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Abstract

This document describes the Idaho Department of Environmental Quality’s (DEQ) ecological
assessment approach to determine aquatic life use support in Idaho’s rivers. DEQ uses
biological indicators, physicochemical data and numeric water quality criteria to assess
aquatic life use support for rivers. The intent of this document is to provide detailed technical
information concerning the development and integration of the River Macroinvertebrate
Index (RMI), River Fish Index (RFI), and River Diatom Index (RDI) used in the cold water
aquatic life use support determination. The River Physicochemical Index (RPI), another
interpretive tool, is also discussed.

DEQ developed a separate bioassessment for rivers because biological communities naturally
change as stream size increases from headwaters to mouth. Also, practical sampling and
safety considerations make biological monitoring of rivers different from monitoring small
streams. Further, larger systems have highly variable biological and physical properties with
often extensive, complex human impacts that require a much larger scope of analysis. DEQ
applies the river ecological assessment approach based on results from three water body size
criteria: stream order, width, and depth. In general, the river method is applied to water
bodies that have an average water body size criteria rating of greater than or equal to 1.7.

DEQ uses several bioassessment tools or multimetric indexes to limit reliance on just one
tool and still ensure direct measurements of aquatic life. The RMI is a multimetric index
consisting of five macroinvertebrate metrics: taxa richness, EPT richness, percent
dominance, percent Elmidae (riffle beetles), and percent predators. This macroinvertebrate
index was basically a variation of the framework designed for small streams which implies
that some methods currently used for small streams can be modified for use on larger rivers.

The RFI is a quantitative fish index applicable to cold water rivers of the interior Columbia
River basin (Idaho, Montana, Oregon, Washington, and Wyoming). The index comprises the
following metrics: number of cold water native species, number of sculpin age classes or
percent sculpin (data dependent), percent sensitive native individuals, percent cold water
individuals, percent tolerant individuals, number of non-indigenous species, number of
selected salmonid age classes, number of cold water individuals per minute of electrofishing,
percent carp (if carp introduced), and anomalies.

The third biological index, the RDI, also uses a multimetric approach. This diatom index
consists of seven attributes of relative abundance including percent: sensitive to disturbance,
very tolerant of disturbance, nitrogen heterotrophs, polysaprobic, requiring high oxygen, very
motile, and deformed valves. The RDI also includes two measures of taxon richness:
eutrophic and alkaliphilic species. The index significantly correlated with measures of
human disturbance at the site and at the level of the catchment.

The RPI is based on the Oregon Water Quality Index. This index has been tested and used
extensively in Oregon to assess water quality conditions. The RPI consists of eight water
quality parameters: temperature, dissolved oxygen, biochemical oxygen demand, pH, total
solids, ammonia + nitrate nitrogen, total phosphorus, and fecal coliform.

Xii



DEQ integrates the RMI, RDI, and RFI index scores using a rating and averaging approach.
Index scores are adjusted to a common scale using a 1, 2, 3 scoring system. The converted
scores are then averaged to provide a single score. Average scores greater than 2 are fully
supporting of aquatic life, while scores less than or equal to 2 are not fully supporting. The
RPI is not integrated in the averaging process, but may provide additional information in
interpreting physicochemical data.
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Chapter 1.
OVERVIEW

Cynthia S. Grafe'

INTRODUCTION

This document describes the Idaho Department of Environmental Quality’s (DEQ) ecological
assessment approach to determine aquatic life use support (ALUS) in Idaho’s rivers.
Associated policies and other beneficial use approaches (e.g., recreation, domestic water
supply, etc.) are addressed as part of the DEQ Water Body Assessment Guidance (Grafe et al.
2002). The intent of this document is to provide detailed technical information concerning
the development of the River Macroinvertebrate Index (RMI), River Fish Index (RFI), River
Diatom Index (RDI) and River Physicochemical Index (RPI). The RMI, RFI, and RDI are
directly used in the ALUS determination.

