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Background

Project Goals

There are two goals for the fiscal year (FY) 2026 work plan of the Academic Research Group
(ARG). This report focuses on Task 1: To review the methodology and underlying datasets used
in developing new genus-level, macroinvertebrate, multi-metric, bioassessment indices.

Introduction

Virginia’s 1997 Water Quality Monitoring, Information and Restoration Act (§62.1-44.19:5)
directs the Virginia Department of Environmental Quality (DEQ) to develop its 303(d) and
305(b) reports in consultation with scientists from state universities prior to its submission to the
U.S. Environmental Protection Agency (EPA). To meet the intent of the Act, DEQ asked the
Virginia Water Resources Research Center (VWRRC) to organize and coordinate a group of
academicians from state universities to address specific tasks related to the agency’s procedures
for assessing water quality in Virginia. This group was formerly known as the Academic
Advisory Committee (AAC) to DEQ and is now called the Academic Research Group (ARG) to
better reflect the informal, collaborative working relationship it has with DEQ.

Task 1 -- Aquatic Life Assessment

The DEQ has collaborated with EPA to determine the most effective group of bioassessment
metrics for separating least-disturbed stream sites (reference) from sites with evidence of
anthropogenic disturbance (stressed). The final approach will include four distinct multi-metric
indices (MMIs) for assessment of non-coastal, wadeable streams in Virginia from the following:

1) Piedmont Region in spring (March-May),

2) Piedmont Region in fall (September-November),

3) West of the Piedmont (Mountain) in spring, and

4) Mountain in fall.

Reference and stressed sites were determined by using a series of variables related to water
quality and physical habitat. Macroinvertebrate MMIs were constructed that best distinguished
reference and stressed sites using an all-subsets approach (see: Blocksom et al. 2025).

The DEQ requested a review that highlights the pros and cons of the methodology and datasets
used to develop new genus-level MMIs. This report was written to meet this request. However,
the datasets used in the development of the MMIs were not provided so the review took place
without this information.



https://assessments.epa.gov/risk/document/&deid%3D365261

Review by ARG Member, Sally Entrekin

Overall, the reviewed technical bulletin, Genus Virginia Stream Condition Index in the Non-
Coastal Areas of Virginia (March 2026 version of VADEQ Technical Bulletin WQA/2026-001),
provides a clear and comprehensive narrative of how the new MMIs were developed for two
bioregions (Piedmont, Mountain) and two seasons (spring, fall) using genus-level
macroinvertebrate identifications. The process used makes sense and appears to be statistically
rigorous. My comments are focused on biological questions around metric selection,
relationships between stressors and genus-level identification of macroinvertebrates, and ways
the technical bulletin might provide statistical results that could help practitioners better
understand the ecological drivers of their own assessments.

Broad Suggestions

Provide an evidence-based rationale for the need to use genus-level identifications and have
bioregion/season MMIs. The MMI performance improvement for fall is clear but less so in
spring. Some explanation for how the MMIs will be implemented would be helpful. For
example, will only fall assessments use a genus-level MMI?

I interpret the threshold for impairment to be in the 50s for all selected region/season models.
Some discussion would be helpful for understanding if the lower threshold means fewer sites
will be flagged for impairment.

Stressor gradients and community composition drive the MMI, but none of the data are visible,
making it impossible to assess the ecological mechanism behind the index.

Non-metric multidimensional scaling (NMS) ordinations omit macroinvertebrate traits (used to
develop the metrics), and that omission limits the ability to understand how different metrics
were selected and relate to bioregion/season and to each other. These traits could be added to the
appendix.

Include a flow chart that lays out the process model that will also describe the statistical process,
as well as model calibration and validation.

Explain how final models were selected. For example, why did some selected models differ from
the ones preferred by the biologists?

Metric selection process is not well described. For example, why use the number of
chironomidae taxa (n=1), which overweights the influence of taxa richness in the model? An
explanation about balancing the statistical vs ecological reasoning for the selected metrics would
be helpful.

Include narrative on why/what conditions are related to poor MMI performance.
In order to make the MMI available to others for mechanistic understanding and to interpret

ecological reasons for deviations from expectations, consider providing links to the following
data:



e Individual stressor quartiles for each bioregion by season.

e Principal Components Analysis (PCA) axes scores and Spearman metric correlations with
each axis used for the MMI development. Presumably, each bioregion and season have
different stressor values and relationships with each PCA that informs the
macorinvertebrate metrics that best explains variation across the stressor gradient.

e NMS axes scores and relationship among the metrics and axes values would allow for
users to understand macroinvertebrate-stressor relationships. Multi-response permutation
procedure (MRPP) output would also be helpfu to undrestand how well the communities
across the bioregions and seasons separated and thus also which taxa/groups of taxa were
most responsive to the different individual stressors.

