New Mexico Nutrient Thresholds for
Perennial Wadeable Streams

Final Report
August 21, 2015

Prepared by Tetra Tech, Inc.
in cooperation with the
New Mexico Environment Department
and the
U.S. EPA Region 6 and the N-STEPS Program




NM Nutrient Threshold Development 8/21/2015

New Mexico Nutrient Thresholds for
Perennial Wadeable Streams —
Final Report

August 21, 2015

Prepared by Tetra Tech, Inc.

in cooperation with the
New Mexico Environment Department
and the
U.S. EPA Region 6 and the N-STEPS Program

Author: Ben Jessup, Tetra Tech, Inc.

Workgroup: Seva Joseph (NMED), Bryan Dail (NMED), Lynette Guevara (NMED), Shelly Lemon
(NMED), Scott Murray (NMED), Forrest John (EPA R6), Jacques Oliver (EPA OW), Lester Yuan
(EPA OW), Christopher Patrick (EPA OW), Michelle Maier (EPA OW), Michael Paul (Tetra Tech)

This work was supported by EPA’s Office of Water, Office of Science and Technology, through
the Nutrient Scientific Exchange and Partnership System (N-STEPS) administered by EPA’s
National Nutrient Criteria Program.

Tetra Tech, Inc. i



NM Nutrient Threshold Development 8/21/2015

Executive Summary

The State of New Mexico currently has a narrative criterion for plant nutrients. This criterion is
used to identify nutrient conditions that contribute to production of undesirable or nuisance
aquatic life. Narrative criteria must be translated to numeric nutrient thresholds for consistent
implementation in impairment determinations, NPDES permit limits, and TMDL budgets.
Therefore, the Surface Water Quality Bureau (SWQB) of the New Mexico Environment
Department (NMED) is refining nutrient threshold values with regional data, reference
conditions, links between cause and response variables, and verified classification systems.

The United States Environmental Protection Agency (USEPA) nutrient criteria guidance
recommends that criteria be derived for primary causal variables total nitrogen (TN) and total
phosphorus (TP). The analysis presented in this report uses concurrently measured causal and
response variables, including diatom and benthic macroinvertebrate assemblages, dissolved
oxygen (DO) and chlorophyll a (chl-a) concentrations. The approach uses reference conditions and
stressor-response relationships to derive numeric nutrient thresholds for application of the
narrative criterion. This document describes the nutrient threshold development process and
existing nutrient conditions in New Mexico streams across the landscape, in relation to the stressor
gradient and aquatic life uses.

The pathways by which nutrients affect aquatic life conditions are the basis for the stressor-
response analyses. The focus was on TN and TP effects on diatoms and benthic
macroinvertebrates through direct and indirect pathways including chl-a and DO. Chl-a is a
proxy for algal biomass, which in turn is a proxy for algal productivity. Algal productivity is the
link between the nutrient stressors and the impacts to designated uses (e.g., DO consumption,
nuisance to humans, displacement of other desirable algae, etc.). The linkages and relationships
defined in the conceptual model and analyzed in this study include:

Increases in nutrients result in increases in chl-a

Increases in chl-a result in changes in DO dynamics

Increases in nutrients result in changes in diatom metrics

Changes in DO dynamics result in changes in macroinvertebrate metrics

PwnNE

The analytical methods consisted of two major categories: reference condition distributions
and stressor-response relationships. The reference condition approach included identification
of minimally disturbed sites, classification of the sites, and description of reference condition
based on characteristics in minimally disturbed sites in each site class. Candidate thresholds
were derived from distributions of nutrient concentrations in reference streams. In this study,
reference streams represent least disturbed conditions with ecological integrity expected for a
region. As such, the nutrient conditions in reference streams are the best estimate
concentrations due to “natural causes” as they are referred to in the narrative criteria.
Thresholds for a particular stressor of interest (e.g., TN or TP) were derived by selecting a
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representative value from the distribution found among reference sites. Values greater than
those observed in the reference conditions are likely to be outside of the reference range,
indicating the presence of “nutrients from other than natural causes” and possible threats to
aquatic life designated uses. The threshold value defines expectations for all streams in a site
class.

Stressor-response approaches refer to analytical techniques that derive candidate thresholds
by defining the relationships between response variables and nutrient concentrations.
Response variables included chl-a and DO, as well as biological metrics that are known to
respond to nutrient stressors. Benthic macroinvertebrate and diatom metrics represent the
relative integrity of the community at a site. Maintaining metric conditions that are similar to
conditions observed in reference sites is a reliable indicator that designated aquatic life uses
are being protected.

The statistical techniques for relating stressors and responses included correlation analysis,
regression interpolation, and change-point analysis. Each of these techniques has strengths and
limitations that inform the use of resulting candidate thresholds. The reference condition
approach was emphasized and evidence from the stressor-response relationships further
supported threshold selection.

Data were collected through NMED and national monitoring programs within New Mexico and in
the immediate surrounding areas, including the National Rivers and Streams Assessment (NRSA)
and the Wadeable Streams Assessment and Environmental Monitoring and Assessment program
(WSA & EMAP, respectively). A GIS analysis of sites and their catchments was conducted to
characterize environmental conditions. All data were compiled in a relational database following a
Quality Assurance Project Plan (QAPP) (Tetra Tech 2011a, 2012). Screening sites for data
integrity and completeness resulted in 663 sites with nutrient data in one or more samples
collected between 1990 and 2012. Other types of data (diel DO, chl-a, macroinvertebrates, and
diatoms) were available for subsets of those sites. All data were screened for outlier values and
nutrient values were standardized to common detection limits.

The reference site analysis and disturbance gradient designations of 542 sites resulted in 20% of
sites identified as least disturbed reference sites. Another 11% were designated as near-
reference. The reference and near-reference sites were used to determine site classes based on
nutrient conditions. For nitrogen, concentrations were associated with land slope, and three
nutrient classes were identified as TN Flat, TN Moderate, and TN Steep sites. For phosphorus,
soil TP and volcanic geology were important in addition to land slope, resulting in three
different nutrient classes: TP High-Volcanic, TP Flat-Moderate, and TP Steep. In general,
nutrient concentrations are higher in flatter landscapes. Frequency distributions of nutrient
conditions in reference and near-reference sites were used to derive candidate thresholds.
Median nutrient values within sites and the 90" quantile of median values across sites within
site classes were the basis for the candidate thresholds.
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Correlation and other multivariate techniques supported the major linkages between nutrients,
chl-a, DO, diatoms, and macroinvertebrates. Chl-a relationships supported causal linkages
between chl-a, nutrients, and DO but were too weak and variable to derive candidate
thresholds. The indirect correlations between nutrients and macroinvertebrates were as strong
as more direct correlations between nutrients and DO, or DO and macroinvertebrates.
Although chl-a and DO were assumed to be intermediate in the pathway of nutrient-
macroinvertebrate effects, indirect nutrient-macroinvertebrate relationships were also defined.
The direct nutrient-diatom relationship was evident, therefore intermediate links were not
analyzed. Co-varying conditions (e.g., conductivity with nitrogen) that might contribute to the
relationships between nutrients and responses were also found. These were noted for further
consideration, but could not be effectively factored out of the stressor-response analyses.

Regression interpolations and change-point analysis for macroinvertebrate and diatom metrics
and DO in response to nutrient concentrations resulted in multiple candidate thresholds in each
site class. Candidate thresholds that did not pass criteria of significance or corroboration of
analytical indicators were eliminated. Candidate thresholds from stressor-response analyses
defined a range of values around the reference frequency distribution thresholds.