The ALUS for rivers is addressed in this document, while the small stream ALUS is
addressed in the DEQ Idaho Small Stream Ecological Assessment Framework: An Integrated
Approach (Grafe 2002). It is important to make this distinction, since DEQ uses different
monitoring and assessment protocols depending on water body size. Chapter 2 describes the
criteria rating and averaging method DEQ uses to differentiate between small streams and
rivers.

REGULATORY BACKGROUND

In 1972, Congress passed public law 92-500, Federal Water Pollution Control Act,
commonly known as the Clean Water Act (CWA). The goal of this act was to “restore and
maintain the chemical, physical, and biological integrity of the Nation’s waters” (Water
Pollution Control Federation 1987). The act and the programs it generated have changed
over the years as experience and perceptions of water quality have changed. It has been
amended 15 times, most significantly in 1977, 1981, and 1987. One of the goals of the 1977
amendment was protecting and managing waters to insure “swimmable and fishable”
conditions. This goal, along with the 1972 goal to restore and maintain chemical, physical,
and biological integrity, relates water quality with more than just chemistry.

The federal government, through the U.S. Environmental Protection Agency (EPA), assumed
the dominant role in defining and directing water pollution control programs across the
country. DEQ implements the CWA in Idaho while the EPA provides oversight of Idaho’s
fulfillment of CWA requirements and responsibilities.

! Idaho Department of Environmental Quality, 1410 N. Hilton, Boise, ID 83706.
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DEQ is charged with providing a consistent water body assessment method using data
collected under the Beneficial Use Reconnaissance Project (BURP) and other similar
sources. The assessment methods must determine if a water body is supporting or not
supporting beneficial uses such as aquatic life. The Water Quality Standards and Wastewater
Treatment Requirements are the Idaho legally established rules concerning beneficial uses
and associated criteria (Rules of the Department of Health and Welfare, IDAPA 58.01.02)°.

DEVELOPMENT OF RIVER PROTOCOL

DEQ has had an established bioassessment process for smaller water bodies for several years,
but not specifically for rivers. There are several reasons why rivers should have a separate
bioassessment protocol from smaller streams. Stream ecosystem theory predicts that benthic
macroinvertebrate communities naturally change as stream size progressively increases from
headwaters to rivers (Vannote et al., 1980, Minshall et al. 1983). Further, practical sampling
and safety considerations make biological monitoring of rivers different from monitoring
small streams. Such large systems have highly variable biological and physical properties
with often extensive, complex human impacts that require a much larger scope of analysis
(Bain 1992).

In 1995, DEQ anticipated that rivers would require different assessment methods and
contracted the Idaho State University Stream Ecology Center (ISU) to develop protocols and
tools for a bioassessment process addressing Idaho rivers. The ISU researchers developed a
benthic macroinvertebrate index, called the River Macroinvertebrate Index (RMI), based on
sampling and analyses of sites covering the range of environmental conditions from nearly
pristine to obviously degraded®. From 1995-1999, ISU completed several studies on
sampling methodology for large and medium size rivers, data interpretation, validation
sampling, and landscape analyses (Royer and Minshall 1996, 1997, 1999; Schomberg et al.
1998).

To continue building on the ISU research effort, DEQ began collecting reconnaissance
monitoring data in 1997. DEQ used ISU and U.S. Geological Survey (USGS-NAWQA)
protocols to collect samples on 70 sites in 40 rivers statewide in 1997 and 1998 (see
Appendix A).

USE OF ECOLOGICAL INDICATORS

The strength of this ALUS assessment framework is the use of ecological indicators. Water
quality is evaluated and compared to levels needed for the protection and maintenance of
viable communities of aquatic species. Measurements of aquatic assemblages reflect long-
term stream conditions more than instantaneous chemical measurements and provide a direct

? Henceforth, subsection of regulation within IDAPA 58.01.02 are abbreviated as “WQS.XXX” where XXX is
the subsection. For example, “IDAPA 58.01.02.100” is abbreviated as “WQS 100.”

