xx.  [maybe no need to go into alpha, beta, gamma]


‘True’ Diversity and Its Generalized Form

» Originally proposed by MacArthur (1965) and called the
“Hill number” after Hill (1973).

» True diversity is the effective number of species
= number of equally common species.

» For ELHD, true diversity is the effective number of
combinations of early life history traits.

» The generalized form for a ‘true’ diversity Is

T yl—q)
"D = “ELHD = (Z P, j

where, q is the order, p; is the proportion of total density for the it
combination of traits, and T is the total number of possible combinations
of traits (after Jost 2006, eqg. 1)
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“True diversity” was first introduced by MacArhtur in 1965, elaborated on elegantly by Hill in 1973, and has been ‘reintroduced’ in recent years. The beauty of it all is q. More on this later.
True diversity or effective number of species is an important concept because the many diversity indices available in the literature are entropies (quantify the uncertainty in the species identity of a ramdomlt chosen individual) or probabilities (probability that two randomly chosen individuals do not belong to the same species), not diversities (effective numbers) (Jost 2006).  Examples include the popular Shannon, Simpson, Gini-Simpson, and Renyi indices (Jost 2006).  
These indices generally cannot be compared to one another, compared readily across space and time for a given index, or be easily interpreted.  What does a Shannon entropy value of 4.6 mean; does it represent twice the diversity of a Shannon value of 2.3?  
Converting diversity indices to effective number of species (described in the next section) is required for ELHD.  
Thus, an ELHD index (we will still refer to it as an ‘index’ because the method incorporates only two traits) value means the effective number of combinations of ELH traits. 
DESCRIBE the generalized form starting with the parameters.

The parameter q, the order for the diversity estimator, is pivotal (Keylock 2005).  
When q < 1, rarer species are emphasized in the diversity value, as opposed to emphasis on dominant species when q > 1.  
When q = 1, diversity is weighted exactly by the proportion of abundance and does not favor rarer or more abundant species.  
Note, q < 0 causes the effective number of species to exceed the actual number of species; therefore, q < 0 is not used.  
Values of q > 2 are not common.  
We are interested in q = 0, 0.5, 1, and 2 for the ELHD problem.




Proposed ELHD Indices

q = 0, Species Richness q = 0.5, Square root-based
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q = 1, Shannon-based q = 2, Simpson-based
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For q = 0, ELHD is species richness (S).  Note, S ≤ T because the number of observed species (S) may be less than the number of possible species (T). 
For q = 0.5, ELHD reflects our deliberate focus on rarer species.
For q = 1, ELHD is based on the Shannon entropy, also known as the Shannon-Weaver, Shannon-Weiner, or Shannon-Wiener index.  This commonly used index quantifies the uncertainty in the species identity of a randomly chosen individual from the community (Tuomisto 2012).  When q = 1, the generalized form is undefined, but its limit exists and equals the exponential of the Shannon entropy.
For q = 2, ELHD is the inverse of the geometric mean of the proportional abundances.  This mean proportional abundance is also known as the Simpson concentration (Jost 2006).  The popular Gini-Simpson index is one minus the Simpson concentration (Jost 2006) and reflects the probability of two random individuals not belonging to the same species. 



Evenness and Normalization

» Evenness is derived from richness and diversity (after
Pielou 1966).

0
ELHD, , - ELHD

» Normalization converts the ELHD index to a value
between zero and one by dividing the index by the
maximum ELHD value possible.

g
‘ELHD, . = EI__I_HD

where, the maximum ELHD is the total number of possible
combinations of ELH traits (T).
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Normalization converts the ELHD index to a value between zero and one by dividing the index by the maximum ELHD value possible.  
The maximum is of course the total number of possible combinations of ELH traits, or S in the species diversity literature.  
This is necessary for the ELHD problem because it accounts for zeros in a dataset, a likely occurrence.  
At this point we assume all combinations of traits (size and timing) are possible, although this can be adjusted in the future
Zeros are ignored in the computation of qELHD.  Normalization puts the index in another common, understandable currency.  
One can easily interpret a value of 0.75 as meaning ELHD is 75% of the total possible combinations of traits. 


