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EXECUTIVE SUMMARY

The Idaho Department of Environmental Quality (IDEQ) initiated this study to develop and
update assessment tools for biological and habitat integrity in streams and rivers throughout the
State. The process for creating indices includes defining reference conditions, establishing
geographic divisions to classify natural variability, calibrating multimetric indices for
macroinvertebrates, fish, and habitat, and developing multivariate predictive models for
macroinvertebrates. The ecological indicators could be applied to assess aquatic life use support
(ALUS), as required in State programs and the Clean Water Act. The dataset analyzed included
over 3000 sites sampled between 1998 and 2008, mostly through the IDEQ Beneficial Use
Reconnaissance Program.

The analysis for developing biological and habitat assessment tools relies heavily on the
reference condition concept. Therefore, we identified sites in the dataset that were least disturbed
and used the biological samples and habitat observations found in them to describe the best
possible conditions. All assessments were based on comparisons to these reference conditions
and their opposite: stressed conditions found in the most disturbed sites.

To account for the diverse natural settings found throughout Idaho, sites were classified based on
biological and environmental waterbody types. In this way, expectations for each assessed
waterbody will be reasonable for that waterbody type. Classification based on ecoregions
accounts for the major environmental variables that affect biological assemblages and habitat
features, such as location in the state, topography, geology, and vegetation. The classification
system was purposefully defined for application across indicators and both rivers and streams.
Based largely on the stream macroinvertebrate dataset, three site classes were identified:
Mountains, Foothills, and Plains, Plateaus, and Broad Valleys (PPBV). For rivers, only two
classes were defined: Mountains and Non-Mountains. The classes were defined based on site
locations within level 4 ecoregions.

A Multimetric Index, or MMLI, is a numeric representation of biological or habitat conditions
based on combined signals of many assemblage or physical measurements. Each measurement,
or metric, is selected to be included in the index because it shows a consistent response along a
known disturbance gradient. The combined index gives a reliable indication of biological or
habitat integrity. Indices of benthic macroinvertebrates and fish were successfully developed for
all site classes of streams and rivers. Habitat indices were developed for the stream site classes.
The indices contained 4-10 metrics each and had discrimination efficiencies (DE) ranging from
70-100%.

Predictive Models are used to compare observed benthic macroinvertebrate taxa (O) to those
expected (E) based on site environmental settings and assemblages in reference sites. The ratio,



O/E, should be close to 1.0 when the biological assemblage is unimpaired. For
macroinvertebrates in streams and rivers, the predictive models contained five predictive
environmental variables each. They were precise in reference sites, with root mean square errors
of 0.16. With this level of precision, non-reference sites can be distinguished with high levels of
confidence, comparable to DEs of 60-80%

The indices recommended in this report show responsiveness to the general stressor gradient, as
defined by reference and non-reference sites. The performance characteristics of the indices are
reported so that assessments carry a known level of certainty and uncertainty (Table ES-1). In
general, greater index distinctions between reference and stressed sites were observed in
Foothills and PPBV sites compared to Mountains sites. In addition, fish MMIs appeared to be
more sensitive to stress than benthic macroinvertebrate MMIs.

Table ES-1. Index Summary.

Benthic Macroinvertebrates
MMI — Streams
Mountains Foothills PPBV
DE: 73%; 7 Metrics DE: 71%; 6 Metrics DE: 85%; 6 Metrics
MMI — Rivers
Mountains Non-mountains
DE: 70%; 7 Metrics DE: 92.7%; 7 Metrics
O/E — Streams O/E - Rivers
Reference RMSE: 0.16 index units Reference RMSE: 0.16 index units
5 Predictors 5 Predictors

Fish
MMI — Streams
Mountains Foothills PPBV
DE: 78%; 5 Metrics DE: 84.6%; 6 Metrics DE: 86.7%; 6 Metrics
MMI — Rivers
Mountains Non-mountains
DE: 100%; 6 Metrics DE: 76.9%; 6 Metrics
Habitat

MMI - Streams
All Classes — SHI Pool-Glide
DE: 72.2-95.8%; 10 Metrics DE: 100%; 5 Metrics
Mountains (Riffle-Run) Foothills (Riffle-Run) PPBV (Riffle-Run)
DE: 84.2%; 5 Metrics DE: 88.9; 4 Metrics DE: 85.7%; 5 Metrics
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1.0 Introduction

1.1 Purpose

The purpose of this study was to refine and revise the Idaho Department of Environmental
Quality (IDEQ) Small Stream Ecological Assessment Framework (Grafe 2002a) and River
Ecological Assessment Framework (Grafe 2002b). These frameworks include tools and
protocols for assessing ecological integrity throughout the State. The revision includes defining
reference conditions, establishing geographic divisions to classify natural variability, revising
and updating IDEQ’s multimetric indices for macroinvertebrates, fish, and habitat, and
developing multivariate predictive models for macroinvertebrates. These ecological indicators
would be used in waterbody assessments of aquatic life use support (ALUS) as required in State
programs and the Clean Water Act.

IDEQ currently uses three indices for assessing small streams: the Stream Macroinvertebrate
Index (SMI), Stream Fish Index (SFI), and Stream Habitat Index (SHI). Similarly, large rivers
are assessed with the River Macroinvertebrate Index (RMI), River Fish Index (RFI), and River
Diatom Index (RDI). The indicators developed or revised as part of this effort are included in
Table 1-1. Other indicators were considered or attempted, but not completed. These included
predictive fish models for both streams and rivers and habitat and diatoms indices for large
rivers. Analyses for these additional indicators were unsatisfactory because of insufficient taxa
diversity (fish) or insufficient sample sizes (habitat and diatoms).

Table 1-1. Indicators developed or revised for IDEQ.

Streams Rivers

Multimetric Macroinvertebrate Index Multimetric Macroinvertebrate Index
Predictive Macroinvertebrate Model Predictive Macroinvertebrate Model
Multimetric Fish Index Multimetric Fish Index

Multimetric Habitat Index

General Analytical Approach

The analysis for developing biological and habitat assessment tools relies heavily on the
reference condition concept (Stoddard et al. 2006). This concept states that the biological and
habitat conditions with the greatest ecological integrity are found in sites with the least human
disturbance. Therefore, we identify sites in the dataset that are least disturbed and use the
biological samples and habitat observations found in them to describe the best possible
conditions. All assessments are based on comparisons to the reference conditions and departures
in biological indices at a test site from conditions observed at reference sites is indicative of
human stress.
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Because there are diverse natural settings throughout Idaho, a single reference condition for all
streams or rivers would be inappropriate. Rather, the different types of natural settings can be
recognized through site classification. Comparative assessments can then be sensitive to site
class. In this way, expectations for each assessed waterbody will be reasonable for that
waterbody type. Classification should account for the major environmental variables that affect
biological assemblages and habitat features, such as location in the state, topography, geology,
vegetation, and sample timing. These variables are generally incorporated into statewide
ecoregions (McGrath et al. 2002), which are delineated to describe areas with similar
environmental characteristics.

A Multimetric Index, or MMI, is a numeric representation of biological or habitat conditions
based on combined signals of many assemblage or physical measurements (Gerritsen 1995,
Barbour et al. 1999). Each measurement, or metric, is selected to be included in the index
because it shows a consistent response along a known disturbance gradient. The combined index
gives a reliable indication of biological or habitat integrity. In these analyses, the disturbance
gradient is represented by reference and non-reference site designations. Responsiveness of
metrics is evaluated within site classes.

Predictive Models are used to compare observed biological taxa (O) to those expected (E) in a
system based on site environmental settings and assemblages in reference sites (Hawkins et al.
2000, Clarke et al. 2003). The ratio, O/E, should be close to 1.0 when the biological assemblage
is unimpaired. A commonly cited predictive model is the River Invertebrate Prediction and
Classification System (RIVPACS, Clarke et al. 2003). The models in this analysis were
developed much like the RIVPACS model.

The indices recommended in this report show responsiveness to the general stressor gradient, as
defined by reference and non-reference sites. Many details regarding application of the indices
can follow from these analyses. For instance, while the indices have numeric ranges that are
similar to or different from reference conditions, the decision regarding threshold values of
biological impairment is not addressed in this document. In addition, the indices offer multiple
ways of assessing a waterbody (multimetric or predictive tools, macroinvertebrates or fish), yet
there is no recommendation in this report about how to combine results of the multiple tools.

1.2  Background

Data were compiled in relational databases so that site characteristics and samples could be
related and compared and to allow additional data manipulations. Manipulations included metric
calculation, basic statistical calculations (e.g., average values at a site), and data output in
spreadsheet format for use in analytical programs or for presentation.
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1.2.1 Data sources

Idaho Stream Data

All data were collected by IDEQ using the Beneficial Use Reconnaissance Program (BURP)
protocols (IDEQ 2007). Sample dates range from June to October, 1998 to 2007 for fish and
macroinvertebrates. Benthic macroinvertebrates were collected using a Hess sampler,
compositing three riffle samples for each site, and then sub-sampling in the laboratory to a target
500 count. Identifications are made to the greatest practical taxonomic resolution, which is
typically genus level. Minimum collection efforts for fish include electro-fishing one 100m
upstream pass without block nets. Fish are identified and measured to length in the field. The
measured habitat features include instream and riparian conditions, ratings, and morphology.

Three thousand, two hundred and seven (3207) samples were collected. The numbers of samples
used in each analysis varied based on site location and completeness of the data record. Some
samples were taken at, or close to, a previously sampled site (within one kilometer), so the
number of unique sites are less than the number of samples. All data considered for analyses
were submitted to IDEQ as an electronic appendix with a data dictionary (Appendix A).

Idaho River Data

Rivers are distinguished from streams based on three measures of stream size. Stream order,
wetted width, and depth are considered in a rating system that is used to define streams and
rivers in Idaho (Table 1-2, Grafe et al. 2002). Terms commonly used in describing waterbodies
(wadeable, non-wadeable, small, or large) are not used because they can be unclear. As defined
here, the stream and river classifications are specifically for DEQ use and the terms may not apply in
other contexts. DEQ rates water bodies against each criterion, as shown in

Table-2, and then averages the rating or score (total rating points divided by three criteria). If a water

body’s average score for these three criteria is greater than or equal to 1.7, DEQ designates it a river; if its
average score is less than 1.7, it is classified a stream.

Table 1-2. Rating system for river and stream classification (Grafe et al. 2002).

Waterbody Rating Stream Order  Avg. Wetted Width Avg. Depth at Base
Type Points at Base Flow (m) Flow (m)
River 3 >5 >15 >04

Stream 1 <5 <15 <04

Data from 108 Idaho river sites were collected through two efforts: the U.S. EPA-sponsored
Regional Environmental Monitoring and Assessment Program (REMAP) and the IDEQ river
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sampling program. The REMAP program sampled 47 sites selected probabilistically in 2002-
2004. Some sites were sampled multiple times, but only a single sample per site was used in
analyses. REMAP data included macroinvertebrates, fish, physical habitat, and water quality.

IDEQ sampled 21 wilderness rivers in 2000-2001 and 57 other rivers in 2006 and 2008. The
wilderness rivers were in fairly remote areas of the mountains and fish were not sampled at these
sites. Human influence in wilderness sites was nearly absent, making these sites candidate for
reference designations. Habitat and macroinvertebrate data were collected at all sites. Fish were
collected in a subset of sites. The habitat variables collected by IDEQ were mostly different than
those collected for REMAP.

Substrate characteristics for river sites were standardized across collection programs. Percent
sand and fines on the riverbed were calculated as the number of observations of sand or fine
dominant substrates in the littoral plots. For instance, two ‘sand’ and one ‘fine’ observations of
dominant substrates among 12 would give % sand and fines as 25%. Both shore and bottom
observations were considered.

1.2.2 Ecoregions in Idaho
After preliminary experimentation with freshwater ecoregions (Abell et al. 2008) and major river

basins as spatial frameworks for organizing sites in Idaho, the EPA level 3 and 4 ecoregions
(McGrath et al. 2002) were established as the predominant framework for indicator development
in this study. The ecoregion characteristics (topography, vegetation, geology, predominant land
uses) are described in detail in the original documentation. There are ten level 3 ecoregions in
Idaho (Table 1-3, Figure 1-1) and 59 level 4 ecoregions that have at least one site (Figure 1-2).

Table 1-3. Level 3 ecoregions in Idaho.

Level 3 Level 3
Code Level 3 Name Code Level 3 Name
10 Columbia Plateau 16 Idaho Batholith
11 Blue Mountains 17 Middle Rockies
12 Snake River Plain 18 Wyoming Basin
13 Central Basin and Range 19 Wasatch and Uinta Mountains
15 Northern Rockies 80 Northern Basin and Range
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Figure 1-1. Map of level 3 ecoregions in Idaho, including BURP stream sampling sites.
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Figure 1-2. Numbers of sites in each of the level 3 and 4 ecoregions in Idaho. See Table 1-3 for ecoregion names.

1.2.3 Geographic Information System (GIS) analysis

Each sampling site was geo-referenced, making it possible to analyze site characteristics that
were available as geographic information layers. Analyses were performed using Geographic
Information System (GIS) software (ArcGIS 9.2; ESRI 1999-2006). The information analyzed at
the site scale included elevation, level 3 and 4 ecoregion, freshwater ecoregion, temperature,
average annual precipitation, minimum and maximum temperature, population density, major
lithologic type, stream gradient. Sources for these data layers and those used in catchment
delineations are in Appendix B.

Upstream catchment delineations for stream sites were provided by IDEQ. For the stream sites,
the entire upstream catchments were taken into consideration. For river sites, delineations were
not available, so contributing areas were outlined using hydrologic unit codes (12-digit HUCs).
The contributing area included the HUC subwatersheds in which the sites were located plus any
upstream HUC subwatersheds that were within 10 km of the site. For some sites with changing
land uses up- and down-stream of the site, the downstream portion of the HUC was excluded.
Limits on the upstream extent of the contributing area was established (versus including all
upstream HUCs) because far distant upstream areas have diminishing effects on conditions at
individual sites. For both rivers and streams, the variables analyzed at the catchment scale
included land use/cover, road density, road crossings, road proximity to streams, proportions of
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ecoregions, average population density, proportions of lithologic types, density of water
diversions, density of dams, and density of canals. Summary statistics were developed for land
use/cover - the Landscape Disturbance Index (LDI, Appendix C) - and lithologic erodibility
(Appendix D).

1.2.4 Metric Calculations

Of the 3207 sample records in the streams database, 2345 macroinvertebrate samples and 1375
fish samples were valid for analysis. All samples included at least partial habitat data. Samples
were excluded because of non-existent samples, small or large counts of individuals in the
macroinvertebrate sample, close or overlapping sites, or in a few cases, sites outside of Idaho.
The samples included 770 macroinvertebrate taxa and 71 fish taxa. For the most part, attributes
of the taxa had been previously assigned by IDEQ. New attributes were added, especially for
fish, based on standard taxonomic conventions, Environmental Monitoring and Assessment
Program (EMAP) classifications, or other sources (Montana DEQ). When new attributes were
added in the database taxa lists, the attribute sources were listed. In the cases of EMAP and
MDEQ, the taxa lists were publicly available as electronic datasets. Metric calculations were
performed in a relational database, where data manipulations prior to calculations could be
automated (e.g., standardizing taxonomic identifications).
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2.0 Idaho Reference (and Stressed) Site Identification

The reference condition concept is one in which the acceptable indicator conditions are defined
by the conditions observed in sites with minimal disturbance (Barbour et al. 1999, Stoddard et al.
2006). Index values that are not similar to those observed in reference sites indicate the presence
of stressors at the site. During calibration of the indices currently in use in the Idaho Small
Stream Ecological Assessment Framework and River Ecological Assessment Framework,
reference conditions were independently developed for each index. Development of reference
sites to be applied in state-wide calibration of new indices for habitat and all assemblages will
unify the reference condition concept and standards across indices in Idaho. For multimetric
indices, defining the most disturbed (or stressed) sites as well as the least disturbed is necessary
to establish clear signals of metric and index responsiveness. The reference and stressed sites
defined for this analysis are only meant for calibration of indices. They are not meant to be
applied in other IDEQ programs.

Reference sites were defined using measures of the intensity of human activity in the watersheds
(such as GIS derived land use intensity). We did not use field habitat data to define reference
sites so that we could calibrate habitat indices along an independent scale of disturbance. Water
quality measures were available for rivers but not for streams. Therefore, the indicators resulting
from these analyses will respond to the stressors used in defining reference and stressed sites
(primarily intensity of human activity), not to any specific stressors such as habitat conditions or
water quality.

In defining reference sites for streams and rivers, we intended to recognize overarching patterns
of land use intensity as we set reference criteria. In this way, we could assure that reference sites
would be distributed spatially throughout the state. At the same time, we concede that reference
conditions are not identical across the state. The intention was to have representative sites for all
natural stream types, and to recognize where the reference sites are less than natural, to a degree
appropriate to their locations. We only accept less-than-natural conditions as reference where
truly natural sites could not be found or are too remote to be used in valid comparisons. In other
words, we did not want to compare streams in the agriculturally dominated areas to forested
mountain streams far away, so we sought the best streams that were in the same geographical
setting as the agriculturally dominated areas. In this way the reference sites have climate,
geology, and other controlling natural conditions that are similar to the test sites that are
compared to them.

Land uses in Idaho are aligned with the natural settings, such that steep forested terrain that is
relatively inaccessible is less intensively used than flatter, accessible plains and foothills. Natural
ecoregions (McGrath et al. 2002) are therefore a reasonable framework for recognizing human
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geography as it relates to variations in expectations for degrees of disturbance across the State.
After preliminary classification analyses that considered land use in the site catchments, the
ecoregional framework (levels 3 and 4) was determined to be better for defining reference
expectations than frameworks based on freshwater ecoregions (Abell et al. 2008) or major river
basins.

The streams dataset includes several variables related to human disturbance. These variables
were evaluated as reference site criteria. By plotting distributions of these variables, we were
able to set thresholds of disturbance for defining relative stress levels for each variable. Plotting
the distributions in ecoregional groups allowed us to adjust the thresholds as appropriate for the
natural setting and human geography. Threshold adjustments were made to reach a target sample
size in each level 3 ecoregion: at least 10% of the data set should be reference sites and another
10% should be stressed sites. This target was somewhat arbitrary, but was based on the
assumption that the best and worst 10% of the sites would represent extremes of the stressor
gradient and be numerous enough for the proposed analyses.

2.1 Stream Reference Designations

Preliminary reference criteria were developed by examining distributions of the following eleven
variables across level 4 ecoregions.

* Population density at the site (#/km2)

* Proportion of the upstream catchment with natural land uses (percentage)

* Land Disturbance Index (LDI) for the upstream catchment (index units)

* Density of roads in the upstream catchment (km/km?2)

* Proportion of the upstream stream length within 100 meters of roads (km/km?2)
* Density of mines in the upstream catchment, weighted by mine size (wghtd #/km?2)
* Density of water diversion rights in the upstream catchment (#/km2)

* Density of NPDES permits in the upstream catchment (#/km?2)

* Disruptive pressure observed in riparian zones during site visits (rating [1-20])
* Density of dams in the upstream catchment (#/km2)

* Qrazing activity at the site (presence/absence)

The criteria established for each variable (Table 2-1) were based on the distributions of values in
each level 4 ecoregion (Appendix E) and the intent of defining 10% of sites as reference and
10% as stressed. In most cases, distributions of values were similar among the level 4 ecoregions
of each level 3 ecoregion. However, ecoregions 15f and 15j are in the valley of the Clearwater
River, which is more densely populated than the other parts of ecoregion 15. Likewise, all sites
in ecoregion 12e had more intensive land uses than almost all other sites in ecoregion 12.
Therefore, criteria were adjusted to recognize the overarching land use patterns in these areas.
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Table 2-1. Reference and stressed site scoring criteria for streams, by ecoregion. See Table 1-3 for ecoregion definitions.

ECOREGION CODE
. Criteria 10 11 12 13 15 16 17 18 19 80
Variable Type Score - -
other . other
12e 12 15f, 15j 15
. Land Ref -1 <0.25 | <0.05 | <0.05 | <0.05 <0.25 <0.25 <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05
Disturbance
Index Stress 1 >2 >2 >2 >2 >2 >2 >2 >2 >2 >2 >2 >2
Ref -2 >08 >08 >08 >08 >08 >08 >908 >08 >08 >08 >08 >08
% natural
land cover Ref -1 >95 | >95 | >95 >95 >95 >95 >95 | >95 | >05 | >95 | >95 >95
Stress 1 <50 <70 <50 <70 <70 <50 <70 <70 <70 <70 <70 <70
Road Ref -1 <1l <0.05 | <0.05 | <0.05 <0.05 <0.05 <0.05 | <0.01 | <0.01 | <0.05 | <0.05 | <0.05
Density Stress 1 >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 >2.5 >2.5
Roads near Ref -1 <0.3 | <0.15 | <0.15 | <0.15 <0.15 <0.1 <0.1 <0.05 | <0.05 [ <0.3 <0.1 <0.1
Channels Stress 1 >0.6 >0.6 >0.6 >0.6 >0.6 >0.6 >0.6 >0.6 >0.6 >0.6 >0.6 >0.6
. Ref -1 <10 <5 <5 <5 <5 <5 <5 <5 <5 <10 <10 <5
Population
Stress 1 >30 >30 >30 >30 >30 >30 >30 >30 >30 >30 >30 >30
W:;thed Ref 1 | <001 | <001 | <0.01 | <001 | <001 | <001 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01
ine
Density Stress 1 >0.1 >0.1 >0.1 >0.1 >0.1 >0.1 >0.1 >0.1 >0.1 >0.1 >0.1 >0.1
o Ref -1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Diversions
Stress 1 >4 >4 >4 >4 >4 >4 >4 >4 >4 >4 >4 >4
Disruptive Ref -1 >5 >5 >5 >5 >5 >5 >5 >5 >5 >5 >5 >5
Pressure Stress 1 <=3 <=3 <=3 <=3 <=3 <=3 <=3 <=3 <=3 <=3 <=3 <=3
Dams Stress 1 >0.02 | >0.02 | >0.02 | >0.02 >0.02 >0.02 >0.02 | >0.02 | >0.02 | >0.02 | >0.02 | >0.02
E;Dmii Stress 1 >0.01 | >0.01 | >0.01 | >0.01 >0.01 >0.01 >0.01 | >0.01 | >0.01 | >0.01 | >0.01 | >0.01
Grazing Ref 1 No No No No No No No No No No No No
Activity ‘GR’ | ‘GR’ | ‘GR’ ‘GR’ ‘GR’ ‘GR’ ‘GR’ | ‘GR’ | ‘GR’ | ‘GR’ | ‘GR’ ‘GR’
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For each site, each variable was assigned a value of -1 (met reference criterion), 0 (fair) or 1
(stressor present). For one variable, proportion of catchment with natural land uses, we divided
reference into two tiers: -2 = best reference; -1 = reference. We calculated cumulative scores of
all the reference criteria for each site in reference and stressed ranges separately, so that
Reference Score = sum of all negative (-1 or -2) scores and Stressor Score = sum of all positive
(1) scores. Then we looked at the distribution of sites in each score category, to achieve our 10%
goal within each ecoregion using these criteria (Table 2-2). This process resulted in 407
reference stream sites and 266 stressed sites distributed throughout the state and across all
ecoregions.