For each nutrient and site class, candidate thresholds from all analyses were quantified,
weighting the reference distribution results as primary because they were direct evidence of
nutrient conditions in minimally disturbed systems. The stressor-response results typically
bracketed the reference distribution results. The range of candidate thresholds are presented in
cumulative distribution function (CDF) curves, including confidence intervals around the
primary thresholds as well as ranges of alternative thresholds derived from stressor-response
analyses. In general, the primary thresholds were comparable to the 50t - 70t" quantile of the
candidate thresholds derived from stressor-response analysis based on the CDF curves.

™ TN Flat TN Moderate TN Steep
Reference 90" quantile 0.69 mg/L 0.42 mg/L 0.30 mg/L
90% confidence interval 0.62-0.85 0.38-0.51 0.26-0.34
Stressor-response median 0.52 mg/L 0.33 mg/L 0.26 mg/L
TP TP High-Volcanic TP Flat-Moderate TP Steep
Reference 90™" quantile 0.105 mg/L 0.061 mg/L 0.030 mg/L

90% confidence interval 0.089-0.114 0.051 -0.069 0.016 -0.053
Stressor-response median 0.067 mg/L 0.066 mg/L 0.029 mg/L
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1.0 Introduction

1.1 Purpose

While a few streams have segment specific numeric criteria for total phosphorus, the State of
New Mexico currently has no general numeric criteria for nutrients. The narrative criterion in
the State of New Mexico Standards for Interstate and Intrastate Surface Waters found at §
20.6.4.13 NMAC provides that (NMWQCC 2011):

Plant nutrients from other than natural causes shall not be present in
concentrations which will produce undesirable aquatic life or result in a
dominance of nuisance species in surface waters of the state.

The narrative nutrient criterion can be difficult to implement because the relationships
between nutrient levels and impairment of designated uses are not quantitatively defined, and
distinguishing nutrients from “other than natural causes” is difficult (NMED/SWQB 2008).
Therefore, the Surface Water Quality Bureau (SWQB) has developed nutrient assessment
protocols for streams and is planning to refine the protocols and nutrient threshold values with
regional data, links between cause and response variables and verified classification systems.

Towards the implementation of this narrative criterion, New Mexico has adopted an
assessment method applicable to wadeable perennial streams that evaluates nutrient
impairment for the purpose of Clean Water Act § 303(d) listing and TMDL development. The
wadeable stream assessment utilizes a tiered weight-of-evidence approach that includes
dissolved oxygen, pH, total nitrogen (TN), total phosphorus (TP), qualitative algae coverage,
periphyton coverage, and anaerobic conditions observations at the screening level, and
guantitative measures of both stressor and response variables using either a threshold or, in
unique cases, reference-based approach. The State’s use of the nutrient assessment protocol
has resulted in the listing of 54 assessment units (i.e., stream reaches) and the development of
31 EPA-approved nutrient TMDLs for TN and/or TP. Although successfully implemented, the
NMED assessment protocols for nutrients, is based on thresholds derived from frequency
distribution curves and were never linked to undesirable responses or use impairment.

The United States Environmental Protection Agency (USEPA) nutrient criteria guidance
recommends that criteria be derived for primary causal variables TN and TP and primary response
variables chlorophyll-a (chl-a) and clarity. EPA’s guidance supports modeling nutrient stressors with
response variables as a way of deriving TN, TP, or chl-a thresholds and suggests using responses
such as dissolved oxygen, trophic state indices, and biocriteria (USEPA 2000). EPA recommends
three methods to establish nutrient criteria (USEPA 2000): a reference-based approach, a stressor-
response approach, and literature-derived values.

The NMED proposed a stepwise threshold development approach as described in Empirical
Approaches for Nutrient Criteria Derivation (USEPA 2009). This approach includes five steps, (1)
Selecting and Evaluating Data; (2) Assessing the Strength of the Cause-Effect Relationship; (3)
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Analyzing Data; (4) Evaluating Estimated Stressor-Response relationship; and (5) Evaluating
Candidate Stressor-Response Criteria. Toward this end, New Mexico SWQB, working with Tetra
Tech, completed a preliminary analysis (a Proof of Concept) that undertook Step 1 and started the
analysis for Steps 2 and 3. This report describes the ongoing analyses up to Step 5. The goal at this
time is to propose revised numeric thresholds for New Mexico’s narrative nutrient water quality
standard. The analysis described herein uses concurrently measured causal and response variables
including nutrients and other related water quality parameters, as well as biological data, i.e., algal
and benthic macroinvertebrate community composition and chl-a concentration. The development
approach for nutrient thresholds will use reference conditions and stressor-response relationships
to derive numeric thresholds (USEPA 2009).

This report describes existing nutrient conditions in New Mexico streams across the landscape, in
relation to the stressor gradient and aquatic life uses. With these descriptions in mind, the
purpose of this document is to describe the intent, methods, and results of nutrient threshold
development for wadeable streams in New Mexico

1.2 Background

Nutrient threshold development for TN and TP values in perennial, wadeable streams in New
Mexico has taken place in three steps, thus far. First, the EPA compiled nutrient data from the
national nutrient dataset, divided it by waterbody type, grouped it into nutrient ecoregions,
and calculated the 25™ percentiles for each aggregate and Level Ill ecoregion (Table 1). EPA
published the Clean Water Act 304(a) recommended water quality criteria for TN and TP to help
states and tribes reduce problems associated with excess nutrients in waterbodies in specific
areas of the country (USEPA 2000).

Table 1. Draft Level Ill Ecoregion Nutrient Criteria for streams (mg/L), calculated using 25t percentile by
EPA procedures, draft Ecoregion Nutrient Criteria (USEPA 2000).

21-Southern 23-AZ/NM 22-AZ/NM 24-Chihua-huan 26-SW
Rockies Mountains Plateau Desert Tablelands
TN 0.04 0.12 0.085 0.543 0.26
TP 0.006 0.011 0.015 0.018 0.025

Refinement of the ecoregional nutrient thresholds for New Mexico was conducted by Evan
Hornig, a USGS employee assisting states in EPA Region 6 with development of nutrient
thresholds. Hornig used regional nutrient data from EPA’s Storage and Retrieval System
(STORET), the U.S. Geological Survey (USGS), and the Surface Water Quality Bureau (SWQB) to
create a regional dataset for New Mexico. The revised threshold values were calculated based
on EPA procedures and the median for each Level Ill ecoregion (Table 2).
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Table 2. Ecoregional nutrient thresholds for streams (mg/L), calculated using regional data, the 50t
percentile and EPA procedures (Evan Hornig, unpublished data 2003)

21-Southern 23-AZ/NM 22-AZ/NM 24-Chihuahuan 26-SW
Rockies Mountains Plateau Desert Tablelands

TN 0.30 0.32 0.42 0.64 0.54

TP 0.025 0.020 0.070 0.062 0.025

The third round of analysis was conducted by SWQB to produce nutrient threshold values for
streams based on ecoregion and designated aquatic life use. For this analysis, TP, total Kjeldahl
nitrogen (TKN), and nitrate plus nitrite (NO3sNO;) data from the National Nutrient Dataset
(1990-1997) was combined with Archival STORET data from 1998 and 1999-2006 data from the
SWQB in-house database. SWQB recognized site classes based on Level 3 ecoregions and cold,
warm, and transitional temperature regimes as applied for designated Aquatic Life Uses. The
threshold values (Table 3) were derived from median values for all the data in each
classification. The process that SWQB used for this analysis is detailed in Appendix A.

