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Abstract
This project is designed to examine how a change in field collection methods can
improve the ability to recognize sedimentation/siltation impairments for wadeable, cobble
and gravel dominated streams. The specific purpose of this project is to determine how
well EPA's Western Environmental Monitoring and Assessment Program (EMAP-W)
will accomplish the objectives of the New Mexico Environment Department's Surface
Water Quality Bureau (SWQB): to quantify substrate and channel conditions as a
potential stressor to aquatic life and to quantify physical channel characteristics in order
to provide ecological context for biological response variable data sets. Data collected in
2006 expressed that it would be a cost effective protocol, considering the amount of data
collected and understanding the need for more accurate monitoring methods in the
majority of the state. The larger EMAP-W data sets will provide the ability to determine
regional characteristics that can interpret biological condition.

Suggestions for

sedimentation assessment enhancement with the application of EMAP-W data include the
utilization of sediment specific metrics along with the condition index development, and
the categorization of physical habitat metrics to coordinate with various functions of the
stream system in order to better represent, and examine stream reaches with the ability to
identify potential causes and sources of stress to the system.

Other suggestions to

improve settled sediment assessments include better documentation for decisions and
findings at both the monitoring and assessment levels, a plan for reference condition
development to sample a gradient of conditions while maintaining an updated list of
reference sites in each region of the state, and limiting current stream bottom deposit
assessments to riffle dominated reaches. These changes will improve the accuracy of
assessments until long term developmental goals can be reached.
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CHAPTER ONE: Sedimentation in New Mexico
Introduction
The diverse landscape of New Mexico includes the southern tip of the Rocky
Mountains and the Northern edge of the Chihuahuan Desert. The natural transition
between these extremes establishes lower lush valleys that open into grassy plains, and
peaks that descend to plateaus and majestic mesas. As a stream in New Mexico carves its
path from the mountains to the desert, it carries sediment with it, expressing the natural
characteristics of its previous environment, and accumulating the impacts of activities on
the land. For this reason, stream channel characteristics can also be an expression of the
history and culture of the people that have managed the landscape over time.
The common features seen in New Mexico today; deeply incised stream channels,
head-cuts to vast arroyos, and excessive flash flooding can be attributed to anthropogenic
alterations to the landscape throughout history. Significant impacts that have altered how
the streams and rivers flow in New Mexico can be traced back to the exploration and fur
trade of the 1600 and 1700's, which brought the New World beaver to near extinction
(Outwater, 1996).

In the 1800's the slaughtering of buffalo herds, subsequent

introduction of cattle, and the farming of the west with predominantly eastern methods
modified the landscape in the plains and river valleys through prominent vegetation
alteration (De Villers, 2000; Outwater, 1996). In the early 1900's New Mexicans noticed
the effects of their land use practices, with more dramatic natural events such as the Dust
Bowl ravaging Portales, NM in 1977 (Reisner, 1993). Effects were expressed in a
decrease in the ability of the landscape to retain water as the streams incised and could no
longer access the adjacent land for water storage. One societal response that can still be
seen today was the isolation of New Mexico's expanding desert region as a wasteland
7

bringing forth ideologies of militarization and nuclear development (Kuletz, 1998). John
Wesley Powell brought forth a scientific solution to western water management that
initiated a cultural value of damming rivers and irrigating the land, which continues to
dominate much of today's landscape in New Mexico (Reisner, 1993).
Governor Bill Richardson declared 2007 "The Year of Water" in the state of New
Mexico. In the new millennium globalization is influencing societal values, emphasizing
the recognition of limited resources and excessive waste. A reorganization of goals and
objectives is being initiated as New Mexican state government recognizes the need to
better protect and restore its flowing surface waters. Scientific knowledge also changes
and is influenced by culture (Kuletz, 1998). In 1993, the Rio Grande was declared
America's most endangered river by American Rivers (De Villers, 2000). In the year of
water, New Mexico is ready to refocus and learn how people and land management
practices can decrease the quality of the state's flowing waters.
The Environmental Protection Agency's (EPA) National Wadeable Streams
survey marked sedimentation as one of the top four causes of impairment to stream health
in this arid region of the country. Sedimentation and nutrients have the highest impact on
biological condition (USEPA, 2006b).

Sedimentation represents an integration of

landscapes and waterways as streams gradually transport soils from the mountains to the
oceans. To understand the direct impacts of human land alteration to this process, it is
necessary to separate the natural process and function of sediment in the stream channel
from acceleration caused by human disturbance on the landscape.

In terms of

geomorphology and river management in an arid region, it is impossible to return any
watershed to its natural, pristine condition. Therefore characterization, assessment, and
remediation are viewed at a much more tangible scale: how does sediment currently
8

influence water quality and other measurable indicators, such as the aquatic life of the
stream? It is necessary to interpret the context or habitat of a stream's ecosystem along
with its biological condition in order to recognize patterns between land use and water
quality.

Objective
The purpose of this project is to characterize and assess the decision made by
New Mexico Environment Department (NMED) Surface Water Quality Bureau (SWQB)
to change macroinvertebrate and physical habitat monitoring methods to the EPA's
Environmental Monitoring and Assessment Program - West (EMAP-W) field protocols
(Peck, et. al, draft). The switch in field methods from a single habitat (riffle) to a
systematic multi-habitat protocol (reach-wide) is an attempt to enhance the ability to
monitor and assess the surface waters of the state. The specific focus of this project is to
examine how this switch in methods will improve the ability to recognize
sedimentation/siltation impairments for cobble and gravel dominated streams.
The EMAP-W method shows potential to enhance the ability for the SWQB to
reach two goals for physical channel measurements; first to quantify substrate and
channel conditions as a potential stressor to aquatic life, and second to quantify channel
characteristics in order to support and provide ecological context for biological response
variable data sets. The utilization of reach-wide biological data collection is predicted to
supplement the single habitat data with a better representation of the biota within the
stream reach. EMAP-W could potentially accomplish these goals while simultaneously
providing a venue to systematically collect all biological samples to make the larger data
set better in quality, more cohesive, and more applicable to analysis. The determination
of how well EMAP-W will accomplish these objectives for SWQB is the fundamental
9

purpose of this project. Suggestions will be made for sedimentation assessment
enhancement with the application of EMAP-W data based on the results of the 2006 field
data collection.

Sedimentation Characterization
Stream Sediment Defined
Suspended and Bedded Sediments (SABS) are defined by the U.S. Environmental
Protection Agency (EPA) as “the organic and inorganic particles that are suspended in,
are carried by, or accumulate in waterbodies….SABS are a natural part of aquatic
systems and are not considered harmful until they are out of balance, that is, excessive or
deficient” (USEPA, 2006a). This definition refers to the physical properties of sediment,
not including compound influences of chemicals or nutrients. The characteristics of
SABS can be referred to for the purposes of this project in three categories:
1) Wash material is very fine (0.06 mm or less) and generally remains suspended in
flowing waters and deposited only under very low flow conditions.
2) Suspended sediment size is usually less than 0.85 mm depending on stream flow
and supply (USEPA, 2006a).
3) Bed material is a layered material that aggrades and degrades with varying flows.
The finest layer of sediment present is assessed in terms of potential damage to
aquatic life. The EPA defines the potential size of this layer as equal to or less
than 9.5 mm (USEPA, 2006a).
The scope of this project will be limited to monitoring and assessing the inorganic
sediment that is 2 mm in size or less and has settled to the bottom of the stream channel.
Sediment studies using fish as a response variable tend to identify larger particle sizes (≤6
or ≤8 mm) as potential stressors, but ≤ 2 mm is generally used to determine impacts to
10

macroinvertebrate communities. “Benthos abundance is least in homogenous sand or silt
and in large boulders and bedrock; abundance is greatest in the mixture of heterogeneous
gravel, pebbles, and cobbles” (Waters, 1995). This measurement of small particles is flow
dependant, will change between classes of stream reaches, and may include any of the
sediment types described above. In flowing waters, most organisms can tolerate episodic
high flow events and consequent temporary high levels of suspended sediments.
Therefore, bedded sediments have a more significant impact on the biota and habitat than
suspended solids (USEPA, 2006a; Henley, et. al, 2000).

Sedimentation Dynamics
On a watershed scale, it is a natural process for waterways to move the mountains
to the oceans over time, although the rate at which this happens varies tremendously by
watershed. On a large spatial and temporal scale, sediment inputs are relatively small and
equilibrium is obtained between the natural internal and external sources of sediment
supply and the stream’s capacity to transport it downstream. Landscape context has a
strong influence on characteristics of this equilibrium such as discharge, sediment supply,
channel morphology, and streambed particle size (Kaufmann, et. al, 2006). Landscape
context describes the regional differences in landforms such as geology, vegetation, and
elevation that drives overall erosional and depositional processes, and in turn influences
natural variability between watershed conditions. The consistency of stream dimension,
pattern, and profile are all influenced by landscape context, where mathematical
relationships exist that describe a stratification of stream systems by morphological form
(Rosgen, 1996). Classification of streams at this large scale allows for easier
discrimination of impairments within streams as statistical tests have shown that greater
resolution and power exist when variability is accounted for (Gibson & Barbour, 1994).
11

Ecoregions have been developed by Jim Omernik with the EPA for the continental U.S.,
which classify the landscape into ecologically significant categories (Omernik, 1987).

Sedimentation Influences on Reach –Wide Habitat Characterization
As the landscape characteristics can describe stream condition on a large scale,
the measurement of physical habitat parameters such as riparian vegetation, debris
occurrence, channel structure, and depositional pattern on a small, local level will
identify stream condition specific to a certain reaches (Rosgen, 1996). Physical habitat
generally includes “all physical attributes that influence or provide sustenance to
organisms within the stream” (Peck, et. al, draft). Vannote initiated the River Continuum
Concept in 1980, describing consistent, patterned changes in the physical and biological
characteristics of the longitudinal profile of a stream or river (Vannote, 1980). Although
all habitat parameters are potentially subject to anthropogenic alteration, a natural
gradient of habitat and biological condition that changes with the landscape can be
observed, which is illustrated in Figure 1. Dave Rosgen has developed a classification
system to group these dominant changes into stream types, labeled Aa+, A, B,C…, G,
also expressed in Figure 1.
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Figure 1. A description of characteristics the physical habitat condition gradient at a
reach-wide scale and Rosgen’s interpretation at a landscape scale.

There are internal and external sources of sediment supply to a stream. External
sources of sediment range from gradual inputs such as surface erosion, soil creep, road
runoff, and animal activities, to mass movements such as landslides and mass wasting of
unstable banks. A stream’s internal sediment storage potential is primarily found in
pools, between large substrate particles within or beneath the surface layer, and behind
obstructions such as large woody debris (Gomi, et al., 2005). The amount of sediment in
storage within a stream reach compared to what is in suspension is relative to
13

morphological characteristics of the stream and rates of flow at any given time. Patterns
of sediment deposition in a stream can express the impacts of land use on sediment
supply and storage, as well as subsequent alterations to channel structure and stability
(Rosgen, 1996).

Human Disturbance Disrupts Sediment Balance
Human influence on external sediment inputs can be found in a variety of land
management applications. Disturbances to sediment balance can be a point or non-point
pollution source, and will range in frequency and magnitude with land use activity. The
primary sources of anthropogenic sediments to streams are identified as road
construction, certain agricultural practices such as row-crop cultivation of floodplains and
livestock grazing, certain forestry practices, mining operations, urban development, as
well as any type of construction within a stream channel (Waters, 1995). A stream’s
response to external sediment sources depends on internal storage levels, supply, and
flood history. Therefore, a stream’s response to anthropogenic sedimentation depends on
specific characteristics and influences of the watershed, which is difficult to represent
with any one variable. Sediment loads that exceed a stream’s sediment transport capacity
often trigger changes in stream morphology (Leopold and Wolman, 1964).
Streams that become overwhelmed with an increase in sediment supply (or a
decreased ability to transport) will go through a period of accelerated channel widening
and stream bank erosion before returning to a stable form (Rosgen, 1996). These
morphological changes tend to accelerate erosion because as the stream bed's internal
sediment storage is filled, roughness and friction are reduced, increasing the energy of the
flowing water. This high velocity flow is alternatively directed at the banks, significantly
increasing the widening of the stream through bank erosion. The loss of internal sediment
14

storage reduces habitat diversity by burying riffles, glides and filling pools, placing
additional stress on the designated water use. The stream evolution theory proposed by
Simon and Hupp (1986) suggests there are stages of widening, degradation, and
aggradation that a stream will go through when a naturally stable stream recovers from a
disturbance to return to a new stability. This occurs when equilibrium is accomplished
between sediment supply and transport capacity. Sediment transport modeling supports
this theory as well, in that forced changes are offset by shifts in other parameters such as
channel width and depth so that the balance between intensity and frequency of bed load
transport is maintained (Mueller & Pitlick, 2005). The return of a physically disturbed
stream to a stable condition is a systematic adjustment, which requires a survey of
various aspects of geomorphic stability in order to determine the current state of a stream
reach (Figure 2).

15

Figure 2. Stream reach potential conditions after a physical disturbance

Biological Effects of Sediment Disturbance
An imbalance of sediment supply or transport capabilities can impact many
aspects of the stream channel that macroinvertebrates and fish depend on for survival and
reproduction. The mobile bed load component of sedimentation has the most significant
impact on aquatic life (Waters, 1995). A major change that can be observed or measured
as a potential cause of a shift in species diversity and abundance is the filling or scouring
of cobble/gravel substrates, which causes a reduction in interstitial dissolved oxygen from
lack of pore spaces. Other visible changes are channel form alteration, reduction in
16

variability of instream habitat, creation of barriers to passage, and the loss of riparian
vegetation (USEPA, 1999).
These potential changes in the physical conditions of the stream impact
population diversity and density of macrophytes, periphyton, fish, larval amphibians, and
macroinvertebrates (Chapman and McLeod, 1987). Bed material size is related to habitat
suitability for fish and macroinvertebrates, where the physical modifications above can
also impact adult migration, spawning, emergence, rearing, escapement, and food supply
for many fish species.

Benthic macroinvertebrate abundance of certain species is

correlated with substrate particle size, as fine sediment reduces the abundance of original
populations by smothering habitat normally available in gravel/cobble substrate. Species
type, richness, and diversity all change as average particle size decreases (Waters, 1995).
When inter-gravel oxygen supply is decreased because of the filling of interstitial space
with fine sediment, it reduces or eliminates the quality and quantity of habitat for fish,
macroinvertebrates, and periphyton (Lisle, 1989; Waters, 1995).

Collecting paired

biological and physical habitat data are essential to determine relationships that will
express a gradient of habitat condition relative to a gradient of biological condition.
These gradients vary in regions of the state that show ecologically significant differences
in landscape character. From this data collection the SWQB should be able to determine
natural variability throughout these regions and therefore identify anthropogenic
disturbances.

New Mexico Tackles Excess Sedimentation
NM Historic Monitoring of Sedimentation
The SWQB monitors streams and rivers for water quality. In 1997 a New Mexico
environmental activist group initiated a lawsuit with the trepidation that the streams of
17

New Mexico were not being adequately protected. A quantitative approach to assessing
potential impairment due to stream bottom deposits (SBD) in wadeable streams was
necessary to implement the Consent Decree between the US Environmental Protection
Agency and Forest Guardians/Southwest Environmental Center (US District Court for the
District of New Mexico, 1997). Until this time, SBD impairment was determined solely
by qualitative observation and best professional judgment. In 1998, SBD assessment
methods and field protocols were initially developed. The protocol was based on the State
of Colorado’s existing protocol, which focused on benthic macroinvertebrate
communities and the percentage of fine substrate in the riffle area, since this is the most
productive habitat in small, wadeable streams. A pilot study was initiated in 1998 with
monitoring methods that included benthic macroinvertebrate kick net sampling and a
modified Wolman pebble count method with a measure for embeddedness at both the
study site and most appropriate reference site (Wolman, 1954; NMED/SWQB, 2006).
The scope of the SBD data collection and assessment was limited to gravel and cobble
bottom, higher elevation, wadeable streams. These types of streams have a median
particle size with a broad range (2-256 mm) and generally contain less than 10% sand in
mountainous areas with a maximum near 50% (Bunte and Abt, 2001).
The limited applications of these procedures were acceptable at the time due to
intense pressure to acquire a qualitative method to assess for New Mexico’s narrative
SBD standard in wadeable streams. This assessment also needed to be translated into
Total Maximum Daily Load (TMDL) development to meet the requirements of the
Consent Decree. Minor revisions to the protocol have occurred over the years as new
information became available. Geomorphology measurements using Rosgen’s (1996)
methods and cross-section data have been collected at select sites since 1999. Current
18

field methods are described in SWQB Standard Operating Procedures (SOPs) and the
SBD assessment protocol (NMED/SWQB, 2004; NMED/SWQB, 2006).
Annual monitoring of long-term reference sites in each of the state's ecoregions
began in 2004, which included some quantitative habitat monitoring to supplement the
biological data for nutrient criteria development. The growing role of habitat data to
continue to support temperature impairments, as well as develop biological indicators for
nutrient and sediment impairments emphasized the potential advantages of the structured,
systematic method of monitoring physical habitat that EMAP-W provides.

Monitoring Areas of Opportunity
The fundamental issue leading to the transition of monitoring methods was that
the protocol only provided methods for sampling in a single riffle habitat. Concern was
that this type of monitoring might not provide any early warning of potential changes in
stream condition due to excessive sedimentation, because sediment settles in lower
velocity habitats (pools) before higher velocity waters (riffles). It was decided that there
was a need to investigate the benefits and costs of a reach-wide sampling and/or residual
pool indicator in order to detect sediment imbalance impairment before the stream
becomes structurally degraded. EMAP-W’s longitudinal profile has been developed to
be able to address these concerns while providing a venue for macroinvertebrate and
periphyton indicator development (Stoddard, et. al, 2005a).
A second issue is that lower elevation gravel/cobble substrate streams are not
naturally dominated by riffles, and those riffles present are especially vulnerable to
burying with excess sediment supply because of the lower gradient or percent slope of
these reaches. When the reach cannot be represented by a riffle habitat, SBD assessment
and riffle habitat protocol is not applicable. The risks of using only the single habitat
19

method therefore, include a potentially inappropriate sample and utilization of the
assessment protocol, or the stream is not surveyed for sediment impairment. This is an
important issue for many areas of the state, where streams flowing out of the mountains
into the tablelands and plains become vulnerable to impairment from continuous grazing
that exposes highly erodable soil. The stream condition is either progressing naturally
along the gradient of high to low elevation or could be progressing in the morphological
disturbance evolution as described by Simon and Hupp (1986), with down cutting,
widening, or aggrading of the channel to account for the excess in sediment supply from
the surrounding landscape. The goal of the SBD assessment is to isolate which processes
are occurring at a survey site, and this protocol only addresses this goal in higher
elevation streams where riffles are the dominate habitat within the stream reach.
In practice, the single habitat field protocol involved a considerable amount of
best professional judgment (BPJ), especially in determining where and when to sample.
This combined with the lack of documentation of the sample location minimized the
ability to repeat sample collections. Since biological and physical data collections were
not required to be simultaneous (only recommended based on the protocol language), this
decision was dependant on the collector (NMED/SWQB, 2006). In 2004, as many new
SWQB staff became involved in data collection, there was less consistency in the BPJ
decisions, so that comparability and correlation analysis suffered without mandatory
paired data sets. Similarly, multiple trips to survey sites all across New Mexico are not
cost effective, so assessments often could not be completed due to missing data.
In 2006, SWQB initiated a change to its field protocol for the collection of
macroinvertebrate and physical habitat data to the methods described by EPA’s EMAPW (Peck et. al, Draft). Complete details of the methods are described in Appendix A:
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Field Sample Plan for 2006 biological and physical data collection. The augmentation of
data collection will include more parameters along 11 transects for the full length (40
times the wetted width) of a survey site reach, which will provide a much more accurate
and precise representation of the stream segment being surveyed, as well as a systematic
process that allows for repeatability and consistency (Peck et. al, Draft). This protocol
transition provides an opportunity to review and improve assessment methods to
effectively utilize the data that will be collected.

Data Interpretation: Sedimentation Assessments
The physical habitat data collected are currently used for stream assessments to
detect impairments as a result of stress from nutrients, high temperature, and
sedimentation. The focus of this project is limited to the development of the SBD
assessment to include reach-wide data, which examines the impacts of settled sediment
on the aquatic life of the stream.

