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MEMORANDUM
FROM: James Hogan, Program Manager, Monitoring and Assessment Section - SQWB
RE: Application of Jacobi et al. (2006) SCI for bioassessment of New Mexico Waters
DATE: June 10, 2009

Benthic macroinvertebrate sampling is one of the forms of biomonitoring utilized by the state of
New Mexico. SWQB has been collecting benthic macroinvertebrate data since 1979. Initial
assessments were conducted using a modification of the RBP approach detailed in Barbour et al.
(1999). The formal process of developing regional biological criteria began in 2002 with
assistance from USEPA Region 6 and Tetra Tech, Inc., Ecological Services Division. The Jacobi
et al. (2006) report represents the development of a stream condition index (SCI) for wadeable,
perennial streams. To determine impairment, the assessment approach is based on comparing
the benthic macroinvertebrate community of a specific stream with a reference condition, or a
reference stream, to determine attainment of the applicable Aquatic Life Use. This approach is
consistent with USEPA guidance. SWQB does not apply this method to large non-wadeable
rivers, lakes and reservoirs, or non-perennial streams at this time. The purpose of this memo is to
describe NMED’s application of the Jacobi et al. (2006) report for bioassessments. For additional
information please see section 3.1.1 of New Mexico’s Assessment Protocols (NMED-SWQB,
2009).

The SCI was developed based on reference condition as determined by a number of reference
sites. The Jacobi et al. (2006) report describes indices for three classes (bioregions) of streams
based on elevation and watershed size. However, SWQB uses only the High Small (elevation
and watershed, respectively) Index applied to the Mountain biological region which consists of
Ecoregions 21 and 23 (Southern Rockies and AZ/NM Mountains). The available dataset, stream
classification system, and reference site selection process did not sufficiently partition the
variability and select an adequate number of sites to define the “reference condition” and a
departure from this condition for the Low Large and Low Small bioregions. Application of the
High Small SCI in the Jacobi report places study reaches in the same condition category for all
tested streams in the Mountain ecoregions regardless of elevation or watershed size. Therefore,
SWQB presently applies the High Small SCI in the Jacobi et al. (2006) report to determine
Aquatic Life Use attainment of all wadeable perennial streams in the Mountain ecoregions and
refers to this as the mountain stream condition index (M-SCI). Any study site within
approximately 20 kilometers of the boundary of ecoregions 21 and 23 should be compared to the
definitions for the various ecoregions to determine the proper ecoregion designation for that site.



The M-SCI is composed of metrics from five categories representing community and species
attributes including Taxonomic Composition, Taxonomic Richness, Tolerance, Hablt and
Functional Feeding Group. Each metric is first calculated and normalized utilizing the 95 or 5®
percentiles associated with each metric. All metrics are then summed and averaged to produce an
M-SCI score between 0 and 100. The resulting score is then placed in a condition category of
Very Good (100 — 78.35), Good (78.35 — 56.70), Fair (56.70 — 37.20), Poor (37.20 — 18.90),
Very Poor (18.90 — 0) based on the distribution of reference site scores. Sites with M-SCI
ranking of fair, poor or very poor (see Table 8-1 in the report) are considered to not supporting of
the applicable aquatic life use.

Biological regions outside of the Mountains region will be assessed using the RBP approach as
detailed in Plafkin et al. (1989) with minor regional modifications as recommended in Barbour et
al. (1999) until SCIs can be developed for the Xeric and Plains regions. New Mexico will be
using additional data from Ecoregions 22, 24, 25, and 26 collected in 2007 and 2008 to develop
these additional regional SCIs. These ecoregions will probably be combined such that New
Mexico will consist of three biological regions, Mountains, Plains, and Xeric. This approach is
similar to SCI development for Wyoming and Colorado and generally follows the Level II
ecoregions (Commission for Environmental Cooperation. 1997, 2006).
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SUMMARY

Our purpose was to develop multimetric biological indices for New Mexico wadeable streams.
These stream condition indices (SCI) are designed to be used as a primary indicator of ecosystem
health and to identify impairment with respect to the reference (or natural) condition. Results
could be used to make recommendations for developing biocriteria to achieve more reliable
assessments of New Mexico streams.

Information derived from nearly 800 macroinvertebrate samples

collected between 1980 and 2001 was categorized based on %
similarities in composition. For New Mexico, a mountainous state, a 92)
three region classification based on elevation and catchment size (low Q\F”
small, low large, and high small) was determined to be the most il
appropriate for assessment purposes. Based on stream attributes and the best professional
judgment of personnel familiar with the locations, a score was developed for each site.

Statewide stream assessment data using a modified Hess sampler from 189 fall samples with
watershed size less than 4,000 mi” were used for developing indices. Organisms in these
collections were identified to the lowest taxonomic level possible. The identifications and counts
of organisms collected at each site provided the information used to calculate a suite of metrics
for each benthic sample. These metrics (biological attributes) representing community diversity,
composition, and tolerance to pollution of the bottom-dwelling macroinvertebrates were derived
using the Ecological Data Application System (EDAS, Tetra Tech 2000). Twenty-seven
candidate metrics were selected for use in index development.

The ranges of reference site values for the candidate New Mexico stream condition indices were
compared with the ranges of values in the impaired sites by means of box-and-whisker plots.
Discrimination efficiencies were calculated to show the percent of index values for the stressed
sites which were below each index threshold (25" percentile). Data from 128 other Hess
samples and 177 samples using a variety of collection methods were used to validate the indices.
The final proposed regional indices were those with the highest discrimination efficiencies for
both data sets. Index scores above the 25" percentile threshold were rated as “Very Good” or
“Good”; below the 25™ percentile threshold scores were divided into three categories: “Fair”,
“Poor”, or “Very Poor”.

A Microsoft Access Query which can be used to calculate the index for a sample or group of
samples by entering the appropriate metric values from EDAS and instructions on developing
confidence intervals are also provided.

Tetra Tech, Inc. vii
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1 e INTRODUCTION

Over the past century, land use activities such as mining, agriculture, urbanization, and ranching
have seriously threatened the quality of surface waters by contributing to nonpoint-source
pollution. In New Mexico, the investigation of these nonpoint sources of water pollution has
become a priority. It is the responsibility of the New Mexico Environment Department (NMED)
to maintain and protect the ecosystem health of the state’s waters. In keeping with the Clean
Water Act and technical guidance from EPA, NMED developed water quality standards for the
protection of ecosystem health. In support of the state's water quality standards, which mandate
the implementation of biological and chemical criteria and a strict antidegradation policy, the
ambient monitoring program has established an assessment "toolbox" that includes physical,
chemical, and biological techniques.

The NMED established a Biological Assessment Program initiated by G. Z. Jacobi in 1979.
Early programs were site specific or intensive monitoring which concentrated on point-source
discharges in high quality mountain streams such as the Rio Hondo, Red River, and Chama
River. Ambient monitoring stations were first sampled throughout the state in 1979. The
NMED now uses a basin network of monitoring, scheduled on a yearly rotation and
prioritization. A core team of biologists, hydrologists, and chemists provides the technical
resources to conduct the monitoring. Biological data (e.g., the diversity of organisms) are
necessary to assess the health of New Mexico’s surface waters and to measure the attainment of
biological integrity goals as directed by EPA and characterized by the state of New Mexico. The
results presented in this report establish a framework for the assessment and monitoring of New
Mexico’s streams using these bioassessment procedures.