Benthic multihabitat samples appear to separate from riffle sampling. Was it necessary to include
these sample types? Some rationale for their inclusion and how the State determines if

multihabitat samples will be taken outside the Coastal Plain would be instructive.

Provide information on why 100-pick subsamples were retained as protocol rather than moving
to a 200- or 300-pick approach.

Citing current literature would help others as they refine their own process of MMI development.
All figure and table captions should be expanded for clarity of process by non-State practioners.
Check Cheumatopsyche spelling throughout the bulletin.

Executive Summary

Not yet available so no comments.

Chapter 1: Introduction

Provides a broad overview of the Virginia Stream Condition Index (VSCI) at the family level

with points that there was an opportunity for improvement by using a genus-level assessment

(with associated citations). If the authors could provide a few Virginia specific reasons for the
need to have separate fall/spring and bioregion/ecoregion MMIs that will provide readers with
useful context.

Chapter 2: Data Review and Site Classification

Study watershed areas are defined as “5*107 — 798mi?” — Can this be written out, justified, and
then put into context with Strahler Stream Order that is referenced later in the document?

All table and figure captions could be more detailed. I provided examples (see Tables and
Figures sections below) but encourage the authors to consider additional information that could
be added to support interpretation.



Chapter 3: Candidate Metric Development and Selection

Paragraph 1: Consider providing a code repository link so others can use the script. For example,
I use this code in my Freshwater Biomonitoring course and provide links to the script and
example data from the Methods in Stream Ecology textbook.

The pollution tolerance scoring system could be cited here.

3.1 Range and Correlation. I was confused by zero scores that were eliminated. Can you
provide an example so that by eliminating zeros, the VSCI score will not be inflated for a given
site?

More than a citation should be provided that explains from a biological perspective why
including highly correlated metrics was acceptable. As stated above, it would seem to either
overestimate or underestimate stream conditions. For example, Table 4-2 lists the metrics “% top
two dominant genus-level taxa” and “% individuals in dominant 3 distinct taxa.” Both indicate
an increase in metric stress response (i.e., drive score down) because they include the same taxa
describing the same ecological phenomena.

A linked or appended table of correlations across metrics would improve practitioner
understanding of stress responses and how to interpret the score.

The metric CHIRPTAX (Chironomidae adjusted richness) is confusing because the taxa are
identified to the family level (not genus, as are all others) so consider removing this metric.

A table that describes each of the metric categories with rationale for using them would be
helpful to guide interpretation: taxonomic dominance, taxonomic richness, community
composition, functional feeding group (FFQG), ecological habit, and pollution tolerance.

3.2 Discriminatory Power. The approach to discriminating between reference and stressed sites
was clearly presented in Figure 3-1 but could be improved. Specifically, consider adding a
straighter forward statement of ability to detect stressors. For example, stressor 3 indicates
“confident” that the reference and stressed sites differ whereas stressor 0 signifies “no
confidence” that the two site classifications differ. Label one of the box plots with interquartile
ranges.

3.3 Methodological Influences. Can you provide a link to the two sample methods? I think they
are on the DEQ website. | found the explanation of multihabitat vs riffle sampling a little
confusing. As [ understand it, if the same metric differed in its value between multihabitat and
riffle sampling at reference sites, then it was eliminated as a candidate metric. The metrics that
show differences in multihabitat vs riffle reference samples would be ecologically informative if
you can easily link to that information or add a table.

Chapter 4: Index Development

4.1 Metric Scoring. I believe this first paragraph refers to the highest and lowest values for
metrics calculated only in reference streams. Please edit it as needed to make this clear. Also,
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floor is presumably 5" percentile and ceiling is 95" percentile of reference values, but that is not
clearly stated. Please consider editing for clarity. Consider adding an explanation after the
equations: When test sample scores (or raw scores) were less than the floor score or greater than
the ceiling score, values less than 0 or greater than 100 resulted. In this instance, values below 0
were set to 0, and values above 100 were set to 100.

4.2 All Subsets Index Evaluation. I found this section the most difficult to follow. It would be
helpful to have the data associated with the process.