Table 3. Ecoregional nutrient and aquatic life use thresholds for streams (mg/L), using regional data and
the 50t percentile (NMED/SWQB 2013).

Southern Rockies (21) AZ/NM AZ/NM Chihuahuan SW Tablelands

Plateau** (22) | Mountains (23) | Desert** (24) (26)

TN 0.25 0.35 0.25 0.53 0.38

TP 0.02 0.05 0.02 0.04 0.03

ALU* CwW T/W.W Cw T/WW | CW T/WW T/WW CW T WW

(volcanic***)
TN 0.25 0.25 0.28 0.48 0.25 0.29 0.53 0.25 | 0.38 | 0.45
TP 0.02 0.02 (0.05) 0.04 0.09 0.02 0.05 0.04 0.02 | 0.03 | 0.03

NOTES: * ALU = designated aquatic life use of the assessment unit
CW - streams with only coldwater uses (high quality coldwater or coldwater)
T — transitional streams with marginal coldwater, coolwater, or both cold and warmwater uses
WW — streams with only warmwater uses (warmwater or marginal warmwater)

** Because of the limited area and number of sites in the Madrean Archipelago (79) and Colorado
Plateau (20) ecoregions, these data where grouped with the most similar ecoregions; the Madrean
Archipelago with the Chihahuan Desert and the Colorado Plateau with the Arizona/New Mexico
Plateau. The Western High Plains (25) had no stream data as the only surface waters are playas,
therefore this protocol does not apply to this ecoregion.

*** The volcanic threshold is applicable to Level IV ecoregions 21g and 21h as well as 21j in the Jemez
Mountains

The relationship between nuisance algal growth and nutrient enrichment in stream systems has
been well documented in the literature (Van Nieuwenhuyse and Jones 1996; Dodds et al. 1997;
Chetelat et al. 1999, Suplee et al. 2009, Stevenson et al. 2006). The NMED assessment protocols
(2013) currently include procedures for assessing algal growth using visual assessments and
measures of chl-a and at least 72 hours of continuous DO and pH monitoring. Threshold values
are applied via New Mexico’s listing methodology in a tiered, weight-of-evidence approach.
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Exceedance of the TN or TP thresholds and confirmation of potential impairment from at least
one response indicator (algal abundance, dissolved oxygen, or presence of anoxic sediments)
during the screening level assessment triggers additional data collection and a complete
nutrient assessment. For the screening level, NMED assumes that high rates of primary
production can cause DO super-saturation and high pH during the day. Impairment is suspected
if DO saturation readings are above 120% and/or pH values are above the appropriate aquatic
life criterion (i.e., pH > 8.8 for high quality cold and coldwater uses or pH > 9.0 for marginal
cold, cool, warm, and marginal warmwater uses). In the complete nutrient assessment, DO and
pH data are collected using multi-parameter, continuous recording devices to observe diel
fluctuations, as opposed to the “snapshot” that one-time, grab data provide. Because algal
biomass above nuisance levels often produces large diel fluctuations in DO and pH (Mabe
2007), DO concentration, percent local DO saturation, and pH are used as indicators of nuisance
levels of algal biomass. For algal biomass, complete nutrient assessments include collection of a
benthic periphyton sample, analysis of chl-a concentration and comparison of the
concentration to thresholds (Table 4). When multiple nutrient concentration measures are
taken within an assessment unit, more than 10% of TN and/or TP measurements must exceed
the threshold, and one or more response variables must be present, before impairment is
determined during the complete nutrient assessment (NMED/SWQB 2013). The assessment
units are defined by NMED and represent waters with assumed homogenous water quality,
such as a stream segment between major tributaries.

Table 4. Chl-a Level Il Ecoregional Threshold Values in ug/cm2 Reproduced from NMED (2011).

21-Southern 20/22-AZ/NM 23-AZ/NM 24/79- 25/26-SW

Rockies Plateau Mountains Chihuahuan Tablelands
Desert

39-55 7.4-7.38 5.8-11.0 16.5-17.5 8.2-14.0

NMED observed that the current nutrient thresholds were frequently exceeded at sites with
little human activities in the watershed and therefore did not provide an effective filter for
identifying impairment from “...other than natural causes...” (20.6.4.13(E) NMAC). Since 2002,
exceedances of more than 15% of samples at each site were noted in high percentages of sites
(43-100%, commonly >80%) in each ecoregion (Seva Joseph, personal communication). NMED
has new data for analysis, including data from a broader region, and a new analytical approach
based on reference conditions and stressor-response analysis. Therefore, NMED initiated the
process for revising the thresholds starting with a data gathering and exploration phase, the
Proof of Concept for nutrient threshold development (Tetra Tech 2011b). Variables were
selected for analysis, data were assembled, and characteristics of these data were explored.
Data regarding nutrients, water chemistry, physical habitat conditions, site characteristics, and
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response variables were compiled from multiple sources. Data exploration consisted of
preliminary analysis using techniques intended for final analysis once the datasets are fully
assembled. The preliminary analyses and data visualization tools were used to select variables
to appropriately quantify the stressors (i.e., excess nutrients) and the responses. Collaborators
on the several phases of nutrient threshold development have included NMED, USEPA Region
6, the Nutrient Scientific Technical Exchange Partnership and Support (N-STEPS) program run
through the U.S. EPA's Office of Water Nutrient Criteria program, run through the Health and
Ecological Criteria Division (HECD), and the consulting firm Tetra Tech, Inc.

1.3 Linking NM’s Narrative Criterion to Nutrient Stressors

Nutrients occur in streams naturally and can be greatly increased due to human activity. In this
study, the focus was on nitrogen and phosphorus because these nutrients (or other non-
nutrient factors) typically limit or enhance primary production and are readily measured. Other
nutrients are usually only required in trace amounts for plant growth and rarely limit
production. Therefore, increases in nutrients other than nitrogen and phosphorus might be
evident with increased human disturbance, but they are not suspected of causing changes in
the primary producers.

Human activities can cause increases in nutrient concentrations in streams through a variety of
pathways. These include, but are not limited to, fertilizer application, soil and vegetative
disturbance, partial treatment of municipal or residential wastewater, and animal production.
These sources are presumed to be related to general classes of land cover, including agriculture
and residential/urban development and to specific human activities such as wastewater
treatment.

Increases in major nutrients are often associated with increases in other pollutants and
stressors. Nutrients may be associated with turbidity and Total Suspended Solids (TSS).
Suspended sediments, in turn, have been associated with metrics of the benthic
macroinvertebrate assemblage (Jessup et al. 2010). The interaction of multiple stressors can
cause amplified or buffered effects on responding organisms. This phenomenon was explored
in this analysis, though the emphasis remains on the interaction between major nutrients,
secondary stressors, and biotic responses.

Forms of nitrogen and phosphorus vary depending on the conditions in their environment.
+ - -3
Some forms, such as ammonium ions (NH4 ), nitrate ions (NO3 ), and orthophosphate (PO4 ), are

more accessible for uptake by plants. Typical nutrient measures from stream samples include
nitrate (NOs), nitrite (NO2), combined NOsNOz, ammonium (NH,), total Kjeldahl N (TKN), total
nitrogen (TN), orthophosphate, and total phosphorus (TP). The most common measures are
NOsNO;, TKN, TN, and TP. TN can be calculated from TKN + NOs + NO,. The best indication of
potential nutrient availability is the sum of all forms, or TN and TP.
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Protection of aquatic life uses is required by the Clean Water Act and the key reason for
establishing nutrient thresholds. The pathways by which nutrient concentrations affect aquatic
life conditions are complex, as suggested in conceptual models (e.g., EPA 2010, EPA 2012) and
literature supporting linkages along the pathways. The basic relationships are described here
and form the basis of our rationale for using the selected response measures in the analyses.