Table 2-2. Numbers of sites in each level 3 ecoregion with reference scores 0 to -10 and stressed
scores 0 to 7. Lines and shaded areas denote thresholds and site tallies of reference and stressed
sites. See Table 1-3 for ecoregion codes.

Level 3 All
Ecoregion 10 11 12 13 15 16 17 18 19 80  Regions
RefScore -10 0 6 0 100 189 50 1 0 0 348
RefScore -9 1 5 0 67 131 28 2 7 27 272
RefScore -8 3 21 0 166 273 65 0 6 86 628
RefScore -7 0 9 6 0 65 132 41 1 4 36 294
RefScore -6 1 2 13 1 23 53 18 0 1 13 125
RefScore -5 1 1 5 1 4 8 5 0 1 6 32
RefScore -4 0 0 4 1 3 4 0 0 0 4 16
RefScore -3 1 0 1 1 0 0 0 0 0 2 5
RefScore -2 1 1 1 0 2 0 0 0 0 0 5
RefScore -1 0 0 1 0 2 0 0 0 0 0 3
RefScore -0 32 35 75 13 208 316 383 17 34 359 1472
StressScore +0 11 66 84 8 479 909 492 8 44 358 2459
StressScore +1 5 11 23 5 112 161 92 7 9 140 565
StressScore +2 12 3 7 3 36 25 6 6 0 23 121
StressScore +3 8 0 3 1 10 6 0 0 0 9 37
StressScore +4 2 0 0 0 4 0 0 0 2 10
StressScore +5 1 0 0 0 1 0 0 0 1 3
StressScore +6 1 0 1 0 0 0 0 0 0 2
StressScore +7 0 0 1 0 0 0 0 0 0 1
Total Sites 40 80 119 17 639 1106 590 21 53 533 3198

Not all of the sites designated as reference and stressed were used in all analyses. Sites lacking
either adequate samples or descriptive data were excluded. In addition, sites that were within one
kilometer of each other were considered redundant, and only one of the pair was used (the one
with more complete data or randomly selected if completeness was equal). A reach was defined
as a stream segment between stream nodes, so two sites that were close, but on either side of a
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tributary were both included. Throughout this document, the numbers of samples used in each
analysis are stated. The numbers of adequate samples differ among analyses because adequate
samples for benthic macroinvertebrates, fish, and habitat were not always available at each site.

2.2  River Reference Designations

Because of the covariance of natural and stressor variables for Idaho rivers, a different approach
had to be taken for defining the disturbance gradient among river sites. In preliminary analyses
(Appendix F), we identified reference and stressed rivers based on criteria for disturbance
variables, much like we did for streams. This resulted in reference and stressed sites that were
divided unevenly among regions of the State. Almost all reference sites were in mountainous
regions and almost all stressed sites were in plains regions. This necessitated an iteration of two
steps in the process — reference identification and site classification. Because of an interest in
developing parallel classification systems for the multiple indicators, we tested the stream
classification system (see Chapter 3) for viability with rivers.

Within the river site classes, the stressor gradient was defined using multiple stressor variables in
a Principal Components Analysis (PCA). Reference criteria were developed for the PCA factor
scores and for those variables that were strongly related to the PCA axes. Reference criteria were
established so that reference and stressed sites could be identified in each site class.

River Reference Results

The rivers dataset was relatively small compared to the streams dataset, with 139 sites and
samples in total, but only 108 unique sites with valid benthic samples. Site classification based
on reference sites alone was impractical because as a fraction of all sites, the number of reference
sites would be too small for analysis. As stated above, the re-iteration of classification and
reference designation steps was necessary because of apparent covariance of natural and stressor
variables in Idaho river sites. Therefore, before defining the stressor gradient in rivers, natural
characteristics of the river sites were considered.

Reference criteria for rivers were established for Mountains and Non-mountains (Table 2-3),
which were the site classes established in the river classification analysis (Section 3.7). The
primary variables were those derived from GIS analysis because they were available for all sites.
As can be seen from the differences in criteria among the two regions, stressed sites in the
Mountains could be only marginally stressed and reference sites in the Non-mountains could
have as much stress as stressed mountain sites. There is not a clear separation. The purpose of
defining these stressor gradients is for indicator development, that is, finding metrics which best
respond to the gradient that is present. These reference designations are compatible with the
concept of best available reference (Stoddard et al. 2006), which are not meant to represent
undisturbed conditions. ‘Reference’ and ‘stressed’ are merely convenient labels for the two ends
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of the gradient within a classification, and may be misleading regarding site environmental
quality across classifications.

Table 2-3. Reference and stressed site scoring criteria for rivers, by site class.

Variable Criteria Score Mountains  Non-mountains
Type
Road density Ref -1 <0.3 <0.6
(km/km?) Stress 1 >0.5 >1.0
Roads close to channels Ref -1 <0.1 <0.2
(km/km) Stress 1 >0.2 >0.3
LDI Ref -1 <0.002 <0.05
(index units) Stress 1 >0.0025 >0.6
Population density Ref -1 <=0.5 <=1
(# per square mile) Stress 1 >2 >20
PCA axis 1 Ref -1 >1.4 >2
Stress 1 <-1.5 <-1.5

Application of these criteria, interpretation of cumulative scores for each site, and consideration
of non-quantitative information (anecdotal or familiar qualities) allowed identification of 24
reference and 13 stressed sites in the Mountains and 10 reference and 17 stressed sites in the
Non-mountains. These designations were then used for indicator development.

In the Mountains, the reference criteria selected for only the most undisturbed sites. Using the
criteria alone, most of the reference river sites were concentrated in the wilderness areas of the
Upper Selway River and Middle Fork Salmon River. In order to increase geographic
representation, IDEQ staff recommended that eight sites that did not meet all the reference
criteria be added to the reference data set. This expanded the geographic area represented by
reference sites. The professional judgments affected reference designations in sites with mixed
results after applying the criteria (Table 2-4).
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Table 2-4. River sites designated as reference based on professional judgment.

Site ID Site name  Reason for change in designation
2006RDEQA074 These segments failed the stressed criteria for land use
Lochsa . . . ..
) (logging), which IDEQ staff considered of minimal
IDW02353-027  River . o . .
impact, considering excellent conditions otherwise.
2008RDEQA026 Upper NF  These segments failed the stressed criteria for roads. The
Clearwater IDEQ staff considered roads alone to be of minimal
IDW02353-004 . . D .. .
River impact, considering excellent conditions otherwise.
200SRDEQA086 Upper. St This segment d%d not pass the reference criteria for roads,
Joe River  but was otherwise undisturbed.
Salmon Some activity near this segment included logging and
2006RDEQAO075 river roads near the river channel. However, these disturbances
were considered by IDEQ staff to be minor.
Camas The only activity at this site was roads near the river
2008RDEQA068
Q Creek channel. Otherwise, conditions were excellent.
This site failed the stressed criterion for population
2008RDEQAO087 SF Payette density. However, the criterion is very strict and other

conditions at the site were excellent.
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3.0 Classification in Idaho Streams

Site classification is the process by which natural gradients among sites are examined to identify
appropriate classes or “bins” of sites with similar indicator characteristics. The purpose of
classification is to minimize within-class natural variability of indicators (biological and habitat)
so that human disturbance can be recognized with less background noise. Potential site
classification variables and indicators were analyzed simultaneously to identify patterns of
covariance. Only reference sites were used for site classification so that the patterns in the natural
settings of Idaho could be discerned with less influence from human disturbances. Resulting site
classes were the framework upon which multimetric indices were calibrated. Predictive models
do not classify sites into bins, but classify on a continuous scale, such that classification variables
define partial membership of a site in each biologically distinct group. Predictive classification is
covered in Section 4.3.

Approach

We used the benthic macroinvertebrate assemblage in reference streams as the primary data set
for indicating stream classes throughout Idaho. The fish assemblage, habitat features, and river
data were considered subsequently, as supporting evidence for the classification scheme derived
from macroinvertebrate data. This decision was based on several factors. In preliminary analyses
of fish in reference streams, we observed that the potential for refined classification was limited
due to a limited diversity in the assemblage (there are few fish taxa relative to macroinvertebrate
taxa). Habitat features were expected to affect macroinvertebrate community structure, and the
classification signals from habitat features were expected to either support the biologically
derived classes or require a different classification scheme. River data were sparse relative to the
stream data, which limits the potential for refined river classes.

We assumed that classification based on macroinvertebrates in streams would be more refined
than possible with or necessary for the other data types. Therefore, if it was necessary to lump
macroinvertebrate stream classes for other data types, we would be starting from the most
detailed classification scheme. In addition, there was a programmatic goal to simplify application
of multiple indicators. One simplification that was suggested at the outset of the project was to
not only use identical reference sites for all indicators, but also to have a single classification
scheme, so that a site could be classified once for assessment of macroinvertebrates, fish, and
habitat. This was a secondary goal, so the technical merits of a single classification scheme were
weighed against the simplicity of application.

We hypothesized that ecoregions (levels 3 and 4, McGrath et al. 2002) would be important
determinants of natural biological and habitat conditions. Ecoregions were integral to the
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reference site selection process and are therefore somewhat entwined in the classification
determination, in which reference site data are key.

Technical Analysis

We used several techniques to help discern environmental factors that could account for
biological variability in reference sites. The community structure of benthic macroinvertebrate
samples was explored using Non-metric Multidimensional Scaling (NMS) ordination.
Environmental factors were related to the major ordination axes. Because some areas of Idaho
had scant reference sites, we also used Principal Components Analysis (PCA) of environmental
variables in all sites. By using only variables that are unresponsive to human activities, the
natural settings of the sites could be distinguished. Variables responsible for major differences
among sites were related to ecoregions and biological metrics. In this way, the best site classes
were identified for grouping site types with similar biological expectations.

3.1 Operational Taxonomic Units (OTU)

In preparation for ordination and clustering of taxa, in which sites are grouped by taxonomic
similarities, taxonomic identifications were examined to reduce uncertainties and increase
distinctiveness. Taxa were aggregated into Operational Taxonomic Units (OTU, Cuffney et al.
2007) or eliminated from the analysis. The OTUs were used not only for ordination, but also for
predictive model development (see Section 4.3). Aggregation and elimination of ambiguous
macroinvertebrate taxa were necessary in the specific analyses for two reasons. First, rare taxa
can influence ordination results to a degree greater than their actual significance in the ecological
settings, and should therefore be removed from analysis. Second, the ordination routine assumes
that each taxonomic identification is unique when it may not be so because of our inability to
reliably identify all individuals at the species level. For instance, a family level identification is
interpreted to be different from a genus within that taxon, though the family level identification
is ambiguous and may well be of a member of the same genus. This taxonomic uncertainty can
lead to meaningless ordination configuration, and therefore must be resolved. Aggregation and
elimination of taxa was performed so that the least amount of taxonomic information would be
lost in the analysis. The OTUs and ambiguous taxa mentioned in this section do not affect metric
calculations (see Section 4.1).

Taxa were considered rare and removed or aggregated when they occurred in less than 14 sites
(5% of 285 valid reference sites). When there were several rare taxa in a taxonomic group and no
common taxa in that group, all taxa in the group were re-assigned to the next higher taxonomic
level (e.g. species lumped into the parent genus). If the common taxa outnumbered the rare taxa
in a group, the rare taxa were eliminated. When there were higher level identifications for a
group, they were eliminated from analysis if the lower level identifications in the same group
were common and numerous.
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The mayfly family Baetidae is shown as an example of elimination of higher level taxa or
lumping of lower level rare taxa (Table 3-1). Eight taxa were eliminated because they were rare
or higher level identifications. Acentrella and Diphetor were grouped at the genus level and three
Baetis species were retained as unique identifications. If Baetis was grouped at the genus level,
the important distinction between Baetis bicaudatis and Baetis tricaudatis would be lost.

Table 3-1. Modification of Baetidae identifications as an example of OTU designations.

Taxa List ID No. Samples  Sum of Individuals ~ Modified ID or action
Baetidae 1 1 <eliminated>
Baetis flavistriga 12 104 <eliminated>
Baetis notos 1 4 <eliminated>
Baetis sp. 13 50 <eliminated>
Callibaetis sp. 1 8 <eliminated>
Centroptilum sp. 5 <eliminated>
Fallceon quilleri 3 38 <eliminated>
Plauditus punctiventris 1 2 <eliminated>
Acentrella insignificans 11 150 Acentrella
Acentrella sp. 12 28 Acentrella
Acentrella turbida 12 62 Acentrella
Baetis alius 14 59 Baetis alius
Baetis bicaudatus 64 1634 Baetis bicaudatus
Baetis tricaudatus 231 11802 Baetis tricaudatus
Diphetor hageni 78 488 Diphetor

In an example using Empididae, the non-rare distinct taxa at genus level included Chelifera,
Clinocera, Neoplasta, Oreogeton, and Wiedemannia. Retaining these taxa necessitated
elimination of Empididae (family), Hemerodromia, and Trichoclinocera. Chelifera/Metachela
was lumped with Chelifera. In another example, the species of Ephemerella are lumped at genus
level because dropping one rare species and the genus-only identifications is a greater loss of
information than lumping all at the genus level.

In a few cases, “Other” taxa were defined as the aggregate of a group that otherwise contains
distinct taxa. For example, in the Chloroperlidae (Table 3-2), three genera are distinct, while
three others and the family level identification are lumped as Other Chloroperlidae so as not to
lose the abundant family level information. While there may be some ambiguous Chloroperlidae
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that are now analyzed as completely distinct from the three distinct genera, they are not lost
entirely from the analysis, nor are the rare genera.

Table 3-2. Modification of Chloroperlidae identifications as an example of OTU designations.

Taxa List ID No. Samples ~ Sum of Individuals Modified ID
Chloroperlidae 39 295 Oth_Chloroperl
Kathroperla sp. 4 4 Oth_Chloroperl
Neaviperla forcipata 6 16 Oth_Chloroperl
Plumiperla sp. 4 34 Oth_Chloroperl
Paraperla sp. 67 164 Paraperla
Suwallia sp. 41 184 Suwallia
Sweltsa sp. 220 3630 Sweltsa

3.2 NMS Ordination

Similarity among reference macroinvertebrate samples was determined using the Bray-Curtis
(BC) similarity measure in a non-metric multidimensional scaling (NMS) ordination. Sites were
arranged in ordination space based on a site-by-site matrix of BC similarity. Sites with similar
taxonomic composition were plotted in close proximity and those with less similarity were
plotted at a distance. Multiple dimensions were compressed into two or three dimensions that we
can perceive. The stress associated with this compression indicates how closely the Bray-Curtis
distance is reflected in the plot. Interpretation of the ordination diagram with respect to taxa
within the samples and characteristics of the sites takes place through visual inspection of
variable overlays and correlation along the ordination axes.

The NMS ordination was performed using PC-Ord software (McCune and Mefford 2006). A
site-by-taxon matrix was compiled with abundance of each OTU in each site. A preliminary
Detrended Correspondence Analysis (DCA) was performed to establish stable starting
coordinates for the NMS ordination. Ordination was performed using taxa presence and square-
root transformed relative abundance. In addition, a PCA ordination using a suite of 68 sample
metrics was performed. Percentage metrics were arcsine-square-root transformed prior to
ordination.

The NMS ordination of the 137 OTU taxa in 285 reference samples resulted in a three-
dimensional solution with a final stress of 17.9 for relative abundance and a two dimensional
solution with a final stress of 24.3 for taxa presence. Ordination stresses less than 20 are
considered stable (McCune and Mefford 2006). In the PCA of transformed metrics, the first two
axes explained 36% of the variance. In each of the ordinations, ecoregions of the sites appeared
to distinguish regions of the ordination space, with two mountainous ecoregions (15-Northern
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Rockies and 16-Idaho Batholith) clearly overlapping (Figure 3-1). Two other ecoregions (12-
Snake River Plain and 80- Northern Basin and Range) were overlapping and distinct from the
mountains. The sites situated around and between these two core groups were from smaller or
more diverse ecoregions or from ecoregions intermediate to the mountains and plains.

IDbenthic_285ref: NMS with SRRA
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Figure 3-1. NMS ordination showing reference sites in taxonomic space based on transformed relative abundance of
taxa, with level 3 ecoregions marked. See Table 1-2 for ecoregion definitions.

Environmental variables and benthic metrics were correlated to the ordination axes to determine
potential classification variables. The first axes of all ordinations were related to temperature,
scrub-shrub cover, and drainage area. These were also the axes on which benthic metrics were
most strongly correlated. The correlations of these variables were not strong enough (Pearson r
max = 0.62) to suggest that they would be appropriate for classifying sites. However, they were
related to level 3 and 4 ecoregions, which were the preferred classification variables.

3.3 Principal Components Analysis

All sites were used in a PCA with natural variables because several level 4 ecoregions were
sparsely represented in the reference dataset. The selected natural variables were those with
minimal responsiveness to human disturbance. This PCA could be used to find appropriate

classifications for regions lacking reference sites. PCA results from the reference biological
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metrics were compared to the natural variable PCA axes to find which axes were most important
for classifying sites.

The 41 natural variables used in the PCA included variables related to location, climate, channel
characteristics, topography, physical habitat, and vegetative land cover. Habitat features and
vegetative land cover can be influenced by human activity, but we assumed that variations
caused by human activity were a small portion of the total variation. These variables included
measures of stream substrate, pool dimensions, organic debris, forest cover and
scrub/barren/grass cover. Variables were transformed using logarithms or arcsine, square roots to
approximate normal distributions when necessary.

The PCA with natural variables resulted in five factors with eigenvalues greater than 2.0 and
48% of variance explained, cumulatively. Among reference sites, PCA scores on the third factor
were strongly related to first factor scores of the benthic metric PCA (Figure 3-2). Therefore, we
assumed that the third factor, which explained 10.4% of the variance in natural variables, was the
best factor to consider for classifying sites. The variables correlated with the third factor included
% forests (0.73), precipitation (0.63), stream gradient (0.59), maximum air temperature (-0.63),
and %Scrub/Barren/Grass cover (-0.65). These variables conceptually correspond to ecoregional
distinctions.

When the natural variable PCA scores were plotted as distributions among level 4 ecoregions,
groupings of ecoregions that were similar in those characteristics that most affected benthic
macroinvertebrates could be discerned (Figure 3-3). While reviewing the potential level 4
ecoregions for groupings as site classes, we simultaneously reviewed ecoregion maps and
distributions of metric PCA results in reference sites among level 4 ecoregions. Additional
techniques were attempted to help define the classes, including Discriminant Function Analysis
(DFA) and Classification and Regression Tree (CART) analysis on reference benthic clusters.
We did not have convincing results using these methods, probably because of the uneven
representation of reference sites. The combined analyses resulted in a decision to define three
site classes and to use level 4 ecoregions to delineate the classes. The site classes included
Mountains, Foothills, and Plains, Plateaus, and Broad Valleys (PPBV) as defined in Table 3-3.
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Figure 3-2. Relationship between PCA scores for natural variables and those for benthic metrics in reference sites,
with ecoregions marked. See Table 1-3 for ecoregion codes.

Distributions of PCA scores for benthic metrics in reference sites and environmental variables in
all sites confirm that the selected site classes are distinct (Figure 3-4). These site classes should
account for much of the natural variability that influences benthic reference expectations. Site
classes were mapped across the state to illustrate the regional patterns (Figure 3-5). Discussion
of factors that influenced the categorization of level 4 ecoregions into site classes follows for
each ecoregion.

3.4  Site Class Justifications

Ecoregion 10 — the Columbia Plateau — was not represented by any reference sites. Because
this is an ecoregion dominated by flatland and hills, we would expect that it would have a
reference biological community similar to other non-mountainous regions. It might also be
similar to the western parts of the Northern Rockies (151, 155, 15n, 15v, which are also not
represented by reference sites). The PCA of natural variables in all sites showed that the sub-
ecoregions of ecoregion 10 were relatively homogenous in the factors that were related to
macroinvertebrate metrics (factor 3, and to some extent, 2 and 4). They were also similar to
factor scores in ecoregions 18 and 80. Recommendation: All of ecoregion 10 should be assessed
among plains sites.
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Figure 3-3. Distribution of PCA factor scores for all sites in level 4 ecoregions. Colors relate to final classification
scheme; Mountains (pink), Foothills (blue), and PPBV (purple).

Table 3-3. Site classes resulting from multivariate analyses of natural environmental variables
and the benthic assemblage in streams sites.