A watershed size distribution for reference and test sites would be useful to understand upper and
lower boundaries since watershed size influences metric values.

If possible, please provide a link to the R script and data repository for practitioners.

The described subset method is clear, and it makes ecological sense to use the metric categories
to constrain the metric selection from sixty-four down to six. Consider putting these categories in
a table and include rationale for their selection and associated citations.

Please consider providing an example of the All Subsets analysis using data. This analysis
provides important ecological information and could be (and should be) linked within the
technical bulletin.

The information provided in Appendix 4-A does not align with the data described in this section.
For example, the text does not describe the calibration and validation process, model number
relevance, explanation of how misclassifications were flagged, reference percentile, or the
assessment threshold score. Ideally, practitioners could get the information from the text in order
to interpret the information in the table. A link to R Quarto (define) and R Shiny Apps would be
appropriate here.

4.3 Final Index Selection. I assumed the analysis was based only on Virginia streams as
indicated in the introduction. If this is not the case, please explain in more detail here.

Chapter 5: Final Index Performance

5.1 Index Misclassifications and Comparison to VSCI. The summary results are interesting,
but no rationale for misclassifications was given. Since misclassifications are likely due to a
difference in stressor gradient and/or community composition, examples of why some sites were
misclassified based on the model selected would be informative. The impairment thresholds
when using genus-level identifications are lower than those associated with the VSCI, which
uses a family-level identification methodology. The reason for this difference should be explicit
in the process and highlighted in the summary.

5.2 Uncertainty Associated with Impairment Thresholds. No comments for this section.

5.3 Final Index Precision. No comments for this section.



5.4 Index Responsiveness to a Continuous Environmental Gradient. It would be great to
have the correlations in the technical bulletin or linked to the bulletin. Based on the data
provided, it was unclear if four different stressor gradients were generated for each
bioregion/season.

Chapter 6: Conclusions and Recommendations

It was not clear why the threshold for impairment went from 60 at the family level to in the 50s
at the genus level. It was also unclear where other categories were included.

I agree that fall assessments were improved using genus-level identification, but spring
assessments seemed equivocal especially in light of the extra effort required for genus-level
identification.

There is much variation among the stressor gradient and MMI scores. Are there stressors that
might have been overlooked, especially for Piedmont streams? Could MMI performance be a
function of how stressors are measured, e.g., a snapshot vs time series using deployable sensors?
Is stream order or watershed area the better parameter to include in the analysis? It may depend
if tributary connections or longitudinal environmental gradients are more important.

I had questions about how the final threshold would be generated and what would constitute
impairment. [ found it in the last paragraph, “For example, a sample collected in the Mountains
in fall, and scoring a 40.00, would be re-scaled to 78.14, and would indicate that the site may not
be supporting of the aquatic life use. This rescaling will aid in interpretation of scores by the
public, and comparability of scores among seasons and regions.” I do not see where 78.14 was
generated.

Tables

Table 2-1. I am surprised the stressor gradient shown here is not broken out by biological regions
and seasons since presumably this and the difference in community composition are why four
different MMIs were developed. Valuable information could be gleaned from these values being
reported for each bioregion/season combination. Define intermediate thresholds and describe
breakpoint analysis used to generate categories.

Table 2-2. Consider revising the caption as, “Number of sites used for multi-metric index
development with a priori condition classifications indicated as Reference, Intermediate and
Stress.” Do values represent condition classes? I am not sure what or how the values were
generated for this table or what the parentheses indicate. Consider adding more context so this
table can stand alone.

Table 2-3. In the caption, consider writing, “Non-metric Multidimensional Scaling (NMS)”
instead of “NMS” and “Multi-Response Permutation Procedure (MRPP)” instead of “MRPP.”
Add more context about data input. For example, was this abundance weighted? Can the metrics
that represent the community composition be included or the appropriate table cited? Was the
watershed size included in this analysis as an important parameter that often separates
communities?



Table 4-1. In comparing the text and this table, I could not follow the logic from
misclassifications to the process by which the Reference Percentile was decided upon and then
how that was used to generate the Assessment Threshold Score and the Zone of Uncertainty. I
think this information could be added to the bulleted process described in the text.

Table 4-2. This table needs a much more detailed caption so readers can understand the
abbreviations, the rationale for the metric categories, and what the metric stress response means
in terms of the actual score and the amount of measured ecological stress.