Nutrient impaired waters can cause problems that range from annoyances to serious health
concerns (Dodds and Welch 2000). In streams, gross primary production is effected by nutrient
concentrations, especially phosphorus (Mulholland 2001). The primary producers include
periphyton and aquatic macrophytes. Periphyton (including diatoms) is ubiquitous in streams
and can be sampled consistently. They are therefore potential indicators of nutrient conditions.
Periphyton species are responsive to stressors other than nutrients, especially in the West
(Stevenson et al. 2008), but these confounding factors (e.g., canopy cover, flow, turbidity) may
be recognized and perhaps even factored out of descriptive stressor-response relationships.

Periphyton produce oxygen when photosynthesizing, but can deplete oxygen as well, during
periods of respiration and when microbes respire in the decay of excessive periphyton,.
Production and respiration in streams are can be assessed through examination of the diel DO
range (Mulholland 2005). Therefore, measures of oxygen are most useful when taken
frequently over several days. The pattern of oxygen production and depletion can then be
associated with nutrients more comprehensively than single point measures.

Chl-a concentration in samples scraped from substrates or in the water column is an estimate of
algal biomass. It was assumed that greater amounts of chl-a would be associated with greater
nutrient availability (Biggs 2000, Chetalat et al. 1999, Dodds et al. 2002) and greater
productivity (measured as DO dynamics).

Benthic macroinvertebrates interact directly with DO and periphyton. The effects are through
pathways of respiration (oxygen supply), habitat character and food availability. These variables
are affected by nutrients, so macroinvertebrates are indirectly related to nutrients. If direct
nutrient — macroinvertebrate response pathways exist, they are not well defined.

Macroinvertebrates graze and inhabit periphyton communities. Some grazers prefer certain
types of periphyton (Calow and Calow1975, Lodge 1991). Excessive periphyton can degrade
macroinvertebrate habitat for those organisms that require substrates with sparse algal growth
(Downes et al. 2000). Therefore, the indirect effects of nutrients on benthic
macroinvertebrates, through periphyton, can cause varied responses in the macroinvertebrate
community. These interactions can occur in both directions — with macroinvertebrates effecting
periphyton through selectively grazing, sometimes to a degree that affects nutrient uptake
from the water column (Wallace and Webster 1996). Benthic macroinvertebrates are
responsive to many stressors other than nutrients, and the possible confounding effects should
be factored out, when they are recognizable. In a study of stream conditions in the Ozark
Highlands Ecoregion in Arkansas, biotic indices for three biotic assemblages were negatively
correlated to nutrient concentrations (Justus et al. 2010). The algal index had a higher
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correlation (rho = 0.89) than did the macroinvertebrate and fish indices (rho = 0.63 and 0.58,
respectively). This suggests that the more direct effects with few indirect factors were reflected
in the stronger correlations.

There are many modifying factors in a stream ecosystem. For example, phosphorus and light
interact to effect algal growth (Hill and Fanta 2008, Hill et al. 2009, Mulholland 2001). Under
controlled conditions it takes very little P to maximize algal growth given high light. However,
the relationship may not be observed if algal production is limited by other factors such as
bottom substrate, turbidity, canopy cover, hydrology, or depth. The fundamental relationships
might be observed in the datasets, or the modifying and co-varying factors might mask or
exacerbate the expected relationships. The modifying factors were used to help in natural
classification to characterize multivariate relationships.

Conceptual models were developed to represent known relationships between changes in TN
and TP concentrations, biological effects, and attainment of designated uses. Conceptual
nutrient models are well established and were not reconstructed for this study. Instead, the
conceptual model published by EPA (2010) was used as a standard that is applicable in New
Mexico streams (Figure 1). The conceptual model shows intricate pathways of effects. It
illustrates interactions that might be effective though our analytical data set is insufficient to
account for them. Analyses that compared indirect elements in the conceptual model (e.g.,
relating nutrient concentrations to macroinvertebrate responses) relied on the validity of the
intermediate linkages. The conceptual model provides a means of communicating the current
state of knowledge regarding the effects of TN and TP in aquatic systems and is an important
tool for guiding causal analyses.
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Figure 1. Conceptual diagram linking sources of human disturbance with designated uses through
pathways that include nutrients (from USEPA 2010).

The linkages and relationships explored through stressor-response analysis are listed below.
These relationships were analyzed as one-to-one stressor-response relationships, relationships
with modifying factors, and as indirect relationships (e.g., nutrient-macroinvertebrate
responses without intermediate links).

1. 1 Nutrients = 1 Chlorophyll a

2. 1 Chlorophyll a = A DO dynamics

3. 1 Nutrients = A Diatom Metrics

4. A DO dynamics = A Macroinvertebrate Metrics

These relationships were explored in stressor-response analysis for the aquatic life endpoints:
diatoms and macroinvertebrates. The indirect relationships between nutrients — DO and
nutrients — macroinvertebrate metrics were explored in addition to the direct nutrient — chl-a —
DO — macroinvertebrate relationships. The indirect relationships were explored because data
were lacking in all of the data types at all sites. The subsets of sites with chl-a and diel DO data
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are relatively small. Weak relationships in these small data sets might be due to sample size
instead of a true lack of response. There are almost no sites with data from all data types
collected in the same sampling season.

1.4  General Approach to Developing Thresholds

The analytical methods consisted of two major categories: indicator value distributions
emphasizing reference conditions and stressor-response relationships. The reference condition
approach includes identification of minimally disturbed sites, classification of the sites, and
description of the reference condition based on characteristics in those sites in each class
(USEPA 1998, 2000a, Barbour et al. 1999, Stoddard et al. 2006). In this approach, candidate
thresholds were derived from distributions of nutrient concentrations in reference
waterbodies, in this case, wadeable perennial streams.

Stressor-response approaches refer to analytical techniques that derive candidate thresholds
by exploring the relationships between response variables and nutrient concentrations. Typical
response variables in the context of nutrient threshold development include biomass and
assemblage metrics (e.g., percent nutrient sensitive diatoms) and aquatic life use indicators or
biocriteria indicators (e.g., trophic state indices, algal multi-metric indices, or invertebrate
multi-metric indices). The value of these indicators is their association with aquatic life use
designations. In New Mexico, assessment thresholds for biological indicators are established for
only small, high elevation streams (Jacobi et al. 2006). This benthic macroinvertebrate index is
used for assessment in this class of streams (NMED/SWQB 2013). This would provide a way to
connect nutrient concentrations directly to aquatic life use protection. However, the small high
streams do not cover all streams types that require thresholds. Therefore, biological metrics
that were shown or presumed to respond to stressors were analyzed. The metrics represent
the relative integrity of the aquatic community at a site. Maintaining metric conditions that are
similar to conditions observed in reference sites is an indicator that designated aquatic life uses
have been protected.

