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We measure waterbody health
through bioindicators

Can reflect suitability for human use as well as intrinsic health
and resilience

Can reveal diminished health — integrating effects of:

* Organic pollution / nutrients

« Toxins, known and unknown

* Invasive species

« Alterations to habitat, flow regime, climate, and various
changes in watershed

Can track restoration of health, if assemblage is quick to re-
colonize after disturbance

Macroinvertebrates are the most commonly sampled
assemblage for streams (also sampled in lakes/wetlands)

Protect and improve the health and environment of all Kansans
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But a biological sample
IS not a measurement

* The representation (biological sample)
IS never entirely the thing itself (full
assemblage)

« The data type is idiosyncratic and
structurally challenging

The Treachery of Images, Rene Magritte 1929
Housed at Los Angeles Museum of Art

Protect and improve the health and environment of all Kansans
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Chemistry Envy

« Avariety of methods that yield more or
less comparable results: one
parameter is measured

« Analytes may interact but can usually
be measured separately

« Standard control protocols to check
instruments and remedy errors

Protect and improve the health and environment of all Kansans
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Rapid Literature Sample, mesh size 2
publications, subsampled to fit text
box, with large/rare pick:

* Development of sampling methods and Armitage e Barbour e Blocksom e

We’ve been having this
conversation for over a century

underlying concepts Cairns e Cao e Carlisle o Carter o

Development of indicators Caton e _CUffney ° Dawes ° Dlam_ond °
Indicator taxa Flotemirsch e Gerritsen e Hawkins e
Diversity and evenness measures Herbst e Herlihy e Hilsenhoff e Hughes
Assemblage metrics . e Jackson e Karr e Kolkwicz e Larsen
Supporting data (ecology/sensitivity) e Lenat e Metcalfe e Ostermiller e
Multimetric indices and O/E indices .

Patrick e Peck e Resh e Reynoldson e

Greatly improved understanding of issues Richardson e Rosenberg e Stamp e

- Countless innovations, astute Stoddard e Stribling e Van Sickle e
observations, and insightful comparisons Vinson e Dozens More

Protect and improve the health and environment of all Kansans



This is not an argument about...

* Which is the best...
 Indicator assemblage
* Field method
« Lab method
« Type of metric

« Setting expectations for assemblages
« Defining reference conditions
* Recognizing natural classes of
waterbodies
* Identifying ‘reasonable” goals

Protect and improve the health and environment of all Kansans



and Environment

Kansas Djvision of Envir@ment

This is an invitation to...

« Think broadly about the properties
biological data

« Engage with the community of
* Data generators
 Data managers
 End users

« Consider the utility of our data
» Across programs and borders
* In 50 or 100 years

Protect and improve the health and environment of all Kansans
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Some of the issues

« How well the method (s.l.) represents the site
« How the sample is processed into data

« The idiosyncratic nature of biological data

« Generating meaningful conclusions

- Data storage, metadata, and documentation

These elements are affected by our decisions
and actions in the field, lab, and office

Wadeable stream macroinvertebrates as model
for discussion

Protect and improve the health and environment of all Kansans
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Does the sample adequately represent the site?

« Sample at the right time:
« Should the sample/s represent the site’s Best condition, “Typical,” or its Range?
* Index period or season, timing relative to disturbances?
* Number of separate visits needed to characterize site
« Sample in the right place:
« Randomly selected, Targeted relative to feature of interest, or “Convenient?”
« Spatial extent of reach (In streams, usually a fixed length, or scaled to width)
* |Is effort deliberately targeted, or distributed without respect to habitat
« Targeted macrohabitat/s, Reachwide multi-habitat, Systematically placed transects...
« How is sampling effort constrained?
« Bytime
« By spatial area of subsamples
* By number of subsamples (or target number of organisms)

Protect and improve the health and environment of all Kansans
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Does the sample adequately represent the site?

 |Is the equipment chosen suitable to capturing
target taxa?
« Will the method capture representative
assemblages across a range of waterbodies
* Intermittent to barely wadeable
« High gradient to low
 Pristine to impacted
« \Warmwater/coldwater, etc.
* Do equipment or method change depending on

site characteristics?
* Is it repeatable by (same or different) staff?

Protect and improve the health and environment of all Kansans
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How does the sample become data?

« Are samples processed entirely or subsampled to a target number?
« What taxa and life stages are included / excluded (in field or lab)?
« What is the target resolution for each taxon?

 How are unresolved/ambiguous specimens handled?
« |ID to higher rank (e.g. Baetidae) when lower rank (e.g. Baetis)
IS present in the sample
 How are rare taxa regarded?

« How many steps: sampling, sorting, identification, enumeration...
 |s each step of the method acceptably repeatable?