? The authors of the RMI (Royer and Minshall 1996, 1999) called the index the Idaho River Index. However,
since other indexes for Idaho rivers were developed for other assemblages, River Macroinvertebrate Index is
more appropriate and consistent with the DEQ index naming convention.
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measure of the aquatic life beneficial use. DEQ uses biological indicators, physicochemical
data and numeric water quality criteria to assess ALUS for rivers. Levels of aquatic life
protection and maintenance are evaluated within the context of the Idaho water quality
standards goals.

CONCEPT OF MULTIPLE ASSESSMENT TOOLS

Many surface water biological monitoring programs rely primarily upon macroinvertebrate
assemblages for stream assessments. The need to efficiently and cost-effectively interpret
conditions in streams is one of the reasons for this reliance. However, the approach of using
more than one biological or physicochemical assessment tool is well established in the
aquatic assessment field. For example, the effects of pollution in estuaries have been
investigated by measuring in-situ benthic macroinvertebrate assemblages, conducting
laboratory toxicity tests of field-collected sediments, analyzing sediment chemistry, and in
some cases, assessing condition indicators of fish (Chapman 1986, Chapman et al. 1992,
EPA 1993). This “sediment quality triad” approach using several assessment endpoints that
respond to different pollutants has also been successfully applied to reservoirs and rivers
(Canfield et al. 1994, Pastorak et al. 1994). Additionally, an integrated assessment approach
(habitat, fish, and macroinvertebrates) was used to evaluate stream sites in Pennsylvania
(Snyder et al. 1996). Further, Barbour et al. (1999) illustrate the integration of physical,
macroinvertebrate, and fish assemblages in the most recently revised EPA rapid
bioassessment protocols.

Distinct assemblages may be expected to respond differently to certain pollutants or
restoration activities. Therefore, surveying more than one assemblage often results in a more
complete assessment of the biological condition, particularly for larger, more ecologically
complex water bodies. There are several cases that support this concept. Barbour et al.
(1997) cite examples from Ohio of fish assemblages recovering more quickly in improved
water quality than benthic macroinvertebrates. Cases where altered fish populations occurred
in the presence of subtle or no benthic invertebrate impacts have also been reported (Pascoe
et al. 1994, Royer and Minshall 1999).

LINE OF EVIDENCE APPROACH

Single indicators or measures of a biological assemblage appear to inadequately represent all
other assemblages in the river system. Additionally, data used to calculate certain indexes,
such as the RFI, may be limited due to greater sampling resource requirements, endangered
or threatened species sampling restrictions, and incompatible sampling protocols. Therefore,
DEQ uses several bioassessment tools to limit reliance on just one tool and still ensure direct
measurements of aquatic life. Most of these bioassessment tools are multimetric indexes
based on rapid bioassessment concepts developed by EPA (Barbour et al. 1999). Using
several integrated bioassessment tools allows DEQ to detect water quality impairment cost-
effectively and offer this information in an understandable format. The river ecological
assessment framework integrates potentially three indexes in the ALUS determination: RMI,
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RFI, and RDI. The RPI may be used to provide additional information regarding
physicochemical data. Each leg of this assessment reflects an important component of water
quality integrity for rivers.

River Macroinvertebrate Index

The RMI is a multimetric index developed and tested by Royer et al. (2001) and further
tested by Christopher Mebane of DEQ. The index uses five macroinvertebrate metrics: taxa
richness, Ephemeroptera, Plecoptera, Trichoptera (EPT) richness, percent dominance,
percent Elmidae (riffle beetles), and percent predators to assess water quality in rivers.
Chapter 3 summarizes the methods and analysis ISU performed in the RMI development.