In EPA’s draft guidance on Empirical Approaches for Nutrient Criteria Derivation (USEPA 2009),
several methods for evaluating stressor-response relationships were presented. The
approaches implemented in this analysis were adopted to take advantage of available data and
to produce robust results using a combination of well-established and exploratory analytical
techniques. The focus of the analysis was on the major nutrients, nitrogen and phosphorus, as
they relate to the available response measures, periphyton (diatoms), chl-a, dissolved oxygen,
and benthic macroinvertebrates.

The analytical techniques recommended for relating stressors and responses included
correlation analysis, regression interpolation, and change-point analysis. These techniques are
introduced here and are explained in greater technical detail in the methods section. Each
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technique has advantages and limitations that lead to differential weighting of results from the
nutrient threshold analyses.

1.4.1 Reference conditions and classification

Reference streams represent least disturbed and/or minimally disturbed conditions (Stoddard
et al. 2006), share similar characteristics with the waterbodies for which thresholds are being
derived, and ideally support designated uses (US EPA 2000a). Reference sites were identified
and a disturbance gradient defined using objective criteria for the stressors and stressor
sources measured at the site or sensed remotely and analyzed using Geographic Information
System (GIS). While quantitative criteria are defensible and repeatable, subjective input from
knowledgeable experts was also used to confirm final reference site selection to account for
factors that were not captured in the GIS analysis.

Natural, background, or reference nutrient concentrations can be inferred from conditions
observed in reference streams. These are referred to as the reference conditions (Barbour et al.
1999, Stoddard et al. 2006). Reference nutrient conditions are subject to unavoidable human
activities (such as atmospheric deposition), availability of suitable reference sites, and adequate
recognition of natural variability.

Thresholds for a particular variable (e.g., TN or TP) were derived by first describing statistical
distributions from reference waterbodies and then selecting a representative value to define
expectations for reference and for all other waterbodies in that class. USEPA’s nutrient criteria
guidance recommends the use of percentiles derived from the reference waterbody
distributions, since these waterbodies represent an example of the biological integrity expected
for a region (USEPA 2000). The reference condition approach requires confident definition and
identification of reference waterbodies, accounting for natural variability within site types, and
availability of sufficient data from these reference waterbodies to characterize the distributions
of nutrient variables.

Nutrient concentrations in New Mexico streams with minimal human disturbance were
expected to have relatively low variability within homogenous landscape types. Site
classification is the process by which natural gradients among sites are examined to identify
sites with similar nutrient conditions in the absence of human disturbance. The purpose of
classification is to minimize within-class natural variability of indicators so that anthropogenic
disturbance can be recognized with less background noise (Barbour et al. 1999, Hughes et al.
1995). Potential site classification variables, nutrient indicators, and biological variables were
analyzed simultaneously to identify patterns of covariance that suggested how nutrient
conditions would be classified according to environmental and biological characteristics. The
level Il and IV ecoregions of New Mexico (Griffith et al. 2006) were considered as potential
classification groupings, as indicated by previous analyses that distinguished five site classes
(NMED/SWQB 2011). The grouping of the level IV ecoregions into mountains, foothills, and
xeric as used in sediment assessments was also examined. In addition, NMED recognized cold-

Tetra Tech, Inc. 10



NM Nutrient Threshold Development 8/21/2015

water, warm-water, and transitional (cool-water) designated uses, which are considered as
another layer of site classification.

1.4.2 Frequency Distributions

Distributions of nutrient concentrations provided a baseline description of nutrient conditions
throughout New Mexico. The distribution percentiles in different subsets of the data were used
to describe general nutrient conditions by nutrient, site class, or disturbance status of the sites.
These standards (percentiles of distributions in site categories) have long been established
(USEPA 1998, USEPA 20004, Barbour et al. 1999) and are now accepted as practical guidelines
for describing reference expectations. This approach was also used in developing nutrient
guidelines in New Mexico (NMED/SWQB 2011).

The 75% percentile of reference sites within site classes is a suggested value used for deriving
potential thresholds for nutrients. At this level, a lower value passes the threshold and indicates
that the observation is similar to the lower 75% of nutrient concentrations. If confidence in
reference sites and site classes is high, less error in the reference values should be expected
and a higher percentile of the distribution (such as the 90™) could be used as a guideline for
establishing thresholds. If confidence is low, as when the best available reference sites are
selected for a region that has a generally high intensity of disturbance, then more error in the
reference sites can be expected and a lower percentile (e.g., the 50t") can be selected. An
observation in the site class with low confidence in the reference conditions will only pass if it is
similar to the best 50% of reference values.

The reference site selection process and the distribution of nutrient values observed in the
reference sites were expected to have variability and error. Errors might be attributed to
unmeasured stressors causing an incorrect reference designation, misclassified sites,
unrecognized site classes in which natural conditions are unusual, or faulty measurements or
recording of the nutrient endpoints.

1.4.3 Correlation and interactions

The Spearman’s rho correlation coefficient and bi-plots of nutrient concentrations and
response metrics were used to identify potential relationships between responses and nutrient
variables. Correlation analyses identify the apparent linkages between biological condition and
environmental variables. Bi-plots were examined to determine if the correlations reflected a
feasible relationship.

Buffering or modifying co-variates were examined using multiple regression and recursive
partitioning (also known as classification and regression trees (CART)). Variation of the response
variable was explained along the gradient of nutrient concentrations and in relation to the
covariates. If major covariates or modifying factors were recognized, attempts were made to
account for them while estimating the direct effects in the major nutrient — biological
pathways.
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1.4.4 Regression Interpolation

When a clear linear relationship is evident between a nutrient concentration and a response
variable with an existing threshold, then a nutrient concentration can be associated with the
response threshold through intersection with the linear regression. For example in a bi-plot of
the New Mexico macroinvertebrate stream condition index (NMMSCI) in high elevation streams
with smaller watersheds, the value of TN that corresponds to the NMMSCI threshold value is
determined as are ranges of TN values associated with error in the regression. When no
response thresholds were established, the 25™ or 75t quartile of the response metrics in
reference sites was used to represent a protective threshold.

In this approach as in all others, variability that can be attributed to factors other than those
being analyzed must be accounted for or otherwise recognized. To continue with the example
above, relationships between nutrient concentrations and macroinvertebrate index values
must include only sites for which the index is valid (high small streams), using consistent or
comparable sampling methods, and factoring out known sources of variability (when feasible).
When the modifying factors are not accounted for, then the linear regression could be driven
by factors unrelated to nutrient.

1.4.5 Change-point Analysis

The change-point is the point along an environmental gradient (nutrient concentrations) at
which there is a high degree of change in the response variable (chl-a, diatom, or
macroinvertebrate metrics). The nonparametric deviance reduction method for identifying
change-points (Qian et al. 2003, King and Richardson 2003) works well when the response is
stepped, or drastically changing at a recognizable point along nutrient concentration gradient.
With this method, the data are divided into two groups, above and below a potential nutrient
threshold, where each group is internally similar and the difference among groups is high. This
technique is similar to regression tree models, which are used to generate predictive models of
response variables for one or more predictors. Using this comparison, the change-point is the
first split of a tree model with a single predictor variable (i.e., nutrient concentration).

One caveat of the change-point analysis is that a change-point may be identified, and even
determined to be statistically significant, when the change-point value is actually only an
artifact of the analysis and not an indication of a change in system properties (Qian and Cuffney
2012, Daily et al. 2012). The methods can find change-points, even in datasets with nearly
straight line relationships between X and Y. It has been well established that nutrient
concentrations limit algal growth as well as species composition. Therefore, it is reasonable to
believe an ecological threshold does exist between certain periphyton metrics and nutrient
concentrations. We qualified the changepoint results using three assessment measures:
confidence in the changepoint, coincidence of the changepoint with a break or extreme slope
of the local (LOWESS) regression, and indications of a limiting relationship in a quantile
regression.