» Examine whether the ELHD indices capture and portray
early life history of juvenile Pacific salmon in a
meaningful, useful manner.

® mock data set

® monthly sampling, site-scale data

m seasonal sampling, landscape-scale data
B genetic stock composition data

» We chose Chinook salmon because it is the most
common Pacific salmon species in our collections.

» Density (#fish/m?) and genetics data are from beach seine
samples collected to examine migration characteristics for
juvenile salmon in shallow tidal freshwater of the lower
Columbia River and estuary (Sather et al. 2011, 2012,
unpublished data). This type of data is routinely collected
In the LCRE.



Mock Data

species Id. Scenano 1 Scenanol  Scenano 3 Scenano 4
Density (proportion)

A 5(0.1) 10(02) 41(082) 20(04)
B 5(0.1) 10(02)  1{0.02) 10 (0.2)
C 5(0.1) 10(02)  1(002)  6(0.12)
D 5(0.1) 10(02)  1{0.02) 5(0.1)
E 5(0.1) 10(02)  1(002)  4(0.08)
F 5(0.1) 0 1(0.02)  3(0.06)
G 5(0.1) 0 1(0.02) 1(0.02)
H 5(0.1) 0 1(0.02) 1(0.02)
I 5(0.1) 0 1(0.02) 0
I 5(0.1) 0 1(0.02) 0

Total S0(1.0)  50(10)  50(1.0) 3010
g 1ELAD (CELHDnarm)

03 100(10) 50(05) 475(047) 6.352(0.65)
1 100(10) 5005 238(024) 548(059)

2 100010y 50(03) 148(0.15) 425(043)
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We designed mock data scenarios using the same total density (50 fish/m2) in each to contrast differing richness and evenness levels (Table 1).  
For perfectly even distributions (Scenarios 1 and 2), ELHD equaled the total number of species (richness) for each of the three q-orders.  
In the uneven scenarios, 0.5ELHD is always greater than 1ELHD which is always greater than 2ELHD.  Scenario 3 the same richness as Scenario 1 (S = 10) but was extremely skewed to 1 dominant species and 9 rare species.  
The effect of q = 0.5 to emphasize rarer species was reflected in 0.5ELHD of 4.75, over three times as high as 2ELHD of 1.48 in Scenario 3.  
The diversity values for Scenario 4 with S = 8 and moderate skew were greater than those for Scenario 3, reflecting the contribution of increased evenness in Scenario 4.  
Normalization qELHDnorm resulted in similar patterns as qELHD.


Monthly Sampling, Site-Scale Data
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v' 9ELHD was highest during
2010 and lowest during 2012.

v Note, however, monthly
sampling effort among years
was not equal, e.g. 2012 has
lowest diversity values and
was incompletely sampled
(only 4 months).

v’ It appears rare traits are more
predominant for SRD 2010
compared with other years.



Seasonal Sampling, Landscape-Scale Data
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v" During 2009 winter at LRR, 9ELHD was higher than all other sampling

events during all years.
v' 9ELHD increased from winter-spring to summer months. Large
differences in diversity between %5ELHD and the two other g-levels

were apparent in winter (February) 2010 and 2011.



Genetic Stock Composition Data
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Summary of Findings

To summarize, the case studies showed:

>

>

vy

As must be, “SELHD > ELHD > 2ELHD in all
scenarios.

All three g-levels produced tractable, understandable
ELHD values.

Patterns in the diversity results were similar among
the g-levels.

Sensitivity of ®->ELHD to rarer species was evident.

As expected, patterns in the results were basically the
same whether the diversities were normalized or not.

Normalization was useful because it produced
proportions of maximum diversity that were easy
understand and interpret while accounting for zero
observations in a dataset.