The details of the calculations involved in this

assessment will be described in Chapter 2, which discusses the data analysis aspect of
this project, and are even further detailed in the SBD assessment protocol
(NMED/SWQB, 2006). As the SBD assessment is the only one that examines the
macroinvertebrate community of the reach relative to a reference site, the goals of this
assessment are two-fold. The first objective is to determine if stress to the reach has
changed the structure and abundance of the macroinvertebrate communities sampled, and
the second is to determine if settled sediment is the cause of this alteration. Figure 3
describes the relationship between biological and habitat condition that this assessment is
attempting to examine to determine impairment. Since reference conditions are not yet
developed to describe the natural variability, a site by site reference comparison is
employed. The fundamental basis of the SBD assessment is the interpretation of the
21

settled sediment standard that was developed to execute the objectives of the Clean Water
Act, to restore and maintain the chemical, physical, and biological integrity of the
nation’s waters.

Figure 3. Relationship between biological and physical condition utilized to determine
stream reach impairment (Plafkin, et. al, 1989).

SBD Assessment Areas of Opportunity
There are limitations to the current riffle SBD assessment protocol, where the
change in data collection methods provides a good opportunity to renovate the
assessment protocol as well. One concern with the riffle SBD assessment method is that
this protocol can only determine if too many fines are negatively impacting aquatic life in
the riffle habitat. Substrate coarsening or armoring is not identified in the assessment and
examining only the riffle habitat does not investigate other areas of the stream that can be
impacted. Based on sediment transport relationships, the velocity is highest in the riffle
areas making it the last habitat to be filled with sediment if supply and capacity of the
stream are out of balance. The single habitat assessment also excludes assessments in
22

stream reaches that are not represented by riffles.

In terms of the applicability of

TMDLs, the assessment protocol could be improved to include the ability to eliminate
potential sources of sediment stressors. For example, if a stream is not meeting its
sediment transport capacity because of a hydrologic alteration (i.e. diversion of flow
upstream), in-channel restoration grant money will most likely not improve the system
effectively and could be better employed elsewhere. Similarly, the ability to assess with
a more detailed score, rather than a pass or fail, would provide the ability to prioritize
watershed restoration in a way that may increase the rate of success.

Sediment Standards and Criteria in New Mexico
The general surface water criteria for the state of New Mexico applies to all
surface waters of the state, at all times, unless more specific criteria are provided for a
designated area. The narrative criterion for bottom deposits and suspended or settleable
solids reads:
“Surface waters of the state shall be free of water contaminants including fine
sediment particles (less than two millimeters in diameter), precipitates, or organic
and inorganic solids from other than natural causes that have settled to form
layers on or fill in the interstices of the natural or dominant substrate in quantities
that damage or impair the normal growth, function or reproduction of aquatic life
or significantly alter the physical or chemical properties of the bottom.
Suspended or settleable solids from other than natural causes shall not be present
in surface waters of the state in quantities that damage or impair the normal
growth, function or reproduction of aquatic life or adversely affect other
designated uses” (NMAC, 2006).

The vague language within the criteria, especially in terms of quantifying amounts that
are defined as “other than natural causes” and determining with precision the amount of
particles that would “damage or impair the normal growth, function or reproduction of
aquatic life or significantly alter the physical or chemical properties of the bottom",
creates room for broad interpretation of the criteria in terms of monitoring and
assessment requirements. As more is understood about sediment dynamics and function
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in streams of New Mexico, the limitations of current monitoring and assessment
protocols are addressed and improved.
SWQB tackles the issue of monitoring and assessing sediment in the state’s
waterbodies with a primary goal to protect aquatic life uses. The aquatic life designated
use safeguards all levels of biology in a stream including fish and other vertebrates,
macroinvertebrates and benthic communities, periphyton, and macrophytes. In order to
protect the biology of the ecosystems from sediment imbalance, as many biological
interactions as possible should be examined to determine the most reliable response
indicator of the sediment stressor. A fundamental objective of SWQB’s impairment
determination process is the increased ability to protect the biota in a stream reach by
better representing the existing biological and physical habitat condition. The expansion
from single habitat sampling methods to EMAP-W’s multi-habitat, reach-wide sampling
system for macroinvertebrate, periphyton, and a multitude of physical habitat
measurements is a way to potentially achieve this goal. This project will review how the
current field sampling methods and riffle SBD assessment protocols uphold the narrative
standard for sedimentation/siltation and how EMAP-W protocols could further the ability
to meet this objective.
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CHAPTER TWO: Data Analysis – Methods, Results,
and Discussion
Data Collection
The focus of this project is the analysis and assessment of data from field
sampling with EMAP-W protocol as well as single habitat methods in a 2006 pilot
project initiated to determine the benefits of utilizing this new method. Appendix A is
the Field Sample Plan for 2006 Biological and Physical Habitat Field Data Collection. It
describes in full, the background of biological monitoring, considerations when SWQB
was choosing EMAP-W protocols, all methods for sampling, including any sampling that
is additional to EMAP-W methods, quality assurance necessary for SWQB sampling, site
selection methods and location, and methods for sample preservation and transport. This
section was designed to answer any questions on the origin of the data collected and
analyzed in chapter 2 of this project.
The goal of the data analysis in this section is to answer questions SWQB has in
the decision to use EMAP-W protocols for biological and physical habitat sampling.
Main concerns are defining the necessity of a new protocol, cost effectiveness of the
extensiveness of EMAP-W, quality assurance improvements, the utility and application
of the resulting data set, and whether there would be a way to modify the EMAP –W
method to better fit SWQB needs. The 2006 field season was a pilot study to determine
practical aspects of the logistics of EMAP-W sampling. Therefore, this analysis is also
designed to resolve uncertainty with practical factors such as the number of sites that can
be surveyed, necessary field crew, and additional expenses involved.
Study sites included in this data set were from three ambient watershed surveys
performed in 2006: the Canadian Part 2, the Valle Vidal, and the Dry Cimarron. In
addition, nine reference sites were surveyed for the comparison of study sites and long
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term monitoring. Reference sites were chosen from a list of sites previously determined
by SWQB staff as reference quality. They were matched to survey sites by ecoregion and
elevation. Tables 2 and 3 describe the basic characteristics of each site that was visited
and the associated reference site in 2006 for an EMAP-W survey.
Table 1. Legend to Tables 2 and 3.

LEGEND
®
21
22
23
24
26

HQCWAL
MCWAL
WWAL
MWWAL

Designates a Reference Site
Omernik Ecoregion
Southern Rockies
Arizona/New Mexico Plateau
Arizona/New Mexico Mountains
Chihuahuan Desert
Southwestern Tablelands
Aquatic Life Use
High Quality Cold Water Aquatic
Life
Marginal Cold Water Aquatic Life
Warm Water Aquatic Life
Marginal Warm Water Aquatic Life

Table 2. 2006 EMAP-W Reference Sites (see Table 1 for Legend).
Reference Purpose
Canadian Reference
Valle Vidal Reference

Omernik
Level III
Ecoregion

Aquatic
Life Use

Elevation
(feet)

Rayado1®

21

HQCWAL

6795

RSBarbara®

21

HQCWAL

8868

RGRancho®

22

HQCWAL

7264

Station
Abbreviation

Reference Station Name
Rayado Creek at 3 mi abv NM
21
Rio Santa Barbara above S. B.
Campground

Long Term Monitoring

Rio Grande del Rancho @ gage
near Talpa

Long Term Monitoring

Rio de los Pinos near Ortiz

RPinos®

22

HQCWAL

8120

Long Term Monitoring

West Fork Gila @ wilderness &
cliff dwellings

WFkGila®

23

HQCWAL

5746

Long Term Monitoring

Iron Creek at Forest Trail 151

Iron®

23

HQCWAL

7884

Long Term Monitoring

Bear Creek blw Dorsey Springs

Bear®

23

MCWAL

5310

Long Term Monitoring

Las Animas Creek above box

Animas®

24

MCWAL

5100

Canadian/
Dry
Cimarron Reference

Ute Crk abv Hwy 102 near
Bueyeros

Ute®

26

MWWAL

4505

New Reference Site

Corrumpa Creek @ Hwy 370

Corrumpa®

26

WWAL

5111

Long Term Monitoring

Blue Creek abv Gila River

Blue®

24

MCWAL

3960

Large
Reference

Pecos at Bitter Lakes Refuge

Pecos®

24

MWWAL

3533

River

26

Table 3. 2006 EMAP-W Survey Site List (see Table 1 for Legend).
Survey
(Watershed)

Canadian

Canadian
Canadian
Canadian
Canadian

Canadian
Valle Vidal
Valle Vidal
Dry
Cimarron
Dry
Cimarron

Survey Station Name
Cieneguilla
Creek
above Eagle Nest at
USGS gage
Middle Ponil Creek
above South Ponil
Creek
Rayado Creek above
Cimarron River
Chicorica Creek below
Uña de Gato
Raton Creek 100 yds
above Chicorica Creek
Una de Gato Creek
upstream of Chicorica
Creek
Comanche
Creek
above Costilla Creek
Costilla Creek above
Comanche Creek
Dry Cimarron River at
Jesus Mesa Road
Dry Cimarron River
above Long Canyon

Station
Abbreviation

Omernik
Level III
Ecoregion

Aquatic
Life Use

Elevation
(feet)

Reference Site
for Station

Cieneguilla

21

HQCWAL

8249

RSBarbara®

MidPonil

21

HQCWAL

7185

Rayado1®

Rayado2

26

MCWAL

5921

Ute®

Chicorica

26

MWWAL

6500

Ute®

Raton

26

MWWAL

6400

Ute®

UnadeGato

26

MWWAL

6243

Ute®

Comanche

21

HQCWAL

8957

RSBarbara®

RCostilla

21

HQCWAL

8957

RSBarbara®

DryCimJM

26

WWAL

4870

Ute®

DryCimLC

26

WWAL

5150

Ute®

Quantifying the Waters in New Mexico Unassessed for SBD
Impairments
The objective of this assessment is to determine the proportion of assessed
streams or rivers in New Mexico that cannot be confidently assessed for settled sediment
impairments with the SBD protocol and field methods. This analysis is performed to
attempt to quantify the necessity of new reach-wide field collection methods by
illustrating the quantity of SWQB assessed waters that are not being assessed for SBD
impairments or could potentially be inaccurate assessments because of a poor
representation of the reach.
The data were analyzed in GIS using a digital elevation model of the state, the
shapefile of SWQB 305b assessed waters, and the most recent national hydrology data set
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(NHD plus).

It was determined through best professional judgment of the SWQB

biological team and historic geomorphic data that 6000 – 7500 feet appropriately
describes the general transition area from the mountains to tableland, plateau, plains, or
xeric regions throughout the state. This transition zone describes the areas of the state
where streams and rivers leave the steeper mountain slopes and enter the lower gradient
landscape. As a result of this transition, substrate becomes finer and a surface riffle may
or may not be present or representative of the reach. This is the area of the state where it
becomes the most difficult to isolate the impacts of anthropogenic disturbance and the
natural progression of the stream to low gradient conditions. In the single habitat method
there is no documentation of the percentage of riffle habitat in the surveyed stream reach.
It is therefore difficult to determine at what point within the transition zone that riffles no
longer represent the reach under natural conditions. Human disturbance has historically
had significant impact on the channel stability of the low gradient streams. This is a result
of higher population sizes and urban development generally focused within riparian areas
and the prevalence of grazing and other potentially disturbing land management
practices. The EPA completed a survey of streams and rivers in the western states of the
US and found that poorest overall condition was located in the plains region, where 45%
of the stream length exhibited a most disturbed biotic integrity. The xeric region had
similar results with 35-45% of stream length as most disturbed (Stoddard, 2005b). The
ability to understand the quantity of unprotected waters assists in examining the benefits
of the collection of EMAP-W data.

Methods of Quantification of Unassessed Waters in NM
All streams in New Mexico are stratified into assessment units (AUs) for
examination, where streams are segmented into reaches based on natural landscape
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changes, stream size (there are breaks at the confluence of every tributary) as well as
significant changes in land management. The size of the AUs vary from about 0.5 – 250
stream kilometers (km) and generally one survey site is located as close to the bottom of
the AU as is accessible to field crews to represent what is occurring in that AU. Using
GIS software, each AU was spatially associated into an elevation category, and the total
stream kilometers were determined for each category.
The NHD plus data set also includes Strahler stream order calculated with an
algorithm in GIS, providing the ability to generally quantify the stream sizes within each
category (Gleyzer, et. al, 2004). Strahler stream order (1952) is a hydrology algorithm
used to define a stream’s size, where headwater streams are classified as first order
(Figure 3). When two first order streams come together, a second order stream is created,
and order accumulates when streams of the same order come together, which increases
the order. This stream order classification is a map scale dependant system, where the
order for each stream in the system may change with the resolution of the map and
inclusion of more drainages. The purpose of stream order in terms of this project is to
show relative stream size to express the elevational distribution of stream size (Strahler
order) and length (stream kilometers). The data will be taken from one large data set
(NHD plus) to ensure the resolution is the same for all of the stream segments.

Figure 3. U.S. Corps of Engineers diagram showing Strahler stream order.
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Results of Quantification of Unassessed Waters in NM
Current protocol requires all samples for SBD assessments to be taken from a
riffle that represents the riffle habitat in the reach. In the transition area however, the
concern becomes that the riffle habitat has become such a small percentage of the overall
habitat within the reach that it no longer represents the assessment unit accurately. As a
result approximately 34 % of the assessed stream/river kilometers in the state are in the
transitional class, and may not be assessed for SBDs appropriately, and another 37% in
the low elevation class have no methods for assessment (Figures 5 & 6). Overall,
approximately 71% of the state’s stream and river kilometers are not being adequately
assessed for sedimentation/siltation impairments. Figure 6 shows the distribution of
elevation classes throughout the state. Strahler stream order is included in the data set to
express stream size within classes (Figure 4). The high gradient streams are also smaller
in size, and the low gradient streams range from small watersheds that are potentially
spring fed to the largest rivers and watersheds in the state (Figure 4).
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Figure 4. Strahler Stream Size Distribution by Elevation Class.
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Figure 5. Total assessed stream kilometers by elevation class (AU is an assessment unit).

Discussion of Quantification of Unassessed Waters in NM
It is clear from this analysis that the mountain areas were an ideal place to begin
to assess for SBD impairments because there is relatively a large amount of stream km in
a small area where it is feasible to sample several sites in one day. It is demonstrated that
protocols need to be developed to expand the assessment ability beyond the riffle habitat,
as nearly three quarters of the state requires additional field methods in order to assess for
SBD impairment. The employment of the EMAP-W method provides a system for multihabitat data collection, which is shown by the EPA to be able to address impairments
through metrics in streams without riffle habitats present. As development continues
within the EPA and these methods are applied to low elevation, sand substrate streams
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and rivers, more information will become available on the most effective way to interpret
those data.

Figure 6. Elevation distribution map of streams in New Mexico.
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Cost Evaluation
Methods of Cost Evaluation
The collection of more data that are of a higher quality comes at a price. Table 4
provides a hypothetical example of a three day field trip to the Canadian Watershed with
no limit on the number of sites that need to be surveyed. It describes the associated costs
and the amount of data collected for the EMAP-W protocol in 2006 compared to the
single habitat method of data collection.

This scenario was chosen because biological

survey trips are generally fit into 3-4 day periods, accomplishing as much data collection
as possible for an area. The survey completion time was generalized to 4 hours for
EMAP-W and 2 hours for the single habitat method although in reality this varies by site.
Fish sampling was not considered in either scenario as it was not a focus in 2006 and was
collected at very few sites.
Two assumptions were made in the analysis. First, that these surveys were
performed at maximum efficiency with no unforeseen issues or delays such as getting
lost. Second, that coordination and planning would have occurred in the surveys of the
single habitat method in order to collect all data at the same time. A weakness of the
execution of the single habitat data collection since 2004 with the employment of new
staff completing biological surveys was that coordination did not always occur and
documentation of planning and data completeness was minimal, which led to site revisits.
This was a consideration in cost and was accounted for by adding a hypothetical
subsequent trip to one of the three sites, which is possibly an over-approximation of the
frequency of return visits required to resolve incomplete data sets. In order to quantify
the difference in the amount of data collected with each method, the total numbers of data
points collected were tallied. Individual measurements were tallied so that the single
habitat method’s physical measurements consisted of a Wolman pebble count (100 data
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points), a cross section (20 data points), and canopy cover measurements (6 data points).
Measurements were similarly tallied for the EMAP-W method; results are listed in Table
4.
Table 4. Costs and Data Results of a hypothetical 3 day field trip using single habitat and EMAP-W
methods.
Survey Method
2006
EMAP-W
Single Habitat

Cost Variables

Additional visit
for missing data

Drive time to the watershed (round trip
hours)

6

6

6

Drive time between sites (total hours)

2

4

0

Number of sites visited

5

9

1

Number of field crew needed

4

2

2

$680

$340

$0

Work day ($28/hour for 10 hour days
totaled for trip & entire crew)

$3,360

$1680

$560

Macroinvertebrate analysis from all sites
($250/sample)

$2,500

$2,250

$0

Periphyton analysis
($425/sample)

$4,250

$3,825

$0

Gas ($ estimate based on drive time)

$100

$125

$50

Data entry and validation with EPA
scanning field sheets ($28/hour for all
sites on trip)

$56

$214

$28

Data Entry and Validation without EPA
scan ($28/hour for all sites on trip)**

$448

$214

$28

$10,946

$8,434

$472

Relative Cost per Site

$2189

$937

$472

Necessary additional equipment

none

None

none

10,660

1,134
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Number of chemical & physico-chemical
measurements taken*

54

81

0

Number of biological samples taken (fish
samples excluded)*

20

18

0

TOTAL DATA POINTS COLLECTED IN
TRIP

10,734

1,233

26

2146

137

Per diem ($85/day)

from

all

sites

TOTAL COSTS ($)

Number
taken*

of

physical

measurements

Relative Data Points per Site

* measurements counted individually,
i.e. pebble count = 100 measurements
** Adjustment included because there has been no confirmation
of annual scanning from EPA. This is not included in the total cost.
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Discussion of Cost Evaluation
The hypothetical aspect of this budgeting scenario may make some of the
outcomes seem unrealistic. The objective however, was to set conditions to review the
two methods equally so that it can become clear where costs vary in the same context.
The completion of so many sites is optimistic for both methods, as it was calculated by
scheduled 10 hour days of consecutive work or driving without interruption between or at
any of the sites. Similarly, the drive time between sites is rarely a consistent 30 minutes.
The amount of time dedicated to data management for the EMAP-W method was
estimated, as SWQB has not received the data back from the EPA to quantify the time
necessary to upload the data and metrics to the SWQB database. It is uncertain whether
EPA will continue to scan SWQB's data on an annual basis, so estimates of both data
management scenarios were included.

The number of data points obtained on a

hypothetical return visit would depend on the specific data missing for the assessment of
the reach.
The EMAP-W method increases costs considerably by doubling both the field
crew size and number of biological samples to be analyzed. The value of that high cost
becomes clearer with the examination of the increased quantity of data that is collected
with the EMAP-W protocols. This increase in the quantity of data collected does not
justify the cost on its own because the data need to be employed to meet SWQB
objectives. There needs to be an increase in the quality of data, as well as a method for
application in assessing the surface waters of the state in order to meet the goals of the
Clean Water Act.

Quality Assurance
Five parameters commonly used to judge data qualities are (ODEQ, 2004):
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1. Precision – a metric of reproducibility measured with duplicate samples;
2. Accuracy – a metric to determine how close the measured value is to the true
value, measured with equipment calibration consistency for physico-chemical
collection (see Appendix A for details) and observer bias for biological and
physical habitat collection;
3. Representativeness – a metric to determine how well the sample represents the
true environmental conditions, measured with sample collection methods,
handling, preservation and transport;
4. Comparability – a metric to determine the ability to compare results from
samples collected at different times and locations, measured by how documented
data collection procedure are being followed;
5. Completeness – a comparison of the amount of valid data expected and the
amount actually generated from the study.