Tetra Tech, Inc. 12



NM Nutrient Threshold Development 8/21/2015

1.4.6 Synthesis of Multiple Thresholds

The strength of an analysis with multiple approaches and response endpoints comes from the
multiple lines of evidence. They can be used to show central tendencies and ranges in potential
thresholds. The central tendency of potential thresholds shows corroborated evidence, which
can give greater confidence in a selected threshold. However, values that deviate from the
central tendancy may be selected if the regulating agency has a reason to adjust the level of
protection. This decision may be based on confidence in an individual analytical technique or on
corroborating evidence from the scientific literature.

The reference percentile selected, the stressor-response results considered, and the potential
thresholds that result, must conform to the Clean Water Act (CWA) regulatory goals. The
intended level of protection for designated uses should be clearly stated and used to justify the
proposed thresholds. The selection of a percentile of the reference condition as a threshold is
defensible when it is supported by clear reasoning and corroborating analyses.

NMED will select nutrient thresholds from the range of possible thresholds. Their selection
needs to be communicated and justified transparently. To help with this, the potential
thresholds from the multiple analyses and the scientific literature were tabulated for review.
Each potential threshold was listed with any caveats, error, and uncertainty associated with the
method or the underlying data. In addition, interpretations of the protectiveness of certain
thresholds were described in terms of the designated uses.
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2.0 Data Description

Data were collected from three sources: NMED monitoring programs, the National Rivers and
Streams Assessment (NRSA) and the Wadeable Streams Assessment program (WSA) (Table 5).
The NRSA and WSA data were collected under USEPA programs in which NMED participated. In
addition, a GIS analysis of sites and their catchments was conducted to characterize sites.

All data were compiled in a single relational database (Microsoft Access), though data from
each source were maintained in separate database tables. Data compilation and analysis were
conducted following the Quality Assurance Project Plan (QAPP) (Tetra Tech 2011a, 2012). The
QAPP primarily addresses procedures for working with secondary data. Procedures for data
compilation and analysis were followed to minimize errors in transferring data from original
sources into analytical databases. Although data were expected to be error-free in the original
form, exploratory analysis techniques (e.g., correlation analysis, scatter plots, histograms, etc.)
were used to identify potential outliers and other data quality issues.

Table 5. Data summary by source.

NMED: 883 valid sites in NM with water chemistry (targeted sampling design)
Multiple samples per site (approximately 7352 samples)
Years 1990 - 2012
Chemistry, site & habitat characteristics (partial data depending on site and visit)
Benthic macroinvertebrate samples in 202 sites (440 samples)
Periphyton (diatoms) in 212 sites
Benthic chl-a in 146 sites
Dissolved oxygen diel data in 175 sites

NRSA: 88 sites, each with a single visit (probabilistic sampling design)
Years 2008 - 2009
44 sites in NM, others within 50-150 miles of NM
Chemistry, benthic & sestonic chl-a, periphyton, site & habitat characteristics

WSA: 56 sites, each with a single visit (probabilistic sampling design)
Years 2000 - 2004
10 sites in NM, others within 50-150 miles of NM
Chemistry, benthic macroinvertebrates, site & habitat characteristics

The NMED data were more numerous than NRSA or WSA data. They were collected for various
projects over time. The NMED data included four data types: nutrients and other water quality
analytes, periphyton (benthic chl-a and diatoms), macroinvertebrates, and diel dissolved
oxygen. The NMED monitored four primary water quality variables in New Mexico streams (TN,
TP, benthic chl-a, and turbidity) plus a number of secondary variables including DO
concentration, DO percent saturation, and pH (NMED/SWQB 2008). The NMED nutrient records
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were most numerous and complete, while other types of data were relatively sparse and only
used in analysis when associated with nutrient information.

NRSA and WSA data were obtained from the USEPA Region 6 and the Office of Research and
Development in Corvallis, OR. They included information regarding water chemistry, physical
habitat, and biological assemblages. For the NRSA, information on benthic macroinvertebrates,
periphyton, and both benthic and sestonic chl-a were available. For the WSA data, benthic
macroinvertebrates were the only biological data available. Data for NRSA were collected in
accordance with the Field Operations Manual (USEPA 2007). For WSA, data were collected
using methods similar to those used in the NRSA, following procedures outlined by the USEPA
(2004) and Peck and others (2006).

2.1 Sites

The study area included the state boundaries of New Mexico as well as regions in adjacent
states that were within 50 miles of New Mexico and in a level 3 ecoregion that also existed
within New Mexico. To the north and east of New Mexico, sites from further away (up to 150
miles) were considered because a lack of sites in the drier ecoregions was anticipated. NMED
data were collected as part of the nutrient thresholds development projects and for other
water quality surveys. Some of these data were targeted to focus on reference reaches for
stream classification and for identifying threshold values for nutrients, algal biomass, and
secondary variables (NMED/SWQB 2008). The streams were selected to span at least five
ecoregions throughout the state. Monitoring focused primarily on a critical low flow index
period from August to November. At some sites, the monitoring plan allowed examination of
seasonal and annual variability and trends.

A uniform Station ID was assigned to each site based on the identifier used in the original
surveys. In some cases, especially within the NMED data set, some sites were re-visited, but
given a slightly different Station ID. Such cases were identified through GIS and NMED site list
reviews. Station IDs were adjusted to reflect co-occurring sites. The Station ID was used to link
information among databases. Each Station ID was associated with latitude/longitude
coordinates that were used in GIS analyses.

Site characteristics

Site characteristics were either observed or measured in the field, or they were remotely
sensed and derived from GIS analysis. The observed or measured data were recorded during
site visits and included physical habitat assessments, channel dimensions, slope, canopy cover,
riparian vegetation, riparian integrity, substrate characterizations, flow, and more. Each data
source (NMED, NRSA, and WSA) included somewhat different variables for the observed and
measured site characteristics. For NMED, habitat and flow variables were not collected at each
site, but were often associated with benthic macroinvertebrate samples.
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The remotely sensed data were derived from GIS analysis. These data include information on
the setting of the sampling site and surrounding areas, such as ecoregion, land use types and
intensity, roads and road crossings, population density, watershed area, and more (Table 6).
The GIS variables were either for site classification or for disturbance evaluations. Analyzing
every site in the NMED data set was not possible because we needed to be efficient with the
GIS analysis task. The GIS analysis was conducted on a subset of sites prioritized based on data
completeness and potential reference site status. There were several NMED sites that were not
included in GIS analysis, including those with only nutrient data that showed no preliminary
indication that they were reference quality. High priority sites were identified using the

following selection criteria.

1. Sites with nutrient data and comparable response data had high priority. Sites that had
periphyton (diatoms), chl-a, diel dissolved oxygen, or benthic macroinvertebrate data
were valuable for detecting responses to nutrient conditions.

2. Potential reference (least disturbed) sites were high priority. These were used to
characterize background nutrient conditions in relatively undisturbed sites.

A thorough GIS analysis was performed based on delineated catchments upstream of 660 sites.
The GIS information is consistent throughout the project area, including sites sampled by
multiple data collection programs. The information summarized from the GIS analysis includes
land use, human activities, and environmental characteristics that are appropriate for reference
site designation and site classification. Additional details are provided in Appendix B.