) ) ) Biocriteria: under the Clean Water Act,
Bioassessment consists of comparing the numerical values or narrative statements that

biological condition of a stream to a reference define a desired biological condition for a

condition, which is an aggregate of conditions in waterbody and are part of the WQ standards.

unimpaired streams of a region. Reference Bioassessments: evaluations of the biological

conditions are “best available” conditions where condition of a waterbody that use biological
. . C o surveys of the resident biota.

biological potential is at its highest for the
particular region or area. These reference Biosurveys: the collection, processing, and
analysis of representative portions of a resident

conditions are representative of sustainable L .
biotic community or assemblage.

ecosystem health. For New Mexico, a

Tetra Tech, Inc. 1
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mountainous state, a regional classification based on elevation and catchment size appears to be
the most appropriate framework for assessments. Partitioning the streams and watersheds into
Level 3 ecoregions does not appear to improve biological assessment with the current dataset.
The information derived from the surveys was aggregated into a macroinvertebrate Stream
Condition Index (SCI) for New Mexico (NMMSCI). This SCI is used as a primary indicator of
ecosystem health and can identify impairment with

respect to the reference (or natural) condition. The CORE METRIC CATEGORIES
index is composed of biological attributes, called

metrics, that represent elements of the structure and ¢ Taxonomic composition ﬁ?@gv
function of the bottom-dwelling macroinvertebrate : Iqué?:l omic richness j)
assemblage. Metrics are specific measures of diversity, | Tolerance %’:;
composition, and tolerance to pollution, which provide ¢ Functional feeding group

ecological information. For this study these metrics See definitions in the metric categories box in
were derived using the Ecological Data Application Chapter 4.

System (EDAS, Tetra Tech 2000).

A data analysis application has been developed to ensure consistency in data management and
analysis throughout the state as NMED personnel conduct biological monitoring. Benefits
expected from the implementation of the NMMSCI will apply to a broad spectrum of
management programs, including:

e characterizing the existence and severity of point and nonpoint source impairment;

e targeting and prioritizing watersheds and ecosystem management areas for remedial
or preventive programs;

e evaluating the effectiveness of nonpoint source best management programs;
e screening ecosystems for use attainability; and

e developing a basis for establishing biocriteria that relate to regional water quality
goals, an EPA priority.

Tetra Tech, Inc. 2
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2 e THE APPLICATION OF STREAM BIOASSESSMENT IN NEW MEXICO

The NMED is developing a bioassessment framework for use in assessing the quality of streams
as part of the state’s Monitoring and Assessment Program. Through the 303(d) and Total
Maximum Daily Load (TMDL) framework outlined in the Clean Water Act of 1972 (and
revisions of 1977, 1987), those waters considered to be impaired and threatened must be
identified and improved to meet their designated uses. The definition of impairment by natural
resource management or regulatory agencies is typically based on attainment or non-attainment
of numerical water quality standards associated with the designated use of a waterbody. If those
standards are not met (or attained) then the waterbody is considered to be impaired. Resident
biota in a watershed function as continual natural monitors of environmental quality by
responding to the episodic and cumulative effects of pollution and habitat alteration. Conducting
ambient biological surveys is one of the primary approaches to biomonitoring. These surveys, in
turn, are used to measure the attainment of biological integrity. The assessment of ecosystem
health cannot be done without measuring the attainment of biological integrity goals as directed
by EPA and addressed by the state of New Mexico.

The Clean Water Act of 1972 (PL-92-500) has as one of Biological integrity is commonly defined

its primary goals the maintenance and restoration of as “the capability of supporting and
maintaining a balanced, integrated,

) ] ) . adaptive community of organisms having
physical, and chemical quality. This concept refers to a species composition, diversity and

assemblages of organisms that would inhabit a particular functional organization comparable to that
of the natural habitat of the regions” (Karr

and Dudley 1981, Gibson et al. 1996).

biological integrity, which incorporates biological,

area if it had not been affected by human activities. This

integrity or structure and function of the aquatic
community becomes the primary reference condition used to measure and assess waterbodies in
a particular region.

Careful measurement of the aquatic ecosystem and its constituent biological communities can
determine the condition of biological integrity. Several key attributes are measured to indicate
the quality of the aquatic resources. Biological surveys establish the attributes or measures used
to summarize several community characteristics, such as taxa richness, number of individuals,
sensitive or insensitive species, observed pathologies, and the presence or absence of essential
habitat elements.

Tetra Tech, Inc. 3
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Multimetric, invertebrate indices of biotic integrity, variously called RBP (Rapid Bioassessment
Protocol; Plafkin et al. 1989; Barbour et al. 1999), ICI (Invertebrate Condition Index; Ohio EPA
1988), B-IBI (Benthic IBI; Kerans and Karr 1994) and SCI (Stream Condition Index; Barbour et
al. 1996) have been developed for many regions of North America and are generally accepted for
biological assessment of aquatic resource quality (e.g., Gibson et al. 1996, Southerland and
Stribling 1995, Karr 1991). The framework of bioassessment consists of characterizing
reference conditions upon which comparisons can be made and identifying appropriate
biological attributes with which to measure the condition. Reference conditions were considered
to be the “best available” sites where biological potential is at its highest for the particular region
or area. These reference conditions are representative of sustainable ecosystem health in New
Mexico.

Biological measurements, called metrics, represent elements of the structure and function of the
bottom-dwelling macroinvertebrate assemblage. Metrics change in some predictable way with
increased human influence (Barbour et al. 1996). They include specific measures of diversity,
composition, functional feeding group, habit, and ecological information on tolerance to
pollution. Multimetric indices, such as the IBI, incorporate multiple biological community
characteristics and measure the overall response of the community to environmental stressors
(Karr et al. 1986, Barbour et al. 1995). Such a measure of the structure and function of the biota
(using a regionally-calibrated multimetric index) is an appropriate indicator of ecological quality,
reflecting biological responses to changes in physical habitat quality, the integrity of soil and
water chemistry, geologic processes, and land use changes (to the degree that they affect the

sampled habitat).
P itat) This study was designed to address the following

questions:
The purpose of this study was to develop a
e  What is the most appropriate site classification

multimetric biological index for New for assessment of ecosystem health?

Mexico streams. Results of the anal}']SIS e What are the seasonal differences in biological
could be used to make recommendations for metrics? (Are different index periods required
improving the state’s biological sampling for monitoring?)

program to achieve more reliable e  What are the appropriate metrics for a New
. Mexico Stream Condition Index (SCI)?
assessments of New Mexico streams.

e  What are thresholds that indicate the degree of
comparability of New Mexico streams to
reference condition?