River Fish Index

The RFI is a quantitative multimetric index comprised of the following metrics: number of
cold water native species, number of sculpin age classes or percent sculpin (data dependent),
percent sensitive native individuals, percent cold water individuals, percent tolerant
individuals, number of non-indigenous species, number of selected salmonid age classes,
number of cold water individuals per minute of electrofishing, percent carp (if carp
introduced), and anomalies. Chapter 4 describes the methods used to develop the RFI and the
supporting tests.

River Diatom Index

Periphyton, specifically diatom, indexes have been developed and applied in Montana,
Oklahoma, and Kentucky (Kentucky Department of Environmental Protection [KDEP] 1993,
Bahls 1993, Oklahoma Conservation Commission [CC] 1993). Additionally, periphyton
indexes have been effectively used in Europe for river biomonitoring since the 1970s,
particularly in the United Kingdom and France. The RDI consists of seven attributes of
relative abundance including percent: sensitive to disturbance, very tolerant of disturbance,
nitrogen heterotrophs, polysaprobic, requiring high oxygen, very motile, and deformed
valves. The index also includes two measures of taxon richness: eutrophic and alkaliphilic
species. Chapter 5 describes the use of diatoms to assess the biological integrity of large
Idaho rivers.

River Physicochemical Index

The RPI is based on the Oregon Water Quality Index (Cude 2001). Since the working
definition of “water quality” has been expanded through the 1990s to include biological
conditions, the term “physicochemical index” more accurately describes this index’s
application in Idaho and is used in favor of the original term “water quality index.” This
index has been tested and used extensively in Oregon to assess water quality conditions. The
RPI consists of eight water quality parameters: temperature, dissolved oxygen, biochemical
oxygen demand, pH; total solids, ammonia + nitrate nitrogen, total phosphorus, and fecal
coliform. Chapter 6 describes the rationale for using physicochemical information and the
additional analyses DEQ performed to determine if this index is applicable to Idaho rivers.
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DATA INTEGRATION AND ASSEMBLAGES REPORTING

To be meaningful to managers and the public, biological data need to be translated into
coherent information that conveys the assessment results. The question is how to interpret
and report all the results from different assemblages, particularly if the results are varied or
contradictory. DEQ integrates multiple data types using an average score approach. Results
from the RMI, RFI, and RDI are classified using a 1, 2, 3 scoring system. The converted
scores are then averaged to provide a single score. Chapter 7 describes the data integration
approach and provides an example using actual data to more clearly explain the method.
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Chapter 2.
WATER BODY SIZE CRITERIA

Cynthia S. Grafe®

INTRODUCTION

DEQ applies different monitoring and assessment protocols depending on water body size.
Since individual perceptions of water body size vary, DEQ developed a consistent method of
selecting and applying criteria to distinguish between small streams and rivers.

DEQ examined several water body size criteria and determined that no one criteria could
characterize the varying sizes of Idaho streams. Some of the criteria considered were: stream
order, width, depth, discharge, and drainage area. These criteria were suggested in the
literature and by Idaho State University (Hughes et al. 1986; Royer and Minshall 1999). This
chapter describes the reasoning to adopt certain criteria, the application of the criteria, and
supporting analysis.

The river bioassessment process should be used with caution on water bodies considered
Idaho “great” rivers. Simon and Lyons (1995) defined great rivers as having drainage areas
greater than 2,300 mi”>. DEQ considered great rivers to be those too large to sample safely
without specialized equipment and protocol for the greater depth, flow, and size. DEQ has
identified the following water bodies as “great” rivers: Snake River below American Falls
Dam; Clearwater River below Orofino; Coeur d’Alene River below Cataldo Mission; and
Pend Oreille River below Lake Pend Oreille;. As seen in Appendix B, these water bodies
generally meet the definition provided by Simon and Lyons (1995).