Site Class
Description
Ecoregion Code
Mountains

The Wasatch-Uinta Mountains and selected sub-ecoregions of the Northern
Rockies, Idaho Batholith, and the Middle Rockies
151, 150, 15p, 15q, 15y, 16 (except 16f), 17ad, 17¢, 19
Foothills (intermediate, transitional) (Non-mountains)
The Blue Mountains and selected sub-ecoregions of the Northern Rockies and the
Middle Rockies
11, 15j, 15f, 15m, 15n, 15s, 15u, 15v, 15w, 170, 17ab, 17
Plains/Plateaus/Broad Valleys (PPBV) (Non-mountains)
The Columbia Plateau, the Northern Basin and Range, the Central Basin and
Range, the Snake River Plain, the Wyoming Basin and selected sub-ecoregions of
the Middle Rockies and the Idaho Batholith
10, 12, 13, 16f, 17aa, 17n, 18, 80
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Figure 3-4. PCA factor score distributions in site classes (medians, interquartile ranges, and ranges). A) Benthic
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Figure 3-5. Map of Idaho showing the three stream bio-classes; Mountains, Foothills, and Plains/Plateaus/Broad
Valleys (PPBV).
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Ecoregion 11 — the Blue Mountains — The first metric PCA axis suggests that the metrics in the
Blue Mountains are intermediate between mountainous and non-mountainous sites, but may be
more similar to the mountainous sites. The southern subecoregion (111) was least similar to the
mountainous sites, on average. However, only 4 reference sites were in this subecoregion and
lumping it with the Snake River Plain, to its south, was not immediately justified. The PCA of
natural variables suggested that the Blue Mountains have intermediate characteristics, which are
not always homogenous among sub-ecoregions, but that the unusual subecoregions are
represented by only a few samples. Recommendation: All of ecoregion 11 should be assessed
among foothills sites. Variability among metrics may be further investigated to find if adjustment
to specific conditions may be warranted, especially in regards to conditions in sub-ecoregion 11i.

Ecoregion 12 — the Snake River Plain — Sites in the Snake River Plain (SRP) were consistently
different than mountainous sites. This was evident not only in PCA scores generated from
metrics, but also in ordinations of taxa presence/absence, relative abundance, and metrics. While
the ecoregion spans from the western to the eastern border of southern Idaho, almost all of the
reference sites are in the western half of the ecoregion (where most of the water is). The
reference sites in the SRP were relatively homogenous biologically and were grouped together
without reservation. The PCA of natural variables showed that subecoregions were not
homogenous on factors 3 and 4, with some ecoregions showing characteristics of other
intermediate regions. This may be due to stream sites in the eastern portion of the ecoregion,
which were near the ecoregional border. With the lack of reference sites in all subecoregions,
splitting the ecoregion would be difficult to validate. Recommendation: All of ecoregion 12
should be assessed among plains sites. Variability among metrics may be further investigated to
find if adjustment to specific conditions may be warranted.

Ecoregion 13 — the Central Basin and Range — The CBR, on the southeastern border of the
state, was represented by a single reference site that was biologically similar to other non-
mountainous sites. The PCA of natural variables showed that the CBR was similar to other plains
regions on the third axis. Recommendation: All of ecoregion 13 should be assessed among
plains sites.

Ecoregion 15 — the Northern Rockies — Sites in the Northern Rockies were fairly homogenous
biologically, though some subecoregions were not represented by reference sites (in the
southwestern part of the ecoregion). Two subecoregions (15m [Kootenai] and 15v
[southwestern] with 3 and 1 sites, respectively) were somewhat different than the rest, bearing
some resemblance to non-mountainous sites. These under-represented and unusual
subecoregions should be explored further when more samples can be analyzed. The PCA of
natural variables showed that sub-ecoregions were important in the Northern Rockies, with
regions i, 0, p, 9, and y (eastern and northern) similar amongst themselves and different from
regions f, j, m, n, s, u, v, and w (western and southern). Recommendation: Eastern and northern
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ecoregion 15 should be assessed among Mountain sites, while western and southern ecoregion 15
should be assessed among Foothill sites.

Ecoregion 16 — the Idaho Batholith — Biological conditions in reference sites of the Idaho
Batholith are quite similar across subecoregions, except that one site in 16f and 2 of 4 sites in
16g were somewhat different. Reference samples were more numerous in subecoregion 16k than
in any other (78 sites) and the distribution of metric PCA factor 1 and 3 scores had broad ranges,
perhaps due to some environmental variable that should be investigated. The PCA of natural
variables showed that sub-ecoregion 16f on the southern perimeter of the ecoregion was
somewhat distinct from all other subecoregions, resembling intermediate and plains sites more
than mountain sites. Recommendation: Eastern and northern ecoregion 16 should be assessed
among mountain sites, while sub-ecoregion 16f should be assessed among plains sites.

Ecoregion 17 — the Middle Rockies — Metric PCA and ordination results for the Middle Rockies
suggest that the ecoregion is diverse biologically, with reference sites intermediate and spanning
the mountainous and non-mountainous types. The most diverse subecoregion is 17e, which has
sites resembling both mountainous sites, intermediate sites, and two outliers that do not resemble
any other sites. One of the outliers has only four taxa (all chironomids) and the other has only 9
taxa. Because the ecoregion has such broad biological characteristics, there may be some
explanatory environmental variables that can be discovered through other techniques. The PCA
of natural variables showed that the sub-ecoregions of the Middle Rockies were highly variable,
as might be expected from the diverse landform and location of the ecoregion in Idaho.
Recommendation: Divide the subecoregions among site classes based on the PCA of natural
variables.

Ecoregion 18 — the Wyoming Basin — The Wyoming Basin extends into the southeast corner of
Idaho and is represented by a single reference site. This is a non-mountainous ecoregion and the
single reference sample resembles other non-mountainous samples in the data set. The PCA of
natural variables showed that the sub-ecoregions of the Wyoming Basin resembled other plains
ecoregions. Recommendation: All of ecoregion 18 should be assessed among plains sites.

Ecoregion 19 — the Wasatch and Uinta Mountains — The Wasatch and Uinta Mountains cover
a small portion of the southeastern corner of Idaho and are represented by five reference sites, all
of which resemble other mountainous sites on the first three PCA factors. The PCA of natural
variables in all sites showed that the Wasatch and Uinta Mountains might be placed with either
the Mountain or Intermediate class. The grouping recommendation is based on metric similarity
to mountain sites. Recommendation: All of ecoregion 19 should be assessed among mountain
sites.
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Ecoregion 80 — the Northern Basin and Range — On the first metric PCA axis, reference sites
in the NBR resemble sites in the non-mountainous Snake River Plain more than any other
ecoregion, though the range is somewhat nearer to the intermediate sites as in the Middle
Rockies. On the second PCA axis, NBR sites resemble mountainous sites, and on the third axis,
they are intermediate. The PCA of natural variables showed that most sub-ecoregions of the
NBR were aligned with other plains regions. Recommendation: All of ecoregion 80 should be
assessed among plains sites.

3.5 Classification for Fish

Site classification to account for differences in expected stream fish assemblage characteristics
proceeded to answer the question: Was there justification to use the site classes defined for the
benthic macroinvertebrates for fish index development? The follow-up question was: Was there
evidence that other classification schemes would perform better? To answer the first question,
we conducted a PCA of fish metrics in reference sites and compared the principal axes among
the proposed benthic site classes.

The PCA of fish metrics included 36 metrics that were transformed as needed to approximate
normal distributions. The first three factors explained 65% of the variance in the data. The first
PCA axis was related to % cold-water taxa and minnows and the second axis was related to
intolerant taxa and salmonids. From these major metric axes, it was clear that the PPBV sites had
different metrics, especially in comparison to the Mountains sites (Figure 3-6). The Foothills
sites had characteristics similar to the Mountains on the first PCA axis, but somewhat different
on the second axis. Based on these results, the classification scheme developed for benthic
macroinvertebrates in streams appears to be valid for fish also.
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Figure 3-6. PCA factor score distributions in site classes (medians, interquartile ranges, and ranges). A) Fish metrics
in reference sites, axis 1. B) Fish metrics in reference sites, axis 2.
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To answer the second question (Was there evidence that other classification schemes would
perform better than benthic classes?), we compared NMS ordination results of reference
taxonomic presence and relative abundance with natural variables along the same axes. Pearson
correlations of NMS scores with natural variables indicated that water temperature and drainage
area were the most important variables related to the ordination axes (r= 0.48 and 0.41,
respectively, on the first axis), though the r values indicated that the relationships were not very
strong. Water temperature was related to the established site classes and stream size could be
accounted for in metric scoring schemes. Categorical variables were superimposed on the
diagram and visually assessed. The categorical variables did not show patterns stronger than
those exhibited with the established site classes. Therefore, the established site classes were
accepted as appropriate classes for developing fish indices.

3.6 Classification for Habitat

As for benthic macroinvertebrates and fish, classification for habitat was explored using PCA.
After preparing the data (transforming to approximate normal distributions when needed), we
performed a PCA with 29 habitat variables in reference sites. Objectives of this analysis were to
examine which habitat variables explained the greatest amount of variance at minimally
disturbed sites and to examine potential classification schemes. We considered groupings based
on the established site classes (Mountains, Foothills, PPBV), level 3 ecoregion, Rosgen code,
freshwater ecosystems of the world, size (stream order, average wetted width), type of habitat
(riffle/run vs. pool/glide), gradient, power, and lithologic erodibility.

PCA results suggested three groups, based on dominant stream habitat type and drainage area
(Figure 3-7). The greatest differences in habitat axes were seen between habitat types; riffle/run
(RR) vs. pool/glide (PG). In this analysis, sites with < 35% riffle/run habitat were classified as
PG sites, and those with > 35% riffle/run habitat were classified as RR sites. These
measurements were based on longitudinal habitat distributions (meters of riffle, run, glide, and
pool in a sampling reach). The 35% threshold was established based on summary statistics and
examination of box plots.

When compared to RR sites, PG sites generally have higher pool measure values (pool length,
pool variability, pool substrate, pool:riffle ratio, etc.), higher percent fines and embeddedness,
lower canopy cover, lower instream cover, fewer Wolman size classes, and different channel
shape (more rectangular-trapezoidal with higher mean bank angle). In addition, the existing
habitat indicator, the SHI, was generally lower in PG sites.

A small group of RR sites did not conform to the majority of sites. These were identified as
having a smaller wetted width, less than 0.7m. There were only five sites in the reference data
set that fell into this category. After reviewing these sites with IDEQ), it appeared that the smaller
RR sites might not warrant a separate classification category for two reasons. First, the group
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was too small for statistically robust indicator development. Second, some of the reference sites
were of questionable reference quality. These sites were excluded from analyses, which will
have implications for habitat index applications.

The PCA analysis did not show strong evidence for classifying by the same site classes
established for benthic macroinvertebrates. However, we continued to investigate this possibility
because the RR group was large and diverse and because the uniform recognition of site classes
across indicators was useful to IDEQ. When the existing habitat indicator, the SHI, was plotted
in the Mountains, Foothills, and PPBV riffle-run sites, the mountains appeared to have higher
reference values (Figure 3-8). The Foothills and PPBV had similar distributions, slightly higher
than those in the pool-glide sites, on average. Development of the habitat indicators proceeded
using four site classes, though an indicator for all riffle-run sites was also considered.
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Figure 3-7. Sites on the first two axes of the habitat PCA, showing designations in three prominent groups (RR =
Riffle-run, RR_small = RR streams with width < 0.7m, PG = pool-glide).
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Figure 3-8. Reference SHI values in pool-glide dominated streams (PG) and in riffle-run dominated streams in the
three benthic site classes.

3.7 Classification for Rivers

Classification of Idaho rivers required an iterative analysis for identification of minimally
disturbed (reference) sites and classifying sites into relatively homogeneous groupings. At first,
we developed and applied reference criteria for stressor variables, much as we did for streams.
This analysis was eventually abandoned because the resulting reference and stressed sites were
unequally distributed among the obvious site types: mountains and plains. Almost all of the
reference sites were in the mountains and almost all of the stressed sites were in the plains. This
arrangement would have caused river classes based on reference site characteristics to be biased,
such that the plains sites would be underrepresented and possibly misclassified.

Because the preliminary analysis showed imbalanced distribution of reference sites, we
considered that the classification system developed for streams would be a good starting place
for classifying rivers. Applying the stream classification scheme to rivers resulted in 51
Mountain rivers, 16 Foothill rivers, and 41 PPBV rivers. We sought to combine the Foothill sites
with another class because the sample size was too small for development of independent indices
in that class. PCA was used to determine whether the Foothills rivers had more similarities with
the Mountains or the PPBV rivers, and thus determine the best combination of regions.

A GIS analysis on river sites was conducted to assess site and surrounding natural and stressor
conditions. The areas analyzed for effects contributing to conditions at the sampling site were not
the entire upstream catchment. Instead, the areas included the HUC6 watersheds that the sites are
located in, plus any upstream HUC6 watersheds that enter within 10 km of the site. For some
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sites, we clipped the HUC6 watersheds that the sites are located in to include only the upstream
portions of the watersheds. We did this when the downstream portions of the watershed had
areas of different land use than the upstream areas. This was determined through visual
inspection of GIS land use categories. If the areas of the watershed that were upstream and
downstream of the site had consistent land use, then we did not clip the watershed, but rather
included the downstream areas in our calculations.

The PCA was conducted in several ways so that influences of natural and stressor variables
could be considered both independently and together. In all three versions (both natural and
stressor variables, natural variables only, stressor variables only), the stream site classes were
substantially separated on the first factor and overlapped on the second and third factors (Figure
3-9). The separation among site classes was strongest when considering natural variables only.
The natural variables pertained to location, climate, topography, physical river characteristics,
and land cover. The first factor in all three PCA arrangements was related to natural land uses,
described as % forest for natural variables and the LDI for stressor variables. Variables on the
second factor were longitude and elevation for natural variables and adjacent roads for the
stressor variables. The third factor was inconsequential.
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Figure 3-9. River sites displayed on the first and second axes of the PCA of natural site variables, showing
differences among the site classes established for streams.
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The Foothills river sites were grouped with the PPBV sites. The PCA did not provide convincing
evidence that the Foothill sites had more in common with the PPBV than with the Mountains.
However, a cluster analysis of taxa in reference samples suggested that Foothills sites grouped
with PPBV sites more often than with Mountains (see Section 4.4). Because the Foothills sites
were intermediate to mountains and plains on the PCA stressor gradients, it is possible that
grouping them with the PPBV could result in assessment bias. However, it was more reasonable
to expect a PPBV site to meet biological expectations derived from PPBV and Foothills sites
than to expect a Foothills site to meet biological expectations derived from Mountain and
Foothills sites.
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4.0 Benthic Macroinvertebrate Indicators

Two types of indicators were developed for benthic macroinvertebrate assessments: multimetric
indices (MMI) and predictive models of observed and expected taxa (O/E). The MMIs were
based on categorical site classification and diverse community metrics of each sample. In
contrast, the O/E classification is continuous, where each site has varying degrees of membership
in each class, and the single metric compares the taxa expected based on the unique site
characteristics with those actually observed in the sample. This section explains the MMI
development process for benthic macroinvertebrates in streams. The same processes were used
for developing indices for fish and habitat measures and in rivers.

4.1 Multimetric Indices

A biological metric is a numerical expression of some attribute of the biological assemblage
(based on sample data) that responds to human disturbance in a predictable fashion (Barbour et
al. 1999). A suite of commonly-applied, empirically-proven, and theoretically-responsive metrics
was calculated for possible inclusion in an MMI. The MMI formulation required data preparation
for uniform metric calculation, assignment of taxa attributes, metric calculations, metric
adjustments for environmental factors, evaluation of metric sensitivity, combination of metrics in
multiple candidate indices, and selection of the most robust and meaningful index for
assessment.

Metrics were calculated based on the lowest practical identification level of each specimen.
Identifications were not collapsed to a standard level, such as genus. However, mites (Arachnida)
were not identified beyond the class level until 2002, and not commonly until 2004. Therefore,
all metrics considered all mites at the class identification level. OTUs developed for
classification were not applicable in metric calculations. Large and rare macroinvertebrate
specimens were identified after sorting organisms for the subsample. These were eliminated
from metric calculations because they were not identified consistently in all samples or in all
years.

Benthic macroinvertebrate sample sizes were highly variable, though the target subsample size is
500 organisms. The range of sample sizes was from 7 to 6721 individuals. The intra-quartile
range was more precise, from 477 to 547 individuals. Taxa richness was positively correlated
with total number of individuals in the sample. Based on the precedent of the SMI (Grafe 2002a),
we did not modify sample lists to reduce sample size and richness. However, samples closer to
the target subsample size (e.g. 200-800 individuals) will likely yield more robust assessment
results.
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Taxa attributes existed for most taxa in the Idaho taxa list. For those taxa missing attributes,
attributes were assigned when there was high confidence in the assignment. For instance,
taxonomic hierarchy could be established for each taxon using the Integrated Taxonomic
Information System (ITIS, http://www.itis.gov) as an authoritative reference. Some attributes

were assigned to taxa based on proximity in the taxonomic hierarchy. If all species of a genus
had similar tolerance values, a tolerance value for the genus would be assigned based on the
mode of species traits. For habits, the foremost reference (Merritt et al. 2008) only lists habits at
the genus level, so these traits were also assigned to species within the genera. In some cases,
traits from other western state databases were used to complete traits in Idaho. Sources of the
trait assignments were recorded in the database if they were not as originally designated by
IDEQ.

Benthic macroinvertebrate metrics were organized into six categories: taxonomic richness,
assemblage composition, feeding group, habit (methods of attachment or locomotion), pollution
tolerance, and voltinism (Table 4-1). Each category addresses aspects of the sample that are
expected to change with general or specific stressors. Richness is high when habitats are
complex and water quality does not limit sensitive taxa. Homogeneous habitats within a
sampling reach or polluted water can limit taxonomic diversity overall or in specific groups of
taxa. Composition of taxa, numbers of individuals in various groups, can vary with stressor
intensity depending on the tolerances or opportunistic abilities of each group. Feeding group and
habit metrics exhibit patterns when niche space in stressed sites is limited due to food resource
quality or habitat types. Tolerance metrics are based on standardized scales of pollution tolerance
to which each taxon is measured. Typically, general types of pollution are incorporated into the
scale, including nutrients, sediments, and organic pollutants. Voltinism measures the life cycle
timing of each taxon. If a sample is dominated by taxa that reproduce slowly, a stable
environment is implicated and conversely, organisms with fast life cycles may dominate an
unstable system. For rivers and streams, 77 metrics were calculated and tested. Metric
calculations were performed in a Microsoft Access relational database that allowed calculations
based on sample taxonomic lists and taxa attributes.

All richness metrics (e.g., total taxa or EPT taxa) were calculated such that only unique taxa
were counted. Taxa that were identified at higher taxonomic levels because of damage or under-
developed features were not counted as unique taxa if other individuals in the sample were
identified to a lower taxonomic level within the same sample.

4.1.1 Benthic Macroinvertebrate Metric Adjustments

After sites were classified by ecoregions, we examined the remaining variability of each metric
with a set of natural variables. These variables included drainage area, elevation, slope, stream
power, percentage of forest cover in the catchment, percentage of scrub-shrub cover in the
catchment, predominance of pool habitat in the reach, and percent fine sediments in the reach.
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Adjusting fish richness metrics to site drainage area is an established practice (McCormick et al.
2001, Fausch et al. 1984) that can also be applied to benthic macroinvertebrate metrics. We
sought to identify meaningful relationships that would explain some of the metric variability in
reference sites before we attempted to use the metric for assessing biological responses to stress.
Adjustments were only attempted for stream sites, because the reference river data were too
sparse to establish meaningful relationships between metrics and environmental variables.

The metric adjustments for benthic macroinvertebrates were addressed within the site classes
because the classes already accounted for some metric variability. In addition, remaining
variability within one site class may differ from that observed in another. The Spearman
correlation coefficients between metrics and natural environmental variables in reference sites
were the first indicator of meaningful relationships. When correlations were significant (p<0.05),
the strongest relationships were examined in bi-plots to determine which of multiple possible
relationships could be reasonably estimated. Relationships that were consistent along the
environmental gradient (not driven by outliers), were linear (or could be estimated with non-
linear relationships), and that could result in relatively precise reference distributions after
adjustment (not wedge-shaped), were considered for adjustment.

Non-linear relationships between metric values and meaningful environmental factors were
defined using logarithmic or exponential equations. Predicted metric values based on these
equations can have positive or negative trends and converge on an asymptote. The residual of the
observed metric value and the value predicted for the reference data was used as the adjusted
metric (Figure 4-1). A constant was added to the residuals to shift the scale of values into the
positive range. For instance, adjustments to drainage area standardized the metric residual to a
100 square kilometer catchment.

In each site class, 10 to 20 benthic macroinvertebrate metrics were adjusted to account for
natural variability after site classification (Table 4-1). Many of the significant metric
relationships with environmental variables in reference sites were non-linear. Metric values
trended towards maximum or minimum values at the extremes of the environmental scales.
Logarithmic or exponential equations were used in these metric adjustments. The exponential
growth model fit many relationships because it has a realistic intersect at the low end of the
environmental scale and an asymptote at the higher end. The logarithmic equation results in
precipitous changes at the low end of the environmental scales, but was used in some cases
because this form has precedence in the literature (McCormick et al. 2001). Relationships with
site elevation and percent land cover types were essentially linear. Metrics were not adjusted for
relationships that had significant Spearman correlation coefficients but that we did not deem
meaningful after examination of biplots (Figure 4-2).
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Table 4-1. Benthic macroinvertebrate metrics and adjustments.