Tetra Tech, Inc. 4
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3 e ESTABLISHING BIOREGIONS AS A BASIS FOR BIOASSESSMENT

Biological systems naturally vary in composition and Methods of Analysis

diversity of the fauna, depending on the physical
characteristics and geomorphology of the waterbodies (in | ¢ Non-metric Multidimensional Scaling (NMDS)
Ordination — Spatial array of sites based on
similarity/difference of benthic composition
natural variability into relatively homogenous classes or and abundance.

this case, streams) in which they reside. Partitioning this

bioregions can aid in establishing reference conditions, or | Similarity Analysis — Tests for statistical

benchmarks, from which to assess biological condition. significance and the strength of the

The purpose of this classification analysis is to evaluate e

various stream characteristics, such as Level 3 ecoregions | o  Box-and-Whisker Plots — Display of ranges of
and draft version of Level 4, elevation, and catchment values for the biological data oriented by
spatial and temporal groupings.

size, river basin (HUC 2, 4, 6, 8), physiographic regions,

and strata derived from NM Dept. of Game and Fish data, | e Scatterplots by elevation and catchment size —
Tests for correlation of biological attributes
(metrics) with these strata.

as a means of establishing bioregions for New Mexico
streams (Appendix A). The relative geographic

clustering of the benthic data from New Mexico streams
is depicted in Figure 3-1.

Information derived from nearly 800 macroinvertebrate samples collected between 1980 and
2001 were categorized based on similarities in composition. For New Mexico, a mountainous
state, a three region classification based on elevation and catchment size (low small, low large,
and high small) was determined to be the most appropriate for assessment purposes.

Identification of reference sites (i.e., those having the expected composition and diversity of
biota for a region or class of sites) provides the basis for evaluating bioregions. Based on stream
attributes and the best professional judgment of personnel familiar with the locations, a score
was developed for each site (Appendix B). The attributes included land and water use, point
source discharges, 303d listing, habitat scores and level of impact (See Table 3-1 and Table 3-2,
and Appendix C). A review by SWQB resulted in changes to bioregion and or reference status
to 41 sites (Appendix D).

Based on average flow regimes, emergence phenology and logistics, the NMED SWQB
determined a biological index period (Fall) extending from 15 August through 15 November was
applicable for calibration of the SCIs used as the basis for bioassessment for each of the three

Tetra Tech, Inc. 5
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regional classifications in New Mexico. Statewide stream assessment data using a modified
Hess sampler from 189 fall sites with watershed size less than 4,000 mi* were used for
developing indices. Out of the 189 fall sites, 56 were identified as reference sites and 49 were
identified as stressed based on the distributions of the scores for each bioregion (Figure 3-2).

Table 3-1. Development of site scores.

Component Scoring Range
Best Professional Judgment Average of 1 —4 scores 1-4
No Flow by Diversion True =1, False =0 0-1
Channelized True =1, False=0 0-1
< 10% Agriculture & Impact Average of 0-1

Agriculture: True = 1, False =0
Impact: No=0, Yes =1

< 15% Grazing & Impact Average of 0-1
Grazing: True = 1, False =0
Impact : No=0, Yes =1

< 5% Urban & Impact Average of 0-1
Urban True = 1, False =0
Impact No=0, Yes =1

No Dams & Impact Average of 0-1
Dam Presence: True = 1, False =0
Impact: No=0, Yes=1

On 303d List True =1, False=0 0-1
No NPDES True = 0, False = 1 0-1
Habitat Score <.50=2,.50-.75=1,>.75=0 0-2
Total Score (Sum of Above) 0-14

Documentation for results are as follows:

. Ordination of the benthic data indicated that a spatial classification by ecoregion
was not distinct (Figure 3-3). Neither the data based on genus-level taxonomy nor
that based on lowest taxonomic-level supported the use of ecoregions as
bioregions.

. Ordination of the benthic data indicated that combined elevation and catchment
size provided the most robust classification (Figure 3-4a and b).

. Box-and-whisker plots performed on various benthic attributes for reference sites
illustrated only weak distinction among some of the bioregions (Appendix E).
However, bioregions are retained as a basis for statewide bioassessments due to
acceptable performance.
Tetra Tech, Inc. 6
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Table 3-2. Bioregions, characteristics, and site scores.

Location Elevation | Watershed Size | Reference Score | Stressed Score
Low Elevation <7500 ft. <150 sq. mi. <55 >17
Small Catchment

Sites

Low Elevation <7500 ft. > 150 sq. mi. <6.67 >9
Large Catchment

Sites

High Elevation > 7500 ft. <200 sq. mi. <3 >6

Small Catchment
Sites

Conclusion for Classification into Bioregions

»  C(lassification was best determined by elevation and catchment size.

»  Use of ecoregions to serve as bioregions for benthic assessments of cobble habitat in streams of New
Mexico is not necessary.

*  The broad collection timeframe of NMED introduces variability into the dataset and use of the Fall period
improves the bioassessment.

Recommendations From this Analysis

»  The issue of using bioregions to stratify or partition the aquatic community is not totally resolved, but
appears to focus on elevation and catchment size characteristics of the streams. Further analysis is
warranted to refine bioregions or develop alternative frameworks.

*  Additional sampling in the bioregions could reduce the variability in the metrics.

Tetra Tech, Inc.
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Figure 3-1. Sampling locations within New Mexico (N=444 stations).
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Figure 3-3. NMS plot by ecoregion (Level III).
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4 e TRANSFORMING BIOLOGICAL ATTRIBUTES INTO METRICS

A metric is a characteristic
of the biota that changes in

some predictable way with
increased human influence.

community characteristics, and the specific metrics
within those categories can indicate different aspects
of the community condition. For example, metrics
dealing with species richness or diversity, such as
Total Taxa, can be used as indicators of community
health because an ecologically healthy system is
generally expected to support a more diverse
community of fauna than can be supported in an
ecologically impaired area. Multiple metrics
evaluated together can give an overall indication of
ecological integrity.

New Mexico’s benthic macroinvertebrate samples
used for analysis were collected between 1980 and
2001. Organisms in these collections were identified
to the lowest taxonomic level possible (Appendix F).
Prior to 1989 midges were not identified beyond
family level. For our analyses using EDAS, we
grouped the taxonomy of midges to family level and

Various attributes of the benthic macroinvertebrate community have
been characterized in the form of quantitative measures called
metrics. The attributes of the community that are measured by these
metrics fall into several categories (see box to left) of benthic

Metric Categories

Taxonomic richness — counts of
distinct taxa within selected taxonomic
groups.

Taxonomic composition — proportions
of individuals belonging to specific
selected taxonomic groups.

Functional feeding group — dominant
mode of feeding, though not the
specific nutritional source or benefits
(e.g., suspension feeder, predator, etc.).

Habit — dominant behavior of an
animal for moving and maintaining
physical position in its habitat (e.g.,
sprawling, clinging, etc.).

Degree of tolerance — counts,
proportions, or weighted scores of taxa
based on ability to survive exposure to
pollutants.

the remainder to a minimum of genus level to maintain taxonomic consistency for the collection.
Within each sample, the number of individuals of each taxon was tallied. Samples with multiple
replicates were combined for analysis. The identifications and counts of organisms collected at
each site provided the information used to calculate a suite of metrics for each benthic sample
(Appendix G).

Tetra Tech, Inc. 13
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Proposing candidate metrics for developing indices involves three basic steps, shown in the

Metrics and Scoring box below. Metrics were calculated for each of the 767 New Mexico

benthic macroinvertebrate samples using EDAS. These metrics represented five categories:

taxonomic richness, taxonomic composition, feeding groups, habit, and tolerance (see metric

categories box). Box-and whisker plots for the metrics were then examined to determine which

metrics should be proposed for use in index development (Appendix E).