Table 6. Variables used in GIS analysis.

Variable

Description

Point Values

Stream Slope

Stream Order

Elevation (cm)
Designated Use
Precipitation
Temperature

Level 3 and 4 Ecoregions
Geology

NHD Plus join with flowline attributes table

NHD Plus join with NHDFlowlineVAA table

NHD Plus DEM files

RAD 305b Assessed Segments joined with ATTAINS data
PRISM

PRISM

EPA Ecoregions

USGS Integrated Geological Map

Watershed Values

Road density

Number of road/stream crossings
Land Slope

Land Use and Cover

Canopy Density

Attila tool and TIGER 2000 files
ARCGIS tools

ARCGIS Spatial Analysis Slope tool
Attila tool and NLCD 2006 data

Attila tool and NLCD 2001 Canopy data
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2.3 Nutrients and Water Quality

The NMED nutrient database included more than 7,000 records of nutrient concentrations at
883 stream sites (including sites not GIS analyzed). Samples used in this project were collected
from 1990 to 2012. The nutrients recorded were related to nitrogen (ammonia, NOsNO;, and
TKN), phosphorus (orthophosphate and total phosphorus) and ancillary analytes (pH, specific
conductance, temperature, turbidity, and dissolved oxygen). Total nitrogen was calculated as
NOsNO: + TKN. Measures of total phosphorus were roughly 24x more common than measures
of orthophosphate, and therefore orthophosphate was not analyzed.

NMED collected and processed samples in accordance with methods documented in an EPA
approved Quality Assurance Project Plan (QAPP) and associated Standard Operating Procedures
(SOP). The QA/QC procedures in the QAPP included collection and analysis of replicates for 10%
of water samples, adherence to calibration methods, and taxonomic verification of a subset of
periphyton and benthic macroinvertebrate samples. Also included was a thorough QA review of
all site and analytical data, including flagging of all parameters that were outside of the control
limits.

Nutrient data from the NRSA included TN and TP as well as nitrate, nitrite, and ammonium.
These data plus information on the ancillary variables pH, specific conductance, temperature,
turbidity, dissolved oxygen, physical habitat, benthic macroinvertebrates, and diatoms were
complete for all 88 sites, half of which were in New Mexico. WSA nutrient data included TN and
TP as well as nitrate and ammonium. Data for water chemistry including ancillary analytes,
physical habitat, and benthic macroinvertebrates were complete for 56 sites, 10 of which were
in New Mexico.

Diel Dissolved Oxygen

Diel dissolved oxygen data were collected by NMED in stream sites throughout New Mexico
between June and October (mostly August and September) from 2001 to 2012. These data
were collected along with pH, specific conductance, temperature, and turbidity using multi-
parameter, continuous recording sondes with recording periods of at least 48 hours and
recording intervals ranging from 15 — 60 minutes. Multimeters were generally placed in deeper
shaded pools of moving waters where they were stable and not conspicuous. The data from
approximately 200 spreadsheets were combined in a single data set so that metrics could be
calculated efficiently. Data were checked for errors and data points or whole records were
revised or eliminated if they were perceived to be inconsistent. Some of the turbidity data
showed erratic patterns and continuous turbidity was not analyzed. Errors that typically occur
with sonde data relate to records before and after the sonde is placed in the water or in
association with drifting calibration. For dissolved oxygen, drift in calibration was only
suspected in early years, when probes with membranes were used. They were replaced with
optical sensors over time. After QC, statistics on 175 diel DO records were calculated. Diel DO
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statistics were related to nutrients in 133 sites, one sample per site. Diel DO and chl-a
measurements coincided in 64 sites. Sestonic chl-a measures were not taken at sites with diel
DO data.

The metrics that were calculated included, but are not limited to, overall minimum DO,
maximum daily fluctuations, and standard distribution statistics. NMED provided metrics on the
maximum productivity and respiration in each data set based on 2, 3, and 4 hour intervals and
the 4-hour interval was used in analyses. Distribution metrics were also calculated for DO
percent saturation data. In addition, system metabolism was calculated as gross primary
production (GPP) and ecosystem respiration (ER), which accounted for temperature, elevation,
and estimates or derivations of barometric pressure, nighttime regression, and light exposure.
The calculations were carried out in R software using code provided by Dr. Robert Hall
(Department of Zoology and Physiology, University of Wyoming, Laramie, WY).

Data Reduction
All of the data should be considered for analysis, but some analyses are better suited to specific
data types or summaries. There were four issues we addressed in reducing data for analysis.

1. Summarizing nutrient data for analysis
2. ldentifying and eliminating outliers
3. Establishing estimated values for censored (non-detect) data

4. Limiting data to address seasonal variability

Summarizing nutrient data for analysis

In the NMED dataset, there were multiple samples collected at the same site over time. The
median, geometric mean, or maximum of nutrient values per site were considered for
describing value distributions and for site classification. Median site values were used to
summarize site nutrient conditions.

For stressor-response analyses, the chemistry and response samples were limited to those
collected within one month of each other. If multiple chemistry samples were collected during
that period, the average value was used. Only a single stressor-response dataset was used per
site so that sites with multiple response records over time would not bias patterns derived from
multiple sites, most of which had only a single response record. Logarithmic transformations
(base 10) were used to reduce skewness in nutrient concentrations and for other variables as
needed.
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Identifying and eliminating outliers

Outlier values in the database are expected to be associated with data entry errors, field and
laboratory analytical errors, and anomalies in sampling conditions, such as elevated storm flows
and runoff from fire damaged landscapes. Errors were not expected in large frequency because
QC procedures were in place when the data were generated. Nevertheless, the database was
searched for nutrient and other values that were unusual, inexplicable, or associated with
anomalous sampling conditions. Approximately 150 of 10,000 NMED nutrient records were
removed from analytical data sets due to high outlier values, most of which were associated
with storm flows and fire runoff. The NRSA and WSA data had qualifier data that indicated QC
review and did not have apparent outliers. Details of the outlier analysis are in Appendix C.

Establishing estimated values for censored (non-detect) data

Several NMED data points were designated as “non-detect”, having concentrations less than
the sensitivity of the analytical equipment. For example, 17% of TKN values were flagged as
non-detect in the NMED data. The current default for these values has been substitution of % of
a standardized detection limit for all samples with values below that standard or marked as
below detection at a higher reported detection limit. Alternative treatments were considered
for the censored TKN, NO3NO;, and TP data, including elimination and adjustments using
Kaplan-Meier (KM), regression on order statistics (ROS), and maximum likelihood estimation
(ML). Based on a limited analysis (Appendix D) and review of similar data sets, half detection
substitutions were used for all analyses. The half detection limit values were 0.015 mg/L for TP,
0.05 mg/L for NO3sNO,, and 0.05 mg/L for TKN. In calculating TN from NOsNO; + TKN, the value
resulting from two non-detects would be 0.1 mg/L. The NRSA and WSA data had less than 5
values below the laboratory reporting limits of 0.02 mg/L TN and 0.004 mg/L TP. These low
values were re-established at the reporting limit for analysis.