Precision and Accuracy
The methods to calculate precision and accuracy have not yet been developed
within SWQB for either habitat or macroinvertebrate collection. Duplicates (habitat
parameters taken twice by the same field crew) and replicates (habitat parameters
measured twice by different field crews) were planned for the habitat section of the
survey however, the site planned for the duplicated site (Rio Penasco) was dry and not
visited, and due to the lateness of the season it could not be rescheduled with another site.
The replicate was taken, although the lack of defined methods to determine observer bias
within SWQB field crews and only having one replicate of the data from one site was the
basis for the decision to postpone these calculations for methods approved by SWQB
Quality Assurance officer and a larger data set.
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The details of the very thorough

precision and accuracy process of the EMAP-W protocols are explained in the statistical
review of the Western EMAP data collection (Stoddard, et. al, 2005).

Representativeness
The fundamental purpose of utilizing the EMAP-W protocol is to improve the
representativeness of SWQB’s macroinvertebrate, periphyton, and habitat samples for the
entire reach rather than a single riffle habitat type that may not best represent the AU
being sampled.

The switch to EMAP-W methods dramatically increases the

representativeness of the ability to determine if sediment is impacting the aquatic life in a
stream reach. The sample collection methods for handling, preservation, and transport
are described in Appendix A and were followed, with the exception of one reference site.
The macroinvertebrate collection of the Rio Santa Barbara site was compromised in this
field season for two reasons. First, there was a shortage of time in the field on the day of
sampling, and it was decided that a riffle sample would only be collected to save time,
since the majority of transects were riffle habitats. Second, a sample was overlooked in
the lab when the samples were sent to contractors and therefore the data were not
returned with the complete data set in time for the analysis of data for this project. The
sample had no holding time and was not compromised completely, but the results will not
be available until July or August of 2007.

Otherwise all samples were handled,

preserved, and transported as defined in the SOP (NMED/SWQB, 2004).

Comparability
Similar to representativeness, the purpose in method change is to improve the
comparability of habitat data for multiple objectives. This is done by increasing the rigor
of habitat data collection with a more clearly defined protocol and collecting all samples
at the same time with less need for individual decision-making in the field that could
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potentially alter the type of data collected. In previous methods, the lack of
documentation with a physical habitat SOP led to data collection as needed for
assessment, which became dependant on the perspective of the field collector. Again,
this was not a major problem historically when one person was collecting all habitat data,
but since 2004 the need for a more concrete protocol has become obvious. Since 2004
this has often led to incomplete data sets, occasionally with different methods used for
data collection when there were options in the protocol, and therefore an overall lack of
comparability for alternative analyses.

The EMAP-W method did increase the

comparability of data, with the exception of sites visited where the crew lead made the
decision to alter the field protocol, which altered the data collected. This occurred in the
habitat data collection at Rio de Los Pinos and Blue Creek as well as the
macroinvertebrate collection at Rio Santa Barbara. The documentation of all decisions
made in the field and justification for those that do not follow protocol can easily be
addressed in the annual quality control pre-field season training.

Completeness
The completeness of the field season results is 76% overall, where 40 sites had
missing data either because of the inability to sample or because of time constraints. The
data not needed at the replicate and duplicate habitat sites were not counted as incomplete
because they were never planned. This information is detailed in Table 5. The total
number of incomplete sites is 10, where 6 of those were not surveyed at all because the
stream went dry, the biota was damaged or removed by scouring floods, or the stream
conditions were not as expected (i.e. a wetland) and could not be sampled. Other aspects
of site surveys were not complete because chemical data has alternate duplicate and
replicate procedures that are beyond the scope of this project, and the lack of riffle habitat
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at some sites did not allow for that data collection. As described above (Comparability),
there were 3 sites that were not complete due to individual decision-making and site
specific circumstances, which can be addressed with quality control field training.
Table 5. Project Completeness
Sample Type
Station Abbreviation

Full
habitat

Riffle
Pebble
Count

Macroinvertebra
te sample

Periphyton
sample

Qualitative
Habitat
Forms

Legend
Chemistry

Cieneguilla

= Data
Collected

MidPonil
Rayado2

NR

Chicorica

NR

Comanche
RCostilla
DryCimJM
DryCimLC
Rayado1®
RSBarbara®
RGRancho®
RGRancho® -REP
RPinos®
WFkGila®
Iron®
Bear®
Animas®
Ute®
Blue®
Corrumpa®
Pecos®
Rio Penasco @ Hwy
13
Rio Penasco @ Hwy
13 -DUP
North Ponil Creek
above South Ponil
Creek
Ponil Creek above
Cimarron River
Ponil Creek above
NM 64

Not

NR = No Riffle
Present
to
Sample
⌧=
No
Data
Needed
or
Planned

Raton
UnadeGato

= Done

NR

NR

⌧

⌧

⌧

⌧

Habitat Replicate

WETLAND
NR
DRY
⌧

⌧

⌧

⌧

Habitat Duplicate

FLOOD/ SCOUR
FLOOD/ SCOUR
FLOOD/ SCOUR
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Stream Bottom Deposit (SBD) Assessment
As described in chapter one, the goal of this assessment is to determine if the
narrative sedimentation/siltation standard to protect aquatic life uses is being met. The
purpose of this analysis is to apply the riffle and reach-wide survey data collected in 2006
to the SBD assessment protocol to determine differences in the assessment results and
whether new protocols need to be developed to complete this assessment using the reachwide data. The assessment will be completed for survey sites and their associated
references described in Table 1.
The method to assess for SBDs is defined in the Protocol for the Assessment of
Stream

Bottom

Deposits

(Sedimentation/Siltation)

on

Wadeable

Streams

(NMED/SWQB, 2006). The majority of SBD assessments conducted to date are based
on most recent monitoring methods consisting of a pebble count and macroinvertebrate
sample collected in a representative riffle habitat compared to a specific reference site.
The physical measurement has been collected with the modified Wolman (1954) pebble
count to the wetted edges of the channel, to produce a measurement of the percent fines
present in the riffles of the reach sampled. Benthic macroinvertebrates were collected
with either a Hess or kick net sampler to composite 3 Hess samples or two 30 second
kicks across the same riffle habitat as the pebble count collection. The methods of these
procedures are detailed in the SOP (NMED/SWQB, 2004).
The macroinvertebrate sample is assessed with EPA’s Rapid Bioassessment
Protocol (RBP) metrics calculated for the survey and reference sites, where a biological
condition score is determined and compared to the reference site score (Plafkin, et. al,
1989). The physical assessment calculates the percent increase (relative to the reference
site) in percent fines and determines if excess fines are present in the AU. There are no
methods in the current assessment protocol to determine if a lack of fine substrate
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(armoring) is impacting the aquatic life of the stream. In the final assessment, both the
biological and physical assessments are combined to determine whether or not the
narrative water quality standard (WQS) is supported (NMED/SWQB, 2006). If the
conclusion is non-support of the designated aquatic life use, the AU is noted as impaired
on New Mexico’s Clean Water Act Integrated §305b/§303d List. A TMDL is then
written for the reach based on the cause of impairment, in this case settled sediment,
describing the magnitude of the problem, and the potential sources of anthropogenic
influence causing the disturbance within the watershed. Clean Water Act §319 grant
funding then becomes available for watershed groups and stream restoration within the
impaired AU.

Methods of SBD Assessment
Physical impairment - Methods
The general method consists of tallying the raw numbers for the pebble counts in
both the representative riffle and throughout the reach. The classifications of these
pebbles are tallied using standard Wentworth size classes (Bunte and Abt, 2001) with
clay, silt, and sand combined as less than 2 mm as protocol designates. The classes are
also the same as the PC Analyzer Spreadsheet tool described in the protocol. After
pebble counts are tallied, the study and reference sites (both riffle and reach-wide) are
entered into the PC Analyzer tool to calculate percent fines and distribution graphs as the
product of the tool. If the percent fines of any site is below 20%, then the substrate is
considered not impaired for stream bottom deposits. If the percent fines are > 20%, the
amount at the study site is then multiplied by 1.28, as described in detail in the SWQB
Assessment Protocol, and the product is compared to the percent fines at the reference
site. If the study site value then exceeds the reference site it is determined as impaired.
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Table 6. Degree of aquatic life use support affected by stream bottom deposits.
Taken from (NMED/SWQB, 2006).

Pebble Count
Fines

Degree of Aquatic Life Use
Support (Presumptive1)

< 2 mm
(% increase over
reference)2

0 – 27%

Full Support, Comparable
to Reference 1,3

> 28%

Non-Support1

1

Biological assessment is necessary for confirmation and statistical database.

2

Raw data values used for these percent comparisons between reference and study sites
needs to meet adequate sampling size requirements.

3

Raw percent values of ≤20% fines (pebble counts) at a study site should be evaluated
as fully supporting regardless of the percent attained at the reference site.

Macroinvertebrate Impairment - Methods
The macroinvertebrate sample data returned from the contract labs includes a list
of the metrics necessary for determining the biological condition score through EPA’s
Rapid Bioassessment Protocol (RBP) (Plafkin, 1989).

A slight variation from the

published protocol is the substitution of the Shannon Diversity Index for the Community
Loss Index; this was routinely done in past assessments and continued in this project for
consistency (Shannon and Weaver, 1949; Plafkin, et. al, 1989). The sites are given an
even score between 0 and 6 based on a comparison to the reference site (Figure 7) on the
following metrics (Plafkin, et. al., 1989):
1.) Taxa richness, a measurement of total number of species present,
2.) Hilsenhoff Biotic Index, an index of tolerance values developed to detect organic
pollution impacting communities in rock or gravel riffles,
3.) Ratio of Scraper/Filterers, to reflect the riffle/run community food base to
provide insight into potential disturbances,
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4.) Ratio of EPT and Chironomid abundances, to measure community balance
where a healthy biotic condition will be represented in an even distribution,
5.) Percent contribution of Dominant Taxon, as an indication of community
balance at the lowest positive taxonomic level, where a community dominated by
relatively few species would indicate environmental stress,
6.) EPT Index, which is the total number of distinct taxa within the orders of
Ephemeroptera, Plecoptera, and Trichoptera, which are considered to be the most
pollution sensitive,
7.) Shannon Diversity Index, an index of biodiversity and evenness of population
sizes among species (Shannon and Weaver, 1949), and
8.) Ratio of Shredder abundance/Total, a functional feeding community based on
coarse particulate organic matter (CPOM) that is specifically sensitive to riparian
zone impacts.
The metric scores are summed to provide an overall score for the site. The reference
sites are given the highest score for those metrics that are compared to the reference
site, but Percent contribution of Dominant Taxon and Shannon’s Diversity index are
actual scores (verses the highest score) and used as such. For the final bioassessment,
a percent comparison of the study site to reference site is calculated and impairment is
determined as impaired (<79%) or non-impaired (>83%). The 5 point grey area
between 79% and 83% was designated by Plafkin, et. al. (1989), and impairment
should best be determined by BPJ.
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Figure 7. Flow chart of the Rapid Bioassessment Protocol (RBP) (Plafkin, et al., 1989).

Final Site Impairment - Methods
The final impairment of the site is determined with the matrix in Table 7. It
shows that the biological impairment drives the site impairment, which means that if the
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physical channel is determined impaired, but the macroinvertebrates are not indicating
impacts, the site is determined to be in full support of aquatic life use of the stream, as
there is no gradient of impairment, only pass or fail.
Table 7. Final assessment matrix for determining aquatic life use support categories by
combining physical (% fines & embeddedness) and biological assessments
as sediment indicators1 (NMED/SWQB, 2006).
Impaired
(Non Support)
0-79%

Non-impaired
(Full Support)
84-100%

Non-Support
Fines or
Embeddedness
>28% increase

Non-Support

Full Support

Full Support
Fines or
embeddedness
<27% increase3

Non-Support2

Full Support

Biological
Physical

1

2

3

In previous New Mexico §305(b) reports and §303(d) lists, New Mexico also had categories entitled
Full Support Impacts Observed (Supporting) and Partial Support. The most recent guidance from
USEPA recommends the following use attainment categories (USEPA 2001): Fully Supporting, Not
Supporting, Insufficient Information, and Not Assessed. Also, USEPA Region 6 requested that New
Mexico lump all but the “Non Impaired” category in Plafkin et al. 1989 into the Non Support
attainment category. Therefore, Full Support and Supporting terminology related to percent fines or
embeddedness in previous versions of this protocol were condensed into Full Support, while Partial
Support and Non Support were condensed into Non Support. Regarding terminology based on
Plafkin et al. 1989, “Non Impaired” terminology related to benthic macroinvertebrates remains Full
Support while “Slightly Impaired,” “Moderately Impaired,” and “Severely Impaired” were condensed
into Non Support per USEPA Region 6’s request.
Reduction in the relative support level for the aquatic life use in this particular matrix cell is probably
not due to sediment. It is most likely the result of some other impairment (temperature, D.O., pH,
toxicity, etc.), alone or in combination with sediment. These waters will be labeled as Category 5C
on the Integrated §303(d)/305(b) list to indicate that further study is needed to determine the exact
cause of impairment.
Raw percent values of ≤20% fines (pebble counts) and ≤ 33% embeddedness at a study site
should be evaluated as fully supporting regardless of the percent attained at the reference
site.

Results & Discussion of SBD Assessment
In order to begin to determine how to use the biological and physical reach-wide
data set, it was applied to current assessment protocol. The RBP applicability description
states that it is an effective index for single habitat (riffle) or multi-habitat sampling
(reach-wide), so it was expected that the index would be useful for both data sets. Upon
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review of the protocol, the physical assessment is only incorporated in the final
assessment if the biology shows impairment. Therefore, use of the reach-wide pebble
count data does not influence the overall impairment unless the biology is already
impacted, reducing the predictive potential of this data set to indicate sediment imbalance
or anthropogenic influence based on physical data alone.

Physical Impairment - Results
Table 8 shows the reference comparison percentage of fines and the actual percent
fines at each survey and reference site based on pebble counts in the riffle and throughout
the reach. As expected, the percent fines in reach-wide samples were consistently higher
than the riffle pebble counts at all stations. The two riffle-dominated high elevation
streams, RSBarbara® and RCostilla, showed the least difference in riffle and reach-wide
percent fines with only 4% and 5% differences respectively. The Rayado1® site had a
22% difference between riffle and transects pebble counts which can be an expression of
the relatively lower elevation from the RSBarbara® reference site and therefore has more
distance and deposition between erosional riffles within the reach. The range of percent
fines at low gradient survey and reference sites show that Raton, and DryCimLC had
riffles that were determined as not impaired for settled sediment, but still had 57% and
71% fines in the reach respectively. Those sites without representative riffles had 80 100% fines throughout the reach.
The raw data from the pebble counts showed that with the reach-wide systematic
pebble count, 2 out of the 16 pebble counts with percent fines calculated did not have the
105 measurements expected from the protocol.

The reasoning was listed in the

comments as due to non-wadeable conditions. The raw data from the riffle pebble counts
expects a result of at least 100 measurements, where 5 of the 12 sites that had riffles to
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measure pebbles had less than the 100 measurements with no comments as to why
measurements were not made.
Table 8. Results of Physical Assessment
%fines =
≤2mm
Cieneguilla
MidPonil

Riffle % Fines
28% of
Reference
Measured %
4
2.6
14
5.1

Rayado2

NO RIFFLE

X

Chicorica

NO RIFFLE

X

Raton

20

33.3

UnadeGato

NO RIFFLE

X

Comanche
RCostilla
DryCimJM

3.1
12.1
13.1

2.6
2.6
33.3

DryCimLC

NO RIFFLE

X

RSBarbara®
Rayado1®
Ute®

2
4
26

2.6
5.1
33.3

Impaired?
NO <20%
NO <20%
Not
Assessed
Not
Assessed
NO
Not
Assessed
NO <20%
NO <20%
NO <20%
Not
Assessed
reference
reference
reference

Reach-Wide % Fines
28% of
Measured % Reference Impaired?
67
YES
7.3
37.5
YES
32.9
80
80
57.1
100
30.5
17.1
71.3
99
5.7
25.7
37.7

48.3
48.3
48.3
48.3
7.3
7.3
48.3
48.3
7.3
32.9
48.3

YES
YES
YES
YES
YES
NO <20%
YES
YES
reference
reference
reference

Physical Impairment - Discussion
The impairment determination based on the riffle pebble counts indicates that the
lower limit of anything equal to or below 20% fines is set too high to protect the riffle
habitat of high gradient, mountain streams by determining impairment. Research by
Bunte and Abt (2001) support this by describing gravel and cobble bottom, high gradient,
wadeable streams generally contain less than 10% fines which may reach up to 50%. The
macroinvertebrates at all sites show impairment yet the substrate does not. For this
reason these sites would be listed as biologically impaired due to an unknown cause.
Further review of other habitat data as well as other SBD assessments would support that
the limit is set too high by the expression of instability in the stream channel at disturbed
sites.

Along with the uncertainty of the appropriateness of the 20% lower limit, it is not

clear from the protocol how the 28% of reference site, percent fine comparison was
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determined. From the results, all of the riffle counts were not impaired and all but one of
the reach-wide samples was impaired. This indicates a need to review these target values
for a more robust assessment.
The transect pebble counts show that the riffles were no longer present at sites in
this survey when the reach-wide percent fines approached 80%.

When comparing

sample results within a station, the range between the riffle pebble count and the reachwide pebble count is small at reference sites and sites with better general habitat
condition, while this range increases at sites with a decrease in elevation and slope. In
Table 8, the reference sites RSBarbara® and Rayado1® are high gradient with low to no
disturbance. They have low measured fine percentages and small ranges between riffle
and transect samples, where Ute® is a low gradient tableland stream without disturbance
and has a small range with higher measured percentages representing a natural fining of
the system as gradient decreases.

Similarly, study sites that may have non-point

disturbances and are high in elevation and gradient may have low riffle measured fine
percentages but express a significantly higher percent fines in the transect count. This
represents the increase in the difference between riffle and transects samples at that site.
For example, in table 8, Cieneguilla is potentially experiencing more disturbance than
RCostilla because of the increase in difference between riffle and transect samples. This
potential relationship should be examined further with more data from more sites.