Metrics were converted to standardized scores Metrics and Scoring

using the formulas in Appendix H, based on
the direction of the metric’s response to stress.
Percentile distributions of each metric’s
values were determined for the entire set of

data (n = 767 benthic samples). Standardized
score conversions use the 95th or 5th [ Propose metrics for use in index
development — Select the most
discriminatory metrics by examining box-
and-whisker plots.

percentile, shown in Appendix H.

Box-and-whisker plots for the standardized

[1 Calculate metrics — Calculate values for the
selected metrics for all 767 sampling sites.

[ Standardize scores — Convert all metric
values to a standard 0-100 point scale.

candidate metrics, comparing the distribution of values in reference sites with the distribution of

values in stressed sites, are presented in Appendix E. The distributions displayed in these plots

were evaluated as follows:

The box portion of the plots represents the middle 50% of the metric values.

The line inside the box represents the median metric value.

The top of the box represents the 75% percentile of the metric distribution.

The bottom of the box represents the 25t percentile of the metric distribution.

The whiskers above and below the box represent the upper and lower tails of the
distribution.

Circles above or below the whiskers represent outliers or extremes in the distribution.
If the box portions of the plots for reference and stressed sites for a particular metric did
not overlap, or had minimal overlap, the metric was considered a possible candidate for
index development and is listed in the following box.

Tetra Tech, Inc. 14
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Proposed Metrics

*  Twenty-seven candidate metrics were selected for use in index development as follows:

Taxonomic Composition Tolerance
Shannon DI (logy) Baetis to Ephemeroptera %
Beck BI Sensitive EPT%
HBI Intolerant %
Margalef DI Intolerant Taxa
Percent Dominant Taxon
Evenness Habit
Coleoptera % Clinger Taxa
Odonata % Sprawler Taxa
Plecoptera % Swimmer Taxa
Sprawler %
Taxonomic Richness Swimmer %
EPT Taxa
Ephemeroptera Taxa Functional Feeding Group
Coleoptera Taxa Scraper %
Plecoptea Taxa Scraper Taxa
Trichoptera Taxa Shredder Taxa
Total Taxa

Tetra Tech, Inc. 15
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5 e EVALUATION AND SELECTION OF METRICS FOR BIOLOGICAL INDICES

A set of working indices for scoring New Mexico

stream condition was determined for each of the site Index Development

classes following the steps summarized in the box to [ Select metrics — Metric selection is further

the right. The process of metric selection is iterative, refined based on Discrimination

with the areas of consideration being revisited and Efficiencies for each Site.

weighed throughout the process. Selection of specific | [ Calculate index — Average the standardized

metrics for use in a stream condition index was based Tfnemc }Slc_orgs for each benthic sampling site
Or €ach maex.

on several evaluation criteria using the 189 fall

samples (see metric evaluation box).

Metric Evaluation. Indices were developed for the fall season and

the three bioregions by examining the
Metrics are included if they:

) X discrimination efficiencies for the candidate
[] are able to differentiate between reference and

impaired sites (methods: box plots, metrics for each index and selecting the most
discrimination efficiencies [DE]); discriminatory metrics for each. These metrics

(] represent at least some different aspects of the . . .
community (taxa composition, richness, should represent different community attributes
tolerance, and other metric categories); and and not be redundant (Appendix I).

[J minimize redundancy among individual
component metrics (method: Pearson
correlations). Discrimination efficiencies (Paul and Gerritsen,

2002) were calculated based on the proportion
of the values of the metric for the stressed sites which fell below the bottom of the box in the plot
for the reference sites for metrics following metric standardization. All twenty-seven candidate
metrics exhibited discrimination efficiencies of 50% or higher for one or more of the regions
(Table 5-1). Additional discrimination efficiencies for these and excluded metrics are listed in
Appendix I. One metric, HBI, exhibited trends in the opposite direction from that is expected for
the measure and was not included in the proposed metrics. Two others, Coleoptera % and
Coleoptera Taxa, can be expected go either direction but had high discrimination efficiencies for
one region and were included in the set of proposed metrics.

Discriminatory metrics, identified on the basis of boxplots and discrimination efficiencies,
represent five different categories of benthic community attributes: taxonomic richness,
taxonomic composition, habit, functional feeding group and tolerance to environmental stress

Tetra Tech, Inc. 16
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(see Conclusion for Metric Selection box, page 20). Different sets of metrics had high or
relatively high discrimination efficiencies for the three site classes. Table 5-1 reports the
recommended metrics for use in stream condition indices for each region.

Pearson correlation coefficients (Appendix J) identified high correlations among several metrics,
summarized in Table 5-2. These metrics (Shannon DI, Beck BI, D MG, Percent Dominant
taxon, Clinger taxa, EPT taxa, and Plecoptera taxa) were evaluated for inclusion in indices where
one or more also had high discrimination efficiencies.

Tetra Tech, Inc. 17
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Table 5-1. Most efficient metrics (standardized) with thresholds (TH) and discrimination

efficiencies (DE).
Low Small Low Large High Small

TH DE TH DE TH DE
Taxonomic Composition
Shannon DI (log,) 72.65| 66.67% 72.65 79.17% 72.65|  68.75%
Beck BI 14 55.56% 14 95.83% 18 81.25%
HBI 67.13]  66.67% 67.13 54.17% 73.321  62.50%
Margalef DI 3.15|  66.67% 3.15 87.50% 341  81.25%
Dominant Taxon 73.70 - 30.77 70.83% 73.70 -
Evenness 63.19|  66.67% 77.56 83.33% 63.19]  62.50%
Coleoptera Percent 4.887| 88.89% 3.23 58.33% 3.23|  56.25%
Plecoptera Percent 2331 66.67% 233 75.00% 15.58|  62.50%
Odonata Percent 0| 66.67% 0.65 79.17% 0| 75.00%
Taxonomic Richness
EPT Taxa 12 77.78% 12 91.67 13 75.00%
Ephemeroptera Taxa 57.14|  88.89% 57.14 83.33% 71431  87.50%
Coloptera Taxa 1 - 2 83.33% 1 -
Plecoptera Taxa 1429 66.67% 14.29 83.33% 42.86|  68.75%
Trichoptera Taxa 62.5|  77.78% 62.5 79.17% 62.5]  62.50%
Total Taxa 64.52|  66.67% 64.52 87.50% 64.52|  56.25%
Tolerance
Baetis to Ephemeroptera Pct. 49.57 - 49.57 79.17% 49.57 -
Sensitive EPT Percent 36.34]  55.56% 20.81 50.00% 47.80|  68.75%
Intolerant Percent 19.24 - 19.24 79.17% 39.231  68.75%
Intolerant Taxa 46.15| 66.67% 46.15 83.33% 61.54) 81.25%
Habit
Clinger Taxa 11 77.78% 11 87.50% 11| 68.75%
Sprawler Taxa 33.33 55.56% 33.33 75.00% 50 81.25%
Swimmer Taxa 50|  81.25%
Sprawler Percent 3.37 - 20.81 70.83% 3.37 -
Swimmer Percent 8.28 - 8.28 91.67% 8.28 -
Functional Feeding Group
Scraper % 12.25| 88.89% 9.10 79.17% 9.10| 68.75%
Scraper Taxa 50|  88.89% 50 79.17% 501  68.75%
Shredder Taxa 33.33 55.56% 50 | 100.00% 33.33 -

Tetra Tech, Inc.
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Table 5-2. Metrics with high correlations.

