[bookmark: _GoBack]Dear Benthic Expert,
Thank you for participating in the validation exercise for the Marine Benthic Index for Puget Sound/southern Salish Sea. We’re really excited to take this step.
As you know, Ecology has been sampling sediments and characterizing the environment and infauna since 1989. We have a large and valuable dataset that is the envy of many other coastal states. But until now, in our analyses of the data, we have only barely scratched the surface of the information. Now we have a tool, currently called the Disturbance Index, that enables us to examine the relationships between the benthos and the environment simultaneously and with estimates of uncertainty (levels of confidence).
Once validated, the Disturbance Index will become the Marine Benthic Index indicator for the Puget Sound Partnership’s Marine Water Puget Sound Vital Sign.
Why the validation exercise
What we want to accomplish with this validation exercise is to see how well the Disturbance Index matches more standard ways of assessing community health. We also want to see how finely it is possible to distinguish between levels of disturbance. For that reason, we are using simulated data, so we know exactly what the level of disturbance is for each sample.
A question we would like to be able to answer is: How does the concordance between expert opinion and model output vary as a function of disturbance? For example, given the variation inherent in expert opinion and the variation inherent in model structures, what is the smallest difference in disturbance that can be reliably discerned by expert evaluation?
What we’re asking of you
We’re providing you 30 pairs of simulated benthic samples. Each coupled pair share the same habitat characteristics but differ in the level of disturbance. Working independently of each other, please:
· Assess the health of the two communities in each pair based on the biology. Indicate which of the two is more disturbed. Also indicate your level of confidence in your answer.
· Share your reasoning, so that we can all learn from each other.
We want to emphasize that nobody is being judged in this exercise. We all have our strengths and weaknesses, our certainties and uncertainties. The Disturbance Index, because of its approach, will pick up on patterns that humans may not—and vice-versa. The important point is that we want a tool that will incorporate the best of both human and machine learning.
Overview of the Disturbance Index
The Disturbance Index is based on individual-taxon models of responses of 128 selected taxa to 8 field-collected habitat parameters. The models were “trained” with 168 samples collected at 50 sites throughout Puget Sound/southern Salish Sea in April 2016 and April 2017.
The habitat variables used are:
· station depth below water surface (m)
· van Veen grab penetration depth (cm)
· salinity of overlying water in van Veen grab (ppt)
· temperature of surficial sediment (C)
· percent fines in surficial sediment (% silt + clay in top 2-3 cm)
· percent gravel in surficial sediment (% gravel in top 2-3 cm)
· presence of submerged aquatic vegetation (algae or eelgrass)
· presence of shell hash
The 128 taxa were chosen based on how much information they provide about their habitat preferences, plus selected taxa of importance based on your earlier feedback. All of these taxa are found in both spring (April) and early summer (June) samples.
The Disturbance Index is based on using those models to predict what species we’d expect (or not expect) given the habitat conditions.
A note about environmental variables and disturbance
We’ve distinguished between environmental variables that are unlikely to be affected by human activity on the temporal and spatial scales of regular Puget Sound sediment monitoring—those we call the habitat variables—and those that could be affected by human activity. For example, because humans contribute to nutrient levels, we have not included environmental variables such as total organic carbon as habitat characteristics. In fact, the next step after validating the Marine Benthic Index is to test hypotheses of disturbance by looking for relationships between the leftover species variation not accounted for by the habitat, and potential indicators of disturbance.
The simulation
Because human disturbance is not something we can measure directly, trying to validate the index using natural samples necessarily involves assumptions about what is and is not disturbance. Instead, here we are testing the concordance of model output and expert opinion in a set of samples in which the level of disturbance (as defined by the model) is known. The Disturbance Index is estimated from the correlated presence and absence of taxa after the individual habitat preferences have been accounted for.
To achieve this, we have derived models for the habitat associations, disturbance associations, and unresolved variation for the taxa. Using these elements, we can simulate benthic communities by (1) specifying habitat characteristics, (2) specifying a disturbance level, (3) adding residual variations, and (4) probabilistically determining the presence/abundance of each taxon of 128 taxa in the simulated sample.
For the set of samples you will judge, the habitat parameters were selected randomly from a multivariate model of the 8 habitat variables based on the 2016-2017 dataset, in which the correlations among variables is preserved.