METHODS

Criteria Consideration and Calculation

DEQ considered several criteria to determine water body size. The following is a description
of each criterion and the methods used to determine the criteria.

e Stream order - This criterion is often used to determine water body size (Allan 1995)
since it is relatively constant. However, with larger water bodies it can be very difficult
to calculate the stream order using 1:24,000 topographical maps. For this reason, DEQ
followed ISU’s protocol (Royer and Minshall 1997) which used the Strahler (1957)
method with 1:100,000 Geographic Information System (GIS) hydrography coverage
and/or topographical maps. According to ISU, the stream order may be one order less
using a 1:100,000 scale (Schomberg, personal communication, 1998). In cases where the

* Idaho Department of Environmental Quality, 1410 N. Hilton, Boise, ID 83706.
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water body is extremely large, such as the Snake River, it was assumed that the stream
order was seven or greater. ISU only used this a priori criterion to distinguish water
body size during the development of the RMI.

Average width at baseflow (m) - This criterion is a measure of water conditions during
baseflow when BURP sampling occurs. This is the average wetted width of all
measurements taken at the site (n=6). Average width does not discern the difference in
water body size due to diversions or other water flow regulations. However, ISU did
recommend this criterion be used to distinguish water body size.

Average depth at baseflow (m) - This is an average of all the depth measurements taken
at a site (n=approximately 60). These measurements are taken at the transects where
macroinvertebrates are sampled. Similar to average width, this criterion assesses
conditions during baseflow, but does not necessarily consider water flow regulations.
ISU also recommended this criterion be used to distinguish water body size.

Average greatest depth (m) - This is an average of the three greatest depths in the reach.
Originally, DEQ was more concerned about wadability when selecting monitoring
protocols for different size water bodies. Specifically, if the water depth was too great to
use a Hess sampler per the wadeable stream protocol, then the nonwadeable monitoring
protocol would be used. However, DEQ decided that wadability should not be the key
criterion for using river protocols. Nonetheless, the average width and depth does take
wadability into account and considers if a Hess sampler is appropriate for monitoring.

Site discharge (cfs) - This is the discharge measured, either by the crew or by a nearby
gaging station, on the sampling day. The DEQ protocol is to measure the discharge if the
system is fairly wadeable and there is no nearby gage. If DEQ did not take a discharge
measurement, then an extrapolation technique was used to determine discharge. There
was concern that this criterion would be affected by flow diversions during the sampling
period.

Mean annual site discharge (cfs) - Similar to the site discharge, the mean annual site
discharge is determined using data from nearby USGS gaging stations and a similar
extrapolation technique. Hughes et al. (1986) suggested using mean annual discharge as
a better measure of water body size than stream order. Additionally, DEQ determined
that this long-term criterion should generally not be as influenced by flow diversions
occurring during baseflow conditions on a particular sampling date.

Site drainage area (m?) - This criterion, which measures the drainage area above the site,
is calculated using GIS hydrography (1:100,000) and Hydrologic unit codes (HUC) (4th
and 5th field) coverages. Site drainage area was also suggested by Hughes (1986) as
representative of water body size. DEQ was concerned about using this criterion because
flows from similar drainage areas may vary dramatically in southern and northern Idaho
due to climate differences.



Criteria Selection

Table 2-1 summarizes the DEQ’s discussion of the strengths and weaknesses of using the
different criteria. DEQ decided that site discharge (November-March) and average greatest
depth at baseflow should not be used because of the weaknesses noted in Table 2-1. Further,
DEQ was concerned about using mean annual site discharge and site drainage area since
these criteria were not recommended or used by ISU. DEQ also believed that it would be
difficult to obtain this criteria information, particularly mean annual site discharge data, for
all the water bodies. Given changes in weather conditions and climate, the actual sampling-
day value might be very different from the long-term daily flow.