Metric Associated Correlations

Beck BI Clinger Taxa EPT Taxa Total taxa Intolerant taxa
0.840 0.937 0.855 0.965

D MG Shannon DI Beck BI Total taxa EPT Taxa
0.829 0.816 0.924 0.857

Clinger taxa D MG EPT taxa Total taxa
0.852 0.909 0.891

EPT taxa Plecoptera taxa Total Taxa Intolerant taxa
0.809 0.895 0.884

Shannon DI Percent Dominant

taxon -0.898

Plecoptera taxa

Intolerant taxa
0.844

Tetra Tech, Inc.

19



Benthic Macroinvertebrate Stream Condition Indices for New Mexico Wadeable Streams

Conclusion for Metric Selection

»  Candidate metrics were selected for use in index development as follows:

Low Elev. Small Catch.

Taxonomic Composition
Shannon DI (logy)

Beck BI

HBI

Margalef DI

Evenness

Coleoptera %

Odonota %

Plecoptera %

Taxonomic Richness
EPT Taxa
Ephemeroptera Taxa
Plecoptera Taxa
Trichoptera Taxa
Total Taxa

Tolerance
Sensitive EPT %
Intolerant Taxa

Habit
Clinger Taxa
Sprawler Taxa

Functional Feeding Group
Scraper %

Scraper Taxa

Shredder Taxa

Low Elev. Large Catch.

Taxonomic Composition
Shannon DI (logy)

Beck BI

Margalef DI

% Dominant Taxon
Evenness

Odonota %

Plecoptera %

Taxonomic Richness
EPT Taxa
Ephemeroptera Taxa
Coleoptera Taxa
Plecoptera Taxa
Trichoptera Taxa
Total Taxa

Tolerance

Baetis to Ephemeroptera %
Intolerant Taxa

Intolerant Percent

Habit

Clinger Taxa
Sprawler Taxa
Sprawler %
Swimmer %

Functional Feeding Group
Scraper %

Scraper Taxa

Shredder Taxa

High Elev. Small Catch.

Taxonomic Composition
Shannon DI (logy)

Beck BI

Margalef DI

Evenness

Odonota %

Plecoptera %

Taxonomic Richness
EPT Taxa
Ephemeroptera Taxa
Plecoptera Taxa
Trichoptera Taxa
Total Taxa

Tolerance
Sensitive EPT %
Intolerant Taxa
Intolerant Percent

Habit

Clinger Taxa
Sprawler Taxa
Swimmer Taxa

Functional Feeding Group
Scraper %
Scraper Taxa

Tetra Tech, Inc.
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6. AGGREGATING METRICS INTO BIOLOGICAL INDICIES

The metrics selected for each region were combined into a variety of indices, being careful to
avoid including metrics which were highly correlated (Table 5-2). In addition, only metrics with
discrimination efficiencies of 70% for the Low Large samples, 60% or higher for the High Small
samples, and 50% or higher for the Low Small Samples were used in developing indices. The
standardized metric scores were then averaged to provide indices with values ranging from 0 to
100.

The ranges of reference site values for the candidate New Mexico stream condition indices were
compared with the ranges of values in the impaired sites by means of box-and-whisker plots
(Appendix K). These boxplots indicated that the candidate indices had different abilities to
discriminate between reference and stressed sites. Examination of the boxplots for the candidate
regions indicated that thresholds for each bioregion were more appropriate than thresholds for
the state level because of the large proportions of reference sites which would be classified as
“stressed”’.

An index threshold based on the bottom of the box in the reference plot (25" percentile) was
determined for each candidate index. Discrimination efficiencies were calculated to show the
percent of index values for the stressed sites which were below each index threshold. Thresholds
and discrimination efficiencies for the candidate indices are presented in Appendix L. The
candidate indices with the highest discrimination efficiencies for each bioregion in the fall
sampling season were considered proposed indices.

Table 6-1. Thresholds and discrimination efficiencies for candidate index NMMSCI.

Fall Hess for Catchment Areas below 4000 mi’
Region Threshold DE
Low Small 43.55 77.78%
Low Large 51.64 91.67%
High Small 56.70 93.75%

Tetra Tech, Inc. 21
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7. TESTING AND REFINING THE INDICES USING INDEPENDENT DATA

Data from 128 other Hess samples with catchments greater than 4000 sq. mi. and 177 samples
using kick-net sampling methods were used to validate the indices. Testing the indices on data
which were not used in the index development indicates the utility of the indices and can show
how the indices might work on future data collections and, in this case, using kick-nets. Only
indices with the highest discrimination efficiencies for a region were tested on the remaining
samples (Appendix L). A comparison of the candidate indices using results from the original
data and the most discriminatory results from the independent test data showed reasonable
agreement (Table 6-1). Samples from the stressed High Elevation Small Catchment sites had
lower rates of classification as impaired than those from the Low Elevation sites. It is important
to note that for the kick-net samples the reference sites would often be classified as impaired
using these indices and thresholds for Low Elevation Large Catchment sites (52.5%).

The indices with the highest discrimination efficiencies for both data sets were selected as the
final proposed indices for each region. The metrics included in the final indices are shown on
page 24.

Tetra Tech, Inc. 22
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Table 7-1. Thresholds and discrimination efficiencies for candidate indices NMMSCI.

LSNMMSCI LLNMMSCI HSNNMSCI
Threshold 43.55 51.64 56.70
Off Season Hess below
4000 mi’
Regional Samples 77.78% 91.67% 93.75%

Other Methods And

Stressed Site

Stressed Site

Stressed Site

Hess above 4000 mi’ Samples Samples Samples
Regional Samples 70.00% 88.24% 69.57%
Ben 01 - 0.00% 100.00%
Ben_0Ola 60.00% 75.00% 75.00%
Ben_02 - 100.00% -
Ben_03 - 100.00% 75.00%
Ben_03p 75.00% 100.00% 0.00%
Ben_03r 100.00% 0.00% 50.00%
Other Methods And Reference Site Reference Site Reference Site
Hess above 4000 mi’ Samples Samples Samples
Regional Samples 27.78% 48.21% 18.33%
Ben 01 - 0.00% 0.00%
Ben_0Ola 25.00% 36.36% 15.38%
Ben_02 100.00% 66.67% -
Ben_03 22.73% 60.00% 26.67%
Ben_03p 42.86% 50.00% 22.22%
Ben_03r 25.00% 40.00% 11.11%

Tetra Tech, Inc.
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Final Index Metrics
*  The final NMMSCI contained the following metrics:

Low Small NMMSCI Low Large NMMSCI

Taxonomic Composition Taxonomic Composition
Coleoptera % Shannon DI (logy)
Taxonomic Richness Taxonomic Richness
EPT Taxa EPT Taxa
Ephemeroptera Taxa Ephemeroptera Taxa

Trichoptera Taxa

Tolerance Tolerance
Sensitive EPT %

Habit Habit
Sprawler Taxa

Functional Feeding Group Functional Feeding Group
Scraper % Scraper %
Scraper Taxa Scraper Taxa

High Small NMMSCI

Taxonomic Composition
Shannon DI (log,)
Evenness

Plecoptera %

Taxonomic Richness
Ephemeroptera Taxa
Plecoptera Taxa

Tolerance
Sensitive EPT %
Intolerant Percent

Habit

Clinger Taxa
Sprawler Taxa
Swimmer Taxa

Functional Feeding Group
Scraper %
Scraper Taxa

Tetra Tech, Inc.
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8 e CONCLUSIONS AND RECOMMENDATIONS

8.1 Rating System

Regional Stream Condition Indices for New Mexico streams (NMMSCI) can be used to assess

the biological condition of New Mexico streams for the Fall sampling period. The

recommendations for New Mexico Stream Condition Indices are as follows:

e All samples could be evaluated with their associated NMMSCI.
e Ratings of “Good” or “Very Good” could apply to sites that score at or above the 25

percentile of reference sites. Index scores below the 25™ percentile threshold could be

divided into three categories: “Fair”, “Poor”, or “Very Poor” (Barbour, et. al., 1999).