Macroinvertebrate Impairment Results
As described in the data completeness section, there was data missing from the
data set. The macroinvertebrate sample from Rayado1® did not arrive at the lab for
analysis within the timeframe of this project and did not contain a reach-wide sample. As
a result, the sample from 2005 taken in the riffle at this site was used to assess 3 of the
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high elevation sites in the Southern Rockies ecoregion for the riffle assessment only. The
protocol suggests using ecoregion to determine reference sites, with additional
parameters as necessary (NMED/SWQB, 2006). Rayado1® is in the same Southern
Rockies ecoregion but has a potentially significant, lower elevation which means that the
reference condition present at each stream could be significantly different. The protocol
also states that it is best but not mandatory to use concurrent data. It was determined by
the difference in percent fines at each site that and confirmed by SWQB’s aquatic
macroinvertebrate specialist, Shann Stringer (personal communication, March 3, 2007)
that it would be more appropriate to use 2005 data from the RSBarbara®, rather than the
Rayado1® 2006 data set, as there is generally less annual variation at the same site than
the elevation variation. Data were not collected from the RSBarbara® site for multiple
consequent years to support this assumption. Prior to 2005, the site was located at the
Santa Barbara campground, which was not a reference site and subject to significant
human disturbance, and therefore was not comparable.
All but one of the riffle macroinvertebrate samples were determined to be
impaired (Table 9). The degree of impairment was reviewed for the purposes of this
project but is not included in assessment protocol. Similarly, any assessment score
falling in the BPJ area (79-83%) was called slightly impaired for the purpose of this
project. The bioscore of the reference sites shows that Ute® scored slightly lower than
the higher elevation sites; this supports the progression of biological condition on a
longitudinal gradient. MidPonil survey site had significant disturbance from an adjacent
road and road crossing through the reach, as well as recent forest fires in the watershed,
which could be what is reflected in the bioscore.
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The reach-wide samples resulted in 2 out of 4 of the study sites (DryCimLC and
Chicorica) that did not have riffles present being classified as not impaired (see table 10
below). DryCimJM was found to be not impaired in either sample. Although protocol
states that impairment is determined as pass or fail, the associated scoring determination
of slightly, moderately, and severely impaired has been implemented for the purposes of
data review.
Table 9. Macroinvertebrate Site Assessment Scores for Riffle Samples.
Superscript
indicates
reference
association

RIFFLE INDEX SCORES
1

RBP METRICS
Taxa
Richness
Hilsenhoff
Biotic Index
Ratio
Scrapers/
filterers
Ratio
EPT/
Chironomids
% Dominant
Taxon
EPT Richness
(Index)
Shannon's
Diversity
(LOG2)
Ratio
Shredders/
total
TOTAL
SCORE
(riffles)
(study/
reference)*100
Determined
Impairment

MidPonil

1

Rayado1®

2

Raton

2

DryCimJM

2

Ute®

3

Cieneguilla

3

Comanche

3

3

RCostilla

RSBarbara®
2005

2

6

6

6

6

6

4

4

6

6

6

6

6

6

4

6

6

6

0

6

6

2

6

6

6

6

6

6

6

0

4

6

6

6

6

6

2

6

4

4

4

2

4

4

6

0

6

0

6

6

0

0

2

6

2

6

4

4

2

4

4

4

6

0

6

6

6

6

6

6

2

6

18

48

32

38

42

34

36

34

48

37.5

reference

76.9

90.5

reference

70.8

75.0

70.8

reference

Moderately
impaired

Slightly
impaired

Not
Impaired
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Slightly
Impaired

Slightly
impaired

Slightly
impaired

Table 10. Macroinvertebrate Site Assessment Scores for Reach-wide Samples.
Superscript
indicates
reference
association

Reach-Wide Index Scores
1

RBP METRICS
Taxa
Richness
Hilsenhoff
Biotic Index
Ratio
Scrapers/
filterers
Ratio
EPT/
Chironomids
% Dominant
Taxon
EPT Richness
(Index)
Shannon's
Diversity
(LOG2)
Ratio
Shredders/
total
TOTAL
SCORE
(transects)
(study/
reference)*100
Determined
Impairment

MidPonil

1

Rayado1®

2

Raton

2

DryCimJM

2

DryCimLC

2

Rayado2

2

UnadeGato

2

Chicorica

2

Ute®

2

6

6

6

6

6

6

6

6

6

6

4

6

6

4

4

4

6

0

6

4

6

6

0

0

0

6

6

6

0

6

6

2

0

0

6

4

6

2

6

6

4

4

6

0

4

6

2

6

6

0

0

0

6

4

6

4

6

6

4

4

6

2

0

0

6

6

6

6

0

6

0

26

42

28

48

48

26

18

28

32

62

reference

88

150

150

81

56

88

reference

Moderately
Impaired

Not
Impaired

Not
impaired

Not
impaired

Slightly
Impaired

Slightly
Impaired

Not
impaired

Macroinvertebrate Impairment - Discussion
The results of the macroinvertebrate analysis of the reach-wide data show that it is
unclear what the index scores are expressing. There is also an indication of a multiple
factors influencing the confusion of the outcome.

The reference site determination

classified Ute® as appropriate for both sites on the Dry Cimarron River, but the results
that both Dry Cimarron sites scored better than the reference indicates that this may be an
inappropriate comparison. There is no documented method for confirming or reviewing
reference site appropriateness or what steps to take if it is determined data were collected
from an incomparable reference site. The unexamined differences could range from the
geologic make-up of the site to recent local activity at Ute®. In the past 2-4 years the site
has been restored with non-native salt cedar eradication. The methods to the eradication
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are unknown at this point, but a chemical treatment, as well as a dramatic reduction in
riparian cover and organic inputs to the stream from a manual removal would all impact
macroinvertebrate community structure and abundance.
It is expected that the sites without riffle habitats present at all would score lower
from the index than those with riffles still present. This was not the case, especially as
Chicorica and DryCimLC had no riffles and were determined not impaired. This creates
concern about what the index is considering for a score that should indicate a higher
quality site.

There are only 3 sites that have both riffle and transect samples in the

assessment (MidPonil, Raton, and DryCimJM). Two had scores that were higher in the
reach-wide assessment than the riffle assessment. The lack of consistency and small
number of sites makes this data set too small to confidently draw conclusions. From the
reach-wide results, the metrics that are based on factors of diversity (taxa richness, %
dominant taxa, and Shannon’s Diversity) all had relatively high scores whether riffles
were present or not. This may be a factor of the RBP index that is riffle oriented, so that
when a naturally diverse sample is collected from depositional areas, it cannot be
assessed using the same metrics that score riffle diversity.

Final Impairment - Results
The final impairment determination of riffle samples for each site is detailed in
table 12. The traditional assessment shows that all sampled sites have macroinvertebrate
communities that are showing signs of stress relative to the assigned reference site. None
of the riffle substrates showed SBD impairment and all were equal to or less than 20%
fines. Therefore, the reach-wide pebble data were used to assess results of the riffle
macroinvertebrates as an attempt at a more robust physical assessment. In this scenario,
all sites assessed were impaired for SBDs.
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As described in the final impairment

determination matrix, the assessment is driven based on the biology, so that the
impairment of the macroinvertebrates alone determines the impairment listing of the
stream reach or assessment unit. The cause of stress as SBD can only be determined if the
physical assessment is impaired. Table 13 shows the results of the assessment of the
reach-wide data.
Table 12. Final impairment determination for riffle macroinvertebrate data set.
Station
Abbreviation
Cieneguilla
MidPonil
Rayado2
Chicorica
Raton
UnadeGato
Comanche
Rcostilla
DryCimJM
DryCimLC

Station
Abbreviation

Biological
Impairment
Yes - Slightly
Yes - Moderately

Riffle Assessment
%Comp to
Physical
Ref
Impairment
Bioscore
70.8
No - <20%
37.5
No - <20%

%
Fines
Measured

Final
SBD
Impairment

NO*
NO*
no
No Riffle
No Riffle
assessment
no assessment
no assessment
no
No Riffle
No Riffle
no assessment
no assessment
assessment
Yes - Slightly
76.9
20
NO*
No
no
No Riffle
No Riffle
no assessment
no assessment
assessment
Yes - Slightly
75
3.1
NO*
No - <20%
Yes - Slightly
70.8
12.1
NO*
No - <20%
NO
90.5
13.1
NO*
No - <20%
no
No Riffle
No Riffle
no assessment
no assessment
assessment
* The macroinvertebrates are listed as impaired from an unknown cause.

Biological
Impairment

4
14

Riffle Assessment with Transect PC
%Comp to
Physical
%
Fines
Ref
Measured
Impairment
Bioscore
70.8
YES
67
37.5
YES
37.5

Cieneguilla
MidPonil

Yes - Slightly
Yes - Moderately

Rayado2

no assessment

No Riffle

YES

80

Chicorica

no assessment

No Riffle

YES

80

Raton

Yes - Slightly

76.9

YES

57.1

UnadeGato

no assessment

No Riffle

YES

100

Comanche
Rcostilla
DryCimJM

Yes – Slightly
Yes – Slightly
No

75
70.8
90.5

YES
NO <20%
YES

30.5
17.1
71.3

DryCimLC

no assessment

No Riffle

YES

99
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Final
SBD
Impairment
YES
YES
no
assessment
no
assessment
YES
no
assessment
YES
YES
YES
no
assessment

Table 13. Final impairment determination for reach-wide macroinvertebrate data set.
Station
Abbreviation
Cieneguilla
MidPonil
Rayado2
Chicorica
Raton
UnadeGato
Comanche
Rcostilla
DryCimJM
DryCimLC

Biological
Impairment

Reach-wide Assessment
%
Fines
%Comp to Ref Physical
Measured
Impairment
Bioscore

no reference
data
YES - Slightly
YES - Slightly
No
No
YES - Slightly
no reference
data
no reference
data
No
No

Final
SBD
Impairment

No Data

YES

67

no assessment

62
81
88
88
56

YES
YES
YES
YES
YES

37.5
80
80
57.1
100

YES
YES
NO
NO
YES

No Data

YES

30.5

no assessment

No Data

NO <20%

17.1

no assessment

150
150

YES
YES

71.3
99

NO
NO

Final Impairment -Discussion
The habitat condition gradient described in Chapter 1 was expected to be reflected
in the bioscores and pebble counts, and therefore the final assessment. The most obvious
indicator of changing conditions is through the riffle sample availability at the sites. It
would be expected that a site which no longer has any riffle habitats are further from the
reference condition than a site that still supports riffles. This is not reflected in any of the
assessments.

Therefore, development of more appropriate physical assessment is

suggested for both the riffle and reach-wide sample impairment determination and a
redesign of macroinvertebrate metrics is suggested for the best utilization of the new
reach-wide data set.

Habitat Variability Analysis
The habitat measurements in EMAP-W that are scored on an observation based
rating or visual estimate are riparian cover, human disturbance, and available fish cover.
The data collected by visual observation are the ideal data points to address when time is
a constraint in a survey, because the precision and accuracy of the assessment will not be
as compromised from a visual estimate characterization with less data points than a
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measured parameter such as the intermediate axis of a pebble. It is a time consuming
aspect of the EMAP survey to characterize the riparian corridor at each transect, when the
riparian zone is primarily homogenous along a reach that is 40 times the wetted width. In
order to review the heterogeneity of the riparian characterization, the metric utilized from
these qualitative measurements will be calculated based on 11, 7 and 3 transects. The
specific metrics under review here will be all components of fish and riparian cover. The
human disturbance parameter will not be reviewed for variability. A fundamental point
of surveying a stream for impairments is to note changes and proximity of disturbances
throughout the surveyed reach to isolate any point and non-point stressors. The human
disturbance rating is presence/absence, which is recorded at every transect.

The

measured parameters of bankfull height and incised height are added to the review
because by definition these measurements should be homogenous throughout the reach as
well. The methods to all measurements are detailed in Appendix A. The relative
difference between the calculated metrics at various scales represents the variability of
habitat within the reach.

Methods of Habitat Variability Analysis
The ratings for the reviewed habitat parameters are based on a visual estimate of
aerial coverage rated as 0 = absent (0%), 1= sparse (<10%), 2 = moderate (10-40%), 3 =
heavy (40-75%), and 4 = very heavy (>75%). There is an estimate for the cover on a
10x10 meter plot at each transect for each class of fish cover and for each bank of the
riparian corridor.

Because the metric scale SWQB would use for assessment and

biological context would be reach-wide estimates of each class, rather than any specific
changes or measurements within the reach, a mean percent cover is estimated for each
type of fish cover and for the canopy, understory, and ground cover on each bank. The
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systematic nature of the data collection creates uniform plots for each coverage estimate
at each transect. For the purposes of this analysis, the ratings were averaged for 11, 7 and
3 transects at each site to determine the difference the number of measurements have on
the resolution of the metrics SWQB will utilize. The 11 transects are identified as all
transects A through K, where the 7 transects always used were A-C-E-F-G-I-K, and the 3
transects always used were A-F-K, in order to include the boundaries of the reach.

Results of Habitat Variability Analysis
The results of this analysis showed that observations from all three transect
resolutions produce similar results. Although the ratings were in whole numbers, the
averages with the transect groups were expressed with one decimal point in order to show
the differences between averages. There was only one site that had a difference greater
than one rating point between the 11 and 3 transects and this was the incised height at Ute
Creek. There is a comment in the raw data explaining that there were two different
terraces being measured because they were varied in height.

Otherwise all other

qualitative ratings were within one point of each other and any differences seen on the
whole number scale was a result of rounding. Figure 8 shows a graphic representation of
the variability of fish cover at three different sites; one reference, one high quality study
site and one low quality study site. Figure 9 shows the riparian cover for the same three
sites. These sites show how the difference in quality can be represented across the
condition gradient for these variables. Generally, lower quality sites have more zeros and
overall lower ratings for all categories as an indication of reduced habitat and shade
available to aquatic life and potentially increased runoff erosion.
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Figure 8. Fish cover variability at three EMAP-W sites.
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Figure 9. Riparian cover variability at 3 EMAP-W sites.

Discussion of Habitat Variability Analysis
This analysis of mean values is useful in that it provides support to decreasing the
number of visual estimate measurements from 11 transects to 3. At this early stage of
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biological indicator development it seems that the most logical decision is to follow the
protocol as stated, and if there are any specific circumstances where time is an issue, the
eight visual estimates are the first to be sacrificed to save time. In the larger view of the
surveys, eliminating the ratings at eight transects is not going to allow another site to be
complete that day. Therefore, it is not as productive and may disrupt the flow of the
survey when crews have already been trained to strictly follow the protocol.

Overall Conclusions on 2006 EMAP-W Data Collection
The examination of the quantity of waters that are not assessed for SBDs allows a
more broad perspective for internal review of our assessment abilities.

From this

analysis, it is understood that more than 70% of the state's stream kilometers may require
the ability to monitor and assess for SBDs outside of the riffle habitat. This shortfall
supports the advantages of a multi-habitat sampling system.
It was shown through the lack of the ability to perform a precision and accuracy
analysis that quality control needs to be an area of focus in future biological and physical
data collection in order to be more confident in the quality of data that is collected. This
can be implemented with more specific planning before the field season begins with
alternate duplicate and replicate sites planned into the survey in case stream conditions do
not allow sampling at the predetermined sites. In March of 2007 it was determined that a
Field Sampling Plan be written to document the surveys for the following field season
and is a venue that would provide the ability to plan for this precision and accuracy
analysis for each field season. A method to these analyses also needs to be developed
and approved by SWQB’s quality assurance officer. From the data quality analysis, it is
also recommended that a more rigorous documentation process be executed for decision-
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making in the field, where crews are accountable for any deviation from protocol through
documentation of the evidence that led them to the decision.
It was determined through the cost comparison that it will cost a little more than
twice as much for EMAP-W surveys as compared with previous data collection. The
increased costs compared to the increased quantity and quality of data collected, benefits
to the development of the SBD assessment discussed in Chapter 3, and support for other
assessments that utilize habitat data justifies this cost. Similarly, the quantity of stream
reaches not being assessed for SBD impairments indicates that a plan for development to
identify impairments in these areas is necessary.
The results of the SBD assessment show that there is no simple application of the
reach-wide data in either the physical or the biological aspects. Long and short term
plans should be developed to reach assessment goals and objectives, and to assess
streams as accurately and confidently as possible in the mean time. Chapter 3 discusses
suggestions for these plans, including the restriction of assessment to riffle dominated
streams. This section also suggests that more rigorous comparison of reference and
survey sites would improve assessment ability.
The habitat variability analysis suggests that there is room within the protocol to
eliminate time consuming qualitative measurements. This should be discussed as an
alternative within the SWQB management and staff. The homogenous results of the
bankfull and incised height measurements indicate that it would be beneficial to do a
similar analysis in the future with other generally consistent measurements. Examples of
other measurements that could be tested are wetted width, bankfull width, and bank
angles, if it is determined by SWQB that less measurements would improve the
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efficiency and merit of the EMAP-W protocol. This analysis also illustrates the habitat
condition gradient that can be expressed through these variables.
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Chapter Three: SBD Assessment Protocol
Development
1998-2007 SBD Protocol in Review
In order to utilize the new data set generated with EMAP-W methods it should be
determined whether and how it can be applied to current assessment methods. This was
tested by applying the reach-wide data as well as the riffle samples to the current
assessment protocol. Limiting factors were identified in both data sets that may be
impacting the assessment results.
The determination of habitat condition as described in Figure 3 by one parameter,
percent fines, does not give a very precise, accurate, or representative characterization of
the physical condition of the reach.

Relyea (2000) supports this in a study of

macroinvertebrates as bioindicators of fine sediment, where it was determined that
“measurements of a single abiotic factor typically do not result in an ecologically
significant answer.” In order to reach the objective of the SBD assessment and more
appropriately account for the physical and biological condition of the stream reach, the
protocol should score both types of condition for an assessment product that can describe
the presence and intensity of impairment, as well as potential sources. An assessment of
more detailed data would supply more valuable information to TMDL writers,
landowners, watershed groups, tax payers and any other stakeholder that is impacted by
the information SWQB provides. The expense of biological sampling limits visits to one
per site so that assessment becomes the interpretation of the snapshot of habitat
conditions present at the time of biological sampling. This becomes more accurate and
representative with data that captures all of the components of the ecosystem at that
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location. Certainly included are those which contribute to the sedimentation process,
such as the channel structure, stability, and riparian buffer zone stability.

Physical Assessment
There are aspects of the physical data assessment that are potentially limiting the
ability to draw reliable conclusions from the data set. In the assessment of the 6 survey
sites that had riffles, under current methods none were determined impaired by settled
sediment because the percent fines at each site was under 20%, whereas if there was no
lower limit, 4 out of 6 would have exceeded the 28% of the reference site condition limit.
In a review of the minimum 20% fines limit, it was found that the source document cited
in the protocol describes a fine sediment bioassessment index that was developed from a
very large data set of 562 stream reaches from 5 states (Relyea, 2000). This set was
based on a combination of data sets, one of which was EMAP-W data, and while the
methods are not described in the report, EMAP-W pebble count data protocol has always
been a reach-wide sample. In addition, the description of this type of stream by Bunte
and Abt (2001) as having generally less than 10% fines suggests the recommendation of
20% fines as a lower limit would be more applicable for reach-wide pebble counts, but
will often be too high for the riffle pebble count to identify impairment. For this reason it
is suggested that this limit be dropped from the protocol.
There was no documentation or citation to support why greater than 28% of
reference condition as impaired was determined for the assessment. This percentage
should be reviewed with empirical data sets comparing biological condition and habitat
condition gradients; the collection of data for the indices development should supply this
data set. This analysis will allow a more legitimate determination of how close to
reference should be determined as impairing aquatic life to what degree. Until these data
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are collected, a documented source should be used to verify that this percentage of shift
from natural habitat condition implies a significant change in biological condition.

Macroinvertebrate Assessment
The macroinvertebrate reach-wide data analysis showed that it would not be
readily applicable to the current protocol.

The results of the assessment expressed

concern in three areas, which were unable to be isolated within the small sample size of
this data set; reference site suitability, RBP index suitability for multi-habitat samples,
and consistent metric calculation. The documentation of reference site determination
methods is minimal and requires more attention. This is a fundamental aspect of site by
site assessment methods and should be considered carefully for reliable assessment
results. The assessment protocol states that the reference sites should be determined
primarily by ecoregions and other site characteristics as needed.

For this assessment,

reference sites were chosen based on ecoregion and elevation. The results of both of the
Dry Cimarron River survey sites’ reach-wide samples scoring higher than reference (and
the highest possible score) indicates an issue of an inappropriate reference site
comparison. A number of site characteristic data should be available when determining
reference sites.

In order to improve the resolution of the reference site selection, and

therefore the more accurate assessment, it should be required that more traits similar.
Currently, there are no options if the reference site was chosen poorly except for not
assessing that site, as no other potential reference sites were sampled. As the cost of
regularly sampling back up reference sites may be too high to be feasible, more detailed
site characterization comparisons, better data management of landscape scale parameters,
and the documentation of methods for reference site determination in the protocol should
significantly increase the probability of the sites matching. The long term goal is to
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develop a data set that can provide a reference condition, where site by site analysis is no
longer employed. Examples of data sets that can be feasibly collected by staff that would
provide these comparisons would be the geologic makeup of the watershed, the stream
order, or the Rosgen channel classification of the reach.
The second issue with the RBP index assessment is that although it states that it is
appropriate for multi-habitat sampling, the metrics did not provide expected results
(Plafkin, et. al., 1989). It is understood from figure 1 that within the habitat condition
gradient a stream reach in the high or transitional elevation group that no longer supports
riffles should be farther from reference condition than a reach that does have riffles. This
relationship is not expressed with the index scores of the reach-wide samples. Since the
development of the RBP index, there has been a second edition revising the methods so
that it no longer provides a set of metrics in an index to use. The new method suggests
the individual determination of metrics is based on assessment objective (Barbour et. al.,
1999). The weakness of the RBP index in the SBD assessment is that it expresses stress
on the benthic community from multiple sources; it is not sediment specific. It is
recommended that this index be supplemented with metrics that specifically point to
causes of impairment such as sediment, temperature, nutrients, or other chemical causes.
The third area of concern is potential error or inconsistency with the calculation of
the metrics for the RBP assessment. The metrics for this project were calculated in two
different ways, as a particular method is not described in the protocol. First, the data set
produced by the two different contractors had some of the metrics in the index already
calculated. The other metrics were calculated by hand based on raw taxa data and the
abundance of the taxa relationship described by the metric (i.e. % scrapers/%filterers).
As the unexpected results raised uncertainty on the calculations, another method was
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utilized. The second method was entering the raw taxa counts from the sample into the
database and having it automatically calculate the metrics. Although it is difficult to
quantify the significance of the difference in metric scores because of potential human
error in calculations, it was enough of a discrepancy to slightly alter the final
bioassessment scores of all sites. The difference in metric calculation can be attributed to
the variation in taxa description lists and associated traits within the databases that
calculate the metrics. The fact that two different out of state contractors are being used
makes it highly likely that the taxa lists in the three databases will not exactly match.
There were 10 taxonomic names that were listed by the other contractors that were not
listed in the SWQB database. This impacted metrics such as the taxonomic richness and
the functional feeding group relative to the particular name. The taxonomic names are
the only observable indicator to variation in metric calculation between different
databases. There are other areas of metric calculating that are not visible such as the
defining of species traits, which may be debatable and vary between databases as well.
The suggestion for future use of the RBP index is that it be described in the assessment
protocol that the raw taxa counts should all be entered into the SWQB biological database
for all metric calculation in order to have consistent metric calculations and results
between sites.
Due to the uncertainty of representativeness in the transitional elevation area it is
suggested that the current riffle assessment protocol be used only for streams that are
accurately represented by riffle-dominated reference sites.