Environmental Adjustment
Factor by Site Class *

Metric
Type Metric Code Metric Name PPBV Mountains  Foothills

Totallnd Total Individuals
TotalTax Total Taxa dr _area PoolHab
InsctTax Insect Taxa dr_area PoolHab
NonlnsPT Non-insect % of Taxa
EPTTax EPT Taxa Pfines
EphemTax Ephemeroptera Taxa Pfines
PlecoTax Plecoptera Taxa

% TrichTax Trichoptera Taxa

% ColeoTax Coleoptera Taxa

= DipTax Diptera Taxa dr_area PoolHab
ChiroTax Chironomidae Taxa dr_area PoolHab
ChiroTax Chironomini Taxa
OrthoTax Orthocladiinae Taxa
OligoTax Oligochaeta Taxa
CrMolTax Crustacea & Mollusca Taxa
TanytTax Tanytarsini Taxa
DomO1Pct % Dominant Taxon
Evenness Evenness power PoolHab
D _Simp Simpson's Index PoolHab
D Marg Margaleff's Index dr_area PoolHab
Shan_base 2 Shannon-Weiner Index (base 2) dr_area PoolHab
EPTPct % EPT
EPTpct NH % EPT (no Hydropsychidae)
EPpct % EP
EphemPct % Ephemeroptera ScrBarGr
PlecoPct % Plecoptera dr_area
TrichPct % Trichoptera

g NonInPct % Non-Insect Pfines

k= ColeoPct % Coleoptera

2 OdonPct % Odonata

g DipPct % Diptera

O ChiroPct % Chironomidae
Orth2ChiPct % Orthocladiinae of Chironomidae
CrCh2ChiPct % Cricotopus and Chironomus of Chironomidae
TanytPct % Tanytarsini
Metric Code Metric Name PPBV Mountains  Foothills
Tnyt2ChiPct % Tanytarsini of Chironomidae
OligoPct % Oligochaeta
CrMolPct % Crustacea & Mollusca
AmphPct % Amphipoda
GastrPct % Gastropoda
BivalPct % Bivalvia
MitePct % Acarina
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Table 4-1. Continued.

Benthic Macroinvertebrates

Metric Environmental Adjustment
Type Factor by Site Class *
CllctTax Collector Taxa dr_area dr_area PoolHab
FiltrTax Filterer Taxa dr_area
PredTax Predator Taxa
ScrapTax Scraper Taxa dr area
o0 ShredTax Shredder Taxa PoolHab
=t CllctPct % Collector 3forests
o FiltrPct % Filterer 3forests
PredPct % Predator
ScrapPct % Scraper 3forests
ShredPct % Shredder dr area dr area PoolHab
FltClctTax Filterer/Collector Taxa
HBI Hilsenhoff's Index elev dr_area Pfines
BeckBI Beck's Index ScrBarGr
o Hyd2TriPct % Hydropsychidae of Trichoptera elev
a Baet2EphPct % Baetidae of Ephemeroptera
§ Hyd2EPTPct % Hydropsychidae of EPT
E IntolPct % Intolerant dr area
TolerPct % Tolerant elev
IntolTax Intolerant Taxa dr_area Pfines
TolerTax Tolerant Taxa dr area dr area
BrrwrTax Burrower Taxa PoolHab
ClmbrTax Climber Taxa
ClngrTax Clinger Taxa dr area dr area
SprwlTax Sprawler Taxa PoolHab
E SwmmrTax Swimmer Taxa PoolHab
an BrrwrPct % Burrower
ClmbrPct % Climber
ClngrPct % Clinger
SprwlPct % Sprawler
SwmmrPct % Swimmer
@ SemVolTax Semi-voltine Taxa
5 g SemVolPct % semi-voltine
S UniVolPct % uni-voltine
> MIitVolPct % multi-voltine ScrBarGr

2 dr area = drainage area, PoolHab = % pool habitat, pfines = % fines, power = stream power, ScrBarGr

= % scrub/barren/grass cover in the catchment, elev = elevation.
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Figure 4-1. Example of residual metric value calculation, showing observed and predicted insect taxa richness in
reference Foothill sites in relation to the percentage of pool habitat at the sampling sites.
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Figure 4-2. Example of a metric with significant and relatively high Spearman correlation coefficient that was not
adjusted to the environmental variable.
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Metric adjustments in the PPBV were common with the following environmental variables:
drainage area, percentage scrub-shrub cover in the catchment, percentage forest cover in the
catchment, stream gradient, site elevation, and stream power. In the Mountains, adjustments
were less common and always used drainage area as a predictor. In the Foothills, all metric
adjustments were made with predominance of pool habitat in the reach and percent fine
sediments in the reach.

4.1.2 Metric Evaluation

The ability of each metric to distinguish between reference and stressed sites within a site class
was measured as discrimination efficiency (DE) (Flotemersch et al. 2006). DE was calculated as
the percentage of metric scores in stressed sites that were worse than the worst quartile of those
in the reference sites. For metrics with a pattern of decreasing value with increasing
environmental stress, DE is the percentage of stressed values below the 25" percentile of
reference site values. For metrics that increase with increasing stress, DE is the percentage of
stressed sites that have values higher than the 75th percentile of reference values. DE can be
visualized on box plots of reference and stressed metric or index values with the inter-quartile
range plotted as the box (Figure 4-3). Higher DE denotes more frequent correct association of
metric values with site conditions. DE values <25% show no discriminatory ability in one
direction. DE values >50% are generally adequate for consideration in an index. However, in a
site class, adequacy was usually dependent on relative DE values within a metric category. A
second measure of metric discrimination was the z-score, which was calculated as the difference
between reference and stressed metric or index values divided by the standard deviation of
reference values. There is no absolute z-score value that indicates adequate metric performance,
but among metrics or indices, higher z-scores suggest better separation of reference and stressed
values.

In each metric category, at least one metric in each class had a DE greater than 50%, except for
feeding group and habit metrics in the Mountains (Table 4-2). The Mountains had the lowest
DEs overall, with only three metric DEs greater than 60%. In contrast, 15 and 29 metrics had
DEs higher than 60 in the Foothills and PPBV, respectively. One possible reason for a lack of
responsive metrics in the Mountains might be a less severe stressor gradient compared to the
more populated Foothills and PPBV regions.
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Figure 4-3. Box and whisker plot illustrating a metric that decreases with increasing stress and that has a DE
slightly greater than 75%.

Table 4-2. Stream benthic metric discrimination efficiency, trend with increasing impairment (-
, 1), and z-scores in three site classes. Metric codes are named as in Table 4-1 and site classes are
Mountains (Mtn), Foothills (FH) and Plains, Plateaus, and Broad Valleys (PP). These statistics
reflect adjusted scores. Metrics are as in Table 4-1.

Metric

type MetricCode MtnDE MtnZ FHDE FHZ PPDE PPZ
TotalTax 51.5d 0.59 42.9d 0.21 70.0d  1.56
InsctTax 54.5d 0.72 35.7d 0.42 72.5d  1.78
NoninsPT 30.31 0.52 50.01 0.87 62.51 1.55
EPTTax 60.6d 1.18 64.3d 0.87 75.0d  1.02
EphemTax 57.6d 1.25 50.0d 0.40 60.0d  0.80
PlecoTax 48.5d 0.65 64.3d 1.28 57.5d  0.53

% TrichTax 39.4d 0.51 50.0d 0.20 67.5d  0.87
% ColeoTax NA 0.04 NA 027 425d  0.67
~ DipTax 27.31 0.11 35.7d 0.37 62.5d  0.99
ChiroTax NA 0.10 35.7d 0.12 60.0d 0.75
ChiroTax NA 0.10 35.7d 0.10 60.0d 0.75
OrthoTax NA 0.04 42.9d 1.01 52.5d 043
OligoTax NA 0.09 28.6d 0.74  25.0d 0.12
CrMolTax 30.31 0.54 50.01 0.46 45.01 0.60
TanytTax 42.4d 0.41 NA 0.44 NA 0.38
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Table 4-2. Continued.

Metric

type MetricCode MtnDE MtnZ FHDE FHZ PPDE PPZ
DomO1Pct 48.51 0.35 28.61 0.02 4251 093
Evenness 45.5d 0.72 50.0d 0.17 60.0d 1.11

D Simp 45.51 0.56 42.9i 0.32 42.51 1.36

D Marg 54.5d 0.65 NA 0.14  72.5d 1.55
Shan_base 2 45.5d 0.62 42.9d 0.32 57.5d  1.39
EPTPct 45.5d 0.60 NA 0.11 70.0d  0.72
EPTpct NH 51.5d 0.67 50.0d 1.04 NA NA

EPpct 54.5d 0.52 50.0d 0.46 NA NA
EphemPct 45.5d 0.54 35.7d 0.21 60.0d  0.68
PlecoPct 30.3d 0.10 71.4d 0.80 60.0d  0.28
TrichPct 45.5d 0.19 57.1i 0.87 70.0d  0.49

§ NoninPct 30.3d 0.08 57.1d 0.08 75.00 243
'% ColeoPct 36.41 0.06 50.01 1.07 37.5d  0.21
g* OdonPct NA 0.11 42 .9i 6.55 NA 0.26
3 DipPct 57.61 0.72 57.1d 0.50 55.0d  0.40
ChiroPct 48.51 0.29 NA 0.37 50.0d 0.34

Orth2ChiPct 30.3d 0.04 57.1d 0.97 50.00  0.52
CrCh2ChiPct 30.31 0.07 71.41 1.17 37.51  0.55

TanytPct 30.3d 0.09 NA 0.31 50.0d  0.43
Tnyt2ChiPct 36.4d 0.24 21.4d 0.07 52.5d 0.51
OligoPct NA 0.07 57.1d 0.17 57.51 1.74
CrMolPct 33.31 0.06 35.7d 0.18 72.51  3.20
AmphPct NA NA 0.16 50.00 247
GastrPct NA 0.10 42.91 1.26 55.00  3.01
BivalPct 39.41 0.32 NA 0.11 62.51  0.68
MitePct 42.4d 0.21 35.7d 0.15 25.0d 0.31
CllctTax 45.5d 0.53 42.9d 032 62.5d 1.23
FiltrTax 27.31 0.18 64.31 095 40.0d 0.15
PredTax 30.3d 0.58 28.6d 0.02 55.0d 092
ScrapTax 45.5d 0.57 50.0d 0.67 65.0d 1.05
& ShredTax 30.3d 0.31 35.7d 036 475d 0.72
= CllctPct 45.5d 0.51 64.3d 1.18 50.00  0.67
i FiltrPct 45.51 1.31 57.11 1.60  67.5d 0.62
PredPct 33.31 0.15 NA 043  45.0d 0.19
ScrapPct 36.4d 0.61 35.7d 0.31 3251 0.11
ShredPct 33.3d 0.15 42.91 0.13  450d 0.25
FltClctTax 39.4d 0.43 35.7d 0.17 75.0d 0.40
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Table 4-2. Continued.

Metric
type MetricCode MtnDE MtnZ FHDE FHZ PPDE PPZ
HBi 54.51 0.85 64.31 1.10 75.01 1.32
BeckBi 57.6d 1.04 64.3d 1.18  72.5d  1.06

Hyd2TriPct 33.31 0.32 71.41 2.10  50.0d 0.15

8  Baet2EphPct  30.3i 0.55 NA 0.14  350i 0.01
£  Hyd2EPTPct  27.3d 0.52 643i 573 450d 0.18
©  intolPet 66.7d 085 714d 026 NA 0.1
TolerPct 36.4i 0.74 429i 059 7251 094
intolTax 60.6d 118  643d 1359 NA 035
TolerTax 48.5i 0.71 7141 228 40.0d 0.42
BrrwrTax 33.3i 024 4291 090 NA 031
ClmbrTax NA 0.60 5000 125 NA  0.04
ClngrTax 48.5d 0.98 NA 011 70.0d 1.5
SprwlTax NA 003 643d 086 350d 0.39
E SwmmrTax NA 0.18 28.6 0.75 37.51 0.10
£ BrrwrPct 30.3d 0.08 357  0.05 2751 0.49
ClmbrPct 42 4i 0.04 6431 218  30.0i 0.17
ClngrPct 30.3d 0.10 5711 058  65.0d 1.54
SprwlPct 27.3i 002 50.0d 074 375 0.68
SwmmrPct NA 0.01 NA 031  40.0d 022
e SemVolTax 54.5d 0.72 NA 0.18 6754 1.14
2 SemVolPct 30.3d 0.25 NA 0.05 57.5d  0.40
£ UniVolPct 48.5d 030 50.0d 038 67.5d 0.65
> MitVolPct 57.6i 0.72 NA 0.05 3751 033

NA = Not applicable — not responsive.

4.1.3 Metric Scoring

Metrics were scored on a common scale prior to combination (as an average of scores) in an
index. The scale ranges from 0 to 100 (as in Hughes et al. 1998, and Barbour et al. 1999). The
optimal score is determined by the distribution of metric values. For metrics that decrease with
increasing stress, the 95" percentile of all data within the site class was considered optimal (to
lessen the influence of outliers [Barbour et al. 1999]), and scored as 100 points using the
equation:

100 * MetricValue

MetricScore = - -
95" Percentile
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Metrics that increase with increasing stress (reverse metrics) were scored using the 5™ percentile
of data as the optimal, receiving a score of 100. Decreasing scores were calculated as metric
values increased to the 95 percentile using the equation:

100 * (95" Percentile — MetricValue)

MetricScore = - - - -
95" Percentile — 5" Percentile

In some cases, percentiles other than the 95™ were used in the equation above to reduce the
effects of a skewed distribution. The metric scoring range was from 0 to 100. Scores outside of
this range were re-set to the nearest extreme before the index was calculated.

4.1.4 Index Composition

A multimetric index is a combination of metric scores that indicates a degree of biological stress
in the aquatic community (Barbour et al. 1999). Individual metrics were candidates for inclusion
in the index if they:

- discriminated well between least and most disturbed sites;

- were ecologically meaningful (mechanisms of responses can be explained);
- represented diverse types of information (multiple metric categories); and

- were not redundant with other metrics in the index.

Several index alternatives were calculated using an iterative process of adding and removing
metrics, calculating the index as an average of the metric scores, and evaluating index
responsiveness. The first index alternatives included those metrics that had the highest DEs
within each metric category. Subsequent index alternatives were formulated by adding,
removing, or replacing one metric at a time from the initial index alternatives that performed
well. The index alternatives considered for the site classes in Idaho met the criteria listed above.

Each alternative index was evaluated based on DE and z-scores in calibration data, and inclusion
of representative and non-redundant metrics. In addition, the IDEQ workgroup reviewed indices
with similar performance characteristics to select a final index that included metrics that were
meaningful to their programs. As many metric categories as practical were represented in the
index alternatives so that signals of various stressor-response relationships would be integrated
into the index. While several metrics should be included to represent biological integrity,
redundant metrics can bias an index to show responses specific to certain stressors or taxonomic
responses. Redundancy was evaluated using a Spearman rank order correlation analysis. In this
index development effort, we excluded metrics that were redundant at the 0.90 level or higher.

Index performance was validated with a set of samples that were not used in index calibration.
Validation data was expected to perform as well as calibration data or to have a DE within 10%
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of the calibration DE. Index alternatives that were not adequately validated were reconsidered by
the workgroup and a new alternative was selected.

4.1.5 Stream Macroinvertebrate MMI Results

Mountains

Thirty-nine (39) different metric combinations were tested to find the best index for the
Mountain site class (Appendix G). Combinations were tested that included all six metric
categories. The selected index included metrics from all six metric categories (Table 4-3), had a
calibration DE of 73%, and a z-score of 1.48. Discrimination of reference from stressed sites was
adequate in calibration data (Figure 4-4) and was confirmed in validation data (validation DE =
69%). The index metrics were not redundant, with the highest correlations existing between EPT
taxa and clinger taxa (Table 4-4).

Table 4-3. Stream MMI metrics for the Mountain site class.

Index Metrics Metric Category DE Response
Total Taxa Richness 55.1 decreaser
EPT Taxa Richness 65.3 decreaser
% Ephemeroptera and Plecoptera Composition 55.1 decreaser
% filterers Feeding group 40.8 increaser

HBI (adjusted) Tolerance 57.1 increaser

Clinger taxa (adjusted) Habit 53.1 decreaser
Semi-voltine taxa Voltinism 57.1 decreaser

Table 4-4. Correlations (Spearman r) among MMI metrics in the Mountain site class.

Metric
index Metrics # 1 2 3 4 5 6
Total taxa 1
EPT taxa 2 0.67
% EP 3 -0.17 0.25
% filterers 4 0.17 -0.04 -0.29
HBi 5 0.03 -0.26 -0.44 0.37
Clinger taxa 6 0.79 0.86 0.06 0.22 -0.06
Semi-voltine taxa 7 0.47 0.67 0.19 0.06 -0.24 0.68
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Figure 4-4. Index discrimination among reference and stressed conditions in Mountain streams, showing both
calibration and validation data distributions (medians, interquartile ranges and ranges).

Foothills

Thirty-one (31) different metric combinations were tested to find the best index for the Foothill
site class (Appendix G). Combinations were tested that included all six metric categories. The
selected index included metrics from five of six metric categories (Table 4-5), had a calibration
DE of 71%, and a z-score of 2.43. No voltinism metric was included because including one did
not improve index performance. Discrimination of reference from stressed sites was adequate in
calibration data (Figure 4-5) and was confirmed in validation data (validation DE = 100%). The
index metrics were not redundant, with the highest correlations existing between EPT taxa and
scraper taxa (Table 4-6).
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Table 4-5. Stream MMI metrics for the Foothills site class.

Index Metrics Metric Category DE Response
EPT taxa (adjusted) Richness 64.3 decreaser
Non-insect % of taxa (adjusted) Composition 50.0 increaser
% EPT, excluding Hydropsychidae =~ Composition 50.0 decreaser
Scraper taxa Feeding group 50.0 decreaser
Tolerant taxa Tolerance 71.4 increaser
Sprawler taxa (adjusted) Habit 64.3 decreaser
90
80 o
70
— 60¢t 0 =
=
=
[%2]
= 50r
= J S
° 1
s) 1
L 40t
O
O
30
20 .
10 : : : :
Ref Ref Stress Stress
Calib Valid Calib Valid

Figure 4-5. Index discrimination among reference and stressed conditions in Foothill streams, showing both
calibration and validation data distributions (medians, interquartile ranges, and ranges).
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Table 4-6. Correlations (Spearman r) among MMI metrics in the Foothills site class.
Index Metrics Metric # 1 2 3 4 5
EPT taxa 1
Non-insect % of taxa 2 -0.36
% EPT, excl. Hydropsychidae 3 0.41 -0.30

Scraper taxa 4 0.57 -0.21 0.24

5
6

Tolerant taxa -0.10 0.29 -0.41 0.04

Sprawler taxa 0.18 0.11 -0.21 0.19 0.15

Plains, Plateaus, and Broad Valleys (PPBV)

Forty-two (42) different metric combinations were tested to find the best index for the PPBV site
class (Appendix G). Combinations were tested that included all six metric categories. The
selected index included metrics from five of six metric categories (Table 4-7), had a calibration
DE of 85%, and a z-score of 2.63. No richness metric was included because including one did
not improve index performance. However, Simpson’s index includes richness as one term of the
index. Discrimination of reference from stressed sites was adequate in calibration data (Figure 4-
6) and was confirmed in validation data (validation DE = 100%). The index metrics were not
redundant, with the highest correlations existing between % clingers and % non-insects (Table
4-8).

Table 4-7. Stream MMI metrics for the PPBV site class.

Index Metrics Metric Category DE Response
Simpson’s index Composition 50.0 increaser
% non-insects Composition 75.0 increaser
% filterers (adjusted) Feeding group 67.5 decreaser
% tolerant (adjusted) Tolerance 72.5 increaser
% clingers Habit 65.0 decreaser
Semi-voltine taxa Voltinism 67.5 decreaser
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Figure 4-6. Index discrimination among reference and stressed conditions in PPBV streams, showing both
calibration and validation data distributions (medians, interquartile ranges, and ranges).

Table 4-8. Correlations (Spearman r) among MMI metrics in the PPBV site class.

Index Metrics Metric # 1 2 3 4 5
Simpson’s Index 1

% non-insects 2 0.07

% filterers 3 -0.06  -0.13

% tolerant 4 0.40 0.23 0.09

% clingers 5 -0.01  -0.67 0.18 -0.09
Semi-voltine taxa 6 -0.36 -0.28 -0.02 -0.35 0.43

4.1.6 Stream Benthic MMI Application

The Idaho stream benthic MMIs should be applied as follows.

1. Determine the appropriate site class for the site using Table 3-3.
2. Calculate appropriate MMI metrics.
Use metric attributes approved by IDEQ (Appendix H).
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Count mites as a single taxon.

Mark taxa to be excluded from richness metrics.
3. Score metrics based on formulae in Table 4-9.

Reset scores above 100 or below 0 to 100 or 0, respectively.
4. Calculate the MMI as the average of the metric scores.
5. Report the results.

Include the MMI scores and MMI DE

Compare numeric results to impairment thresholds

(IDEQ to decide on threshold values)

4.2 River Macroinvertebrate MMI

Large rivers are not as numerous in Idaho as are streams. The dataset for calibrating a river
macroinvertebrate index reflects the smaller sample size. However, sample sizes were large
enough for calibration and in some site types, for validation (Table 4-10). Validation with five
and fewer sites can give spurious results, but nevertheless offer insights on the robustness of the
calibration.

In each metric category, at least one metric had a DE of 50% or greater in both the Mountains
and Non-mountains (Table 4-11). In general, responses were stronger in the Non-mountain
dataset. In the Mountains, the richness metrics were not very strong. The highest richness DE
(50%) was for total taxa, non-insect percent of taxa, and Plecoptera taxa. The highest DE overall
was 70% in the Mountains for % Trichoptera and % Tanytarsini of Chironomidae. In the Non-
mountain dataset, all categories had at least one meric of 67% or higher except for the habit
metrics. The highest DE (83%) was for scraper taxa.
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Table 4-9. Metric adjustment and scoring formulae for the Idaho stream MMIs.