Table 8-1 lists suggested ranges for the bioregion developed by equidistant partitioning
of scores above and below the 25" percentile. These suggested ranges have been applied

to the regions in Figures 8-1, 8-2, and 8-3.

e Appendix M provides a Microsoft Access Query which can be used to calculate the

index for a sample or group of samples by entering the appropriate metric values from

EDAS.

Table 8-1. Suggested rating system for the New Mexico Macroinvertebrate Stream

Condition Indices.

Percent Comparison to Reference

Rating Very Good Fair Poor Very
Good Poor
Low Small NMMSCI >56.45 | 43.55-56.45 | 29.03 -43.55 | 14.52-29.03 | <14.52
Low Large NMMSCI | >75.82 | 51.64-75.82 | 3443-51.64 | 17.21-3443 | <17.21
High Small NMMSCI | >78.35 | 56.70 —78.35 | 37.20 -56.70 | 18.90 -37.20 | <18.90

8.2  Developing confidence intervals for criteria

Occasionally a sample index value may be very close to one of the cut-off points for a rating

condition. In that case it would be helpful to have a confidence interval around the cut-off when

making decisions about the rating. Using the mean standard errors and critical values one can

develop confidence intervals as shown in Appendix N.

Tetra Tech, Inc.
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8.3  Refining and maintaining the index

The suggested ranges of NMMSCI scores in Table 8-1 and the confidence intervals in Appendix
N could be refined by periodic review (annually at a minimum) of the SCI as additional samples
are available. Data for sites should be examined in more detail to determine if they were
misidentified. Decisions on impairment should be based on both SCI scores and changes in the

factors resulting in stress at the sites.

Annual addition of data for new and existing sites can be used to recalculate the indices. As the
database increases and becomes more representative of the entire state, both the standard values
and the index distributions should become more stable. In particular, additional sampling at
Low Elevation Small Catchment sites should be carried out to determine if the low
discrimination efficiencies observed for the development data set are an anomaly or an actual
representation of the metrics for this bioregion.
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Appendix B: Site Score Components - Key to Criteria Worksheet

Rating (1-5) Rate overall watershed and stream condition above the site: 1 2 3 4 5

1 - pristine

2 — minimal impact

3 — slight impact

4 — moderately impacted
5 — severely impacted

Ave. Flow Average Stream Flow (excluding spring runoff and monsoon season)
_ <lcfs, 1 to 10cfs, >10cfs, >100cfs

Flow Status The stream has flow except during drought years - Perennial

Peren. or Inter. The stream has no flow in some areas during most years - Intermittent

0 flow by diversion The lack of flow due to diversion of water? T or F

Channalized Is the stream channelized at the sites , any point upstream of the site

<15% Grazing Less then 15% of the watershed above the site have high intensity grazing
(i.e., riparian access, high density, frequent grazing, over grazing) T or F

Column 1 New Site Name - number for 8 HUC, stream name, and river kilometer

Column 2 Site Description

Column 3 BPJ Score - described above

Column 4 0 flow due to diversion - described above

Column 5 Channalized - T or F (described above)

Column 6 <15 grazing - described above

Column 7 Is there impact to the stream from the above activity? N or Y

Column 8 <5% urban - in the watershed above the site

Column 9 Is there impact to the stream from the above activity? N or Y

Column 10 no dams

Column 11 Is there impact to the stream from the dam? 0-no, 0.5-minimal, 1-yes

Column 12 on 303d list- list of impaired waters, not meeting water quality standards

Column 13 no NPDES permits upstream of the site

Column 14 RBP Habitat Score as a percent (if no score estimated at >75, 75-50, or <50)

Column 15 Comments - any brief info on site and/or watershed

Benthic Macroinvertebrate Stream Condition Indices for New Mexico Wadeable Streams,
Jacobi et al, 2006
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Appendix C: Site Attributes - Key to Attributes Worksheet

Rating (1-5) Rate overall watershed and stream condition above the site: 1 2 3 4 5

1 - pristine

2 — minimal impact

3 — slight impact

4 — moderately impacted
5 — severely impacted

Ave. Flow Average Stream Flow (excluding spring runoff and monsoon season)
_ <lcfs, 1 to 10cfs, >10cfs, >100cfs

Flow Status The stream has flow except during drought years - Perennial

Peren. or Inter. The stream has no flow in some areas during most years - Intermittent

0 flow by diversion The lack of flow due to diversion of water? T or F

Channalized Is the stream channelized at the sites , any point upstream of the site

<15% Grazing Less then 15% of the watershed above the site have high intensity grazing
(i.e., riparian access, high density, frequent grazing, over grazing) T or F

Column 1 New Site Name - number for 8 HUC, stream name, and river kilometer

Column 2 Site Description

Column 3 BPJ Score - described above

Column 4 0 flow due to diversion - described above

Column 5 Channalized - T or F (described above)

Column 6 <15 grazing - described above

Column 7 Is there impact to the stream from the above activity? N or Y

Column 8 <5% urban - in the watershed above the site

Column 9 Is there impact to the stream from the above activity? N or Y

Column 10 no dams

Column 11 Is there impact to the stream from the dam? 0-no, 0.5-minimal, 1-yes

Column 12 on 303d list- list of impaired waters, not meeting water quality standards

Column 13 no NPDES permits upstream of the site

Column 14 RBP Habitat Score as a percent (if no score estimated at >75, 75-50, or <50)

Column 15 Comments - any brief info on site and/or watershed

Benthic Macroinvertebrate Stream Condition Indices for New Mexico Wadeable Streams,
Jacobi et al, 2006
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Appendix E — Comparisons of Metrics by Location
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Appendix H - Metric Standardization

Metrics which were selected for inclusion in the indices were converted to standardized
scores prior to index aggregation using the formulas in Table H-1 based on the direction
of the metric’s response to stress. Percentile distributions of each metric’s values were
determined for the entire set of data (n = 767 benthic samples). Standardized score
conversions use the 95th or 5th percentile, shown along with the mean, median,
maximum, and minimum values in Table H-2. The selected standardized metric scores
were then averaged to provide indices with values ranging from 0 to 100.

Table H-1. Metric standardization formulas for New Mexico.

Metric Response to Stress Formula
Decrease with Stress if X > Xos score = 100
1f X < Xos, score = 100 x X/Xos
Increase with Stress if X =0, score = 100

Baetis to Ephemeroptera % and Tolerant %, | if X > 0, score = 100 - X
both with Xos=0

Increase with Stress if X < Xjs, score = 100
Diptera % score = 100 x (100-X)/(100- Xos)
HBI score = 100 x (10-X)/(10- Xos)

Xogs and X5 for each metric are listed in Table H-2.