The metrics respond as

expected for this group of streams although the accuracy has not been tested. Other site
assessments of transitional streams should not be complete until more data can be
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collected to accurately determine what the natural condition of these stream reaches
should be.

SBD Assessment Future Development
Long Term Objectives
One of the long term goals for the collection of the EMAP-W data set is to
provide data to develop reference condition indices for both biology and sediment, which
are grouped to account for regional variability throughout the state. These indices will
determine whether a study site is diverging too far from the natural condition of that
stream type and will reduce the potential error and sampling frequency necessary for an
individual site comparison. A potential example of building a sediment condition index
is the Forest Service and Bureau of Land Management numeric fine sediment target
levels for the Upper Columbia River Basin, where they considered fines less than 6 mm
as impacting to fish communities, stratified by three metamorphic channel types and 3
geologic types, which resulted in 9 sediment target levels (Rowe, et. al, 2003). SWQB
currently has a macroinvertebrate reference condition for the mountain (high elevation)
region developed, which still needs to be tested before it is ready to be applied. As data
collection continues, indices for other regions of the state can be pursued. The second
edition of the RBP for wadeable streams contains detailed steps to develop condition
indices (Barbour et. al., 1999). While the assessment for settled sediment within ambient
surveys should be limited to the riffle dominated reaches of watersheds, it is also
suggested that a reference site field sample plan be developed to plan other biological
survey sites each year within the overall reference site objectives. For example, SWQB
should monitor a gradient of conditions throughout all regions of the state to increase the
quality of model development.
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Short Term Objectives
The following suggestions are to supplement the riffle assessment protocol
currently in place, by utilizing EMAP-W data while the physical and biological reference
conditions are developed. The indices described in the long term development serve as a
method to utilize biological indicators to easily express overall stress to the ecosystem. It
will benefit the assessment protocol to supplement the index scores in the future with
physical, chemical, and biological metrics that are indicators to specific causes of the
impairment as well as provide information on potential sources.

Physical Assessment
There is not one habitat measurement that characterizes the habitat condition at a
site, but rather a combination of various parameters that creates different feedback loops
within the local ecosystem.

Measuring only percent fines to characterize habitat

condition does not provide a very accurate, precise, or representative picture of the
habitat condition present at a site. In order to incorporate the various habitat components
that the EMAP-W protocol provides, it would be beneficial to expand physical
assessment into a weight-of-evidence approach, where biological response variables can
continue to drive overall impairment determination, but there are a number of habitat
related categories that can indicate sediment impairment to the macroinvertebrate
community. It is suggested that chemical and temperature categories are added as well,
and this weight of evidence approach could also apply to a periphyton community as a
biological indicator as that information is developed. Periphyton biomass has also been
shown to have a negative correlation to percent fines (Hill, et. al, 2000). A weight-ofevidence approach can be utilized and compared to a regional reference on a site by site
basis, and as data sets are developed numeric targets could potentially be identified for
each parameter in each region of the state.
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The following section describes an example of the foundation of an assessment
protocol, utilizing the habitat metrics calculated from an EMAP-W survey using a
weight-of-evidence approach. The product of the assessment would determine the level
of impairment by weighing the influence of 5 physical habitat categories on impairment
determination based on the variance of specific metrics from representative reference site
scores. Categories other than physical habitat would indicate alternate potential causes of
impairment to the macroinvertebrate community such as overall chemical, nutrient
(nitrogen,

phosphorus,

exceedences.

dissolved

oxygen,

or

chlorophyll-a),

and

temperature

The final assessment score can be a weighted combination of these

category scores, but the details the individual categories provide will present more
evidence toward determining not only the cause of impairment, but also potential sources,
since land use management activities will impact the habitat components in different,
sometimes traceable ways. The following describes the potential assessment categories,
what information they will provide and what metrics could be used to score them.
Hydrology – This component will be used to determine if a site is showing signs of
sediment impairment as a result of managed flows in the reach. For example, irrigation is
prominent in New Mexico and streams are often diverted until they run dry. Quantity
and quality of water in New Mexico are artificially separated because separate bureaus
manage and implement these interrelated objectives.

It would be useful if the

anthropogenic lack of water could be documented as a source of stress to the reach in the
assessment and in the TMDL so that less money is spent to monitor, assess, and restore
those areas where the reach is unlikely to be restored without additional instream flows.
Idaho Department of Environmental Quality lists streams on the 303(d) impaired list for
flow alteration, the addition of this impairment may be useful and could provide a means
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to provide other agencies with information on the impacts of water quantity management
to the quality of waters in New Mexico (Relyea, 2000). EMAP-W metrics and other data
that would support this category are:
1. Areal discharge = low flow drainage to watershed size ratio
within ecoregions
2. Hydrologic Flashiness = variation between low flow and
bankfull flows
3. On site/local evidence of flow alteration
4. Historic flow regime information
Substrate Present – The impairment of this category should be required for a physical
impairment determination. The percent fines in the riffle expresses fines in the best case
scenario within the stream, but the reach-wide percent fines expresses sediment in
depositional areas of the stream as well as erosional riffles as the various habitats are
present in the reach, and could provide an earlier indication of moving beyond reference
condition.
Relative Bed Stability (RBS) is an EMAP-W metric developed by Phil Kaufmann
with the EPA that compares the average particle size (D50) observed to a calculated
mobile or critical diameter. This critical diameter is calculated using measurements of
bankfull channel dimensions, slope, channel complexity, and large woody debris to set
the bankfull shear stress equal to the critical shear stress for the channel. This calculates
a scaled median particle size based on the hydraulic competence of the reach (USEPA,
2005). As the metric approaches one, the observed average particle size becomes the
same as the size the stream is capable of moving in a bankfull event and therefore
indicates no impairment. Regional classification of RBS values at reference sites based
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on characteristics that influence sediment input such as geology, climate, or vegetation is
necessary to determine the regional trends, as RBS is expected to systematically differ
across landscapes (USEPA, 2005). This metric is could be useful in interpreting the
anthropogenic impacts to sedimentation because it expresses the degree of departure from
the natural condition of the stream as positive (armoring) or negative (fining) (Stoddard,
2005a). The substrate metrics calculated from EMAP-W protocols are:
1. Percent fines in riffle & percent fines in the reach
2. Substrate size distribution
3. Relative Bed Stability
Habitat Present – This category may show to be most useful as biological context data,
answering questions about aquatic community responses. It is understood from the
habitat condition gradient described in figure 1 that habitat diversity, complexity, and
heterogeneity decrease with increase in sediment balance disturbance. The following
metrics will allow for the quantification of habitat variability within the reach:
1. Residual pool frequency & size distribution
2. Reach-wide mean residual depth
3. Bedform present in the reach (% Riffle, % glide, % pool)
4. Large woody debris volume
5. Fish cover by percent of area covered by each type
Floodplain interaction – After a stream has faced a disturbance, it undergoes what
Andrew Simon (1986) describes as an evolution that begins with down-cutting and
widening until it rebalances by restructuring the channel.

A new channel will be

established and stabilize with vegetation growth within the incision. Although this new
channel can be stable, the incision has reduced the stream’s access to the old floodplain,
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so that the energy and quantity of high flows in large storm events cannot be dissipated
and becomes funneled downstream within the incision. The reduced ability for a stream
reach to absorb the energy of storm events can often result in increased bank instability
and mass wasting, the frequent scouring of benthic communities and habitat, and overall
increase in sediment inputs from internal and external sources to downstream reaches.
The metrics in this category will provide information on historic disturbances to the
reach, and the ability for the reach to remain stable in storm events:
1. Sinuosity
2. Incision
3. Bankfull width:depth ratios
4. Stream side flood inundation potential (bankfull width:low flow width ratios)
5. Bank stability evaluation
Riparian Characterization – Many land management activities disturb the riparian
corridor vegetation that buffers the stream from non-point pollution sources.

The

disturbance to the riparian can be observed at many scales from the measured canopy
cover at a transect in the center of the stream to the land use of an area with a determined
radius. Combining these observations with the following metrics can provide more
insight into the magnitude and time frame of disturbance to the riparian zone of the
stream, as well as how it is recovering:
1. Characterize vegetation present at canopy mid and ground cover layers
2. Proximity weighted tally of activities and disturbances along the surveyed reach
3. Densiometer measurements of % cover
4. Local land use
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Macroinvertebrate Assessment
The short term development of the macroinvertebrate assessment is based on the
identification of metrics that will point to sedimentation as a stressor to the benthic
community. It is suggested that more reach-wide and riffle data be collected to compare
a large pool of sediment related metrics from a larger number of sites. Then it can be
determined which sediment related metrics can be represented in both streams that
contain riffle habitats and those that do not, in order to better assess the transitional
elevation area. A review of empirical data for this determined set of metrics across a
gradient of habitat condition can express which metrics are most reliable and consistent
in determining SBD impairment. Similarly, a set of metrics indicating alternate causes of
impairment (i.e. nutrients and temperature) would provide more information and the
ability to determine the appropriate cause of biological impairment rather than a pass/fail
judgment. Data available in literature on macroinvertebrate metrics as indicators of
sedimentation vary and are generally specific to regional characteristics. In Relyea’s
(2000) fine sediment bioassessment index testing, it was found that traditional metrics
such as EPT could only discriminate between less than 20% fines and all other categories
up to 100% fines. It was also suggested that an examination of the presence of specific
tolerant and intolerant species may act as a better indication of sedimentation. Similarly,
a long term study of two watersheds completed by

Arizona Department of

Environmental Quality determined that predators in the Hemiptera and Coleoptera orders
are very susceptible to the degradation of habitat by fines, and the beetle Microcylloepus
and caddisfly Helicopsyche were highly tolerant scrapers that increased with an increase
in percent fines (Spindler, 2004). Field experiments in forested Appalachian Streams
where artificial substrate trays at varying known concentrations of sediment 2 mm or less
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(ranging from 0-30%) determined that the proportion of larval orthocladiinae and
Baetidae increased with increasing fines at all study sites (Angradi, 1999).

Summary & Conclusions
The collection of habitat data that accurately describes habitat condition is crucial
for the development of biological monitoring. It allows for a better interpretation of
macroinvertebrate data with the ability to determine natural condition gradients from
human disturbances as well as probable causes and potential sources of impairment to a
stream reach. The EMAP-W method's systematic process of continuous collection of
paired biological and physical habitat data will establish large data sets that will allow
these relationships to be empirically demonstrated, will make future monitoring more
effective, and assessment more informative.

Although costs of multi-habitat data

collection are relatively high, it is shown here that there are immeasurable benefits to the
potential advancement of SWQB's ability to assess the surface waters of the state. The
narrative settled sediment standard allows room for the development of this assessment
protocol which should include using EMAP-W habitat metrics for a more robust
characterization of physical condition and reach-wide samples to better represent the
reach. The EPA developed and promotes the EMAP-W protocol as a scientificallydefensible tool to state programs in order to initiate this data collection and relationship
development. Short term goals such as better documentation for decisions and findings at
both the monitoring and assessment levels, a plan for reference condition development to
sample a gradient of conditions while maintaining an updated list of reference sites in
each region of the state, and currently limiting SBD assessments to riffle dominated
reaches were identified.
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This project determines the application of the EMAP-W data as beneficial to the
development of monitoring and quality assurance methods in biological and physical
habitat data, efficiency in terms of the amount of useful data collected per visit to each
site, as well as the ability to assess for sedimentation impairments to aquatic life use
designation in the wadeable, perennial streams of New Mexico.

References Cited:
Angradi, T. 1999. Fine Sediment and macroinvertebrate assemblages in Appalachian
streams: a field Experiment with bioassessment applications. Journal of North
American Benthological Society. Vol. 18 (1): 49-66.
Barbour, M.T., J. Gerritsen, B.D. Snyder, and J.B. Stribling. 1999. Rapid Bioassessment
Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates and Fish, Second Edition. EPA 841-B-99-002. U.S.
Environmental Protection Agency; Office of Water; Washington DC.
Bunte, K & Abt, S. R. 2001. Sampling Surface and Subsurface Particle –Size
Distributions in Wadeable Gravel- and Cobble-Bed Streams for Analyses in
Sediment Transport, Hydraulics, and Streambed Monitoring. General Technical
Report RMRS-GTR-74. Rocky Mountain Research Station. U.S. Forest Service
U.S. Department of Agriculture.
Chapman, D.W. and K.P. McLeod. 1987. Development of Criteria for Fine Sediment in
Northern Rockies Ecoregion. United States Environment Protection Agency,
Water Division, Report 910/9-87-162, Seattle, Washington, USA.
De Villers, M. 2000. Water: The fate of Most Precious Resource. Houghton
Mifflin Company, New York, NY.
Gomi, T., Moore, D., and Hassan M. 2005. Suspended Sediment in Small Forested
Streams of the Pacific Northwest. Journal of the American Water Resources
Association (paper # 04080). August, pp. 877-897.
Gibson, G., and M.T. Barbour. 1994. Biological Criteria Technical Guidance for
Streams and Small Rivers. EPA–822-B-94-001 USEPA Health and Ecological
Criteria Division; USEPA Office of Water; USEPA Office of Science and
Technology, Washington DC.

76

Henley, W. F., M. A. Patterson, R.J. Neves, and A. D. Lemly. 2000. Effects of
Sedimentation and turbidity on lotic food webs: A concise review for natural
resource managers. Reviews in Fisheries Science, 8(2):125-139.
Hill, B.H., A. T. Herlihy, P.R. Kaufmann, P.R. Stevenson, R.J. McCormick, F.H.
Johnson, and C. Burch. 2000. Use of Periphyton assemblage data as an index of
biotic integrity. Journal of the North American Benthological Society 19:50-67.
Kaufmann, P., P. Larsen, and J. Faustini. 2006. Assessing Relative Bed Stability
and Excess Fine Sediments in Streams. Presentation by Phil Kaufmann to
NMED/SWQB, July 26, 2006.
Kuletz, V. 1998. The Tainted Desert: Environmental and Social Ruin in the
American West. Routledge. New York, NY.
Leopold, L.B., M.G. Wolman, and J.P. Miller. 1964. Fluvial Process in Geomorphology.
Dover Publications, Inc., New York.
Lisle, T. 1989. Sediment Transport and Resulting Deposition in Spawning Gravels,
North Coast California. Wat. Resourc. Res. 25 (6):1303-1319.
Mueller, E. and J. Pitlick. 2005. Morphologically based model of bed load
Transport capacity in a headwater stream. Journal of Geophysical Research. Vol.
110, F02016
New Mexico Administrative Code (NMAC). 2006. State of New Mexico
Standards for Interstate and Intrastate Surface Waters. 20.6.4. New Mexico
Water Quality Control Commission. February 16, 2006.
New Mexico Environment Department Surface Water Quality Bureau (NMED/SWQB).
2006. State of New Mexico Procedures for Assessing Standards Attainment for
the Integrated §303(d)/§305(b) Water Quality Monitoring and Assessment
Report. Appendix D: Stream
Bottom Deposit/ Sedimentation Protocol.
Santa Fe, NM. (Access on Dec 2006) Website:
http://www.nmenv.state.nm.us/swqb/MAS/index.html
New Mexico Environment Department Surface Water Quality Bureau (NMED/SWQB).
2004. Standard Operating Procedures for Sample Collection and Handling.
(Accessed June 2006) Website:
http://www.nmenv.state.nm.us/swqb/SOP/StandardOperatingProcedures_06-22-04.pdf
Outwater, A. 1996. Water: A Natural History. Basic Books. New York, NY.
Omernik, J.M. 1987. Ecoregions of the conterminous United States. Map (scale
1:7,500,000). Annals of the Association of American Geographers 77(1):118-125.
Peck, D.V., J.M. Lazorchak, and D.J. Klemm (editors). Unpublished draft.
Environmental Monitoring and Assessment Program -Surface Waters: Western
77

Pilot Study Field Operations Manual for Wadeable Streams. EPA/XXX/XXX/XXXX.
U.S. Environmental Protection Agency, Washington, D.C.
(Accessed July 2006) Website:
http://www.epa.gov/wed/pages/projects/WADEABLE_MANUAL_APR_2003.pdf
Plafkin, J.L., M.T. Barbour, K.D. Porter, S.K. Gross, and R.M. Hughes. 1989. Rapid
bioassessment protocols for use in streams and rivers: Benthic macroinvertebrates
and fish. EPA 440-4-89-001 U.S. Environmental Protection Agency, Office of
Water Regulations and Standards, Washington, D.C.
Reisner, M. 1993. Cadillac Desert. Penguin Books USA Inc. New York, NY.
Relyea, C.D., C. W. Marshall, and R.J. Danehy. 2000. Stream Insects as Indicators of
Fine Sediment. Stream Ecology Center, Idaho State University, Pocatello, Idaho.
Rosgen, D.L. 1996. Applied River Morphology. Wildland Hydrology. Pagosa Springs,
Colorado.
Rowe, M., D. Essig, and B. Jassup. 2003. Guide to Selection of Sediment Targets
for use in Idaho TMDLs. Report of Tetra Tech, Inc, Montpelier, VT to the Idaho
Department of Environmental Quality, Boise. June 2003.
Shannon, C. E. and E. Weaver. 1949. The Mathematical Theory of Communication.
University of Illinois Press, Urbana, Ill. pp. 82-83 and 104-107
Simon, A. and C. R. Hupp. 1986. Channel evolution in modified Tennessee channels.
Proceedings of the Fourth Federal Interagency Sedimentation Conference, Las
Vegas, Nevada. v. 2, Section 5, 5-71 to 5-82.
Spindler, P. 2004. Stream Channel Morphology and Benthic Macroinvertebrate
Community Associations in the San Pedro River and Verde River Basins of
Arizona, 1999-2000. Arizona Department of Water Quality Open File Report 0401. February 2004.
Stoddard, J.L., D.V. Peck1, A.R. Olsen, D.P. Larsen, J. Van Sickle, C.P. Hawkins, R.M.
Hughes, T.R. Whittier, G. Lomnicky, A.T. Herlihy, P.R. Kaufmann, S.A.
Peterson, P.L. Ringold, S.G. Paulsen, R. Blair. 2005a. Western Streams and
Rivers Statistical Summary.
EPA 620/R-05/006. Office of Research and
Development, Washington, DC.
Stoddard, J.L.,D.V. Peck, S.G. Paulsen, J. Van Sickle, C.P. Hawkins, A.T. Herlihy, R.M.
Hughes, P.R. Kaufmann, D.P Larsen, G. Lomnicky, A.R. Olsen, S.A. Peterson,
P.L. Ringold, and T.R. Whittier. 2005b. An Ecological Assessment of Western
Streams and Rivers. EPA 620/R-05/005, U.S. Environmental Protection Agency,
Washington, DC.
U.S. District Court for the District of New Mexico. 1997. Forest Guardians and
Southwest Environmental Center (Plaintiffs) v. Carol Browner, in her official
78

capacity as Administrator, EPA (Defendant): Joint Motion for Entry of Consent
Decree.
April
29.
(Accessed
November
2006)
Website:
www.nmenv.state.nm.us/swqb/CDNM.html.
U.S. Environmental Protection Agency (USEPA). 1999. Protocol for Developing
Sediment TMDLs. EPA 841-B-99-004. Office of Water (4503F), United States
Environmental Protection Agency, Washington D.C. 132pp.
U.S. Environmental Protection Agency (USEPA). 2006a. Framework for Developing
Suspended and Bedded Sediments (SABS) Water Quality Criteria. EPA 822-R06-001. Office of Water & Office of Research and Development, United States
Environmental Protection Agency, Washington D.C. 168pp.
U.S. Environmental Protection Agency (USEPA). 2006b. Wadeable Streams
Assessment: A Collaborative Survey of the Nation's Streams. EPA 841-B-06002. Office of Water & Office of Research and Development, Office of Water,
United States Environmental Protection Agency, Washington D.C.
Vannote, R.L., Minshall, G.W., Cummins, K.W., Sedell, J.R., and Cushing, C.E. 1980.
‘The river continuum concept’, Can. J. Fish. Aquat. Sci., 37, 130–137.
Waters, T. 1995. Sediment in Streams: Sources, Biological Effects and Control.
American Fisheries Society Monograph 7. Bethesda, Maryland.
Wolman, M.G. 1954. A Method of Sampling Coarse River-Bed Material. Transactions
of American Geophysical Union 35: 951-956.