Metrics

Formula

Mountains

Total Taxa

EPT Taxa

% Ephem. and Plecoptera
% filterers

HBI (adjustment)
HBI (score)
Clinger taxa (adjustment)

Clinger taxa (score)
Semi-voltine taxa

100*(metric value)/58

100*(metric value)/31

100*(metric value)/74

100*(30.6-(metric value))/30.3

(metric value) —
(4.670+1.055%exp(-16.510/(dr_area[km?]))) + 5.59

100*(6.95-(adjusted metric value))/2.52

(metric value) —
(14.175+16.337*exp(—O.965/(dr_area[km2]))) +30.3

100*(adjusted metric value-18.6)/19.2

100*(metric value)/13

Foothills

EPT taxa (adjustment)

EPT taxa (score)

Non-insect % of taxa
(adjustment)

Non-insect % of taxa (score)
% EPT, no Hydropsychidae
Scraper taxa

Tolerant taxa

Sprawler taxa (adjustment)

Sprawler taxa (score)

(metric value) —
(20.345-14.934*(PropFinesRaw+0.01)) + 17.2

100*( adjusted metric value-6.60)/19.3

(metric value) -
(8.67+ 9.015*exp(-0.128/(PropFinesRaw+0.01)))+13.6

100*(26.6 - adjusted metric value)/21.6

100*(metric value)/74

100*(metric value)/18

100*(19 - metric value)/16

(metric value) —
(11.263+6.443*exp(-9.6/(%PoolHab+1))) + 15.3

100*(adjusted metric value-7.4)/13.7

PPBV

Simpson’s Index

% non-insects

% filterers (adjustment)
% filterers (score)

% tolerant (adjustment)
% tolerant (score)

% clingers
Semi-voltine taxa

100*(0.41 — (metric value))/0.35

100*(79.6 — (metric value))/78.5

(metric value) — (34.09 - 40.24 * %Forests) + 14

100*(adjusted metric value+15.3)/58.8

(metric value) — (82.742-0.0065*Elev[m]) + 50.2

100*(91 — adjusted metric value)/71

100*(metric value)/92

100*(metric value)/9

Note: if the score formula results in a value <0 or >100, re-set to the appropriate extreme of the

scoring scale (0-100) before averaging in the MML.
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Table 4-10. River benthic sample size.

Mountains Non-mountains
dataset Calibration Validation Calibration Validation
Reference 19 5 9 0
Stressed 10 3 12 3

Table 4-11. River benthic metric discrimination efficiency and trend with increasing stress.
Metrics are as in Table 4-1.

Metric Mtns non-mtns | Metric Mtns non-mtns
TotalTax 50 (-) 41.7 () BivalPct 30 () 50 (+)
InsectTax 40 (-) 58.3 (-) CorbPct NR NR
NonlnsPT 50 (+) 66.7 (+) MitePct 30 (-) 41.7 ()
EPTTax 40 (-) 58.3(-) CllctTax 40 (-) 58.3(-)
EphemTax 40 (-) 58.3 (-) FiltrTax 40 (+) 50 (+)
PlecoTax 50 (-) NR PredTax 30 (-) NR
TrichTax 30 (+) 41.7 (-) ScrapTax 40 (+) 83.3 (-)
ColeoTax 40 (+) 50 (-) ShredTax NR NR
DipTax NR 75 (-) CllctPct 60 (+) NR
ChiroTax NR 58.3(-) FiltrPct NR NR
OrthoTax 40 (+) 66.7 (-) PredPct 60 (+) 33.3(H)
OligoTax NR NR ScrapPct 30 () 50 (+)
CrMolTax 30 (+) 583 (+) ShredPct 50 (-) NR
TanytTax 30 () NR BrrwrTax NR NR
DomO1Pct 40 (-) 41.7 (-) ClmbrTax 60 (+) NR
Evenness 40 (+) 33.3(-) ClngrTax 50 (-) 58.3 (-)
D _Simp 40 (-) NR SprwlTax 30 (-) 58.3 (-)
D Marg 60 (-) 66.7 (-) SwmmrTax 40 (+) 333 (1)
Shan base 2 30 (+) 33.3(-) SwmClmTax 50 (+) NR
EPTPct 60 (-) 50 (-) BrrwrPct NR 50 (+)
EphemPct 50 (+) 75 (-) ClmbrPct 30 (-) 41.7 (+)
PlecoPct 50 (-) NR ClngrPct 60 (-) 50 (-)
TrichPct 70 (-) 41.7 (+) SprwlPct 50 (+) 41.7 (-)
NonlInPct 40 (+) 66.7 (+) SwmmrPct 40 (+) 41.7 (-)
ColeoPct 60 (-) 75 (-) HBI 30 (4) 58.3 (+)
OdonPct 40 (+) 41.7 (+) BeckBI 50 (-) 91.7 (-)
DipPct 60 (+) 58.3 (-) Baet2EphPct NR NR
ChiroPct 60 (+) 50 (-) Hyd2EPTPct 40 (+) 50 (-)
Orth2ChiPct 40 (+) NR Hyd2TriPct 50 (+) 58.3(-)
CrCh2ChiPct NR 50 (+) IntolPct 60 (-) NR
TanytPct 60 (-) 66.7 (-) TolerPct 30 (+) 66.7 (+)
Tnyt2ChiPct 70 (-) 41.7 () IntolTax 60 (-) NR
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Table 4-11. Continued.

Metric Mtns non-mtns  Metric Mtns non-mtns
OligoPct 50 (+) 50 (+) InMolTax NR NR
IsoPct NR 333 (+) TolerTax 40 (+) NR
CrMolPct 30 (+) 58.3 (+) SemVolTax 50 (-) 50 (-)
AmphPct NR 50 (+) SemVolPct 50 (-) 58.3 ()
GastrPct NR 41.7 (+) UniVolPct 50 (-) 75 (-)
MIitVolPct 50 (+) 50 (+)

4.2.1 River Macroinvertebrate MMI Results
Mountains

Forty-one (41) different metric combinations were tested to find the best index for river sites in
the Mountain site class (Appendix G). The selected index included metrics from all six metric
categories (Table 4-12), had a calibration DE of 70%, and a z-score of 1.59. Discrimination of
reference from stressed sites was adequate in calibration data (Figure 4-7) and was confirmed in
validation data (validation DE = 100%). The index metrics were not redundant, with the highest
correlations existing between EPT taxa and semi-voltine taxa (Table 4-13).

Table 4-12. River MMI metrics for the Mountain site class.

Index Metrics Metric Category DE Response
EPT Taxa Richness 40.0 decreaser
% EPT Composition 60.0 decreaser
% Chironomidae Composition 60.0 increaser
% Predators Feeding group 60.0 increaser
Swimmer & Climber Taxa Habit 50.0 increaser
Becks Biotic index Tolerance 50.0 decreaser
Semi-voltine Taxa Voltinism 50.0 decreaser
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Figure 4-7. Index discrimination among reference and stressed conditions in the river Mountain site class, showing
both calibration and validation data distributions (medians, interquartile ranges and ranges).

Table 4-13. Correlations (Spearman r) among river MMI metrics in the Mountain site class.

Metric
Index Metrics # 1 2 3 4 5 6
EPT Taxa 1
% EPT 2 0.63
% Chironomidae 3 -0.28  -0.57
% Predators 4 0.28 0.11 0.02
Swimmer & Climber Taxa 5 0.44 0.19 -0.03 0.38
Becks Biotic index 6 0.56 034 -0.18 040 0.06
Semi-voltine Taxa 7 0.66 056 -041 023 0.19 0.60

Non-mountains

Twenty-nine (29) different metric combinations were tested to find the best index for river sites
in the Non-mountain site class (Appendix G). The selected index included metrics from all six
metric categories (Table 4-14), had a calibration DE of 92%, and a z-score of 2.23.
Discrimination of reference from stressed sites was adequate in calibration data (Figure 4-8) and
was confirmed in validation data for stressed sites (validation DE = 100%). No reference sites
were reserved for validation because all of the few reference samples were used in calibration.
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The index metrics were not redundant, with the highest correlations existing between insect taxa
and sprawler taxa (Table 4-15).

Table 4-14. River MMI metrics for the Non-mountain site class.

Index Metrics Metric Category DE Response
Insect Taxa Richness 58.3 decreaser
Non-insect % of Taxa Richness 66.7 increaser
% Ephemeroptera Composition 75.0 decreaser
% Scrapers Feeding group 50.0 increaser
Sprawler Taxa Habit 58.3 decreaser
% Tolerant Tolerance 66.7 increaser
% Multivoltine Voltinism 50.0 increaser
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Figure 4-8. Index discrimination among reference and stressed conditions in the river Non-mountain site class,
showing both calibration and validation data distributions (medians, interquartile ranges and ranges).
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Table 4-15. Correlations (Spearman r) among river MMI metrics in the Non-mountain site class.

Metric
Index Metrics # 1 2 3 4 5 6
Insect Taxa 1
Non-insect % of Taxa 2 -0.75
% Ephemeroptera 3 0.46 -0.40
% Scrapers 4 -0.23 0.48 -0.06
Sprawler Taxa 5 0.80 -0.50 031 -0.19
% Tolerant 6 -0.53 0.61 -0.21 0.26 -0.40
% Multivoltine 7 -0.46 0.46 -0.35 0.22  -0.57 0.41

4.2.2 River Benthic MMI Application

The Idaho river benthic MMIs should be applied as follows.

1. Determine the appropriate site class for the site using Table 3-3.
2. Calculate appropriate MMI metrics.

Use metric attributes approved by IDEQ (Appendix H).

Count mites as a single taxon.

Mark taxa to be excluded from richness metrics.
3. Score metrics based on formulae in Table 4-16.

Reset scores above 100 or below 0 to 100 or 0, respectively.
4. Calculate the MMI as the average of the metric scores.
5. Report the results.

Include the MMI scores and MMI DE

Compare numeric results to impairment thresholds

(IDEQ to decide on threshold values)

4.3 Idaho Predictive Model

Model background

The predictive modeling approach to bioassessment estimates the taxonomic richness of a
biological assemblage expected at a site if it were in a minimally disturbed reference condition.
The expectation is based on the taxa lists and environmental setting of each reference calibration
site. The ratio of observed to expected taxa at a test site then indicates the departure of that site
from the reference condition. Additional details of the procedures for developing and evaluating
predictive models are documented elsewhere (Clarke et al. 2003, Hawkins et al. 2000, Van
Sickle et al 2005).
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Table 4-16. Metric adjustment and scoring formulae for the Idaho river benthic MMIs.

Metrics Formula
Mountains
EPT Taxa 100*(metric value) / 28
% EPT 100*(metric value) / 69.0
% Chironomidae 100*(59.5 - (metric value)) / 50.6
% Predators 100*(13.8 - (metric value)) / 11.5
Swimmer & Climber Taxa 100*(12 - (metric value)) / 7
Becks Biotic index 100*(metric value) / 16.1
Semi-voltine Taxa (100*(metric value) / 9.55
Non-mountains
Insect Taxa 100*(metric value) / 51.4
Non-insect % of Taxa 100*(60.5 - metric value) / 53.4
% Ephemeroptera 100*(metric value) / 63.9
% Scrapers 100*(81.6 - metric value) / 78.0
Sprawler Taxa 100*(metric value) / 20.5
% Tolerant 100*(88.6 - metric value) / 65.1
% Multivoltine 100*(89.7 - metric value) / 73.3

Note: If the score formula results in a value <0 or >100, re-set to the appropriate extreme of the
scoring scale (0-100) before averaging in the MMI.

The predictive model output assigns an Observed to Expected ratio (O/E) for each sample. When
the observed taxa are as numerous as those expected based on environmental characteristics of
the site, the O/E value is 1.0. When taxa are not present when they are expected, the ratio drops
below 1.0. The point at which the O/E ratio no longer represents reference conditions can be
estimated from the precision in the reference O/E values, which are near 1.0 on average but have
quantifiable variability. The O/E index primarily measures the loss of taxa found in the reference
sites. Because the O/E index only measures the loss of reference taxa, taxa that appear only in
non-reference sites have no effect on the index. This results in O/E models that are only
indirectly sensitive to invasions of exotic taxa when such taxa replace reference taxa.

Model building proceeds in a series of steps, as follow:
1) Resolve taxonomic uncertainties with Operational Taxonomic Units (OTU)
2) Define clusters of taxonomically similar reference calibration sites
3) Relate site variables to clusters with Discriminant Function Analysis (DFA)
4) Develop expected taxa prediction and compare to observed taxa (O/E)
5) Evaluate model performance
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Much of the procedure has been automated in statistical software, especially steps 3 and 4. So for
each of these steps described below, the general intent of the procedure is presented, while
extensive details provided elsewhere are referenced.

Predictive models were built for both stream and river macroinvertebrates. A predictive model
for fish in streams was attempted, but was unsuccessful. There are too few fish taxa in reference
streams of Idaho to build a reliable model of expected taxa. Presence and absence of these few
taxa did not vary predictably with the environmental variables. In addition, the O/E model
primarily indicates impairment when taxa are absent. This pattern does not always occur with
fish in Idaho. Rather, streams stressed by increasing temperature or sediment can become
suitable for opportunistic exotic taxa and don’t necessarily eliminate the taxa found in reference
sites.

4.3.1 Model Development

O/E Step 1: Operational Taxonomic Units (OTU)

Aggregation into OTUs and elimination of macroinvertebrate taxa from the analysis was
necessary for two reasons, as also described for ordination during site classification (Section
3.1). First, rare taxa can influence model results to a degree greater than their actual significance
in the ecological settings, and should therefore be removed from analysis. Exclusion of rare taxa
increases O/E precision by a small amount (Van Sickle et al. 2007). Second, the model assumes
that each taxonomic identification is unique when it may not be so. This taxonomic uncertainty
can lead to meaningless assessment differences, and must be resolved. Aggregation and
elimination of taxa was described for ordination and the same OTUs were used for predictive
model development. The OTUs are static once identified. This is necessary for model algorithms
and is meaningful because we are only interested in taxa expected to be in the reference sites that
are either present as predicted or lost.

O/E Step 2: Define clusters of taxonomically similar reference sites

The predictive model recognizes natural variability based on groupings of reference sites with
similar taxonomic components. The groups (also called clusters or site classes) are used in the
model development and future applications. Sites were grouped based on taxonomic
composition. That is, sites with similar taxa were grouped together and dissimilar sites were
separated into different clusters.

After eliminating reference sites with no benthic samples, small benthic sample sizes, and sites
redundant with close neighboring sites, 222 reference sites were available for O/E development.
Sample target size was 500 organisms. The taxa lists of large samples were randomly re-sampled
so that the electronic record showed a final taxa list with 500 organisms in it. Samples with less
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than 400 organisms (target — 20%) were not used in model development. The 222 reference
stream samples were randomly partitioned into development (n = 212) and validation (n = 60)
datasets. The development data set was used to calibrate the model. The validation dataset was
used to evaluate model performance, to identify possible overfitting issues, and to guide
selection of the best model among several alternatives. Overfitting occurs when a model is built
that is specific to the calibration dataset, but that is not precise when applied to new data because
of the high degree of specificity.

The clustering exercise was performed using taxonomic identifications at the OTU level and
taxonomic presence/absence data. Clustering was performed in PC-ORD (McCune and Mefford
2006) using the Sorensen Index (a.k.a. Bray-Curtis) to measure similarities and the flexible-beta
group linkage method with beta set at -0.50. Clusters were selected using professional judgment
to prune the dendrogram into groups having maximum within group similarity and a minimum of
five sites.

For this dataset, it was possible to use a single cut-line at about 45% information remaining for
pruning the dendrogram into eleven groups with a minimum group size of nine sites (Figure 4-
9). The placement of the cut-line and selection of the number of groups was somewhat arbitrary.
With more groups, we may lack the predictor variables to robustly distinguish between all of
them. With fewer, we may lose opportunities to predict expected taxa specific to the natural
conditions. In the O/E model building procedure, definition of more groups can be
accommodated and may (or may not) improve model precision. If we define fewer groups, we
cannot model any environmental differences within the larger groups, whether or not we have
the distinguishing predictor variables. Therefore, it is best to define more groups initially. The
dendrogram had 0.46% chaining. When the flexible beta value was set at -0.25, the percent
chaining increased and the dendrogram did not show as many distinct clusters.

O/E Steps 3 and 4: Relate site variables to clusters and calculate O/E

We expect the biological community to vary with changes in the environmental setting,
regardless of stressor effects which may disrupt the natural gradients in taxonomic diversity. The
biological groups identified in the cluster analysis were related to environmental conditions using
Discriminant Function Analysis (DFA). Environmental variables that account for changes in the
undisturbed macroinvertebrate assemblage but are not related to stressor influences are useful for
DFA analysis. Simple and easily derived variables will likely be available and consistent in
future data collection efforts while including variables that are difficult to measure or derive
reduce the usefulness in the final model. Predictor variables for model development included 15
measures not related to anthropogenic influences (Table 4-17). Variables were either field
measured or office generated (e.g., via GIS). Environmental variables that showed distinct
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distributions among cluster groups (Figure 4-10) were more likely to be included in the DFA
and the final O/E model.

0 Flexible Beta -0.50

Stream Benthic re

Figure 4-9. Clustering dendrogram of calibration stream reference sites, showing pruning levels for establishing
eleven site groups. Color codes for site names relate to site classes: Mountains (green), Foothills (tan), and PPBV

(pink).

Through automated software routines (R code, Van Sickle et al. 2005), multiple discriminant
models with all possible subsets of the 15 environmental variables were generated. To evaluate
each model, the ratio of observed to expected taxa (O/E) was calculated for each site. Expected
taxa for a site are calculated as the product of the probability that a site is a member of a cluster
and the probability of capture of the taxon in that group, summed for all groups and taxa. The
O/E calculations were based on a probability of capture threshold of > 0.5, meaning that a taxon
would not be expected (or counted among the observed) unless it occurred in more than half of
the reference sites in a group. The exclusion of rare taxa in O/E models improves model
precision (Van Sickle et al. 2007).
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Table 4-17. Candidate stream predictor variables for RIVPACS development.

Abbreviation Description

DD LAT Latitude (decimal degrees)

DD LONG Longitude (decimal degrees)

MELEV Site elevation (ft)

GRADIENT Gradient (field measured)

SlopeNHD Gradient (GIS measured using NHD data)

power Drainage area * GRADIENT * precipitation
PowerNHD Drainage area * SlopeNHD * precipitation

pptl4 mm Precipitation (mm)

tmax14 C Maximum air temperature (°C)

LithErodPrelim Erodibility of underlying lithology (10 point scale)
RiffRun Percentage of riffle and run habitat in the stream reach
AvgOfBFWIDTH Average of bankfull width

JulianDay Day of the year (1-365) of the benthic sample collection date
StrmDen Stream density

Logl0 DrArea Drainage area of sampling location (log-transformed)

Software output included the five best performing models for each of 1 to 15-order (predictors)
models. Performance measures included the mean, standard deviation, and root mean square
error (RMSE) of O/E values derived from reference samples. These measures were compared
with the null model, which does not account for any environmental variability, and with the
minimum error associated with replicate sampling. A final model was selected as the alternative
with the appropriate number of predictor variables, high precision of the O/E values in
calibration and validation data, and meaningful predictor variables. Also considered was
discrimination among groups, measured as a high percent correct group prediction and low
Wilks’ lambda value (indicating separation of cluster groups in the DFA).

O/E Step 5: Evaluate model performance

The appropriate model order (number of predictor variables) was determined from model
precision and evaluation of overfitting. Precision increases as more variables are included in the
model, measured as decreasing RMSE. Overfitting occurs when the model is so specific to the
calibration data that results cannot be replicated with validation data. Overfitting was determined
using two indicators of correct site classification: resubstitution and cross validation. The
resubstitution procedure classifies each site to a group using the final classification function and
determines whether the predicted group is the same as the group identified through cluster
analysis. We expect a low rate of resubstitution error because the same sites used in building the
model were classified after model calibration. The cross validation procedure calculates the
discriminant function model in the absence of one observation and then uses the model to
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classify the case that was removed, much like other statistical jackknife procedures. Overfitting
can be indicated as the point at which correct classifications using resubstitution and cross-
validation diverge.
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Figure 4-10. Distinguishing characteristics of biologically-defined reference clusters in streams.
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Resubstitution classification accuracy of the discriminant function models increased consistently
with model order, but cross-validated classification accuracy did not improve appreciably
beyond sixth-order models, where it began to diverge from the resubstitution accuracy (Figure
4-11). A 5™ order model would be most appropriate to increase model precision without
overfitting.

Predictive model precision, measured by the RMSE of the O/E ratio, also improved steadily with
model order up to the 5™ or 6™ order model. Higher order models did not show continually
improving precision (Figure 4-12). The best performing 5™ order model had the lowest RMSE
in the validation dataset (0.175) and a calibration RMSE of 0.16, considerably less than the null
model RMSE of 0.21. Mean O/E values for reference calibration and validation data were 1.02
and 1.00, respectively. Discrimination among cluster groups was adequate, with a Wilks’ lambda
value of 0.11, correct classification in 50.6% of sites with resubstitution and 42% with cross
validation. This O/E model performed well, considering that models with RMSE values less than
0.20 are adequately precise and statistics for other models in western states are similar (Table 4-
18).

The predictor variables in the selected O/E model included longitude, latitude, elevation, stream
slope, Julian day, and bankfull width. These variables relate to location, physical habitat, and
sample timing. While some groups tend to lie in distinct parts of the state (Figure 4-13), others
are better defined by the physical habitat characteristics.

The legitimacy of the predictor variables in the selected model was confirmed in forward and
backward stepwise DFA analyses with all variables and the ‘all-subsets importance’, which is the
percentage of models using each variable among the five best models of all 15 model orders
(Table 4-19). One variable that was important in both confirmatory analyses but was not in the
5™ order model selected was the % riffle-run habitat in the stream reach. Conceptually, % riffle-
run habitat could be partially explained by the stream slope variable, which remained in the
model.