The data
The data for 30 pairs of simulated samples are provided in an Excel workbook. Each page of the workbook contains the following information for each separate pair:
· Species abundance data for the two samples, side-by-side, in order of decreasing abundance. (Keep in mind, however, that only presence/absence is used in the individual-taxon models of responses to the habitat parameters.)
· Habitat data (the 8 variables listed above) common to that pair, to help you establish an expectation for what kinds of organisms should occur there.
· Higher taxonomic information and functional feeding guild (Macdonald et al., 2008, 2012) for each taxon.
Additional pages in the workbook include:
· The habitat data for all pairs.
· Taxonomic hierarchy and functional feeding guild information for all 128 taxa.
· A summary matrix that includes all the species abundance and habitat data for all samples, to facilitate inter-sample comparisons.
More information on the taxa
Taxonomic identifications have been kept up to date in Ecology’s database over the years as published nomenclature has changed. The taxonomic names have been standardized (harmonized) across the years using the protocol in Burgess, 2019 (attached). Ecology developed this standardization protocol to minimize loss of richness and abundance while ensuring consistency of identification for comparison of sample sets over years. Thus, you may find some identifications to be at higher or lower levels, or with different species names, than you are accustomed to. The resulting standardization of taxonomic names from some 1900 samples collected as part of Ecology’s routine sediment monitoring program from 1997 through 2019 is attached here. (The standardization was done in March 2022, so some of the nomenclature is already out of date.)
Information on benthic taxa occurring in Puget Sound/southern Salish Sea is available from the Encyclopedia of Puget Sound (EoPS) at https://www.eopugetsound.org/species/custom-lists/306. Information is drawn from the Encyclopedia of Life, one source of which is the World Register of Marine Species (WoRMS; https://www.marinespecies.org). For many taxa, the EoPS pages have photos taken by Ecology staff. Voucher sheets developed by Ecology staff are also available for some taxa.
We haven’t provided any community measures for the simulated benthos samples because we don’t want to introduce any bias by selecting measures. Since the data are being provided in spreadsheets, calculating your favorite measures shouldn’t be a chore. However, if you want us to calculate anything for you, just let us know, and we’ll gladly provide it. We can circulate the results to everybody, if you would like.
The tasks
There are only two, related tasks. We’ve provided an Excel worksheet for your responses.
Please:
1. Split the pairs. The first thing we would like you to do is determine which of the two communities in each pair is more disturbed. Please also indicate your level of confidence in your answer.
2. Provide your evaluation criteria. For each pair, tell us about the criteria you used to make your choice and the importance of their contribution to your decision.
By working independently, you'll provide us the maximum amount of information for the validation, “the wisdom of the crowd.” We can all share knowledge at the end of the exercise.
A few notes on the pairs:
a) The samples are labeled 1A/1B, ..., 30A/30B.
b) Both members of each pair have the same habitat characteristics, in terms of the 8 variables listed above.
c) The A’s and B’s are randomized, so it is not the case that all A’s are less disturbed and all B’s more disturbed, for example. Nor are they simply alternating.
d) The level of disturbance varies by pair, and the pairs are randomized in their levels of disturbance. Thus, there is no relationship between pair number and level of disturbance.
e) The abundance distributions of each taxon for disturbed and undisturbed conditions in the simulated samples are, on the whole, quite similar to those for the real samples from 1997-2019. All of the abundance distributions are strongly right-skewed, meaning that most of the values are low and few are high, in both real and simulated samples. Because the lower values of the distributions are more likely to occur than the extremes, you may notice that the values for some highly-abundant taxa in the simulated samples are not as high as you have seen in some samples from the field. That’s OK—remember that it is the presence or absence of the taxon that is most important.
f) Non-indigenous species as a group, per se, should not be considered sources or indicators of stress. On the other hand, if you think a particular non-indigenous species or genus is an indicator of stress, feel free to use the info in your integrative mental model. For example, don’t knock a sample just because species “X” is non-indigenous; but if you think species “X” is indicative of (one or more sources of) stress please feel free to use that information to assess the sample, regardless of whether species “X” is non-indigenous or not.

Thanks in advance for your help. We would appreciate receiving your results by October 15th. 
This validation exercise will be a learning experience for all of us, so enjoy the ride!

Please e-mail us if you have any questions.
Valerie Partridge and Don Schoolmaster
valerie.partridge@ecy.wa.gov
schoolmasterd@usgs.gov