Limiting data to address seasonal variability

The NMED nutrient data were mostly collected in the spring, summer, and fall seasons. Samples
were much less common in winter months (December, January, and February). Through the
years, seasonal effects on nutrient concentrations were expected due to variable discharge or
fertilization patterns, changes in light intensity, and variable rates of runoff and plant uptake.
Therefore, patterns that might affect threshold development or application of thresholds were
reviewed in the NMED nutrient concentrations over seasons as well as trends from individual
sites with multiple records over time. The conclusion of the analysis (detailed in Appendix E)
was to remove samples collected in the winter months (December, January, and February) from
the general analysis. All of the data were accepted from the NRSA and WSA programs because
they were collected within a narrowly defined index period (May through September). The
numbers of samples and of years per site ranged up to 65 and 10, respectively, in the Rio
Hondo site 28RHondo014.8 (Appendix F).
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2.4  Response Measures

The response data were analyzed as metrics of each assemblage. The biological metrics are
usually limited to those that are basic and familiar summary metrics or are known indicators of
stress. Since there are more ways to measure an assemblage than there are meaningful ways to
interpret several metrics, the number of metrics were limited through a preliminary screening
process that discerned familiar, proven, precise, or sensitive metrics. Metrics that had high
measurement error or were unresponsive to stress were not used for stressor-response
analyses.

Chlorophyll a

Of the NMED wadeable stream sites with nutrient data, 174 also had benthic chl-a data
(including 35 with benthic macroinvertebrate data as well). These samples were collected
between 2004 and 2011 in the months of August to November. Chl-a data were also collected
for 50 NRSA sites, including both benthic and water column measures.

For NMED samples, chl-a samples were extracted with 90% ethanol and analyzed with a
spectrophotometer using a modified Standard Method for the Examination of Water and
Wastewater, American Public Health Association, Method 446.0 (APHA 2012). The absorbance
correction for ethanol (28.66 = absorbance correction for chlorophyll in ethanol) was
substituted for the acetone correction of 26.7. Extraction was done according to methods in
Biggs and Kilroy (2000), (extraction in ethanol boiled for 5 minutes and soaked for 12-18
hours).

Periphyton Data

Periphyton data in and around New Mexico were collected by NMED and the NRSA. Through
the NMED, roughly 212 diatom samples were collected from 2002 to 2008 mostly in the fall
sampling season (August - November). Soft algae samples were collected from 133 sites.
Samples were collected using a targeted richest habitat sampling method (NMED 2014), which
include scraping delimited areas from 5 — 9 cobbles, woody debris, or soft substrates within
transects of the stream, preservation with Lugol’s or formalin solution, and identification of
500-600 valves in the laboratory. Periphyton data from 69 NRSA sites in and around New
Mexico were added to a single periphyton database. The NRSA periphyton samples include
both diatoms and soft algae. Potential bias that might be introduced by different sampling
protocols was investigated by comparing metric distributions.

For the NMED and the NRSA diatom data, metrics were calculated in a relational database.
Approximately 68 diatom metrics were calculated including metrics and taxa attributes
described by Porter et al. (2008), Stevenson et al. (2008), Kelly and Whitten pollution tolerance
index (1995), van Dam et al. metrics (1994), and periphyton indices developed by Potapova and
Charles (2007). Eight responsive metrics were selected for continued analysis in stressor-
response analyses
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Benthic Macroinvertebrates

SWQB monitored benthic macroinvertebrate community composition at targeted sites.
Macroinvertebrate and chemistry samples collected within 30 days of each other were
identified in 202 NMED sites. One benthic macroinvertebrate sample was compared to average
site chemistry from samples collected within 30 days of the benthic sample. If multiple benthic
methods were used on a single date, a preferred method was selected, with preferences as
follows: Reachwide > Kick > Targeted Riffle > other.

The NMED macroinvertebrate samples were collected using six different methods, including
reachwide, targeted riffle, kicknet, surber, Canton Hess and Jacobi Hess. Biomonitoring samples
were collected in accordance with the EPA Rapid Bioassessment Protocol (RBP) (Barbour et al.
1999), the NMED Standard Operating Procedures (SOP) (NMED/SWQB 2005, 2012), and/or
modified EPA EMAP macroinvertebrate sampling method (Peck et al. 2006). Opportunities to
aggregate samples collected by different methods were explored and samples from multiple
methods were pooled when the results of each method overlap in stressor-response bi-plots.
Separate analyses were conducted for methods that could not be aggregated because of non-
overlapping data points in the bi-plots. NRSA and WSA benthic data were collected with
consistent reachwide or targeted riffle methods (Peck et al. 2006) and were summarized as
metrics in spreadsheet format. In the WSA and NRSA datasets, 56 and 40 benthic samples
(respectively) matched the chemistry samples.

NMED benthic samples were the basis for calculation of 63 metrics in categories of taxa
richness, composition, pollution tolerance, feeding groups, and habit. These metrics were used
in assessments or were expected to be responsive to stresses in New Mexico streams. Ten
benthic macroinvertebrate metrics with consistent and strong correlations were identified. The
high-small multi-metric macroinvertebrate condition index (HSMMCI, Jacobi et al. 2006) is an
assessment index that NMED uses in sites with elevations >7500 feet and catchments <200mi?.

Tetra Tech, Inc. 21



NM Nutrient Threshold Development 8/21/2015

3.0 Methods

The general approach to developing nutrient thresholds includes frequency distributions of the
data and stressor-response analysis. For frequency distributions, a disturbance gradient was
developed, sites were assigned to reference categories, and site classes were established to
reduce natural variability. The stressor-response analysis includes regression interpolation and
change-point analysis techniques. Diel DO measures were analyzed for thresholds related to
reference conditions, nutrient concentrations and macroinvertebrate responses.

3.1 Reference Sites and Classification

Reference Site Identification

Reference sites were needed in the New Mexico nutrient analysis for characterizing the
nutrient conditions in the absence of substantial disturbance. This allowed exploration of
natural variation in nutrient concentrations across the study area and derivation of potential
nutrient thresholds from distributions of nutrient values in the relatively undisturbed sites.
Stream classification and reference site designations hinged upon each other to characterize
nutrient conditions relative to both natural and disturbance gradients.

Reference stream sites have been identified in and around New Mexico for multiple purposes,
including biological index development (Jacobi et al. 2006, Paul 2008), sediment threshold
estimation (Jessup et al. 2010), and the national stream surveys. The designations established
for each purpose were adopted to create a list of potential reference sites for this project.
Reference designations established for the national surveys used nutrient measures as criteria
for ranking disturbance levels (Kaufmann et al. 2012). This was inappropriate for our analysis
and the national surveys reference designation (and all others) were reevaluated using GIS
analysis to confirm the designations.

For the first cut of reference site designations, a thorough GIS analysis was performed based on
delineated catchments upstream of each site. The GIS information was derived for 662 sites in
the project area, including sites sampled by multiple data collection programs. The reference
designations established in other studies and NMED staff review of empirically derived
designations were used for confirmation. Because the NMED staff are familiar with site
conditions that may not be reflected in the GIS data, they reviewed the reference designations
indicated through empirical analyses and were able to change designations based on
knowledge of the sites. For example GIS coverages do not reflect the intensity of grazing. Sites
with contradictory indications of reference status from the multiple techniques were relegated
to non-reference or “Other” categories.

Land use coverage and human activity in the catchments (Table 7) were examined for
appropriate thresholds to indicate disturbance or lack of it. Development and agricultural land
uses indicate catchment scale intensity of disturbance. Both pasture and crops were considered
agricultural uses. Forest, water, and wetland are usually undisputable natural land covers.
However, the “natural-ness” of scrub/shrub, grassland, and barren coverages are uncertain
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because they could be due to human activities or natural environmental factors, especially in
more arid areas. Therefore, the known disturbances were emphasized.