4.3.2 Post Model Analyses

While the precision of the model among reference sites is the primary tool for assessing O/E
model performance, responsiveness of the index along a stressor gradient is also informative. To
parallel evaluations of the MMI, we illustrate the discrimination efficiency of the O/E model in
the stream site classes. The O/E index showed greatest response to stressors in the Foothills and
PPBV site classes, where nearly 75% of stressed sites were below an O/E value of 0.8 and more
than 50% were less than 0.6 (Figure 4-14). In the Mountains, fewer stressed sites showed O/E
values responding to stress, with more than 50% of stressed sites greater than 0.85 O/E units.
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Figure 4-11. Resubstitution and cross validation classification accuracy for stream sites.

Table 4-18. Comparison of stream O/E models for western states.

RMSE of O/E at

Number Number of ) . ]
calibration sites

Model of Site Predictor

Classes  Variables Predictive Null Model

Model
Idaho 2010 (this study) 11 5 0.16 0.21
WSA (West) (U.S. EPA 2006) 31 7 0.19° 0.26°
Colorado (Hawkins 2009) 7 7 0.18 0.33
Montana (Jessup et al. 2006) 5 5 0.17° 0.38°
Oregon (Hubler 2008) 3-5° 2-4° 0.12-0.15®  0.14-0.18%
Wyoming (Hargett et al. 2005) 15 14 0.17° 0.29*

* Standard deviation reported instead of RMSE. The two measures are comparable.
® A range of values is presented because models were developed for multiple regions.
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Figure 4-12. Relationship between model RMSE of stream reference samples and the number of predictor variables
used in the models. Dashed lines are null models for calibration (blue) and validation (red) datasets. Green circles
represent an estimate of random sampling error.

The O/E index can be applied across the state of Idaho without segregating sites by site class.
The mean and RMSE of calibration data are typically used to define the range of O/E values that
are similar to reference. For instance, the mean minus twice the RMSE could be used as a
threshold (1.02 —2*0.16 = 0.68). However, Figure 4-14 illustrates that there are slight
differences in the reference distributions. Accounting for site class differences might allow
application of the O/E index to be more sensitive to stressors than application with a statewide
assessment threshold.
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Table 4-19. Predictor variable DFA steps and ‘all-subsets importance’.

Predictor Selected All Subsets Forward F Backward F
Model Importance to Enter to Remain

DD LONG X 87.3 8.25 7.93

JulianDay X 87.3 8.79 8.95

DD LAT X 81.7 9.42 9.89

MELEV X 76.1 9.82 10.26

Logl0 DrArea 69 4.23 2.78

SlopeNHD 67.6 4.76 4.65

AvgOfBFWIDTH X 60.6 2.44 2.44

PowerNHD 56.3 4.21 4.21

tmax14 C 43.7 2.36 2.36

pptl4 mm 423 3.06 3.06

RiffRun 31

GRADIENT 15.5

power 15.5

StrmDen 15.5

LithErodPrelim 11.3

4.4 Development of an O/E model for river sites

The dataset of river sites was much smaller than the stream dataset, with 31 reference sites.
There were obvious differences in reference criteria among Mountain and Non-mountain classes,
so much so that we considered building separate models for the two classes. However, we
proceeded building the model with all reference sites, expecting that the site classes would be
evident in the clustering and predictive importance. Model building included the same steps
described for streams above.

After establishing OTUs for rivers, cluster analysis revealed that three cluster groups could be
defined, two of which were almost entirely Mountain sites (Figure 4-15). The third cluster group
had a mix of Foothills and PPBV sites, as well as a single Mountain site.

Predictor variables included nine measures of location, climate, sample timing, and physical site
characteristics (Table 4-20). Two variables, membership in the Mountains site class and river
order were categorical. These two were among those that showed distinctions among the cluster
groups (Figure 4-16).
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Figure 4-13. Reference calibration stream sites showing cluster memberships.

Resubstitution classification accuracy of the DFA models increased consistently up to the 4" or
5™ model order, but cross-validated classification accuracy peaked in third- to sixth-order
models, suggesting that a 4™-5" order model would be most appropriate (Figure 4-17).
Predictive model precision, measured by the RMSE of the O/E ratio, improved slightly with
model order up to the 6" order model (Figure 4-18). However, we focused on 5™ order models
based on limited improvements in correct classifications and precision between the 5™ and 6™
orders. The recommended model was selected based on model order (not overfit), RMSE in
calibration and validation data (should be low), discrimination among groups (high percent
correct group prediction and low Wilks’ lambda value), and meaningful predictor variables.

The meaningfulness of predictor variables was evaluated based on forward and backward DFA
analyses, as well as the percentage of potential models that included each variable (all subsets
importance) (Table 4-21). In the forward DFA, only two variables entered into the model with
significant F values, including mountain site class membership and Strahler order (both
categorical predictors). In the backwards stepwise procedure, four variables remained in the
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model, including mountain site class membership, maximum temperature, wetted width, and
longitude.
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Figure 4-14. O/E values observed for samples taken from reference and stressed stream sites in the bioregions
established for the MMI: Mountains, Foothills, and PPBV. Symbols represent the median, intraquartile ranges, non-
outlier ranges, and outliers.
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Figure 4-16. Distinguishing characteristics of biologically-defined reference clusters in rivers.
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Table 4-20. Candidate river predictor variables for predictive model development.

Abbreviation Description
LAT DD Latitude (decimal degrees)
LONG DD Longitude (decimal degrees)
ELEV ft Mean elevation (feet)
StrahlerOr River order (Strahler 1957)
mtns Membership in mountains site class (on/off variable)
pptl4 mm Precipitation (mm)
tmax14 C Temperature (°C)
AvgWettedWIDTH Average of wetted width (m)
JulianDay Day of the year (1-365) of the benthic sample collection date
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Figure 4-17. Resubstitution and cross validation classification accuracy for river sites.
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Table 4-21. Predictor variable DFA steps and ‘all-subsets importance’.

Predictor Selected All Subsets Forward F Backward F
Model Importance to Remain to Remain
mtns X 90.2 19.6 22.5
StrahlerOr X 73.2 9.0
pptl4 mm X 68.3 8.7
AvgWettedWIDTH X 56.1 9.8
tmax14 C X 51.2
LONG_DD 41.5 52
ELEV ft 341
LAT DD 26.8
JulianDay 19.5
& |
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Figure 4-18. Relationship between model RMSE of river reference samples and the number of predictor variables
used in the models. Dashed lines are null models for calibration (blue) and validation (red) datasets. Green circles

represent an estimate of random sampling error.
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The fifth order model that was selected included the five variables that were most often in the
best performing models: mountain site class membership, Strahler order, maximum air
temperature, wetted width, and precipitation. These variables relate to ecoregion, river size, and
climate. Longitude was a candidate for inclusion, but was not used because sites within groups
were either dispersed east and west or clumped in the middle (Figure 4-19).

The fifth order model had a calibration RMSE of 0.16, which was considerably less than the null
model RMSE of 0.20. The means of calibration and validation data were 1.0 and 0.89,
respectively, and the validation RMSE was 0.175. The validation mean was considerably lower
than 1.0 in the selected model, as it was for all other potential models (the highest validation
mean was 0.92). The classification accuracy was high in resubstitution (96%) and reasonably
high in cross validation (80%), with a Wilks’ lambda of 0.11.
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Figure 4-19. Reference calibration river sites showing cluster memberships.
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In the site classes, the O/E index was less precise and more responsive in the non-mountains
compared to the mountains (Figure 4-20). A potential threshold of impairment based on the
mean minus twice the RMSE of calibration data would be 0.68 O/E units. If applied statewide to
this data set, only one reference site of the mountain rivers would assess as impaired, while more
than 50% of the non-mountain rivers would be impaired. However, most of the non-mountains
stressed sites were outside the experience of the model, considered outliers, and assessment
results should be considered tentative. The distributions of predictor variables in stressed sites of
the non-mountains show that, on average, stressed sites are warmer, drier, and larger than the
reference sites used to build the model (Figure 4-21). Of the non-mountain sites that were within
the experience of the model, all had O/E values between 0.42 and 0.64.
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Figure 4-20. O/E values observed for samples taken from reference and stressed river sites in the bioregions
established for the MML.
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Figure 4-21. Distributions of continuous river O/E predictor variables in reference and site class categories.
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5.0 Fish Indicators

Multimetric indices for fish were developed using the same general procedure described for
benthic macroinvertebrates. Reference and stressed streams were used to describe the stressor
gradient against which to measure responsiveness of fish metrics and indices. Responsiveness
was tested within the individual site classes: Mountains, Foothills and PPBV for streams and
Mountains and Non-mountains for rivers. Where there were different responses among classes,
index formulations were recommended that were specific to each class.

The fish assemblage is an important ecological indicator in Idaho as well as a commercial and
recreational resource. Many of the state’s streams and rivers are cold-water habitats that support
salmonids and other game fish. A healthy cold-water fish assemblage is not necessarily diverse,
with some cold mountain streams and rivers supporting only trout and sculpin. The metrics that
are candidates for inclusion in fish indices therefore rely heavily on attributes of the taxa and to a
lesser extent on richness and diversity measures.

5.1 Metric Descriptions

Forty-three (43) fish metrics in five metric categories were calculated (Table 5-1). The
categories included richness, composition, trophic guild, reproductive strategies, and tolerance to
pollution. Each category addresses aspects of the sample that are expected to change with
general or specific stressors. It was mentioned that richness can be low in cold mountains
streams. It can be high either when stressors appear in those coldwater systems or when stressors
are absent from more productive systems. Because of the variable response patterns, there was
no requirement to include richness metrics in final indices. Composition of taxa, numbers of
individuals in various groups, can vary with stressor intensity depending on the tolerances or
opportunistic abilities of each group. Trophic guild metrics exhibit patterns when food resource
quality or type becomes altered due to stresses. Reproductive strategies can be dependent on
habitat quality, which can be degraded with increasing stress. Tolerance metrics are based on
four levels of tolerance to generalized pollutants. Metric calculations were performed in a
Microsoft Access relational database that allowed calculations based on sample taxonomic lists
and taxa attributes.

The attributes of the taxa that were used in the calculations were either provided entirely by
IDEQ or provided in part and augmented with designations from the Western EMAP database
(provided by U.S. EPA). All calculations were based on the level of taxonomy recorded in the
IDEQ database. All taxa in each sample were counted towards richness measures, without an
attempt to exclude ambiguous taxa because most identifications were at the species level.
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Table 5-1 (continuous). Fish metrics used in index development.

Type MetricCode Metric Name Description
TotalTax Total Taxa Total number of taxa
NatTax Native Taxa Number of taxa having a native range that includes any part of Idaho
SalmTax Salmonid Taxa Number of taxa in the family Salmonidae
SImSclpPT Salmon & Sculpin % of Taxa Percent of taxa that are either salmonids or cottids
% BullTrtind Bull Trout Individuals Number.of Bull Trout, an ipdicator species
8 (Tested in all samples, not just July and August)
'é) DartTax Darter Taxa Number of taxa in the family Percidae
MinnTax Minnow Taxa Number of taxa in the family Cyprinidae
NatMinTax  Native Minnow Taxa Number of native taxa in the family Cyprinidae
SucTax Sucker Taxa Number of taxa in the family Catostomidae
SunTaxa Sunfish Taxa Number of taxa in the family Centrarchidae
Totallnd Total Individuals Number of individuals in the sample
MinnPct % Minnow Individuals Percent of individuals in the sample in the family Cyprinidae
DacePct % Dace Individuals Percent of individuals in the sample in the genus Rhinichthys
SuckerPct % Sucker Individuals Percent of individuals in the sample in the family Catostomidae
'S LNDacePct % Longnose Dace Percent of individuals in the sample that are longnose dace
'% LND2Minn % Longnose Dace of Minnows Percent of individuals that are longnose dace of all minnows
g IndPUEArea  Individuals per Reach Area Number of individuals per square -rneter of reach area Qength x width)
O (IDEQ expressed low confidence in measurement consistency)
IndPUEtime  Individuals per Shock Time Number of individuals per second.of active electroﬁshi.ng
(IDEQ expressed low confidence in measurement consistency)
DomO1Pct % Individuals in Dominant Taxon Percent of individuals in the sample of the most dominant taxon
IndpNatTax  Individuals per Native Taxon Total individuals divided by the number of native taxa (+1) in the sample
o BenTax Benthic Taxa Total number of taxa that live/forage on the stream bottom (Partially from EMAP)
@ InvrtPct % Invertivore Individuals Percent of individuals in the sample in the invertivore trophic guild
= PiscPct % Piscivore Individuals Percent of individuals in the sample in the piscivore or invertivore-piscivore guilds
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Table 5-1 (continuous). Fish metrics used in index development.

Type MetricCode Metric Name Description
% Filterer/Omni /Herbi .. . . . . .
FOHPct o .1 .erer fnivorertierbivore Percent of individuals in the sample in the filterer, omnivore, or herbivore guilds
Individuals
PiscTax Piscivore Taxa Total number of taxa in the piscivore or invertivore-piscivore guild
HiderTaxa Hider Taxa Number of taxa that hide eggs without protection (Partially from EMAP)
. . . Number of taxa that spawn in gravel; lithophil brood hiders and lithopelagophils
LithT Lithophil T .
rhiax 1hophtt Taxa (Partially from EMAP)
. . .. . Percent of individuals in the sample that spawn in gravel; lithophil brood hiders and
o
,S LithPct % Lithophilic Individuals lithopelagophils (Partially from EMAP)
_‘g’ AnadPct % Anadromous Individuals Percent of individuals in the sample that require sea-residence (Partially from EMAP)
% CotNumSiz ~ Number of Sculpin Size Classes Number of size .cla'sses. represented by Cottidae (<40, 40-80, >80) (Size classes are
2 based on data distribution)
CypNumSiz  Number of Minnow Size Classes Number of size .cla.sses. represented by Cyprinidae (<40, 40-80, >80) (Size classes are
based on data distribution)
SalNumSiz  Number of Salmonid Size Classes Number of size claéses. represented by Salmonidae (<100, 80-180, >180) (Size classes
are based on data distribution)
NatIntTax Native Intolerant Taxa Number of taxa designated as "II" and that are native of Idaho (Partially from EMAP)
NatIntPet 94 Native Intolerant Individuals PerCf?nt of individuals in the sample designated as "II" and that are native of Idaho
(Partially from EMAP)
CldWtrPct % Cold-water Individuals Percent of individuals in the sample that require cold temperatures
é ExoticPT Non-Native % of Taxa Percent of taxa that are not native to Idaho
g ExoticPct % Non-Native Individuals Percent of individuals in the sample that are not native to Idaho
S LngLivTax Long-lived Taxa Number of taxa that have a life span >= 8 years (Partially from EMAP)
. . .. Percent of individuals in the sample that have a life span >= 8 years
LngLivPct % Long-lived Individual .
ngLivPc % Long-lived Individuals (Partially from EMAP)
AnomPet 9 Individuals with Anomalies Percent of individuals in the sample that show physical signs of stress

(Typically DELT anomalies)
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Table 5-1 (continuous). Fish metrics used in index development.

Type MetricCode Metric Name Description
0 1 1x71 1 1 n n n n
ModTolerPet % M(.)derately Tolerant Percejnt of individuals in the sample designated as "TT" or "MT
Individuals (Partially from EMAP)
TolerPct % Tolerant Individuals Percent of individuals in the sample designated as "TT" (Partially from EMAP)
IntolTax Intolerant Taxa Number of taxa designated as "II" (Partially from EMAP)
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5.2  Stream MMI Development

Reference and stressed sites were identified to optimize sample sizes for the benthic
macroinvertebrate analyses. Fish sampling in Idaho was not as intensive as benthic
macroinvertebrate sampling, so the sample sizes in reference and stressed sites are smaller
(Table 5-2). This resulted in adequate data sets for calibration of the MMIs, but meager and
possibly inadequate validation datasets in the Foothills and PPBV.

Table 5-2. Stream fish sample sizes by site class, reference status, and calibration designation.

Site Class Mountains Foothills PPBV
Dataset Calib. Valid. Calib. Valid. Calib. Valid.
Reference N 96 25 13 4 10 2
Stressed N 18 9 13 4 15 5

5.2.1 Metric adjustments

Though site classes could account for much of the variability observed in the fish assemblage,
remaining variability was investigated using correlation analysis relating metrics to
environmental factors. Spearman rank correlations were calculated for fish metrics and
environmental measures that were not subject to human disturbance. The correlations were
specific to site class and included only reference sites so that variability due to stressors would be
reduced.

Strong (r > 0.50) and consistent relationships were observed for many metrics and drainage
areas. Other variables that were often strongly related to the metrics included total stream length
in the catchment and stream power, both of which are related to catchment size. Other
relationships were observed with stream gradient and in the PPBV, elevation and lithologic
erodibility. We decided to adjust correlated metrics to catchment sizes because these
relationships were most consistent across classes and because such adjustments have proven
useful in other studies (McCormick et al. 2001). The adjustments were based on regressions
using reference sites in all site classes because there were too few reference sites in some classes
to produce robust regressions. The regression equations predicted the appropriate catchment size-
specific metric values and residuals of the observed metric values to the predicted values were
assessed for responsiveness to the stressor gradient. A constant was added to the regression
equation to standardize each metric to a 100 square kilometer catchment.
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5.2.2 Metric Evaluation

Metric responsiveness to the stressor gradient was evaluated using the DE of calibration data
within site classes, as was used for evaluating benthic macroinvertebrate metrics. At least one
metric had DEs greater than 50% in every metric category and site class except in the PPBV
(Table 5-3). In the PPBV, neither richness nor tolerance metrics had highly discriminating
metrics and in general, other metrics were not strongly responsive to stress. The Foothills metrics
discriminated well, with DEs over 75% in each metric category.

Table 5-3. Stream fish metric discrimination efficiency (DE) and adjustments to drainage area
(DA). The trends of metrics to increasing stress are shown as positive (+), negative (-), or not
responsive (NR). Metric codes are as in Table 5-1.

MetricCode  Mountains Foothills PPBV Adjustment

TotTax 55.6 (-) 46.2 (+) 46.7 (+) Metric - (0.58+1.44*log10(DA))+3.46
NatTax 72.2 (-) 69.2 (+) 33.3() Metric - (0.25+1.51*log10(DA))+3.28
SalmTax NR 61.5(-) NR

SImSclpPT  NR 923(-) 26.7(%H)

BullTrtInd NR NR NR

DartTax NR NR NR

MinnTax 38.9(-) 84.6 (+) 333 (1) Metric - (-0.62+0.62*1og10(DA)) + 0.63
NatMinTax  44.4 (-) 923 (+) 33.3(+H) Metric - (-0.54+0.55*1og10(DA))+0.57

SucTax NR 46.2 (+) NR

SunTaxa NR NR NR

Totallnd 50 (+) 69.2(+) 40(+)

MinnPct 38.9(-) 769 (+) 46.7 (+) Metric - (-14.85+14.76*1og10(DA))+14.67
DacePct 389 (-) 462 (+) 40(-) Metric - (-10.88+10.94*1log10(DA)) + 10.99
SuckerPct NR 462 (+) 333(1H)

LNDacePct NR NR NR

LND2Minn  NR 69.2(-) NR

IndPUEArea 55.6(+)  53.8(+) 267 (¥
IndPUEtime  55.6 (+)  84.6(+) 26.7(9)
Dom01Pct  55.6(+)  53.8(-) 26.7()  Metric - (100.42-19.20*log10(DA))+62.03
IndpNatTax  66.7 (+) 462 (+) 66.7 (+)

BenTax 389(-)  692(+) 46.7(+)  Metric - (-0.95+1.36*log10(DA))+1.77
InvrtPet 50 () NR 46.7(+)  Metric - (-14.65+35.87*log10(DA))+57.08
PiscPct 556(+) 30.8(-) 46.7()  Metric - (109.44-35.63*log10(DA))+38.18
FOHPct NR 462 (4) 267 (+)

PiscTax NR NR 53.3(9)
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Table 5-3. Continued.

MetricCode  Mountains Foothills PPBV Adjustment

HiderTaxa NR 61.5(+) NR

LithTax 27.8 (+) NR 66.7 (-)

LithPct 50 (+) 30.8(+) 60(-) Metric - (105.15-26.31*1log10(DA))+52.52
AnadPct NR NR NR

CotNumSiz  NR NR 46.7 (+)

CypNumSiz  38.9 (-) 76.9 (+) 26.7 (+) Metric - (-0.68+0.68*log10(DA))+0.69
SalNumSiz  NR 61.5(-) 267+

NatIntTax NR NR NR

NatIntPct 50 (-) NR NR

CldWtrPct 38.9 (+) 84.6 () 46.7(-) Metric - (119.29-19.24*log10(DA)) +80.82
ExoticPct 61.1 (+) NR 333 ()

ExoticPT 61.1(+) NR 33.3(4)

LngLivTax ~ NR 308(+) 33.3(-)

LngLivPct 50 (+) 30.8(-) 46.7(-) Metric - (115.99-37.23*1logl10(DA))+41.52
AnomPct NR NR NR

ModTolerPct NR 76.9 (+) 26.7(+)

TolerPct NR 38.5(+) 26.7(+)

IntolTax NR NR NR

DA = drainage area in square kilometers

5.2.3 Metric scoring

Metrics were scored on a common scale prior to combination (as an average of scores) in an
index. The scale ranges from 0 to 100 (as in Hughes et al. 1998, and Barbour et al. 1999). The
optimal score is determined by the distribution of metric values, but not as calculated for benthic
macroinvertebrates. For metrics that decrease with increasing stress, the median of reference
metric values within the site class was considered optimal. This scoring scheme assumes a
plateau in metric values in the best conditions and maximizes the scoring range in variation
below the optimum (McCormick et al. 2001). The scoring equation on a 100 point scale is as
follows:

. MetricValue — 10" Percentile
MetricScore =100 x Stressed

50" Percentile —10" Percentile

reference Stressed

Metrics that increase with increasing stress (reverse metrics) were scored using the 10™
percentile of stressed values as the optimal, receiving a score of 100. Decreasing scores were
calculated as metric values increased to the 90" percentile using the equation:
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90" Percentile,, ..., — MetricValue
90" Percentile, 10" Percentile

Stressed

MetricScore =100 x

tressed

The metric scoring range was from 0 to 100. Scores outside of this range were re-set to the
nearest extreme before the index was calculated.