For Example:

For Shannon DI 155> (X) = 2.0 which is less than the 95th percentile for Shannon DI 150,
one would use the second formula in the table above, giving
Standardized score = 100 x 2.0/3.89 = 100 x .51 =51;
For Shannon DI 100, (X) = 3.0,
Standardized score = 100 x 3.0/3.89 = 77;
For Baetis to Ephemeroptera % (X) = 65, using the fourth formula,
Standardized score = 100 — 65 = 35;
For Baetis to Ephemeroptera % (X) = 25,
Standardized score = 100 — 25 = 65;
For Diptera % (X) = 48, using the sixth formula,
Standardized score =100 % (100-49)/(100-2.58) = 52;
For Diptera % (X) = 18,
Standardized score =100 x (100-18)/(100-2.58) = 84;
For HBI (X) =5, using the seventh formula,
Standardized score = 100 x (10-5)/(10-2.14) = 64; and
For HBI (X) =3,
Standardized score = 100 x (10-3)/(10-2.14) =89.




Table H-2. Metric mean, median, minimum, maximum and 5 and 95 percentile values
for all 767 New Mexico samples.

Expected Standard Percentiles

Metric Direction | Mean | Median | Deviation | Minimum | Maximum 5 95

Shannon DI 052 ! 2.90 2.99 0.71 05 4.3 1.60 3.89
Diptera % 1 22.51 17.04 19.48 0.0 99.7 2.58 65.15
Ephemeroptera % ! 29.97 26.10 19.92 0.0 93.6 1.55 66.63
Plecoptera % ! 6.48 2.56 9.73 0.0 66.7 0.00 26.67
Evenness ! 0.36 0.36 0.11 0.0 1.0 0.19 0.50
EPT Sensitive % ! 41.73 41.08 22.20 0.0 94.6 5.87 78.46
Clinger % ! 50.72 52.63 22.48 0.0 99.0 11.37 86.17
Clinger Taxa ! 9.86 10.00 4.52 0.0 22.0 2.00 17.00
Sprawler % ! 8.17 4.22 10.624 0.0 67.3 0.00 31.68
Swimmer % ! 15.41 10.68 15.71 0.0 93.6 0.43 47.31
Sprawler Taxa ! 2.55 2.00 1.66 0.0 10.0 0.00 6.00
Swimmer Taxa ! 1.93 2.00 1.02 0.0 6.0 1.00 4.00
Diptera Taxa ! 4.23 4.00 1.94 0.0 10.0 1.00 8.00
Ephemeroptera Taxa 1 4.12 4.00 1.88 0.0 11.0 1.00 7.00
Plecoptera Taxa ! 2.409 2.00 2.34 0.0 10.0 0.00 7.00
Trichoptera Taxa ! 4.33 4.00 2.29 0.0 11.0 1.00 8.00
Total Taxa ! 19.73 20.00 6.82 2.0 39.0 8.00 31.00
HBI 1 4.32 4.31 1.33 0.2 8.0 2.14 6.60
Baet2EphPct 1 42.60 36.63 32.59 0.0 100.0 0.00]  100.00
Hyd2EPTPct 1 17.64 9.47 20.86 0.0 99.2 0.00 64.20
Intolerant % ! 21.95 17.67 18.60 0.0 90.7 0.00 57.17
Tolerant % 1 17.68 12.26 17.10 0.0 97.6 1.18 53.76
Intolerant Taxa ! 5.98 5.00 4.012 0.0 19.0 0.00 13.00
Scraper % ! 11.00 5.18 14.39 0.0 88.4 0.00 43.78
Shredder % ! 7.28 3.18 10.05 0.0 59.9 0.00]  29.425
Scraper Taxa l 0.00 4.00
Shredder Taxa ! 2.420 2.00 1.74 0.0 8.0 0.00 6.00

NOTES: Clinger Taxa values were inadvertently missing in the April 2006 version. It was added 07/19/19.




Appendix |: etric Discrimination Efficiencies
August 15 - November 15

ETRIC 5%tile n S HS 1 S 9 24 HS 1

stdshan2 72.6503 36 73.47 6 66.67 19 |79.17 11 |68.75 51.99 3 33.33 72.935 19 |79.17 74.372 11168.75 |75.76
stdeptsn 36.3412 25 51.02 5 55.56 12 8 50.00 14.959 4 44.44 | 32.711 12 |50.00 |47.798 11168.75 |51.52
stdcingp 52.0752 0.00
stdsprwp 3.3741 9 37.50 20.813| 17 |70.83 27.27
stdsprwt 33.3333| 31 63.27 5 55.56 18 |75.00 8 50.00 | 16.667 2 2222 |16.667] 11 ]45.83 50 13]81.25 [69.70
stdswmrt 50 13 |81.25 50 13]81.25 0.00
stddipp2 76.1285 0.00
stdepht 57.1429 39 79.59 8 88.89 20 183.33 11 |68.75 |35.714 2 22.22 57.143 20 183.33 71.429 14187.50 |84.85
stdplect 14.2857 30 61.22 6 66.67 20 183.33 4 25.00 | 7.1429 4 44.44 0| 17 |70.83 |[42.857 11168.75 |78.79
stdtrit 62.5] 35 71.43 7 77.78 19 |79.17 10 |62.50 31.25 5 55.56 50| 18 |75.00 62.5 10162.50 |78.79
stdtott 64.5161| 36 73.47 6 66.67 21 ]87.50 9 56.25 | 41.936 3 33.33 |58.065| 17 |70.83 |67.742 9]56.25 |81.82
stdeven 63.1927| 25 51.02 6 66.67 13 |54.17 10 |62.50 |56.461 4 |44.44 77.56] 20 |83.33 |63.701 10]62.50 |57.58
stdscrap 9.1028 37 75.51 7 77.78 19 |79.17 11 |68.75 12.25 8 88.89 2.0215 9 37.50 |9.8247 11168.75 |78.79
stdshrdp 4.5874 14 158.33 8 50.00 | 3.0162 4 44.44 | 6.8541 14 |58.33 | 4.3866 8150.00 [42.42
stdshrdt 33.3333| 30 61.22 5 55.56 18 |75.00 7 43.75 | 16.667 4 |44.44 501 24 33.333 7|43.75 169.70
stdintlt 46.1538| 39 79.59 6 66.67 20 ]83.33 10 |62.50 | 26.923 4 |44.44 |30.769] 19 |79.17 |61.539 13]81.25 |78.79
stdH | 67.132| 27 55.10 6 66.67 13 |54.17 8 50.00 | 61.753 3 33.33 |59.148] 10 |41.67 |73.318 10]62.50 |57.58
stdb2ep 49.5656 19 |79.17 36.364| 16 |66.67 57.58
stdtolp 75.9211 0.00
stdswmrp 8.2814 0.9167 13.7] 22 ]91.67 0.00
stdhyd2ep 70.7018| 26 53.06 4 |44.44 15 ]62.50 7 43.75 | 63.465 3 33.33 |51.032 5 20.83 | 86.878 10]62.50 |57.58
stddipt 37.5 0.00
stdephemp 18.0608 0.00
stdshredp 45874 26 53.06 4 |44.44 14 ]58.33 8 50.00 | 3.0162 3 33.33 |6.8541| 14 |58.33 |4.3866 8]50.00 |54.55
stdintolp 19.2376 35 71.43 3 33.33 19 |79.17 9 56.25 | 6.5471 3 33.33 5.65 12 |50.00 | 39.232 11|68.75 |66.67
stdplecop 2.3292| 33 67.35 6 66.67 18 |75.00 7 43.75 | 0.8007 3 33.33 0| 17 |70.83 | 15.577 10]62.50 |72.73
stdscrapt 501 38 77.55 8 88.89 19 |79.17 11 |68.75 25 6 66.67 251 11 |45.83 50 11]68.75 |81.82
0.00
T ct 57.937 0.00
astr ct 0 0.00
g 3.149| 39 79.59 6 66.67 21 |87.50 11 |68.75 2.125 3 33.33 2.967 21 |87.50 3.414 13|81.25 |81.82
TnH ct 37.089| 24 48.98 6 66.67 10 |41.67 8 50.00 | 25.617 6 66.67 | 29.234 4 16.67 | 47.619 9]56.25 |48.48
Nonin ct 0 0.00
don ct 0 6 66.67 17 ]70.83 12 |75.00 0.654] 19 |79.17 69.70
ligo ct 0 0.00
Trich ct 20.019 5 55.56 13.036 5 55.56 15.15
mph ct 0 0.00
ival ct 0 0.00
Chiro ct 3.014 0.00
Coleo ct 3.231| 30 61.22 7 77.78 14 ]58.33 9 56.25 4.887 8 88.89 4.867| 14 ]58.33 3.179 9]56.25 |63.64
TolerTa 3] 29 59.18 5 55.56 15 162.50 9 56.25 2.5 5 55.56 4 7 29.17 3 9156.25 [60.61
om0l ct 73.7036 16 32.65 7 29.17 6 37.50 |49.492 3 33.33 | 30.769 17 |70.83 35.73 6|37.50 |21.21
Hyd2Tri ct 26 53.06 2 22.22 6.06
eck | 14| 38 77.55 5 55.56 23 ]95.83 10 |62.50 9| 4 [44.44 11] 20 18 13]81.25 |84.85