DEQ selected the criteria recommended by ISU (i.e., stream order, average width at
baseflow, and average depth at baseflow) to distinguish among different size water bodies
when choosing appropriate monitoring and assessment protocols. This recommended criteria
was, in some cases, used to develop the macroinvertebrate indexes (Royer and Minshall
1999). DEQ recommends using the same criteria to ensure consistency in the application of
the macroinvertebrate assessment tools developed by ISU.

Table 2-1. Summary of water body size criteria strengths and weaknesses.

Criteria Strengths Weaknesses
Stream order - constant - difficult to determine for larger water
- used by ISU bodies
Average width at baseflow - recommended by ISU - not representative of flow regulated
- considers baseflow conditions river (e.g., Payette River)
Average depth at baseflow - recommended by ISU - difficult to obtain a priori without
- considers baseflow conditions disturbing substrate where

macroinvertebrates are collected
- not representative of regulated river

Average greatest depth at - determines if possible to use Hess - doesn’t provide better information

baseflow sampler than average depth at baseflow

Site Discharge - considers baseflow conditions - not representative of regulated river

Mean annual site discharge - reflective of general size - difficult to obtain for all water bodies
- suggested by Hughes et al. (1986)

Site drainage area - constant - difficult to obtain for all water bodies

- suggested by Hughes et al. (1986) - need to factor in climate information
to compare properly

DEQ considered several methods to integrate various size criteria depending on data
availability. Initially, DEQ discussed using a flexible “weight of evidence” approach using a
minimum of 3 of 5 criteria: stream order, average width at baseflow, average depth at
baseflow, mean annual site discharge, and site drainage area. However, in comparing the
“weight of evidence” approach to the ISU criteria, only four (6%) of the 70 DEQ sites had
different water body size determinations. DEQ decided that the extra information gained was
not worth the resources required to collect data for the additional criteria.
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Criteria Rating and Assignment of Water Body Size

For bioassessment purposes, DEQ has condensed the ISU size distinctions into two
categories: small and large. The criteria and corresponding size categories are located in
Table 2-2.

Table 2-2.  Water Body Size Categories Used to Rate Each Criterion

Water Body Size Stream Ave. Width at Ave. Depth at

Category Order Base Flow (m) Base Flow (m) Rating
Large >5 >15 >0.4 3
Small <5 <15 <0.4 1

DEQ rates each criterion and then averages the rating or score. Through additional analysis,
DEQ found that only two size categories, streams and rivers, were necessary to represent
small to large water body characteristics for bioassessment purposes. Consequently, DEQ
designates water bodies with average scores of greater than or equal to 1.7 as “rivers” while
those water bodies scoring less than 1.7 would be classified as “streams” (see Table 2-3).

DEQ chose 1.7 based on the different combinations of rating results. Specifically, if a water
body rated twice (1+1) in the small water body size category and only once (3) in the large
category, then the total of five would result in an average score rating of 1.67, just below 1.7.
Water bodies that have inconsistent scores in the three categories should be further evaluated
using additional measures of stream size. The ultimate goal of determining water body size
should be to ensure that the proper aquatic life use assessment process (see Section 6) is
used. If the water has physical and biological characteristics indicative of a river rather than
a stream the assessor needs to use the river assessment process.

Table 2-3. Water Body Size Average Score Rating Categories.

Water Body Class Average Score Rating
River 1.7
Stream <1.7

24



Tables 2-4 and 2-5 provide an example of the rating and scoring method. Table 2-3 shows
the rating for each criterion and the water body size score using the data from Table 2-2.
Appendix B provides data, criteria ratings, and scores for all the river sites.

Table 2-4.  Example of data used to rate criteria.

River Site 1.D. Stream Order Ave. Width Ave. Depth
(m) (m)
SF Clearwater 1997RNCIROQ002 5 30.63 0.35
Table 2-5.  Example of rating each criterion.
. Ave. Criteria
River Site I.D. Stream Order Ave. Width Depth Ave. and
(m)
(m) Score
SF Clearwater 1997RNCIROQ002 3 3 1 2.3
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