Validation data sets were small in the Foothills and PPBV, with only four and five stressed sites
each. In the mountains, there were nine stressed samples for validation.

Non-fish vertebrates were collected in four samples. They were inconsequential in metric
calculations because they were rare and were not given taxa attributes. In each case, samples
contained only one vertebrate taxon and only one or two individuals.

5.2.4 Fish MMIs in Mountain Streams

Thirty-four (34) different metric combinations were tested to find the best index for the mountain
site class (Appendix I). The selected index included metrics from all five metric categories
(Table 5-4), had a calibration DE of 78%, and a z-score of 2.1. Discrimination of reference from
stressed sites was adequate in calibration data (Figure 5-1) and was confirmed in validation data
(validation DE = 67%). In general, the index metrics were not redundant, with the highest
correlations existing between % invertivores and % lithophilic spawners (Table 5-5). Both of
these metrics were retained because they represent different attributes of the fish assemblage
(feeding and reproduction).

Table 5-4. Stream fish MMI metrics for the mountain site class.

Index Metrics Metric Category DE Response
Native Taxa Richness 72.2 Decreaser
Individuals per native taxon Composition 66.7 Increaser
% invertivores Trophic guild 50.0 Decreaser
% lithophilic spawners Reproduction 50.0 Increaser
% native intolerant individuals Tolerance 50.0 Decreaser
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Figure 5-1. Fish index discrimination among reference and stressed conditions in Mountain streams, showing both
calibration and validation data distributions (medians, interquartile ranges and ranges).

Table 5-5. Correlations (Spearman r) among fish MMI metrics in the mountain site class.

Index Metrics Metric # 1 2 3 4
Native Taxa 1

Individuals per native taxon 2 0.01

% invertivores 3 0.51 0.14

% lithophilic spawners 4 -0.47 -0.17 -0.90

% native intolerant individuals 5 0.06 -0.12 -0.09 0.09

5.2.5 Fish MMIs in Foothills Streams

Twenty-four (24) different metric combinations were tested to find the best index for the
Foothills site class (Appendix 1). The selected index included metrics from four of five metric
categories (Table 5-6), had a calibration DE of 84.6%, and a z-score of 3.1. There was no metric
representing reproductive attributes of fish. Discrimination of reference from stressed sites was
adequate in calibration data (Figure 5-2) and was confirmed in validation data (validation DE =
75%). In general, the index metrics were not redundant, with the highest correlations existing
between minnow taxa and percent minnows and between salmon and sculpin percent of taxa and
percent moderately tolerant (Table 5-7). These sets of metrics were retained because they represent
different attributes of the fish assemblage.
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Table 5-6. Stream fish MMI metrics for the Foothills site class.

Index Metrics Metric Category DE Response
Minnow Taxa Richness 84.6 Increaser
Salmon & Sculpin % of Taxa Richness 923 Decreaser
Benthic Taxa Richness 69.2 Increaser
% Minnow Individuals Composition 76.9 Increaser
% Moderately Tolerant Tolerance 76.9 Increaser
% filterers, omnivores, herbivores Trophic guild 46.2 Increaser
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Figure 5-2. Fish index discrimination among reference and stressed conditions in Foothills streams, showing both
calibration and validation data distributions (medians, interquartile ranges and ranges).

Table 5-7. Correlations (Spearman r) among fish MMI metrics in the Foothills site class.

Index Metrics Metric # 1 2 3 4 5
Native Minnow Taxa 1

Salmon & Sculpin % of Taxa 2 -0.61

Benthic Taxa 3 0.68 -0.54

% Minnow Individuals 4 0.89 -0.54 0.60

% Moderately Tolerant 5 0.53 -0.87 0.47 0.53

% FOH 6 0.33 -0.55 0.38 0.29 0.58
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5.2.6 Fish MMIs in PPBV Streams

Twenty-three (23) different metric combinations were tested to find the best index for the PPBV
site class (Appendix I). The selected index included metrics from all five metric categories
(Table 5-8), had a calibration DE of 86.7%, and a z-score of 1.6. Discrimination of reference
from stressed sites was adequate in calibration data (Figure 5-3). Both of the reference
validation samples and two of five stressed samples had values above and below (respectively)
the 25™ percentile of reference calibration values. These results are satisfactory, given the small
validation dataset. In general, the index metrics were not redundant, with the highest correlation
between % piscivores and % invertivores (Table 5-9). Both of these metrics were retained
because they represent different attributes of the fish assemblage (richness and composition).

Table 5-8. Stream fish MMI metrics for the PPBV site class.

Index Metrics Metric Category DE Response
Native Taxa Richness 33.3 Decreaser
Non-native % of Taxa Tolerance 33.3 Increaser
% Minnow Individuals Composition 533 Increaser
% Lithophilic Spawners Reproduction 53.3 Decreaser
% Invertivores Trophic Guild 46.6 Increaser
% Piscivores Trophic Guild 46.6 Decreaser
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Figure 5-3. Fish index discrimination among reference and stressed conditions in PPBV streams, showing both
calibration and validation data distributions (medians, interquartile ranges and ranges).
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Table 5-9. Correlations (Spearman r) among fish MMI metrics in the PPBV site class.

Index Metrics Metric # 1 2 3 4 5
Native Taxa 1

Non-native % of Taxa 2 -0.16

% Minnow Individuals 3 0.44 -0.14

% Lithophilic Spawners 4 -0.11 0.01 0.35

% Invertivores 5 0.33 -0.19 0.50 -0.19

% Piscivores 6 -0.35 0.24 -0.53 0.37 -0.83

5.3  Stream Fish MMI Application
The Idaho stream fish MMIs should be applied as follows.

1. Determine the appropriate site class for the site using Table 3-3.
2. Calculate appropriate MMI metrics.

Use metric attributes approved by IDEQ (Appendix J).

Adjust metric values to drainage area as in Table 5-3.
3. Score metrics based on formulae in Table 5-10.

Reset scores above 100 or below 0 to 100 or 0, respectively.
4. Calculate the MMI as the average of the metric scores.
5. Report the results.

Include the MMI scores and MMI DE

Compare numeric results to impairment thresholds

(IDEQ to decide on threshold values)

5.4 River Fish MMI Development

The river fish samples were not numerous, preventing adequate validation of MMIs (Table 5-
11). With only three validation samples randomly selected from each stressed dataset, validation
results are uncertain. In addition, the few samples were not enough for adjusting metrics to
natural conditions other than the site classes. It appeared that the samples collected during the
EMAP efforts contained more taxa than those collected by IDEQ, but this was not expected to
cause major bias in the index development because both types of sites were evenly represented in
each site class and reference type.
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Table 5-10. Fish metric scoring formulae for the Idaho stream MMIs.

Metrics

Formula

Mountains

Native Taxa (adjusted to DA)
Individuals per native taxon

% invertivores (adjusted to DA)

% lithophilic spawners (adjusted to DA)
% native intolerant individuals

100*((adj. metric value) - 0.52) /2.8
100*(53.34 - (metric value)) / 48.79
100*((adj. metric value) + 17.55) / 64.82
100*(112.88 - (adj. metric value)) / 48.85
100*(metric value) / 100

Foothills

Minnow Taxa (adjusted to DA)

Salmon & Sculpin % of Taxa

Benthic Taxa (adjusted to DA)

% Minnow Individuals (adjusted to DA)
% Moderately Tolerant

% filterers, omnivores, herbivores

100*(3.57 - (adj. metric value)) / 3.05
100*(metric value) / 100

100*(4.08 - (adj. metric value)) / 2.59
100*(93.06 - (adj. metric value)) / 80.71
100*(100 - (metric value)) / 100
100*(32.74 - (metric value)) / 32.74

PPBV

Native Taxa (adjusted to DA)
Non-native % of Taxa

% Minnow Individuals (adjusted to DA)
% Lithophilic Spawners (adjusted to DA)
% Invertivores (adjusted to DA)

% Piscivores (adjusted to DA)

100*((adj. metric value) — 1.33) / 1.82
100*(40 - (metric value)) / 40
100*(110.50 - (adj. metric value)) / 66.22
100*((adj. metric value) +2.61) / 80.27
100*(138.15 - (adj. metric value)) / 73.71
100*((adj. metric value) + 37.9) / 54.86

Note: If the score formula results in a value <0 or >100, re-set to the appropriate extreme of the
scoring scale (0-100) before averaging in the MMI.

Table 5-11. River fish sample sizes by site class, reference status, and calibration designation.

Site Class Mountains Non-mountains
Dataset Calibration Validation Calibration Validation
Reference N 9 0 10 0
Stressed N 9 3 13 3

5.4.1 Metric Evaluation

Using the DE to find metrics that respond to the general stressor gradient showed that at least
one metric in each metric category discriminated well (DE > 50%) (Table 5-12). More metrics in
the mountains had DEs greater than 75%, but the metric with the highest DE (ExoticPT) was in
the non-mountains. Except in a few cases, the metrics were not strongly correlated with each

other.
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Table 5-12. River fish metric discrimination efficiency (DE). The trends of metrics to increasing
stress is shown as positive (+) or negative (-). Metric codes are as in Table 5-1.

Metric Mountain ~ Non-Mountain ~ Metric Mountain ~ Non-Mountain
TotalTax 44 .4 (+) 53.8(-) BenTax 44.4 (+) NR
NatTax 33.3(4) 61.5(-) InvrtPct 77.8 (-) 53.8(-)
ExoticPT 55.6 (+) 92.3 (+) PisciTaxa NR 53.8(-)
SalmTax 33.3(-) 53.8(-) PiscPct 33.3(-) NR
BullTrtInd NR NR FOHPct 77.8 (+) 38.5(+)
DartTax NR NR HiderTaxa NR 46.2 (-)
MinnTax 44.4 (+) 30.8 (+) LithTaxa NR 61.5(-)
NatMinTax NR 53.8(-) LithPct 55.6 (-) 53.8(-)
SucTax 77.8 (1) NR LngLivPct 66.7 (+) 61.5(+)
SunTaxa NR 69.2 (+) AnadPct NR NR
fTotallnd 55.6 (+) 53.8(-) CotNumSiz 333 (1) NR
ExoticPct 44.4 (+) 46.2 (+) CypNumSiz 77.8 (+) NR
MinnPct NR 30.8 (+) SalNumSiz 44.4 (-) 53.8(-)
DacePct 444 (+) NR IntolTax 55.6 (-) 69.2 (-)
SuckerPct 77.8 (+) 46.2 (+) NatIntTax 55.6 (-) 69.2 (-)
IndPUEArea 77.8 (-) NR NatIntPct 55.6 (-) 69.2 (-)
IndPUEtime 44.4 (+) 53.8(-) TolerPct 66.7 (+) 53.8 (%)
DomO1Pct 88.9 (-) 46.2 (+) ModTolerPct NR 53.8(+)
AnomPct NR NR
CldWtrPct 55.6 (-) 46.2 (-)
LngLivTax NR NR

5.4.2 Fish MMIs in Mountain Rivers

Several index alternatives gave very strong indications of stress in the mountain rivers. Of 19
alternatives, 15 had DEs of 100%. The selection of the best index (Table 5-13) was therefore
based on the z-score and preferences for the component metrics. The selected index had a DE of
100 and a z-score of 3.59 (Figure 5-4). There were no redundant metrics (Pearson r < 0.85) and
all stressed validation scores were below the 25" percentile of reference scores.
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Table 5-13. River fish MMI metrics for the mountain site class.

Index Metrics Metric Category DE Response
Non-native % of Taxa Richness 55.6 Increaser
% Suckers Composition 77.8 Increaser
% Filterers, Omnivores, and . .
° Trophic guild 77.8 Increaser
Herbivores
Number Cyprinid Size Classes Reproduction 77.8 Increaser
% Lithophils Reproduction 55.6 Decreaser
Intolerant Taxa Tolerance 55.6 Decreaser
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Figure 5-4. River fish index discrimination among reference and stressed conditions in the mountain site class,
showing both calibration and validation data distributions (medians, interquartile ranges and ranges).

5.4.3 Fish MMIs in Non-mountain Rivers

Although there were several metrics with strong DEs, their combination in an index did not
strengthen the overall indication of stress by much. Several index alternatives gave very strong
indications of stress in the Mountain rivers. Of 30 alternatives, those with the highest DEs
contained the sunfish taxa metric, which was not selected because it has a low range of values
(only one calibration site had more than one taxon). The selected index (Table 5-14) had a DE of
76.9 and a z-score of 1.61 (Figure 5-5). There were no redundant metrics (Pearson r < 0.85).
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Only one of three validation stressed sites had an index score lower than the 25" percentile of
reference.

Table 5-14. River fish MMI metrics for the non-mountain site class.

Index Metrics Metric Category DE Response
Native Taxa Richness 61.5 Decreaser
Non-native % of Taxa Richness 92.3 Increaser
Native Minnow Taxa Richness 53.8 Decreaser
Piscivore Taxa Trophic guild 53.8 Decreaser
% Lithophils Reproduction 53.8 Decreaser
Intolerant Taxa Tolerance 69.2 Decreaser
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Figure 5-5. River fish index discrimination among reference and stressed conditions in the non-mountain site class,
showing both calibration and validation data distributions (medians, interquartile ranges and ranges).

5.5 River Fish MMI Application
The Idaho river fish MMIs should be applied as follows.

1. Determine the appropriate site class for the site using Table 3-3.
2. Calculate appropriate MMI metrics.

Use metric attributes approved by IDEQ (Appendix J).
3. Score metrics based on formulae in Table 5-15.
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Reset scores above 100 or below 0 to 100 or 0, respectively.
4. Calculate the MMI as the average of the metric scores.
5. Report the results.
Include the MMI scores and MMI DE
Compare numeric results to impairment thresholds
(IDEQ to decide on threshold values)

Table 5-15. Fish metric scoring formulae for the Idaho river MMIs.

Metrics Formula
Mountains
Non-native % of Taxa 100*(44.3 - (metric value)) / 44.3
% Suckers 100*(52.1 - (metric value)) / 52.1

o) o .
/% Filterers, Omnivores, and 100*(70.6 - (metric value)) / 70.6

Herbivores

Number Cyprinid Size Classes 100*(3 - (metric value)) / 2.2
% Lithophils 100*((metric value) — 1.5) / 43.5
Intolerant Taxa 100*((metric value)) / 2
Non-mountains

Native Taxa 100*(metric value) / 6
Non-native % of Taxa 100*(95 - (metric value)) / 74.4
Native Minnow Taxa 100*(metric value) / 1.8
Piscivore Taxa 100*((metric value) — 1) /2.7
% Lithophils 100*(metric value) / 24.0
Intolerant Taxa 100*(metric value) / 1.3

In the non-mountains, the strongest single metric had a higher DE than the index and could be
used to add interpretive value to assessments. The non-native percent of taxa was less than 20%
in 75% of reference sites and more than 20% in 90% of stressed sites. Sites with high
percentages of non-native taxa are likely stressed. If the index does not concur, assessments may
be tentative and the site fish assemblage would deserve further scrutiny.

Some river metrics included in the indices have low ranges of values. These metrics include the
number of cyprinid size classes, intolerant taxa, native minnow taxa, and piscivore taxa. This
was not preferable, but was acceptable because of limited numbers of responsive metric
alternatives.
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6.0 Idaho Stream Habitat

The habitats of the streams and rivers in Idaho can be degraded through intensive human
activities that alter flows, channels, or sediment supplies. Aquatic biota often occupy specialized
habitat niches and they are therefore sensitive to reductions in habitat complexity. The habitat
index was developed in parallel with the biological indices, using many of the same analytical
techniques and some common analytical results. For instance, reference site criteria were as
defined for the biological indices. Site classification was re-examined for habitat types and only
slightly modified from the stream biological classes to include a new class; systems dominated
by pool-glide channel morphology.

Index development proceeded for riffle-run dominated sites (RR), subsets of RR sites
(Mountains, Foothills, and PPBV), and for pool-glide dominated sites (PG), as discussed under
site classification (Section 3.6). The small RR sites (wetted width <0.7m) were not used in index
calibration. Each group was divided into calibration and validation data sets, with validation
reserved as an independent measure of index performance. Sample sizes were as listed in Table
6-1.

Table 6-1. Reference/stressed and calibration/validation samples used for habitat index

development.

Dataset Ref - Cal Ref - Val Stressed - Cal Stressed - Val
Riffle/Run (All) 285 71 91 22
RR-Mountains 221 56 38 9
RR-Foothills 34 9 18 4
RR-PPBV 29 7 35 9
Pool/Glide 15 4 24 6

6.1 Data preparation

Based on the same reference criteria used in stream biological assessments (Section 2.1), sites
with valid data for habitat analysis included 381 reference, 154 stressed, and 2663 other sites.
Most of the habitat variables used in this exercise were the same as those considered during
development of the SHI (Fore and Bollman 2002). The definition of fine substrates changed
slightly (<2.5 mm, previously <2 mm), but the other measurements were consistently reported.
Habitat variables specific to pools were also considered, which were not used in the SHI
calculations. The initial list of 40 habitat
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variables was reduced to 29 variables after checking for redundancy (Table 6-2). Eleven (11) of
the variables were considered redundant because they were reported first as a ‘raw’ value (which
was either the direct measurement or a subjective habitat assessment score), and second as the
score (typically on a scale of 0-10) based on the raw value and the SHI scoring criteria. In these
situations, we only used the raw value (e.g., WolmanRaw), instead of the adjusted score (e.g.,
WolmanScore) so that the more objective measurements were analyzed.

The habitat variables were categorized into seven types of measures, including streambanks,
canopy cover, hiding cover, channel shape, pool measures, riparian condition, and substrates.
Each variable was examined for trends with increasing impairment and in most cases the trend
was decreasing habitat variable values with increasing site disturbance. The substrate measures
of percent fines increased with increasing stress. Variable scoring followed methods described
for biological metrics, with the 95™ percentile of all data defining the best possible score on a 0
to 100 scale. The percent fines variables were scored in an opposite fashion, with the 5t
percentile set as optimal and the 95" percentile as the worst.

6.2 Habitat Variable Discrimination

Habitat variables discriminated reference and stressed sites to variable degrees, depending on the
data subset (Table 6-3). Many variables discriminated well in pool-glide sites, with at least one
variable in each category having a DE greater than 50% (except for the pool variables). In all
riffle-run sites, half of the variable categories had at least one highly discriminating variable,
while no variables in the banks, canopy, or channel shape categories had DE > 50%. In the
individual site classes, the Foothills variables performed worst, with the percent fines variables
responding opposite of expectations.

6.3 Index Trials and Evaluation

The first combinations of variables used the best performing variable from each variable
category. Variable scores were averaged to arrive at an index value for each site. Subsequent
index alternatives were calculated by substituting, adding, or removing variables to make new
combinations. Each index was evaluated using the DE and z-score of the index. The variables
included in the SHI were used in one index alternative for each data set.
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Table 6-2. Habitat variables used in the analysis. Variables in the existing SHI are shown in bold-type.

. _ Variable . I
Variable Description Units Derivation
Type
TOTPOOLS Total number of pools Pools # Measured
AvPoCOVER Overhead cover (averaged across 1-4 pools in the sampling reach) Pools % Estimated
AvPoLENGTH Pool length (averaged across 1-4 pools in the sampling reach) Pools m Measured
AvPOMAXDEPTH Maximum pool depth (averaged across 1-4 pools in the sampling reach) Pools m Measured
AVvPOMAXWIDTH Maximum pool width (averaged across 1-4 pools in the sampling reach) Pools m Measured
AvPoPTOUT Pool tail out depth (averaged across 1-4 pools in the sampling reach) Pools m Measured
AVPoRESDEPTH  Residual depth (averaged across 1-4 pools in the sampling reach) Pools m Measured
AvPoSUBCOVER  Submerged cover (averaged across 1-4 pools in the sampling reach) Pools % Estimated
AvPoSUBSIZE Predominant substrate size (averaged across 1-4 pools in the sampling Pools mm Measured
reach)
AvPoUCBANK Undercut banks (averaged across 1-4 pools in the sampling reach) Pools % Estimated
AvUndercutBanks Horizontal dista.nce of undercut banks (averaged across left and right Pools Proportion  Measured
banks at 3 locations)
BankCoverPercent Bank Vegetatiog cover (sum of covered stable and unstable, averaged Banks o Estimated
across left and right banks)
Bank stabilit f tabl
BankStabPercent ank s at?l ity (sum of covered and uncovered stable, averaged across Banks  Proportion Estimated
left and right banks)
Canopy closure, averaged across 4 measurements (left bank, center up,
CanopyRaw C y M d
Py center down, right bank) taken at 3 riffles anopy & casure
Channel shape. Scored on a scale of 0-15, based on predominant channel .
) i . Channel Subjective
CSHAPERaw shape and mean bank angle as illustrated in the habitat assessment data Score .
shape scoring

sheet.
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. . Variable . —
Variable Description Units Derivation
Type
Embeddedness (in riffles), scored on a scale of 0-20. Sites with low
embeddedness (<25%of gravel, cobble and boulder particles are
fi iment (particles less than 6. = highest jecti
EMBEDRawW surrounded by fine sediment (partic .es ess than 6.5 mm) = highes Substrate Score Subj e? ive
score, >75% surrounded by fine sediment, or sand, clay or bedrock scoring
bottom =lowest score). See habitat assessment data sheet for more
guidance.
L ODRaw Number c?f l.arge organic debris pieces > 10 cm in diameter and 1 m in Cover 4 Measured
length, within bankful
= — - -
PetFinesBE Percent fines (<2.5 mm) within b.ankful width (derived from Wolman Substrate o Measured
pebble count averaged across 3 riffles)
. P t fi <2. ithi tt idth ived fi 1
PCtFinesWW ercent fines (<2.5 mm) within v.ve ed width (derived from Wolman Substrate o Measured
pebble count averaged across 3 riffles)
PoolRiffleRatio Pool:riffle ra‘Flo, the ratio of le‘ngths of summed pool and glide habitats Channel ratio Measured
to length of riffle and run habitats shape
Pool substrate characteristics, scored on a scale of 0-20. Sites with
POOLSUB mixtures of substrate materiz?ls and prevalegt gravel and firm sand, root Pools Score Subj e?tive
mats and submerged vegetation common=highest score; hard-pan clay or scoring
bedrock, no root mats or submerged vegetation=lowest score.
Pool variability, scored on a scale of 0-20. Even mix of deep, shallow, Subiective
POOLVAR large and small pools=highest score; majority of pools small and Pools Score sci)rin
shallow, or pools absent=lowest score. &
) Sinuosity. Categorical, scored on a scale of 0-14 (low=2; braided=6; Channel .
SinuScore . Score Subjective
moderate=10; high=14) shape
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. . Variable . L

Variable Description Units Derivation

Type
Instream cover (for fish). Greater than 50% mix of cobble, gravel,

STREAMCORaW woody debris, undercut banks, or other stable fish cover=highest scqe; Cover Score Sub;j e?tive
less than 10% coble, gravel or other stable fish cover, lack of cover is scoring
obvious=lowest score.