Table 4-2. Check spelling (e.g., Cheumatopsyche) and define PTV (pollution tolerance value) in
the caption or as a footnote.

Table 4-3. Define the Best Standard Value and make sure it aligns with the description in the
text. I think it is the floor and ceiling value. It is not clear how CHIRPTAX values were
generated since the ceiling value (95th percentile) will always be 1 and floor value (5%
percentile) will be 0.

Table 5-1. It is interesting that family-level and genus-level MMI perform similarly for
Piedmont spring. Linking to taxa lists for each bioregion and season would allow practitioners to
understand why family-level identification and fall collections differ in performance (along with
the stressor ranges for each region/season).

Table 5-1. It is interesting that by using the full dataset, the Mountain and Piedmont spring
MMIs perform about the same. One might argue that family-level assessment would be fine in
spring, but if assessments are conducted in fall, then biologists need to consider taking
identifications to genus. The introduction could do a much better job supporting the need for
genus-level MMI in the spring.

Table 4A. The final assessment score standardized to 100 is not described. Can that description
be included? Also, include the impairment threshold defined for each bioregion/season with
associated rationale.

Tables 6A and 6B. Include the sample method (multihabitat vs riffle) used at each site.

Figures

Figure 1-1. Provide a legend or text that defines regions based on color. Consider adding a table
with the ecoregion and number of sites sampled in each and broken out by reference and
stressed. This table could include sample method if the multihabitat samples are retained.

Figure 2-1. Taxa scores related to the ordinations would be helpful for others to understand
compositional and thus metric selection differences across the various regions/sizes/seasons.

Figure 2-2. Taxa scores related to the ordinations would be helpful for others to understand
compositional and thus metric selection differences across the various regions/sizes/seasons.



Presumably, the benthic macroinvertebrate data used in the ordinations are all genus specific
abundance, but it is not clear. It would be more informative to show the community differences
using the metrics included in the MMIs.

Figure 2-3. Check figure citations. Are all of the stress values the same? If so, that seems
surprising but maybe not since these are all the same community data. I am not 100% sure
because of the limited information provided in the figure caption.

We consistently see the same stream scoring lower in the fall. Is that a bias in the index, i.e., do
you think there should be a separate suite of metrics to more fairly assess stressors (other than
flow and dissolved oxygen) in the fall assemblages?

Figure 2-4. I am curious which NMS ordination separates the communities better — ecoregion
or watershed/stream size.

Figure 2-5. Remind readers in the caption what “large” vs “small” represents and explain why
use stream order and not watershed size since watershed size was the benchmark for the site
selection.

Figure 3-1. Consider adding a more straight forward statement of ability to detect stressor. For
example, stressor 3 indicates “confident,” and stressor 0 represents “no confidence.”

Figure 5-1. Same point as described for Table 5-1.
Figure 5-2. Same point as described for Table 5-1.

Figure 5-3. Regression analysis should include model structure and function of the line. Stressor
relationships with PCA axes for both figures would make this informative. The PCA is in the
appendix, but loading scores are not available.

Figures 4A and 4B. Define the gold star and explain if all models have to have metrics with
gold stars. It looks like the metric that does not have a gold star (PLECIND) cannot distinguish
the reference sites from the stressed sites. Is the coefficient of variation (CV) indicated in the
box?

Appendices

Appendix 2-A. Describes the ordination approach but neither the data input (e.g., snapshot data,
etc.) nor the loading scores. Consider adding this information so practitioners can interpret
stress-to-metric and stressor-to-MMI relationships.

Appendix 2-B. Do benthic macroinvertebrate samples use genus-level abundance in all cases?
Please clarify. Loading scores would be informative. I am not sure why DEQ regional offices are
included. Knowing the taxa driving the spread across ordinations would be informative.

Define the water quality standard and include rationale for these ordinations.



Appendix 3-A. Were the metrics in this appendix correlated to the stressor gradient, and if so,
can those summary statistics be included?

Appendix 4-A. Does threshold score equate to impaired or not impaired? Most of the threshold
scores are lower than 60. Does that mean that fewer streams will be flagged for aquatic life
impairment?

Appendix 5-A. Same comments as indicated for Figure 5-3.
Appendix 6-A. Strahler was referenced earlier in the text. Check that the process for site size is

clear and consistent (Tables 6A and 6B). Stream order and watershed size describe different
parameters, and both could separate communities in a meaningful but possibly different way.
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