79

Appendix A:
Field Sample Plan for 2006 Biological and Physical
Habitat Monitoring in the Canadian, Valle Vidal, and
Dry Cimarron River Watersheds

80

Table of Contents
Appendix A: ......................................................................................... 80
Field Sample Plan for 2006 Biological and Physical Habitat Monitoring
in the Canadian, Valle Vidal, and Dry Cimarron River Watersheds ...... 80
Table of Contents.......................................................................................................... 81
List of Tables ................................................................................................................ 82
List of Figures ............................................................................................................... 82
Definitions..................................................................................................................... 83
List of Acronyms .......................................................................................................... 84
Section One: Project Management ..................................................... 85
Purpose of Project Plan................................................................................................. 85
Project/Task Organization ............................................................................................ 85
Problem Definition and Background ............................................................................ 85
Problem Statement ........................................................................................................ 86
Physical Habitat Data Collection .................................................................................. 86
Why an EMAP Approach? ........................................................................................... 87
Project Description........................................................................................................ 87
Physico-Chemical Sampling......................................................................................... 88
Habitat Monitoring........................................................................................................ 88
Core Biological Monitoring.......................................................................................... 89
Fish Community Data collection .................................................................................. 89
Project Timetable .......................................................................................................... 89
Table 1. Tasks and timelines associated with the implementation and completion of the
project ............................................................................................................................... 89
Data Quality Objectives and Criteria............................................................................ 89
Precision........................................................................................................................ 90
Accuracy ....................................................................................................................... 90
Data Representativeness ............................................................................................... 91
Data Comparability....................................................................................................... 91
Data Completeness........................................................................................................ 91
Training Requirements and Certification...................................................................... 91
Documentation and Records ......................................................................................... 92
Section Two: Data Generation and Acquisition ................................... 92
Sampling Process Design.............................................................................................. 92
Rationale for Selection of Sampling Sites .................................................................... 92
Figure 1. Map of North East New Mexico survey location and long term reference sites.
........................................................................................................................................... 94
Figure 2. Canadian, Dry Cimarron, and Valle Vidal Watershed Survey Site Location ... 95
Survey Site Selection Summary.................................................................................... 95
Table 2. The list of potential biological survey sites. Stations in bold represent two
stations in the same assessment unit. ................................................................................ 96
Table 3. Reference Sites Visited Annually ...................................................................... 98
Sampling Methods ............................................................................... 98
Physico-Chemical Sampling......................................................................................... 98
Habitat Monitoring........................................................................................................ 98
Table 4. Physical Habitat Procedures .............................................................................. 99
Core Biological Sampling........................................................................................... 105
81

Periphyton ................................................................................................................... 105
Macroinvertebrates ..................................................................................................... 105
Table 5. Methods for Identifying Periphyton and Macroinvertebrate Sampling Locations.
......................................................................................................................................... 106
Table 6. Methods for Collecting Periphyton Samples. ................................................... 106
Table 7. Methods for Processing Periphyton Samples. .................................................. 108
Table 8. Methods for Collecting Macroinvertebrate Samples. ....................................... 110
Table 9. Methods for Processing Macroinvertebrate Samples. ...................................... 112
Fish Community & Ichthyofauna ............................................................................... 113
Sample Handling and Custody Procedures................................................................. 113
Analytical Methods Requirements.............................................................................. 114
Quality Control Requirements .................................................................................... 114
Instrument/Equipment Testing, Inspection and Maintenance Requirements ............. 115
Instrument Calibration and Frequency........................................................................ 115
Data Acquisition Requirements .................................................................................. 115
Data Management, Validation, and Reconciliation .................................................... 116
Data Review, Validation, and Verification Requirements.......................................... 116
Validation and Verification Methods.......................................................................... 116
Reconciliation with Data Quality Objectives ............................................................. 116
Assessment and Response Actions ............................................................................. 117
REFERENCES ...................................................................................... 117

List of Tables
Table 1. Tasks and timelines associated with the implementation and completion of the
project ............................................................................................................................... 88
Table 2. The list of potential biological survey sites. Stations in bold represent two
stations in the same assessment unit. ................................................................................ 96
Table 3. Reference Sites Visited Annually ...................................................................... 97
Table 4. Physical Habitat Procedures……………………………………………...........98
Table 5. Methods for Identifying Periphyton and Macroinvertebrate Sampling Locations.
106
Table 6. Methods for Collecting Periphyton Samples. ................................................... 106
Table 7. Methods for Processing Periphyton Samples. .................................................. 108
Table 8. Methods for Collecting Macroinvertebrate Samples. ....................................... 110
Table 9. Methods for Processing Macroinvertebrate Samples. ...................................... 112

List of Figures
Figure 1. Map of North East New Mexico survey location and long term reference sites.
........................................................................................................................................... 93
Figure 2. Canadian, Dry Cimarron, and Valle Vidal Watershed Survey Site Location ... 95

82

Definitions
Epipsammic

Benthic habitat consisting of sand-sized (> 0.064 – 2 mm) particles on
which organisms are attached or loosely associated (USGS 2002).

Epipelic

Benthic habitat consisting of silt-sized (<0.064 mm) streambed sediments
on which organisms are loosely associated. This habitat is commonly
found in areas of low velocities, such as pools and side-channel areas,
where silt can deposit (USGS 2002).

Epilithic

Benthic habitat consisting of natural, coarse grained substrates (for
example, gravels, cobbles, or boulders) or bedrocks, or artificial hard
substrates such as submerged concrete on which organisms are attached
or loosely associated (USGS 2002).

Epidendric

Benthic habitat consisting of woody substrates on which organisms are
attached or loosely associated (USGS 2002).

Periphyton

Algae attached to an aquatic substrate; also known as benthic algae
(USGS 2002).
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List of Acronyms
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DO
DQO
EDAS
EMAP-W
F-SCI
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Ash Free Dry Mass
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Ecological Data Application System
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Fish - Stream Condition Index
Geographic Information System
Government Performance and Results Act
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Museum of Southwestern Biology
National Water Quality Assessment
National Health and Environmental Effects Research Laboratory
New Mexico
New Mexico Environment Department
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Quality Assurance Project Plan
Quality Control
Stream Condition Index
Scientific Laboratory Division
Standard Operating Procedure
Surface Water Quality Bureau
Total Kjeldahl Nitrogen
Total Maximum Daily Load
Total Nitrogen
Total Phosphorus
University of New Mexico
United States Environmental Protection Agency
United States Geological Survey
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Section One: Project Management
Purpose of Project Plan
This project plan was created to support the Professional Project Proposal entitled
“Monitoring and Assessment of Settleable Sediment in Stream Channels of New
Mexico”. It is intended to describe all field sampling procedures that are initiated and
carried out in the data collection for the purposes of this project. As the EMAP-W field
method being tested is systematic and inclusive of all biological response variables, the
procedures for all sampling occurring at the sample site during the biological survey will
be included, although only macroinvertebrate and physical habitat data will be analyzed
for the purposes of this project. All other data will be assessed as required in the
appropriate assessment protocols. Also described are quality assurance and control
measures that are taken with all data used by the Surface Water Quality Bureau.

Project/Task Organization
Key personnel for this project and their duties include:
Danielle Shuryn - Project manager and Field leader
Field monitors will consist of various SWQB Monitoring and Assessment Staff,
including Anne Donahue, Shann Stringer, Seva Joseph, Gary Schiffmiller, Greg Huey,
Shelly Drinkard, Anthony Edwards, Ryan Weiss, and may include Lynette Guevara,
Heidi Henderson, Nina Wells, Chris Canavan, Dave Menzie, and Chris Cudia.
Stephanie Stringer - QA Officer
Dr. Phillip Adams – Chief, Chemistry Bureau, New Mexico Scientific Laboratory
Division, New Mexico Department of Health
Jeff Rob – Supervisor, Water Chemistry, New Mexico Scientific Laboratory Division,
New Mexico Department of Health
Phil Kaufman - EPA’s Western Environmental Monitoring Program Physical Habitat
Developer/Trainer

Problem Definition and Background
The objective of this project is to investigate the utility of sampling for physical habitat
parameters to collect supporting data that will enhance assessment protocols and support
biological criteria and reference donation development. Specifically, this project will
address the augmentation of stream bottom deposit assessments with the use of a new
field methods and habitat parameters. This will be accomplished by testing the
application of the EPA developed Western Environmental Monitoring and Assessment
Program’s (EMAP-W) physical habitat, benthic macroinvertebrate, and periphyton reach
wide collection methods for New Mexico’s ambient monitoring program. The practical
feasibility and cost benefits of utilizing the new method will be assessed and documented.
Data from previous methods will be compared to EMAP-W to determine the significance
of field protocol changes to impairment listings under the current assessment. Finally,
suggestions will be made based on the outcome of the EMAP-W method’s effectiveness,
as to the most valuable utilization of the new data in a potentially updated assessment
method.
85

Problem Statement
The purposes of habitat data collection have changed over recent years within the
SWQB. The SWQB has decided to assess the use of EMAP-W data collection methods
as a collaboration of all objectives collected under one biological survey. For the 2006
field season, EMAP-W and historic methods of habitat data collection for the assessment
of stream bottom deposits will be collected together in order to analyze whether this
comprehensive method is appropriate to accomplish all of the SWQB objectives.

Physical Habitat Data Collection
To address the need for new methods, EPA has been actively developing monitoring
tools within an assessment design “to advance both the science of monitoring and the
application of monitoring to policy” (Peck, Draft). This approach, Western
Environmental Monitoring and Assessment Program (EMAP-W), can describe the
condition of the streams, the proportion of stream miles that are impaired or degraded
biologically, and characterize the relative importance of stressors (EPA 2000). A sub
sample of stream reaches is selected at random to represent the population of streams in a
region, just as the sub sample of individuals in a public opinion poll is selected to
represent the voting population as a whole (EPA 2000). Forestry and agricultural
monitoring programs have used regional statistical surveys to determine the condition of
forests and agricultural lands for many years. In 1999, EMAP-W was initiated in EPA
regions 8, 9, & 10 covering 12 western states, to address the change in conditions and
methods necessary to examine the waters of the western states (Peck, Draft). Although
New Mexico is not included in the western EPA regions, general stream conditions made
the methods for the western states were more appropriate than the methods focused on
eastern and central states.
Other agencies have included habitat methods in stream quality surveys to support both
exposure indicators such as water column, substrate, and channel characteristics, as well
as response indicators such as the presence, diversity, and productivity of aquatic
organisms (EPA, 2006). USGS Columbia Environmental Research Center (CERC)
describes one aspect of its mission as the assessment of how habitat alterations affect
aquatic and terrestrial ecosystems. The studies they conduct however vary in scale and
objective, where habitat protocols change with the study and are generally targeted
towards either a specific organism species or watershed (Jacobson, et al, 2004). The US
Forest Service (USFS), National Sedimentation Lab and Dave Rosgen have protocols
previously used by the SWQB for channel and substrate characterization that are very
efficient independently, but lack the relation to aquatic biology which will assist in
developing linkages between the two (Harrelson, 1994; Bevenger, 1995; Rosgen, 1996;
Kuhnle and Simon, 2000).
USGS National Water Quality Assessment (NAQWA)
Program has a very detailed and thorough habitat characterization protocol that is based
on a spatially hierarchical framework that examines habitat data at the basin, segment,
reach, and microhabitat scales (Meador, 1993; Fitzpatrick, 1998). Although some
methods from each scale of examination are helpful in supplementing SWQB data,
overall, it is not a cost or time effective method for SWQB objectives. The American
Fisheries Society also has developed aquatic habitat protocols, but it is also very labor
intensive and focused on fish as the response indicator, which the SWQB has not yet
developed (Bain, 1999).
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Why an EMAP-W Approach?
EMAP-W has been shown to provide a statistical basis for routine intensive surveys and
assessments of large geographic areas on a limited budget. This type of tool is very
valuable for determining and reporting state-wide or regional 305(b) summary statistics
and for allowing for a more statistically robust sampling effort in problem areas for
303(d) assessment.
From a management perspective, it is a statistically-valid approach to determining
regional ecosystem condition that uses biological indicators (e.g. fish and benthic
community structure) as integrators of aquatic ecosystem condition; establishes
measurable baselines for health of aquatic ecosystems and assesses trends in conditions;
reduces costs and identifies most important areas and stressors, and provides monitoring
designs for consistent aggregation of data from local to national levels. Additionally, the
EMAP-W approach provides a scientific basis and infrastructure for states and tribes to
monitor the condition of their aquatic ecosystems that is cost effective, scientifically
defensible, representative and comparable at various levels, allows trend analyses at
multiple scales with known quantifiable confidence, and it supports the Government
Performance and Results Act (GPRA) (performance based management). Overall this
approach provides a strong basis for better public decisions at all levels (EPA, 2005).
From a data collection perspective, the utilization of reach-wide, multi-habitat biological
data are predicted to supplement the single habitat data with a better representation of the
biota within the stream reach. EMAP-W is also a venue to systematically collect
biological, physical, and chemical samples together to make the larger dataset more
comprehensive and of greater analytical quality. The EMAP-W method also provides a
dramatic increase in the quantity of physical habitat data produced, as well as physical
habitat metrics that have been reviewed by the EPA, as a means to assess and compare
habitat data.

Project Description
Data will be collected and analyzed to:
•
•
•

•
•

Determine whether sediment imbalance is disturbing the normal function of
aquatic life in streams in a variety of natural settings or ecoregions.
Begin the development of a dataset that will allow us to link habitat and sediment
measures to specific biological responses.
Evaluate biological integrity of sites exposed to varied levels of urbanization and
water control structures, and related habitat alteration. Data will be used to
develop biological and physical habitat condition gradients in order to isolate
natural changes in condition from anthropogenic impacts.
Provide site-specific baseline data for evaluating local restoration projects or
management programs directed at reducing contributions from specific pollution
sources.
Develop appropriate reference, or “best available” site conditions. The biocriteria
may then be used to assess the extent of degradation (or absence of impact) and a
target for gauging the progress/success of ecological recovery following
restoration or management activities.
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Physico-Chemical Sampling
Chemical and physico-chemical sampling will consist of a nutrient sample (to be tested
for Kjeldahl Nitrogen, dissolved total Ammonia, Nitrate+Nitrite, TP) and an ion sample
(to be tested for Ca, Mg, K, Na, HCO3, CO3, Cl-, S2-,and TDS). A sonde will be used to
collect temperature, specific conductance, salinity, dissolved oxygen, pH, and turbidity
measurements at the time the survey begins. Temperature data will be collected by
continuously recording thermographs from August through November. Sondes will also
be deployed long term to record all parameters. Sonde data will be logged hourly during
2 to 7 day deployments.

Habitat Monitoring
Physical habitat monitoring will follow USEPA EMAP-W (2003-DRAFT) protocols for
wadeable, perennial waterbodies.
Physical habitat parameters are selected to provide data on eight general physical habitat
attributes important in influencing stream ecology (Stoddard, 2005):
•
•
•
•
•
•
•
•

Habitat Volume/Stream Size
Habitat Complexity and Cover for Aquatic Biota
Streambed Particle Size
Bed Stability
Channel Riparian and Floodplain Interaction
Hydrologic Regime
Riparian Vegetation Cover and Structure
Riparian Disturbance

These attributes were identified during EPA’s 1992 national stream monitoring workshop
as those that are essential to evaluate physical habitat in regional monitoring and
assessment programs (Stoddard, 2005). Each of these attributes may be directly or
indirectly altered by anthropogenic activities. Their expected values tend to vary
systematically with stream size (drainage area) and overall gradient (as measured from
topographic maps). There are 31 metrics that characterize these 8 attributes of physical
habitat. Mean channel dimensions, wood volume, substrate diameter, bed shear stress,
and riparian vegetation cover and complexity are examples of the metrics that allow the
quantification attributes such as of lotic habitat quantity through calculations of residual
pool frequency and size distribution (Stoddard, 2005).
The physical habitat measurements from this EMAP-W characterization are used in
combination with water chemistry, temperature, and biological data sources for
assessment purposes. The combined data analyses will comprehensively describe
additional habitat attributes and larger scales of physical habitat or human disturbance
than are evaluated by the field assessment alone. A comprehensive data analysis guide
(Kaufmann et al., 1999) discusses the detailed procedures used to calculate the metrics
from the raw field collected using the EMAP-W field protocols. This guide also discusses
the precision associated with these measurements and metrics.

88

Core Biological Monitoring
Biological monitoring will include macroinvertebrate and periphyton sample collections
stratified by 2 sampling methods:
1.) Transect Composite – this sample is a composite of 11 transect samples, where the
point of sampling on the transect is randomly selected. The habitat sampled may
be either depositional or erosional (identified as riffle, glide, or pool on the field
form) and methods for sampling depends on the habitat present (see tables 6 and
8).
• Lotic depositional - little or no surface turbulence, bed sediment not mobile,
areas of low(er) velocities (epipelic and epipsammic habitats)
• Lotic erosional - turbulent water surface, bed sediment mobile, areas of high(er)
velocities (epilithic and epipsammic habitat)
2.) Target Riffle Composite – this sample is a composite of riffle habitat only. For
macroinvertebrate sampling it will be 8 samples of riffles in between the
transects, and for periphyton it will be from 10 rocks within the same riffle

Fish Community Data collection
Fish community will be sampled at select sites. Fish community data are not being
assessed at this time, it is being compiled to develop a larger dataset to analyze at a later
date. NMED/SWQB and EPA are in the planning stages to develop a Warm-water Fish
Stream Condition Index (F-SCI).

Project Timetable
Table 1. Tasks and timelines associated with the implementation and completion of the
project

Task

Date

Final sites established.
Thermograph and sonde deployment.
All sites and reference sites sampled
Defend Project proposal and sample plan
All field/habitat data entered electronically, verified, and
habitat data analyzed
All data back from state and contractor labs.
All data entered electronically and successful completion of
data
validation/verification
process
and
macroinvertebrate/sediment assessments complete
Draft of final project

August 2006
August 2006 – October 2006
August 2006 – November 2006
February 2006
April 2007
May 2007
June 2007
June-July 2007

Data Quality Objectives and Criteria
This project is intended to produce data for the New Mexico Environment Department
(NMED) – Surface Water Quality Bureau (SWQB) biocriteria, nutrient, and sediment
criteria development efforts in progress and also to provide data for assessment purposes.
There are approximately 80 biocriteria variables currently under consideration for
macroinvertebrate communities (response parameters). Additional biocriteria variables
for the diatom communities, similar to the macroinvertebrates, are also under
consideration (response parameters). Data for endpoints such as TN and TP (causal
89

parameters), periphyton biomass (as chl a), AFDM, dissolved oxygen, and pH will also
be collected.
All data for this project will be collected and processed in accordance with standardized
methods documented and/or referenced below. As these methods become part of
SWQB’s standard procedures, they will be incorporated into the SWQB’s Quality
Assurance Project Plan (QAPP) and Standard Operating Procedures (SOPs).
All water quality samples will be subjected to a thorough Quality Assurance (QA) review
with the relative percent difference calculated for each parameter and those that are
outside of the control limits flagged as described in Appendix A of the SWQB’s QAPP
(NMED/SWQB 2005). The Quality Assurance/Quality Control (QA/QC) procedures
include the collection and analysis of 10% of water samples as duplicate and blanks,
adherence to calibration methods, and taxonomic verification of a subset of periphyton
and benthic macroinvertebrate samples. Macroinvertebrate and periphyton processing
will follow the QA/QC procedures of EcoAnalysts (macroinvertebrates) (2005) and
Academy of Natural Sciences of Philadelphia, Phycology Section (periphyton) (Charles
et al. 2002) as provided to the SWQB.