. . Channel

VelDepScore Velocity and depth ratio. Scored on a scale of 0-18. shape Score Measured
Ratio of average width to average depth (averaged across 3 locations
along stream reach; for depth, 3-7 measurements are taken at each Channel

WDRatio location, depending on wetted width). As channels became wider and <hane ratio Measured
shallower, the ratio increases; as they become narrower and deeper, it P
decreases.

WolmanRaw Number of Wolman size classes, averaged across 3 riffles. Derived from Substrate 4 Measured
Wolman pebble counts.

Disruptive pressures (on streambank, immediately adjacent to stream),
scored on a scale of 0-10. Highest score=minimal vegetative disruption, .
. . L Subjective

DISPRES almost all potential plant biomass at present state of development Riparian Score scorin
remains; lowest score=disruption of streambank vegetation is very high, &
less than 30% of the potential plant biomass remains.

Zone of influence (width of riparian vegetative zone, least buffered
side), scored on a scale of 0-10. Highest score=width of riparian Subicctive
ZONEINFL vegetative zone (on each side) is at least 4 times the width of the stream,  Riparian Score sci) ring

with no impacts from human activities; lowest score=little or no riparian
vegetation due to man induced activities.
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Table 6-3. Discrimination efficiency (DE) of habitat variables in data subsets. Variable codes are
as in Table 6-2.

Variable Riffle-run Mtns FtHlls PPBV Pool-glide
TOTPOOLS 0.0 0.0 0.0 67.9 0.0
AvPoMAXDEPTH 52.7 57.1 17.6 39.3 23.3
AvPOMAXWIDTH 47.3 37.1 17.6 42.9 26.7
AvPoPTOUT 46.2 42.9 29.4 25.0 23.3
AvPoRESDEPTH 50.5 40.0 17.6 60.7 30.0
AvPoSUBSIZE 64.8 54.3 41.2 42.9 33.3
AvPoCOVER 49.5 42.9 58.8 42.9 20.0
AvPoUCBANK 30.8 22.9 47.1 35.7 30.0
AvPoSUBCOVER 38.5 37.1 23.5 46.4 33.3
AvPoLENGTH 36.3 314 17.6 32.1 26.7
AvUndercutBanks 0.0 0.0 0.0 40.0 50.0
BankCoverPercent 41.8 31.6 27.8 68.6 13.3
BankStabPercent 44.0 31.6 33.3 60.0 60.0
CanopyRaw 47.3 39.5 44.4 514 50.0
CSHAPERaw 36.3 44.7 66.7 14.3 56.7
EMBEDRaw 54.9 36.8 44 4 514 0.0
LODRaw 63.7 63.2 333 0.0 76.7
PctFinesBF 61.5 42.1 16.7 68.6 83.3
PctFinesWW 61.5 39.5 16.7 71.4 83.3
PoolRiffleRatio 38.5 42.1 27.8 34.3 40.0
POOLSUB 0.0 0.0 0.0 0.0 83.3
POOLVAR 0.0 0.0 0.0 0.0 56.7
SinuScore 0.0 0.0 0.0 0.0 40.0
STREAMCORaw 70.3 52.6 61.1 80.0 76.7
VelDepScore 30.8 31.6 27.8 314 80.0
WDRatio 44.0 42.1 27.8 314 53.3
WolmanRaw 47.3 39.5 27.8 37.1 53.3
DISPRES 65.9 76.3 44 4 68.6 90.0
ZONEINFL 62.6 65.8 61.1 65.7 86.7

The indices were also evaluated for ease of application, variety of metrics, and correlation to the
biological indices. For ease of application, the recommended indices were selected after
consideration of the trade-offs between the simplicity of fewer index formulations and
incremental improvements in the index performance when using site-class-specific index f
ormulations. We assume that a great variety of metrics will result in an index that is responsive
to many types of habitat degradation. However, some of the index alternatives that were most
responsive to stress had relatively few metrics.
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Correlations of candidate indices and the biological indices was conducted to determine whether
the habitat measures were associated with biological conditions. The strengths of these
correlations were used to select indices. The association of biological and habitat conditions was
informative regarding effects of habitat and other stressors in the systems, but these correlations
were only in reference and stressed sites, not in all sites. Therefore, the greater value in the
correlation analysis is the comparison among indices to guide index selection.

Correlation analysis among habitat variables revealed that redundancy among variables was not
an issue in selecting index alternatives. The only redundant variables (Spearman r >0.80) were
also conceptually redundant and would not be selected for use within the same index trial. For
instance, percent fines measured in the wetted channel were highly correlated with percent fines
measured in the bankfull channel. These two variables are conceptually equivalent and would not
be used in any single index alternative. Similar redundancy was observed among variables within
the pool category.

Habitat Index Results

With each set of data, 22-45 different combinations of habitat variables were tested (Appendix
K). The combinations included between 4 and 10 variables each. The best DEs in the datasets
ranged from 88-100% and the best z-scores were from 2.3 to 4.1 units. When selecting index
alternatives that would be best for application in Idaho streams, the following characteristics
were considered; DE, z-score, representation of variable categories, common responses among
regions, and relationships with biological indices. Some of the index alternatives that were best
at discriminating reference and stressed sites were not necessarily those with representation of all
variable categories or those with the strongest relationships with the macroinvertebrate and fish
indices.

The index alternative that includes all the variables in the existing SHI (but scored on a 0-100
scale) was most strongly and consistently related to the currently recommended biological
indices in the riffle-run site classes (Table 6-4). Correlations to the PPBV fish index were all
insignificant. Correlations in the pool-glide streams were not significant for any of the habitat or
biological indices, possibly due to a low sample size.

Table 6-4. Correlations (Pearson r) between five possible habitat indices and the currently
recommended macroinvertebrate and fish MMIs. Significance of the correlation is as follows;
p<0.001 (***), p<0.01 (**), p< 0.05 (*).

Biological Index SHI BestOfCat PPBVbest  MtnBest FHbest
BenthicMMI-Mtns 0.51%** 0.49%** 0.47%** 0.53%** 0.40%**
BenthicMMI-FtHlls 0.59%** 0.50%** 0.33* 0.50%%* 0.56%**
BenthicMMI-PPBV 0.69%** 0.66%** 0.60%** 0.69%*** 0.51%%*

FishMMI-Mtns 0.40%** 0.23%* 0.35%* 0.38%** 0.41%**
FishMMI-FtHlls 0.50%* 0.58%* 0.43%* 0.43* 0.54%*
FishMMI-PPBV 0.18 0.19 0.09 0.17 0.02
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The SHI and other indices were responsive to stress when evaluated in all riffle-run sites.
However, when sites are categorized by site class, the expectations for reference are different
among the site classes (Figure 6-1). This suggests that the refined classification could give more
accurate assessment results.

A LT Al |
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Figure 6-1. SHI values in subsets of calibration data.

The SHI and indices that performed best in each site class were compared across all site classes
to determine whether selection of a single set of habitat measures would perform well in all site
classes (Table 6-5, Appendix K). The combination first identified as an excellent performer in
the PPBV had the highest z-score in all but the Foothills site class. It included stream cover,
percent fines in the wetted channel, percent bank cover, disturbance pressure, and zone of
influence. In the Foothills, the PPBV combination performed much worse than the best Foothills
alternative, which included stream cover, channel shape, disturbance pressure, and zone of
influence.
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Table 6-5. Index combinations including SHI measures and the best performers in each site class
(riffle-run sites only).

Habitat Measure SHI MtnBest FHbest PPBVbest RRbest
Instream cover X X X X X
Large organic debris X X
Percent fines in wetted channel X X X X
Embeddedness X X
WolmanRaw X X
Percent Bank Cover X X X X
Pool substrate size X
Channel shape X X X
Canopy closure X X X
Disruptive pressures X X X X X
Zone of influence X X X X
Region Remarks SHI MtnBest FHbest  PPBVbest = RRbest
Riffle-Run DE25 83.5 81.3 76.9 86.8 85.7
Z-score 2.16 2.22 2.19 2.74 2.15
) DE25 81.6 86.80 73.7 84.2 77.4
Mountains
Z-score 2.19 2.28 2.26 2.59 1.73
) DE25 72.2 55.6 88.90 61.1 55.6
Foothills
Z-score 1.25 0.98 2.01 1.27 0.98
DE2 . . . . .
PPBV 5 80.0 82.9 80.0 85.7 92.9
Z-score 1.88 2.11 1.85 2.77 2.02
DE2 . . . . .
Pool-Glide 5 95.8 95.8 95.8 100.0 91.7
Z-score 3.00 2.96 3.14 472 3.24

A potential habitat index application option would be to consider two indices in each site class.
One would be most responsive to the reference/stressed gradient and the second would be most
correlated to the biological indices. The newly developed indices in each site class would give an
indication of general agreement with site reference status. These would include the PPBV
(Habitat 1) index for all site classes but the Foothills, where the Foothills index would be
applied. The SHI is related to the biological indices, performs adequately with respect to DE and
z-score in all site classes, includes measures of many aspects and scales of aquatic habitat
influences, and offers continuity with past assessments.

Habitat measures were scored as described for benthic macroinvertebrates, where the 95t
percentile of distributions for each measure was considered optimal and scored as 100 points.
Though indices are common among site classes, they are presumed to be more sensitive when
scored specifically for each class, as in Table 6-6. The SHI could be scored as currently
formulated (see Fore and Bollman 2002). The current SHI formulation performs almost
identically to the SHI scored as in Table 6-6 in the Mountains and the PPBV. Compared to the
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Habitat

new formulation, the old SHI formulation has a higher DE in the Foothills and a lower DE in

Pool-Glide sites.

Table 6-6. Habitat index measures and scoring formulae.

Mountains Foothills PPBV Pool-Glide
Hab Index 1
STREAMCORaw X/19 NA X/18 X/18
PctFinesWW (33.8-X)/33.8 NA (86.2-X)/77.4  (100-X)/90.5
BankCoverPercent X/100 NA X/100 X/100
DISPRES X/10 NA X/9 X/10
ZONEINFL X/10 NA X/8 X/9
Hab Index 2
STREAMCORaw NA X/19 NA NA
CSHAPERaw NA X/12 NA NA
DISPRES NA X/10 NA NA
ZONEINFL NA X/10 NA NA
SHI
STREAMCORaw X/19 X/19 X/18 X/18
PctFinesWW (33.8-X)/33.8  (42.6-X)/42.6  (86.2-X)/77.4  (100-X)/90.5
BankCoverPercent X/100 X/100 X/100 X/100
LODRaw X/124 X/76 X/48 X/85.6
CSHAPERaw X/13 X/12 X/9 X/12
CanopyRaw X/92.5 X/96.5 X/96 X/66.5
WolmanRaw X/11 X/11 X/10 X/10
EMBEDRaw X/19 X/18 X/18 X/16
DISPRES X/10 X/10 X/9 X/10
ZONEINFL X/10 X/10 X/8 X/9

Notes: “X” represents the observed value for the metric being scored. Formulae results should be
expressed as percentages (multiplied by 100). Scores outside of the 0-100 range should be re-set to the
nearest extreme of the range before being averaged into the index.

Riffle-Run Mountains

In Riffle-Run Mountain sites 31 different metric combinations were tested. Validation data

performed as expected to confirm that the five measure habitat index 1 was robust (validation
DE = 77.8%) (Figure 6-2). Validation for the SHI was more than adequate for reference sites,
but only 55% of validation stressed sites had SHI index values below the 25" percentile of

reference.
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Figure 6-2. Index values in reference and stressed calibration and validation sites in the Mountain Riffle-Run sites.

Riffle-Run Foothills

In Riffle-Run Foothills sites 47 different metric combinations were tested. Validation data
performed as expected to confirm that the four measure habitat index 2 was robust (validation
DE = 75%) (Figure 6-3). Validation for the SHI was adequate for reference sites, but only 44%
of validation stressed sites had SHI index values below the 25" percentile of reference.

Riffle-Run PPBV

In Riffle-Run PPBYV sites 32 different metric combinations were tested. Validation data
performed as expected to confirm that the five measure habitat index 1 was robust (validation
DE = 88.9%) (Figure 6-4). Validation for the SHI was more than adequate for reference and
stressed sites.
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Figure 6-3. Index values in reference and stressed calibration and validation sites in the Foothills Riffle-Run sites.
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Figure 6-4. Index values in reference and stressed calibration and validation sites in the Foothills Riffle-Run sites.
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Pool-Glide

In Pool-Glide sites 36 different metric combinations were tested. Validation data performed as
expected to confirm that the five measure habitat index 1 was robust (validation DE = 100%)
(Figure 6-5). Only one of four reference validation sites were greater than the 25" percentile of
reference, but these were still higher than most of the stressed site values. Validation for the SHI
was more than adequate for reference and stressed sites.

100
=
80 ©
e}
70
¥
[}
o
O 60
©
[e]
o
50
-
S = o
=
= 40
©
£ 1
30
20
o
10
0 " " " "
Ref Ref Stress Stress
Calib Valid Calib Valid

Figure 6-5. Index values in reference and stressed calibration and validation sites in the Pool-Glide sites.
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7.0 Discussion and Conclusions

The preceding analyses resulted in multiple indices for assessing biological and habitat
conditions in streams and rivers in Idaho. The indices provide tools for assessing streams and
rivers throughout Idaho for reporting ecological integrity as required in the Clean Water Act
sections 305(b) and 303(d). Performance characteristics of the indices reveal that most had an
acceptable level of error in discriminating reference from non-reference conditions. The manner
in which the indices are translated into impairment ratings and combined for waterbody
assessments was not determined. Threshold analyses are recommended to identify break-points
in the biological indicators that would be potential thresholds. Such analyses might include plots
of indices along the gradients of individual stressors, change-point analyses, or quantile
regression.

In the index summary (Table 7-1), the 25" percentile of reference is listed as one possible
threshold. At this threshold, 75% of reference sites are correctly assessed above the threshold and
the DE is the number of stressed sites assessed correctly below the 25" percentile of reference.
Because of the differences in reference criteria (generally accepting more intensive land uses in
reference sites of the plains ecoregions), the same threshold may not be appropriate in all
regions.

Table 7-1. Index Summary.

Benthic Macroinvertebrates

MMI — Streams
Mountains Foothills PPBV
DE: 73% DE: 71% DE: 85%
Reference 25" %ile: 63.6 Reference 25" %ile: 53.8 Reference 25" %ile: 62.1
Metrics: Metrics: Metrics:
Total Taxa EPT taxa Simpson’s index
EPT Taxa Non-insect % of taxa % non-insects

% Ephem. & Plecoptera
% filterers

HBI

Clinger taxa
Semi-voltine taxa

% EPT, excl. Hydropsych.
Scraper taxa

Tolerant taxa

Sprawler taxa

% filterers
% tolerant
% clingers
Semi-voltine taxa
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Table 7-1. Continued.

Conclusions

Benthic Macroinvertebrates

MMI — Rivers
Mountains
DE: 70%
Reference 25" %ile: 63.9
Metrics:
EPT Taxa
% EPT
% Chironomidae
% Predators
Swimmer & Climber Taxa
Becks Biotic Index
Semi-voltine Taxa

Non-mountains
DE: 92.7%
Reference 25" %ile: 68.1
Metrics:
Insect Taxa
Non-insect % of Taxa
% Ephemeroptera
% Scrapers
Sprawler Taxa
% Tolerant
% Multivoltine

O/E — Streams

Reference RMSE: 0.16 index units
Number of cluster groups: 11
Predictors:

O/E - Rivers

Reference RMSE: 0.16 index units

Number of cluster groups: 3
Predictors:

Longitude Mountain site class
Latitude River order
Julian day Precipitation
Elevation Average wetted width
Average bankfull width Maximum air temperature
Fish
MMI — Streams
Mountains Foothills PPBV
DE: 78% DE: 84.6% DE: 86.7%
Reference 25" %ile: 82.8 Reference 25™ %ile: 89.2 Reference 25™ %ile: 77.7
Metrics: Metrics: Metrics:

Native Taxa

Individuals per native taxon
% invertivores

% lithophilic spawners

% native intolerants

Minnow Taxa

Salmon & Sculpin % of Taxa
Benthic Taxa

% Minnow Individuals

% Moderately Tolerant

% filterer/omnivore/herbivore

Native Taxa
Non-native % of Taxa
% Minnow Individuals
% Lithophilic Spawners
% Invertivores

% Piscivores
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Table 7-1. Continued.

Conclusions

Fish

MMI — Rivers
Mountains
DE: 100%
Reference 25" percentile:84.6
Metrics:
Non-native % of Taxa
% Suckers
% filterer/omnivore/herbivore
Number Cyprinid Size Classes
% Lithophils
Intolerant Taxa

Non-mountains
DE: 76.9%
Reference 25" percentile: 67.4
Metrics:
Native Taxa
Non-native % of Taxa
Native Minnow Taxa
Piscivore Taxa
% Lithophils
Intolerant Taxa

Habitat
MMI - Streams
All Classes — SHI Pool-Glide
DE: 72.2-95.8% DE: 100%
Reference 25" %ile: Reference 25" %ile:
Metrics: Metrics:
STREAMCORaw CanopyRaw STREAMCORaw
PctFinesWW WolmanRaw PctFinesWW
BankCoverPercent EMBEDRaw BankCoverPercent
LODRaw DISPRES DISPRES
CSHAPERaw ZONEINFL ZONEINFL
Mountains (Riffle-Run) Foothills (Riffle-Run) PPBV (Riffle-Run)
DE: 84.2% DE: 88.9 DE: 85.7%
Reference 25" %ile: 80.8 Reference 25" %ile: 66.2 Reference 25™ %ile: 79.1
Metrics: Metrics: Metrics:
STREAMCORaw STREAMCORaw STREAMCORaw
PctFinesWW CSHAPERaw PctFinesWW
BankCoverPercent DISPRES BankCoverPercent
DISPRES ZONEINFL DISPRES
ZONEINFL ZONEINFL

The data provided by IDEQ and the EPA EMAP were of high integrity. Gathering the multiple
layers of data in a relational database for this study was an intensive effort for reformatting and
combining data from multiple assemblages, multiple sampling programs, and new GIS analyses.
While this data management task is never simple, there may be ways to streamline the process in
the future. A relational database that has capacity for multiple data types and functionality for
data manipulation (metric and index calculation) would be ideal. Querying, outputting, and
reporting all data pertaining to biological assessments could be accomplished in a relational
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database. Having all the data in one place would also simplify application of quality controls.
This centrally organized database should also include remotely sensed data (GIS).

Quality control for data processing was not evaluated, so the following comments may already
have been addressed in the IDEQ programs. Data entry should be as complete as possible. In
some cases, data were apparently missing. In other cases, values of zero were suspected of
displacing missing data. The habitat pool data were apparently incomplete and suspect. Quality
controls should be in place for field sheet completeness, data entry accuracy and completeness,
and database maintenance. IDEQ expressed uncertainty in the some of the fish sampling
variables, especially those pertaining to effort expended on sample collection. These aspects of
fish sampling should be performed and recorded consistently and accurately. Many of the habitat
variables are ratings based on site observations. These qualitative measurements require frequent
trainings and cross validation among sampling crews to ensure precise ratings. The benthic
macroinvertebrate target sub-sample size was frequently missed. Picking individuals from the
sampling residue should be performed with greater attention to the target size and with improved
methods for attaining the target.

Precision of an index is affected by error in sampling and variability over time or seasons.
Through this study, the indices were associated with performance statistics regarding accuracy of
the index values relative to the site reference status (the DE) for the MMIs and precision among
reference calibration sites for the O/E. These statistics are valuable in communicating
expectations for accuracy in future assessments, where accuracy is expressed as the agreement
between index results and reference or stressed status. However, index precision over sampling
events in the same waterbody should be determined through replicate sampling analysis. The
expectation for arriving at the same results repeatedly at a site would give a performance statistic
that could be used to interpret single or multiple index results. For instance, difference in index
results over time at the same site could be attributed to real community changes or sampling
error if the magnitude of sampling error was known. This would be valuable for evaluating
restoration effectiveness after a TMDL implementation.

An attempt was made to identify reference sites throughout Idaho so that assessed waterbodies
would be in relatively close proximity to the reference sites that generate the reference conditions
to which they are compared. 