 How is error/noise (repeatability) tracked at each step?

* Does the result generate intended knowledge?

Protect and improve the health and environment of all Kansans
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ldiosyncratic nature of biological data

Taxonomic resolution (i.e., target level of ID) shapes data fundamentally
« The same sample identified to family vs. species yields different metrics

 ldentification relies on taxonomic expertise

« And reliance on current taxonomic authority — experts may disagree
« Some specimens cannot be identified to target rank

« Damaged, early instar, etc.

« Handling of unresolved/ambiguous taxa can skew results

* Replicates (samples, IDs) are relatively expensive to generate
* Inclusion/exclusion of different life stages creates complexity

« Nested hierarchy of nomenclature generates complex data structure

« Taxonomy changes in ways that prevents harmonization of old and new data
* It's not just name changes (i.e., “updates”)
« Taxa are split, merged, and change ranks

Protect and improve the health and environment of all Kansans



ldiosyncratic nature of biological data
« Ataxon is not a parameter
« We can meaningfully measure temperature and total phosphorus in

every lake
« We can’'t meaningfully measure Hetaerina americana in every stream

« Taxon distributions are regional, not universal:
» Species distributions and historical events interact to generate
singular assemblages across the landscape

« Many metrics rely on supplemental datasets to draw conclusions; these
datasets are typically regional
 Life history (reproduction, development, dispersal)
» Morphology and habit
« Feeding and respiration
» Tolerance or sensitivity to nutrients, metals, biocides, habitat, etc.

 Where should these be archived?

Protect and improve the health and environment of all Kansans



ment

K@I}mﬁs Division of E@/_ir,@mment

Derived metrics are indispensable to our
Interpretation of raw data
 Individual measure of diversity or tolerance
e Multimetric index
* Observed/Expected index

» Derived metrics balance atop of a stack of
assumptions, field methods, lab methods, data
cleanup, and models — and sometimes also
auxiliary data

« Comparability of endpoints (assessments) may
suffice for some calibration purposes

« But storage of raw data, alongside detailed
methods and metadata, is critical for future use

Protect and improve the health and environment of all Kansans
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Questions

 What are the essential elements in our shared raw-data
database? (Water Quality Portal, which serves up EPA
STORET/WQX, USGS BIODATA, and others)

« What supporting data should be required?

« What supporting data should be encouraged, to improve
utility?

« What documentation do we require in our methods database
(National Environmental Methods Index)?

« How can we improve accessibility and usability of our data
across borders and into the future?

Protect and improve the health and environment of all Kansans
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You can help answer the questions — the timing is perfect

« WQX database will release new version (3.0) in 2019 — with upgrades to biological data handling

« NWQMC Water Information Strategies Workgroup (chair: Mary Skopec) has a cross-agency
collaboration with national data managers (USGS BioData, USEPA WQX/STORET, Water Quality
Portal), users, and contributors to improve metadata (Core team: Jane Caffrey, Laura Shumway, Jim
Kreft, Lori Sprague)

« NWQMC National Environmental Methods Index Workgroup (chair: Dan Sullivan) bioassessment
comparability subcommittee is working on data elements and documentation

» Networking session at 1:30 today includes representatives from these efforts
« Talks today and throughout the week highlight perspectives on sharing and documenting biological data

* In your own work, consider the long term use of biological data you generate

Protect and improve the health and environment of all Kansans
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Starter Papers

« 2001. Carter & Resh. After site selection and before data analysis: sampling, sorting, and laboratory procedures used in
stream benthic macroinvertebrate monitoring programs by USA state agencies. JNABS 20:658

« 2005. Resh, Beche, & McElravy. How common are rare taxa in long-term benthic macroinvertebrate surveys? JNABS
24:976

« 2006. Herbst & Silldorff. Comparison of the performance of different bioassessment methods: similar evaluations of biotic
integrity from separate programs and procedures. JNABS 25:513

« 2007. Cuffney, Bilger, & Haigler. Ambiguous taxa: effects on the characterization and interpretation of invertebrate
assemblages. JNABS 26:286

« 2007. Rehn, Ode, & Hawkins. Comparisons of targeted-riffle and reach-wide benthic macroinvertebrate samples:
implications for dat sharing in stream condition assessments. JNABS 26:332

« 2007. Chessman, Williams, & Besley. Bioassesment of streams with macroinvertebrates: effect of sampled habitat and
taxonomic resolution. INABS 26:546

« 2011. Cao & Hawkins. The comparability of bioassesments: a review of conceptual and methodological issues. INABS
30:680

« 2011. Stribling. Partitioning error sources for quality control and comparability analysis in biological monitoring and
assessment. Chapter 4 in Modern Approaches to Quality Control (Eldin, ed), InTech, ISBN 978-953-307-971-4
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