0.109 9 24 15 ]93.75 0.297 3 33.33 0.177] 18 |75.00 0.207 7143.75
ChiroTa 1 0.00
ColeoTa 1 11 |45.83 2| 20 83.33 33.33
TTa 12| 40 81.63 7 77.78 22 |91.67 11 |68.75 7 4 44.44 9| 18 |75.00 13 12|75.00 |87.88
rrwr ct 5.644 0.00
Clmbr ct of 24 48.98 3 33.33 11 |45.83 8 50.00 0 3 33.33 0.637| 15 |62.50 0 8]50.00 |42.42
rmwrTa 2 0.00
ClngrTa 11| 39 79.59 7 77.78 21 |87.50 11 |68.75 7.5 4 44.44 9] 16 [66.67 11 11|68.75 |84.85
Clict ct 19.721 0.00
Filtr ct 0.313| 39 79.59 5 55.56 5 20.83 2 12.50 0 5 55.56 11.39] 12 ]50.00 0.434 3]18.75 ]30.30
red ct 2.691| 34 69.39 6 66.67 21 ]|87.50 5 31.25 1.146 3 33.33 1.292] 15 |62.50 4,224 8]50.00 |81.82
ClictTa 5 4 |44.44 10 |41.67 9 56.25 4.5 1 11.11 5| 10 |41.67 5 9]56.25 |42.42
FiltrTa 1 0.00
redTa 3] 29 59.18 2 22.22 20 183.33 7 43.75 1 2 22.22 2| 17 |70.83 4 8]50.00 |66.67
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Appendix M: Microsoft® Access® Query to Calculate Indices

To review this MS® Access® database, please contact
James Hogan, Ph.D. — Program Manager

Monitoring and Assessment Section

Surface Water Quality Bureau

New Mexico Environment Department

1190 S. St. Francis Dr., N2050

(505) 476-3671 Tel.

(505) 827-0160 Fax.

James.Hogan(@state.nm.us
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Appendix N: Development of Confidence Intervals

Using the mean standard errors and critical values from the following table, one can develop confidence
intervals as follows (also see Table N-2):

For a 90% confidence interval around the lower cut-off for a rating of Fair using the Low Large NMMSCI
(which is also the upper cut-off for a rating of Poor), one would add 12.01 (Table N-2) to 34.43 (Table 8-
1) and subtract 12.01 from 34.43:

Upper limit of confidence interval: 34.43 + 12.01 = 46.44
Lower limit of confidence interval: 34.43 — 12.01 =22.42

A Low Large NMMSCI score between 22.42 and 46.44 would have to be judged based on other factors
unless multiple replicates for the station were available (see box-and whisker plot below).

For a 95% confidence interval around the upper cut-off for Fair using the High Small NMMSCI (which is
the bottom of the box and the lower cut-off for a rating of Good), one would add 2.12 (Table N-1) to
56.70 (Table 8.1, notice that this value is also the threshold for the index) and subtract 2.12 from 55.99.

Upper limit of confidence interval: 56.70 + 0.95 = 57.65
Lower limit of confidence interval: 56.70 — 0.95 = 55.75

A High Small NMMSCI score between 55.75 and 57.65 would have to be judged based on other factors
unless multiple replicates for the station were available (see box-and whisker plot below).

Notice that the High Small NMMSCI confidence interval is considerably smaller than that for the Low
Large NMMSCI. The number of replicate samples is key in calculating the mean standard error and
determining the critical value used for developing the confidence interval.

Benthic Macroinvertebrate Stream Condition Indices for New Mexico Wadeable Streams, Jacobi et al, 2006 ae of2
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Table N-1. Values for use in calculating confidence intervals (CI) for index condition cut-offs.

Index Mean 90% CI 95% CI 90% 95 %
Standard Critical Critical Confidence | Confidence
Error Value Value Interval Interval
Low Small NMMSCI 1.18 2.92 4.30 +/- 3.46 +-5.10
Low Large NMMSCI 4.11 2.92 4.30 +/- 12.01 +/-17.70
High Small NMMSCI 0.48 1.80 1.97 +/- 0.87 +-0.95
Table N-2. Confidence Intervals for the Upper Limit of Rating Divisions.
90% CIs Very Poor Poor Fair Good
LSNMMSCI 14.52 - 11.06 25.57 - 32.49 40.09 - 47.01 52.99 - 59.91
LLNMMSCI 5.20 - 29.22 22.42 - 46.44 39.63 - 63.65 63.81 - 87.83
HSNMMSCI 18.03 - 19.77 36.33 - 38.07 55.83 - 57.57 77.48 - 79.22
95% ClIs Very Poor Poor Fair Good
LSNMMSCI 9.42-19.62 23.93-34.13 38.45 - 48.65 51.35- 61.55
LLNMMSCI 0.00 - 34.91 16.73 - 52.13 33.94 - 69.34 58.12 - 93.52
HSNMMSCI 17.95 - 19.85 36.25 - 38.15 55.75 - 57.65 77.40 - 79.30
1 “' ery Good
80 80 _l_ 0426
— 1 [rm— Good
8 60— e — 604
’ T
3 1] : | ﬁ
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