Juvenile salmon timing and size class trait
combinations worked well.

An ELHD index based on effective number of species
appears to have utility irrespective of g-level.



Recommended Index:

True Diversity of Shannon Entropy

True diversity 0.5 1 2
g-value
Basis Square Root Shannon Entropy Simpson Concentration
Emphasis Rare species None Dominant species
Unequal No Yes* No

sample sizes

S
‘ELHD =exp| > p; In(p,)
i=1

*Chao and Shen (2003) Nonparametric estimation of Shannon’s
index of diversity when there are unseen species in sample.
Environ. Ecol. Stat. 10:429-433.



Caveats and Next Steps

» Caveats: indexing; hatchery
fish; sampling methods,
locations, times

» Next steps:

m Incorporate Chao and Shen’s
approach for unequal sample
sizes

m Build a variance estimator
and spreadsheet auto-
calculator for the ELHD index

m Further describe
management implications
and uses

m Peer-review
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Indices necessarily collapse data into a one number.  This means underlying data and information are lost.  For some purposes, this is acceptable and indeed useful.  No one would deny the importance of the U.S. government’s consumer price index; at the same time, no one would dispute the need to use it carefully.  An index designed to serve a specific purpose can be useful as long as it is not taken out of context and misused.  This point undoubtedly pertains to the ELHD index.
Hatchery-origin fish could confound the interpretation of ELHD because the presence of hatchery-origin fish in samples would affect the diversity values.  Hatchery fish typically have a relatively narrow size frequency distribution and are released in large quantities in a short period of time. 
The most important limitation for the ELHD index is its dependence on sampling method and sample coverage.  The issue of sampling methodology has direct application for the ELHD index.  Different sampling methods used for different objectives and locales will emphasize certain fish over others, even certain life history trait combinations over others. 
Toumisto (2010, p.858) said, "To obtain meaningful results on diversity, comparisons have to be limited to similar datasets…we must be careful to only compare results obtained with comparable indices." 

We offer the following suggestions for best practices to apply the ELHD index:  
distinguish between hatchery- and wild-origin juvenile salmon; 
clearly define ELHD index dimensions; 
document the source data; and 
compare index values using datasets generated with similar methods and sampling designs.

The ELHD index has application for sampling at various locales or habitats.  
Examples include studies to assess migration characteristics using screw traps in interior basin tributaries; juvenile bypass sampling systems at a main stem dams; purse seines in lower estuary and main stem channels; and trap nets in a tidal wetlands.  
Specifically, we recommend testing the ELHD index with existing and new smolt monitoring data from Bonneville Dam (Martinson et al. 2006), screw trap data from the Snake (Fish Passage Center 2012) and Willamette river tributaries (Keefer et al. 2011), and purse seine research at the mouth of the Columbia River (Weitkamp et al. 2012). 


Conclusions

» The selected ELHD index is the diversity expressed as
effective number of species (true diversity) for the
Shannon index. It meets the requirements of RPA 58.2

» It applies to multiple life history strategies; incorporates
fish abundance, density, or catch per unit effort data, and
both richness and evenness,; and, produces
understandable and interpretable values.

» The ELHD index supports comparisons across like
locales and examinations of trends through time at a
given locale.

» It has application as a high-level indicator to track trends
In the status of the recovery of salmon and steelhead
populations in the Columbia basin and elsewhere where
salmon recovery efforts are underway.
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**The intent is to provide a tool to track ELHD through time for purposes of CEERP and Col Basin F&W Program mngt.
This is not an end all, be all.  It’s a tool, a high-level indicator for mngt.  It’s just one piece of info.
Wrap – conclusion.  Overall strength in the approach is can calc based on data readily and routinely collected in the field. But it’s just an index – see Roy’s stuff. 
Close it by bringing it back to the original driver in the BiOp – a method to index ELHD.  It should be done carefully.  Just an indicator, not an end all.  Apply to existing RME efforts as a derived variable from ongoing data collection efforts.
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