Precision
Precision, or reproducibility among duplicate observations, will be addressed by
collection of duplicate water quality. A duplicate habitat sample will be taken to initiate
investigation of a QC review of habitat metric precision.

Accuracy
Accuracy is the closeness of agreement between an observed value and an accepted
reference value. Bias is assessed by comparing a measured value to an accepted
reference value in a sample of known concentration or by determining the recovery of a
known concentration spiked into a sample (USEPA 1998). Bias due to matrix effects
based on a matrix spike is calculated as:
%R =

100 ( x s − xu )
K

where,
%R
xs
xu
K

= percent recovery
= measured value for spiked sample
= measured value for unspiked sample
= known value of the spike in the sample

This technique quantifies accuracy in terms of percent recovery of the added spike and
takes into account matrix effects specific to a particular sample. USEPA (1998)
stipulates those constituents appropriate for spiking and subsequent measurement, and
defines the %R required for proper QA/QC to meet method requirements. The QA
Director at the Scientific Laboratory Division (SLD) is responsible for establishing
measurement criteria for precision and accuracy of the analytical procedures used in
projects where water quality data are collected. Data for these Quality Control (QC)
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procedures are obtained by analyses of replicate, split and spiked samples and blanks.
Appendix A of the SWQB’s QAPP (NMED/SWQB 2005) lists laboratory measurement
criteria for precision, accuracy, and completeness. Acceptable %R is evidence of
accuracy in laboratory data measurements. Additionally, the use of field and equipment
blanks can also provide an estimate of bias due to effects outside of the laboratory and
therefore serves as an additional check on the quality assurance of field collection and
transportation techniques of water quality samples. A habitat replicate will be collected as
a measurement of observer bias between habitat metrics.

Data Representativeness
Representativeness will be achieved by selection of sites, training of staff, and adherence
to procedures defined in this plan and/or SWQB’s SOPs and QAPP. All of the data will
be collected and processed in accordance with methods documented in SWQB’s QAPP
(NMED/SWQB 2005), associated SOPs (NMED/SWQB 2004) and this project QAPP.

Data Comparability
Comparability will be achieved through the use of standardized data collection methods
and sample handling and analysis. Standardization will be attained by using standardized
field forms, using standardized sampling and processing methods for all data collection
efforts, and ensuring consistent data handling and reporting.
All methods in this plan have been taken in whole or, in part and modified, USEPA,
EMAP (1998, 2001), and Biggs and Kilroy (2000).

Data Completeness
The measure of completeness is the percentage of samples that are actually collected and
meet QA/QC requirements compared to the number of samples identified in the sampling
plan. Completeness will be calculated as:
valid data obtained
Completeness = ------------------------------total data planned

X 100

Training Requirements and Certification
Field and laboratory technicians are provided with detailed SOPs for all protocols used in
field surveys and laboratory sample processing. Prior to each field season all personnel
are involved in a training session on each protocol used in physical habitat, chemical, and
biological surveys. There will be a special training in June 2006 with Phil Kaufmann
specifically on EMAP-W protocols. Supervisors and appropriate staff review current
protocols, conduct training practice sampling, and maintain copies of all SOPs and their
own field notes. Field QC involves regular reviews of sample collection, preservation,
and labeling techniques by the QA Officer.
Laboratory staff adhere to the training and certification requirements provided in the
individual laboratory approved QAPPs as provided to the SWQB (EcoAnalysts 2005;
Charles et al. 2002; NMDOH/SLD 2005).
91

Documentation and Records
Records of field surveys are maintained on standard forms for each site studied (using
“rite-in-the-rain” waterproof paper). All field records are entered on data forms at the
time of the survey. Laboratory records are also maintained on standard forms and include
sample processing logs, data sheets for the determination of chlorophyll and organic
matter, and lists of all taxa identified. Vouchers for each invertebrate taxon are
maintained in an archived laboratory collection. Hard copies and electronic files of all
data and associated field notes and correspondences are maintained in the project leaders
files for a minimum of ten years. Data are also stored in an Ecological Data Application
System (EDAS) database.

Section Two: Data Generation and Acquisition
Sampling Process Design
A potential benefit of using EMAP-W methods is the utilization of probabilistic sample
design to make statistically supported statements about the quality of New Mexico’s
waters. As this project is a transitional pilot project to assess the method in terms of
SWQB needs, it was not feasible to initiate an entirely new sample design when it would
impact other projects, assessments, and studies occurring concurrently. A probabilistic
survey design will be investigated as a potential monitoring method pending the results of
this project. When the EMAP-W methods have proven beneficial and incorporated into
assessment protocol, the feasibility of a probabilistic site selection will be reviewed. For
this project, existing SWQB sample strategy is used to select the EMAP-W biological
survey sites.

Rationale for Selection of Sampling Sites
The sample sites were visited based on a priority list, beginning with a pool of sites
chosen from a combination of stratified and judgment sample designs. This initial pool
of biological sample sites was created using best professional judgment from staff who
conducted the watershed surveys last rotation, and who are familiar with the watersheds
or local watershed concerns. The sites were selected from historical sites that are
stratified by subcategories called assessment units. Every stream has at least one
assessment unit and generally the quality of streams are characterized by choosing one
site per assessment unit to sample. Preferably the most representative site at the bottom
of the unit is chosen, in order to include any upstream changes. The strata or assessment
units create a more homogenous section of stream to minimize variation, where breaks in
assessment units occur at a confluence and when there are major changes in management,
land use, or natural variability, such as geology or elevation. This stratified sampling
method is beneficial for large heterogeneous areas because the subcategories create the
ability for better precision in estimates of the mean and variance especially when the
measurement is correlated to the classification variable (EPA, 2002).
EMAP-W biological survey methods are more time and labor consuming than habitat
methods SWQB has used in the past. SWQB has a biological index period where all
biological samples must be taken between August 15 and November 15 for comparison
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purposes. With these time and money limitations management decided that the
maximum total EMAP-W sites visited would be between 20 and 30. There are 15 long
term reference sites, 3 from each major ecoregion in the state that are currently visited
annual to build a dataset to word towards developing a reference condition for
assessments. These reference site were decidedly included in the 20 -30 EMAP-W sites,
which left 5-15 potential survey sites with an EMAP-W biological survey. As the field
season began, sites were designated not visit able for one of the list of reasons explained
in the sample summary below.
SWQB standard operating procedures (SOP) on survey design explains that besides the
general rule that one station should be visited in each assessment unit, it allows for more
sites within areas of different water quality or pollution potential such as the presence of
dams or waste water treatment plants, as well as assessment units that cover a long
distance (more than 25 miles) (NMED/SWQB, 2004). Sites need to be legally accessible
with a landowner’s permission, preferably in writing. Sites with historical data are valued
more as a sampling site, especially when the old and new samplings are by the same
method.
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Figure 1. Map of North East New Mexico survey location and long term reference sites.

94

Figure 2. Canadian, Dry Cimarron, and Valle Vidal Watershed Survey Site Location

Survey Site Selection Summary
After the pool of 50 survey sites and 15 reference site was determined, a priority system
was needed to eliminate sites that were not a necessity. First any site that was on the
lower Canadian that had sand dominated substrate was eliminated because of the lack of
methods and assessment protocol for sand bottom streams. Next, all sites that did not
have a previous impairment listing (for any parameter) were excluded from the sites to be
visited group. There was one exception to this rule, as there had not been a previous
survey in the Valle Vidal; no sites were listed as impaired. This watershed was added on
to the usual watershed surveys this year because it was to be voted on as Outstanding
Natural Resource Water (ONRW), and it was decided that background data were needed.
Therefore biological sampling was a low priority and a site on each of the 2 main stem
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streams (Rio Costilla and Comanche) were dedicated to this watershed. After historically
non-impaired sites were removed all remaining site were scheduled to be visited. As the
field season progressed, stream conditions did not allow for sampling at some sites
because of dry channels and floods or scour events that temporarily removed most of the
biology present in the channel. In the following tables, each site is listed with it’s priority,
so that sand means it was excluded initially because of substrate, NI means that it was not
impaired; W means that it was not visited because of weather or stream conditions being
dry or scoured, BNN means it did not make the final cut because biology was not
necessary for assessment purposes (i.e. temperature impairment only needs a
thermograph to be reassessed), and finally C means that the EMAP-W methods were
planned to be completed at that site. The designations were updated post-field season to
reflect decision-making that occurred.
Table 2. The list of potential biological survey sites.
stations in the same assessment unit.

Station Name

Most recent
303d
impairment
Listings

Elevation
(Feet)

Stations in bold represent two

Omernik
Ecoregion

NI= not impaired
W=
weather
(dry/scour)
BNN= biology not
needed
C= Complete

Site Priority
Canadian River @ Tinaja
Canadian River abv Cimarron R.
@ NM 56
Cieneguilla Creek at Angel Fire
Road
Cieneguilla Creek above Eagle
Nest at USGS gage
Cimarron River at USGS gauge in
Springer
Cimarron River above Cimarron
Village at USGS gage
Cimarron River Below Eagle Nest
Dam at Tolby Campground
Moreno Creek on NM 64 at USGS
gage
Middle Ponil Creek above South
Ponil Creek
North Ponil Creek above South Ponil
Ponil Creek above Cimarron River
Ponil Creek above NM 64
Rayado Creek 3.0 miles abv NM 21
Rayado Creek on NM 21 near
USGS gage
Rayado Creek above Cimarron River
Sixmile Creek above US 64 near
USGS gauge
South Ponil above Middle Ponil
Ute Creek above US 64 at Ute Park

-

6004

26l

NI

5738

26l

NI

Aluminum,
Fecal Coliform,
Turbidity, SBD

8400

21j

BNN

8249

21j

C

-

5800

26l

NI

-

6610

21d

NI

-

8111

21c

NI

8261

21j

BNN

7185

21f

C

6770

21d

W

6112

26l

W

6410

26l

W

Fecal Coliform,
Turbidity
SBD,
Temp,
Turbidity
SBD,
Temp,
Turbidity
Aluminum,
Temp,
SBD,
Turbidity

C
-

6541

26l

NI

SBD
Fecal Coliform,
Turbidity
-

5921

26l

C

8200

21j

W

7600
7800

21f
21f

NI
NI
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Canadian River @ State Hwy 120
Bridge
Canadian River near Taylor
Springs @ USGS Gage
Canadian River at NM 419 near
Sanchez
Canadian above Pajarito Creek
Canadian River at NM 104 at
milemarker 88
Canadian River above NM/TX
State Line
Canadian River below Ute Dam at
THE Gravel Pit

Chicorica Creek below Uña de Gato
Chicorica Creek above Lake Alice
Conchas River USGS gage on NM
104
Pajarito Cr above the Canadian
River
Pajarito Creek at NM 104
Raton Creek 100 yds above
Chicorica Creek
Revuelto Creek at NM 469 above
Canadian River
Tinaja Creek above Canadian River
Una de Gato Creek upstream of
Chicorica Creek
Una de Gato Creek at bridge below T
O Dam
Ute Creek above Highway 102 near
Bueyeros
McCrystal
Creek
at
USFS
Campground
Vidal Creek above Comanche Creek
Comanche Creek above Costilla
Creek
North Ponil Creek above Seally
Creek
Costilla Creek above Comanche
Creek
Middle
Ponil
Creek
above
Greenwood Creek

-

26m

sand

5630

26l

sand

4426

26n

sand

3799

26d

sand

4000

26d

sand

3500

26d

sand

3642

26d

sand

6500

26l

C

7145

21f

NI

4393

26n

NI

3796

26d

NI

Nutrient/
Eutrophication
Biological
Indicators
-

4000

26x

NI

Nutrient/
Eutrophication
Biological
Indicators

6400

26l

C

-

3668

26d

NI

-

6230

26l

W

-

6243

26l

C

-

6676

21d

NI

-

4505

26d

C

21

NI

21

NI

21

C

21

W

21

C

21

NI

4363

Carrizozo Creek near NM406
Dry Cimarron at Rainbow Ranch
Dry Cimarron River at Folsom Falls
(above Oak Creek)
Dry Cimarron River at Jesus Mesa
Road (downstream of old USGS
gage)

4888
-

TDS, temp

97

NI

6560

26l

NI

6100

26f

NI

4870

26f

C

Dry Cimarron River at Wiggins
Road
Long Canyon about 2 miles above
NM 456
Oak Creek above Dry Cimarron
River
Dry Cimarron River above Long
Canyon

temp

TDS, temp

4350

26f

BNN

5200

26f

BNN

6015

26f

NI

5150

26f

C

Table 3. Reference Sites Visited Annually
Long Term Reference Sites

Elevation (ft)

O. Ecoregion

Rayado Creek at Philmont near USGS gage
Rio Chama 2mi below La Puente Gage
Rio Santa Barbara @ S. B. Campground
Rio Grande del Rancho @ gage near Talpa
Rio de los Pinos near Ortiz
West Fork Gila @ wilderness and cliff dwellings
Gila River 300 meters above Turkey Creek
Iron Creek at Forest Trail 151
Dog Canyon at Nature Trail
Las Animas Creek above box
Gila River blw Blue Creek @USGS gage
Seneca Crk abv Clayton Lake
Canadian River at Mills Canyon
Ute Crk abv Hwy 102 near Bueyeros
Corrumpa Creek - wetland/not complete
Bear Creek Blw Dorsey Springs
Blue Creek abv Gila River
Pecos at Bitter Lakes
Black River abv Rattlesnake Spring

6795
7136
8868
7264
8120
5746
4754
7884
4443
5100
3871
5344
5151
4505
5111
5310
3960
3533
3619

21
21
21
22
22
23
23
23
24
24
24
26
26
26
26

Site
Priority
C
C
C
C
C
C
W
C
W
C
W
W
W
C
W
C
C
C/sand
C

Sampling Methods
Physico-Chemical Sampling
Physical and chemical data will be collected in accordance with the methods and
protocols outlined in the SWQB’s QAPP (NMED/SWQB 2005) and SOPs
(NMED/SWQB 2004).

Habitat Monitoring
Physical habitat monitoring will follow USEPA EMAP-W (2003) protocols for wadeable
waterbodies. The most current EMAP Western Pilot Study Field Operations Manual for
Wadeable
Streams
2003
draft
can
be
found
at
http://www.epa.gov/wed/pages/projects/WADEABLE_MANUAL_APR_2003.pdf
Upon arrival to the site the wetted width of the stream will taken in at least four places
and averaged. This distance is then multiplied by 40 to determine the length of the reach.
The length of the reach is divided by 10 to determine how far apart the 11 transects will
be. The transects are then measured out and flagged (labeled A-K), where latitude and
longitude are recorded at transect F. The following table 4 describing habitat methods
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was created from the field operations manual and can be found in it’s original version
within the document.
Table 4. Physical Habitat Procedures

COLLECTING PHYSICAL HABITAT MEASUREMENTS
Longitudinal
Profile:
A longitudinal
survey of depth,
habitat
class,
presence of fine
sediment, and
off
channel
habitat at 100150
equally
spaced
cross
sections.

Methods/Protocols
1. Determine the interval between measurement stations based on the wetted width used to
determine the length of the sampling reach.
For widths < 2.5 m, establish stations every 1 m.
For widths between 2.5 and 3.5 m, establish stations every 1.5 m
For widths > 3.5 m, establish stations at increments equal to 0.01 times the sampling reach
length.
2. Complete the header information on the Thalweg Profile and Woody Debris Form, noting the
transect pair (downstream to upstream). Record the interval distance determined in Step 1 in
the “INCREMENT” field on the field data form.
NOTE: If a side channel is present, and contains between 16 and 49% of the total flow, establish
secondary cross-section transects as necessary. Use separate field data forms to record data
for the side channel, designating each secondary transect by checking both “X” and the
associated primary transect letter (e.g., XA, XB, etc.). Collect all channel and riparian crosssection measurements from the side channel.
3. Begin at the downstream end (station “0") of the first transect (Transect “A”).
4. Measure the wetted width if you are at station “0", station “5" (if the stream width defining the
reach length is _ 2.5 m), or station “7" (if the stream width defining the reach length is < 2.5
m). Wetted width is measured across and over mid-channel bars and boulders. Record the
width on the field data form to the nearest 0.1 m for widths up to about 3 meters, and to the
nearest 5% for widths > 3 m. This is 0.2 m for widths of 4 to 6 m, 0.3 m for widths of 7 to 8
m, and 0.5m for widths of 9 or 10 m, and so on. For dry and intermittent streams, where no
water is in the channel, record zeros for wetted width.
NOTE: If a mid-channel bar is present at a station where wetted width is measured, measure the
bar width and record it on the field data form.
5. At station 5 or 7 (see above) classify the substrate particle size at the tip of your depth
measuring rod at the left wetted margin and at positions 25%, 50%, 75%, and 100% of the
distance across the wetted width of the stream. This procedure is identical to the substrate
size evaluation procedure described for regular channel cross-sections A through K, except
that for these mid-way supplemental cross-sections, substrate size is entered on the Thalweg
Profile side of the field form.
6. At each thalweg profile station, use a meter ruler or a calibrated pole or rod to locate the
deepest point (the “thalweg”), which may not always be located at mid-channel. Measure the
thalweg depth to the nearest cm, and record it on the thalweg profile form. Read the depth on
the side of the ruler, rod, or pole to avoid inaccuracies due to the wave formed by the rod in
moving water.
NOTE: For dry and intermittent streams, where no water is in the channel, record zeros for
depth. It is critical to obtain thalweg depths at all stations. At stations where the thalweg is
too deep to measure directly, stand in shallower water and extend the surveyor’s rod or
calibrated rod or pole at an angle to reach the thalweg. Determine the rod angle by resting
the clinometer on the upper surface of the rod and reading the angle on the external scale of
the clinometer. Leave the depth reading for the station blank, and record a “U” flag. Record
the water level on the rod and the rod angle in the comments section of the field data form.
For even deeper depths, it is possible to use the same procedure with a taut string as the
measuring device. Tie a weight to one end of a length of string or fishing line, and then toss
the weight into the deepest channel location. Draw the string up tight and measure the length
of the line that is under water. Measure the string angle with the clinometer exactly as done
for the surveyor’s rod. If a direct measurement cannot be obtained, make the best estimate
you can of the thalweg depth, and use a “U” flag to identify it as an estimated measurement.
7. At the point where the thalweg depth is determined, observe whether unconsolidated, loose
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Large Woody
Debris Tally:

Slope
Bearing

and

(“soft”) deposits of small diameter (<16mm), sediments are present directly beneath your
ruler, rod, or pole. Soft/small sediments are defined here as fine gravel, sand, silt, clay or
muck readily apparent by "feeling" the bottom with the staff. Record presence or absence in
the “SOFT/SMALL SEDIMENT” field on the field data form. Note: A thin coating of fine
sediment or silty algae coating the surface of cobbles should not be considered soft/small
sediment for this assessment. However, fine sediment coatings should be identified in the
comments section of the field form when determining substrate size and type.
8. Determine the channel unit code and pool forming element codes for the station. Record these
on the field data form using the standard codes provided. For dry and intermittent streams,
where no water is in the channel, record habitat type as dry channel (DR).
9. If the station cross-section intersects a mid-channel bar, Indicate the presence of the bar in the
“BAR WIDTH” field on the field data form.
10. Record the presence or absence of a side channel at the station’s cross-section in the “SIDE
CHANNEL” field on the field data form.
11. Record the presence or absence of quiescent off-channel aquatic habitats, including sloughs,
alcoves and backwater pools in the “Backwater” column of the field form.
12. Proceed upstream to the next station, and repeat Steps 4 through 11.
13. Repeat Steps 4 through 12 until you reach the next transect. At this point complete Channel/
Riparian measurements at the new transect (Section 7.5). Then prepare a new Thalweg
Profile and Woody Debris Form and repeat Steps 2 through 12 for each of the reach segments,
until you reach the upstream end of the sampling reach (Transect “K”).
Note: Tally pieces of large woody debris (LWD) within each segment of stream at the same time
the thalweg profile is being determined. Include all pieces whose large end is located within the
segment in the tally.
1. Scan the stream segment between the two cross-section transects where thalweg profile
measurements are being made.
2. Tally all LWD pieces within the segment that are at least partially within the bankfull channel.
Determine if a piece is LWD (small end diameter _10 cm [4 in.]; length _1.5 m [5 ft.])
3. For each piece of LWD, determine the class based on the diameter of the large end (0.1
m to < 0.3 m, 0.3 m to <0.6 m, 0.6 m to <0.8 m, or >0.8 m, and the class based on the length of
the piece (1.5m to <5.0m, 5m to <15m, or >15m).
• If the piece is not cylindrical, visually estimate what the diameter would be for a piece of wood
with circular cross section that would have the same volume.
• When estimating length, include only the part of the LWD piece that has a diameter greater
than 10 cm (4 in)
4. Place a tally mark in the appropriate diameter × length class tally box in the “PIECES ALL/
PART IN BANKFULL CHANNEL” section of the Thalweg Profile and Woody Debris Form.
5. Tally all LWD pieces within the segment that are not actually within the bankfull channel, but
are at least partially spanning (bridging) the bankfull channel. For each piece, determine the
class based on the diameter of the large end (0.1 m to < 0.3 m, 0.3 m to <0.6 m, 0.6 m to
<0.8 m, or >0.8 m), and the class based on the length of the piece (1.5 m to <5.0 m, 5 m to
<15 m, or >15 m).
6. Place a tally mark for each piece in the appropriate diameter × length class tally box in the
“PIECES BRIDGE ABOVE BANKFULL CHANNEL” section of the Thalweg Profile and
Woody Debris Form.
7. After all pieces within the segment have been tallied, write the total number of pieces for each
diameter × length class in the small box at the lower right-hand corner of each tally box.
8. Repeat Steps 1 through 7 for the next stream segment, using a new Thalweg Profile and
Woody Debris Form.
1. Stand in the center of the channel at the most downstream cross-section transect. Determine if
you can see the center of the channel at the next cross-section transect upstream without
sighting across land (i.e., do not “short-circuit” a meander bend). If not, you will have to
take supplementary slope and bearing measurements.
2. Set up the tripod in shallow water or at the water's edge at the downstream cross-section
transect (or at a supplemental point). Standing tall in a position with your feet as near as
possible to the water surface elevation, set the tripod extension and mark it with a piece of
flagging at your eye level. Remember the depth of water in which you are standing when
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you adjust the flagging to eye level.
• On gradually sloped streams, it is advisable to use two people, each holding a pole marked
with flagging at the same height on both poles.
3. Walk upstream to the next cross-section transect. Find a place to stand at the upstream transect
(or at a supplemental point) that is at the same depth as where you stood at the downstream
transect when you set up the eye-level flagging.
• If you have determined in Step 1 that supplemental measurements are required for this segment,
walk upstream to the furthest point where you can still see the center of the channel at the
downstream cross-section transect from the center of the channel. Mark this location with a
different color flagging than that marking the cross-section transects.
4. With the clinometer, sight back downstream on your flagging at the downstream transect (or at
the supplementary point). Read and record the percent slope in the “MAIN” section on the
Slope and Bearing Form. Record the “PROPORTION” as 100%.
• If two people are involved, place the base of each pole at the water level (or at the same depth
at each transect). Then sight with the clinometer (or Abney level) from the flagged height on
upstream pole to the flagged height on the downstream pole.
• If you are back sighting from a supplemental point, record the slope (%) and proportion (%) of
the stream segment that is included in the measurement in the appropriate
“SUPPLEMENTAL” section of the Slope and Bearing Form.
5. Stand in the middle of the channel at upstream transect (or at a supplemental point), and sight
back with your compass to the middle of the channel at the downstream transect (or at a
supplemental point). Record the bearing (degrees) in the “MAIN” section of the Slope and
Bearing Form.
• If you are back sighting from a supplemental point, record the bearing in the appropriate
”SUPPLEMENTAL” section of the Slope and Bearing Form.
6. Retrieve the tripod from the downstream cross section station (or from the supplemental point)
and set it up at the next upstream transect (or at a supplemental point) as described in Step 2.
7. When you get to each new cross-section transect (or to a supplementary point), backsight on
the previous transect (or the supplementary point), repeat Steps 2 through 6 above.
Substrate
Measurement

1. Fill in the header information on page 1 of a Channel/Riparian Cross-section Form. Indicate
the cross-section transect. At the transect, extend the surveyor’s rod across the channel
perpendicular to the flow, with the "zero" end at the left bank (facing downstream). If the
channel is too wide for the rod, stretch the metric tape in the same manner.
2. Divide the wetted channel width channel by 4 to locate substrate measurement points on the
cross-section. In the "DISTLB" fields of the form, record the distances corresponding to 0%
(LFT), 25% (LCTR), 50% (CTR), 75% (RCTR), and 100% (RGT) of the measured wetted
width. Record these distances at Transects A-K., but just the wetted width at midway crosssections.
3. Place your sharp-ended meter stick or calibrated pole at the “LFT” location (0 m). Measure the
depth and record it on the field data form. (Cross-section depths are measured only at regular
transects A-K, not at the 10 midway cross-sections).
• Depth entries at the left and right banks may be 0 (zero) if the banks are gradual.
• If the bank is nearly vertical, let the base of the measuring stick fall to the bottom, rather than
holding it suspended at the water surface.
4. Pick up the substrate particle that is at the base of the meter stick (unless it is bedrock or
boulder), and visually estimate its particle size, according to the following table. Classify the
particle according to its “median” diameter (the middle dimension of its length, width, and
depth). Record the size class code on the field data form. (Cross-section side of form for
Transects A-K; special entry boxes on Thalweg Profile side of form for midway crosssections.)
Code Size Class Size Range (mm) Description
RS Bedrock (Smooth) >4000 Smooth surface rock bigger than a car
RR Bedrock (Rough) >4000 Rough surface rock bigger than a car
HP Hardpan >4000 Firm, consolidated fine substrate
LB Boulders (large) >1000 to 4000 Yard/meter stick to car size
SB Boulders (small) >250 to 1000 Basketball to yard/meter stick size
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CB Cobbles >64 to 250 Tennis ball to basketball size
GC Gravel (Coarse) >16 to 64 Marble to tennis ball size
GF Gravel (Fine) > 2 to 16 Ladybug to marble size
SA Sand >0.06 to 2 Smaller than ladybug size, but visible as particles – gritty between fingers
FN Fines <0.06 Silt Clay Muck (not gritty between fingers)
WD Wood Regardless of Size Wood & other organic particles
RC Concrete Regardless of size Record size class in comment field
OT Other Regardless of Size metal, tires, car bodies etc. (describe in comments)
5. Evaluate substrate embeddedness as follows at 11 transects A-K. For particles larger than
sand, examine the surface for stains, markings, and algae. Estimate the average percentage
embeddedness of particles in the 10 cm circle around the measuring rod. Record this value
on the field data form. By definition, sand and fines are embedded 100 percent; bedrock and
hardpan are embedded 0 percent.
6. Move successively to the next location along the cross section. Repeat steps 4 through 6 at
each location. Repeat Steps 1 through 6 at each new cross section transect.
Bank
Characteristics

1. To measure bank angle, lay the surveyor’s rod or your meter ruler down against the left bank
(determined as you face downstream), with one end at the water's edge. Lay the clinometer
on the rod, read the bank angle in degrees from the external scale on the clinometer. Record
the angle in the field for the left bank in the “BANK MEASUREMENT” section of the
Channel/ Riparian Cross-section Form.
• A vertical bank is 90 degrees; undercut banks have angles >90 degrees approaching 180
degrees, and more gradually sloped banks have angles <90 degrees. To measure bank angles
>90 degrees, turn the clinometer (which only reads 0 to 90 degrees) over and subtract the
angle reading from 180 degrees.
2. If the bank is undercut, measure the horizontal distance of the undercutting to the nearest 0.01
m. Record the distance on the field data form. The undercut distance is the distance from the
water’s edge out to the point where a vertical plumb line from the bank would hit the water’s
surface.
• Measure submerged undercuts by thrusting the rod into the undercut and reading the length of
the rod that is hidden by the undercutting.
3. Repeat Steps 1 and 2 on the right bank.
4. Hold the surveyor's rod vertical, with its base planted at the water's edge. Using the surveyor's
rod as a guide while examining both banks, estimate (by eye) the channel incision as the
height up from the water surface to elevation of the first terrace of the valley floodplain
(Note this is at or above the bankfull channel height). Record this value in the “INCISED
HEIGHT” field of the bank measurement section on the field data form.
5. Still holding the surveyor’s rod as a guide, examine both banks to estimate and record the
height of bankfull flow above the present water level. Look for evidence on one or both
banks such as:
• An obvious slope break that differentiates the channel from a relatively flat floodplain terrace
higher than the channel.
• A transition from exposed stream sediments to terrestrial vegetation.
• Moss growth on rocks along the banks.
• Presence of drift material caught on overhanging vegetation.
• Transition from flood- and scour-tolerant vegetation to that which is relatively intolerant of
these conditions.
6. Record the wetted width value determined when locating substrate sampling points in the
“WETTED WIDTH” field in the bank measurement section of the field data form. Also
determine the bankfull channel width and the width of exposed mid-channel bars (if
present). Record these values in the “BANK MEASUREMENT” section of the field data
form.
7. Repeat Steps 1 through 6 at each cross-section transect. Record data for each transect on a
separate field data form.

Canopy Cover

1. At each cross-section transect, stand in the stream at mid-channel and face upstream.
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2. Hold the densiometer 0.3 m (1 ft) above the surface of the stream. Hold the densiometer level
using the bubble level. Move the densiometer in front of you so your face is just below the
apex of the taped “V”.
3. Count the number of grid intersection points within the “V” that are covered by a tree, a leaf,
or a high branch. Record the value (0 to 17) in the “CENUP” field of the canopy cover
measurement section of the Channel/Riparian Cross-section and Thalweg Profile Form.
4. Face toward the left bank (left as you face downstream). Repeat Steps 2 and 3, recording the
value in the “CENL” field of the field data form.
5. Repeat Steps 2 and 3 facing downstream, and again while facing the right bank (right as you
look downstream). Record the values in the “CENDWN” and “CENR” fields of the field
data form.
6. Repeat Steps 2 and 3 again, this time facing the bank while standing first at the left bank, then
the right bank. Record the values in the “LFT” and “RGT” fields of the field data form.
7. Repeat Steps 1 through 6 at each cross-section transect. Record data for each transect on a
separate field data form.
Riparian
Vegetation
Structure

Estimating
Instream Fish
Cover

1. Standing in mid-channel at a cross-section transect, estimate a 5 m distance upstream and
downstream (10 m total length).
2. Facing the left bank (left as you face downstream), estimate a distance of 10 m back into the
riparian vegetation. On steeply-sloping channel margins, estimate the distance into the
riparian zone as if it were projected down from an aerial view.
3. Within this 10 m × 10 m area, conceptually divide the riparian vegetation into three layers: a
CANOPY LAYER (>5m high), an UNDERSTORY (0.5 to 5 m high), and a GROUND
COVER layer (<0.5 m high).
4. Within this 10 m × 10 m area, determine the dominant vegetation type for the CANOPY
LAYER (vegetation > 5 m high) as Deciduous, Coniferous, broadleaf Evergreen, Mixed, or
None. Consider the layer "Mixed" if more than 10% of the areal coverage is made up of the
alternate vegetation type. Indicate the appropriate vegetation type in the “VISUAL
RIPARIAN ESTIMATES” section of the Channel/Riparian Cross-section Form.
5. Determine separately the areal cover class of large trees (> 0.3 m [1 ft] diameter at breast
height [DBH]) and small trees (< 0.3 m DBH) within the canopy layer. Estimate areal cover
as the amount of shadow that would be cast by a particular layer alone if the sun were
directly overhead. Record the appropriate cover class on the field data form ("0"=absent:
zero cover, "1"=sparse: <10%, "2"=moderate: 10-40%, "3"=heavy: 40-75%, or "4"=very
heavy: >75%).
6. Look at the UNDERSTORY layer (vegetation between 0.5 and 5 m high). Determine the
dominant woody vegetation type for the understory layer as described in Step 4 for the
canopy layer. If there is no woody vegetation in the understory layer, record the type as
“None”.
7. Determine the areal cover class for woody shrubs and saplings separately from non-woody
vegetation within the understory, as described in Step 5 for the canopy layer.
8. Look at the GROUND COVER layer (vegetation < 0.5 m high). Determine the areal cover
class for woody shrubs and seedlings, non-woody vegetation, and the amount of bare ground
present as described in Step 5 for large canopy trees.
9. Repeat Steps 1 through 8 for the right bank.
10. Repeat Steps 1 through 9 for all cross-section transects, using a separate field data form for
each transect.
1. Standing mid-channel at a cross-section transect, estimate a 5m distance upstream and
downstream (10 m total length).
2. Examine the water and the banks within the 10-m segment of stream for the following features
and types of fish cover: filamentous algae, aquatic macrophytes, large woody debris, brush
and small woody debris, in-channel live trees or roots, overhanging vegetation, undercut
banks, boulders, and artificial structures.
3. For each cover type, estimate the areal cover. Record the appropriate cover class in the “FISH
COVER/OTHER” section of the Channel/Riparian Cross-section Form:
"0"=absent: zero cover,
"1"=sparse: <10%,
"2"=moderate: 10-40%,
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"3"=heavy: 40-75%, or
"4"=very heavy: >75%).
4. Repeat Steps 1 through 3 at each cross-section transect, recording data from each transect on a
separate field data form.
Estimating
Human
Influence

1. Standing mid-channel at a cross-section transect, look toward the left bank (left when facing
downstream), and estimate a 5 m distance upstream and downstream (10 m total length).
Also, estimate a distance of 10 m back into the riparian zone to define a riparian plot area.
2. Examine the channel, bank and riparian plot area adjacent to the defined stream segment for
the following human influences: (1) walls, dikes, revetments, riprap, and dams; (2)
buildings;
(3) pavement/cleared lot (e.g., paved, graveled, dirt parking lot, foundation); (4) roads or
railroads, (5) inlet or outlet pipes; (6) landfills or trash (e.g., cans, bottles, trash heaps); (7)
parks or maintained lawns; (8) row crops; (9) pastures, rangeland, hay fields, or evidence of
livestock; (10) logging; and (11) mining (including gravel mining).
3. For each type of influence, determine if it is present and what its proximity is to the stream and
riparian plot area. Consider human disturbance items as present if you can see them from the
cross-section transect. Do not include them if you have to sight through another transect or
its 10 m ×10 m riparian plot.
4. For each type of influence, record the appropriate proximity class in the “HUMAN
INFLUENCE” part of the “VISUAL RIPARIAN ESTIMATES” section of the
Channel/Riparian Cross-section Form.
Proximity classes are:
B ("Bank”) Present within the defined 10 m stream segment and located in the stream or on the
stream bank.
C (“Close”) Present within the 10 × 10 m riparian plot area, but away from the bank.
P (“Present”) Present, but outside the riparian plot area.
O ("Absent”) Not present within or adjacent to the10 m stream segment or the riparian plot area
at the transect
5. Repeat Steps 1 through 4 for the right bank.
6. Repeat Steps 1 through 5 for each cross-section transect, recording data for each transect on a
separate field form.

Legacy Trees
and
Alien
Invasive Plant
Species

Legacy Trees:
• Beginning at Transect A, look upstream. Search both sides of the stream upstream to the next
transect. At Transect “K”, look upstream for a distance of 4 channel widths. Locate the
largest
tree visible within 50m (or as far as you can see, if less) from the wetted bank (note the tree you
identify may be outside the current riparian zone).
• Classify this tree as deciduous, coniferous, or broadleaf evergreen (classify western larch as
coniferous). Identify, if possible, the species or the taxonomic group of this tree from the list
below.
1. Acacia/Mesquite 11. Snag (Dead Tree of Any Species)
2. Alder/Birch 12. Spruce
3. Ash 13. Sycamore
4. Cedar/Cypress/Sequoia 14. Willow
5. Fir (including Douglas Fir, Hemlock)
15. Unknown or Other Broadleaf Evergreen
6. Juniper 16. Unknown or Other Conifer
7. Maple/Boxelder 17. Unknown or Other Deciduous
8. Oak
9. Pine
10. Poplar/Cottonwood
NOTE: If the largest tree is a dead “snag”, enter “Snag” as the taxonomic group.
• Estimate the height of the potential legacy tree, its diameter at breast height (DBH ) and its
distance from the wetted margin of the stream. Enter this information on the left hand
column of the Riparian “Legacy” Trees and Invasive Alien Plants field form.
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Alien Invasive Plants:
• Examine the 10m x 10m riparian plots on both banks for the presence of alien plant species.
• Record the presence of any species listed for your State within the plot on either the left or right
bank by marking the appropriate box(es) on the right hand column of the Riparian “Legacy”
Trees and Invasive Alien Plants field form. If none of the species listed for your state is
present in either of the plots at a given transect check the box labeled “None” for this
transect.
• Repeat Steps 1 through 5 for each remaining transect (B through K). At transect “K”, look
upstream a distance of 4 channel widths) when locating the legacy tree.
Channel
Constraint

NOTE: These activities are conducted after completing the thalweg profile and littoral-riparian
measurements and observations, and represent an evaluation of the entire stream reach.
Channel Constraint: Determine the degree, extent, and type of channel constraint is based on
envisioning the stream at bankfull flow.
• Classify the stream reach channel pattern as predominantly a single channel, an anastomosing
channel, or a braided channel. Anastomosing channels have relatively long major and
minor channels branching and rejoining in a complex network. Braided channels also
have multiple branching and rejoining channels, but these sub-channels are generally
smaller, shorter, and more numerous, often with no obvious dominant channel.
• After classifying channel pattern, determine whether the channel is constrained within a narrow
valley, constrained by local features within a broad valley, unconstrained and free to move
about within a broad floodplain, or free to move about, but within a relatively narrow valley
floor.
• Then examine the channel to ascertain the bank and valley features that constrain the stream.
Entry choices for the type of constraining features are bedrock, hillslopes, terraces/ alluvial
fans, and human land use (e.g., road, dike, landfill, rip-rap, etc.).
• Based on your determinations from Steps 1 through 3, select and record one of the constraint
classes shown on the Channel Constraint Form.
• Estimate the percent of the channel margin in contact with constraining features (for
unconstrained channels, this is 0%). Record this value on the Channel Constraint Form.
• Finally, estimate the “typical” bankfull channel width, and visually estimate the average width
of the valley floor. Record these values on the Channel Constraint Form.
NOTE: To aid in this estimate, you may wish to refer to the individual transect assessments of
incision and constraint that were recorded on the Channel/Riparian Cross-Section Forms.
NOTE: If the valley is wider than you can directly estimate, record the distance you can see and
mark the box on the field form.

Core Biological Sampling
Periphyton
Tables 5, 6, and 7 below summarize the methods to be followed for periphyton sampling,
including how to locate sampling sites, sample collection, and sample processing
methods and protocols.

Macroinvertebrates
Tables 5, 8 and 9 below summarize the methods to be followed for macroinvertebrate
sampling, including how to locate sampling sites, sample collection, and sample
processing protocols.
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Table 5. Methods for Identifying Periphyton and Macroinvertebrate Sampling Locations.

IDENTIFYING PERIPHYTON AND MACROINVERTEBRATE SAMPLING
LOCATIONS
Habitat Types
Methods/Protocols
1.
Transect
Composite

Multi- habitat
sampling:
Periphyton
methods chosen
based on
substrate.
Macroinvertebrate
methods chosen
based on water
velocity.

2.
3.

4.

Riffle
Composite

1.

2.

At each cross-section transect, beginning with Transect “A”, locate
the assigned sampling point (Left, Center, or Right as you face
downstream) as 25%, 50%, and 75% of the wetted width,
respectively. Roll a die to determine if it is a left (L), center (C), or
right (R) sampling point for collecting periphyton and benthic
macroinvertebrate samples. A die roll of 1 or 2 indicates L, 3 or 4
indicates C, and 5 or 6 indicates R (or use a digital wristwatch and
glance at the last digit (1-3=L, 4-6=C, 7-9=R). Mark L, C, or R on
the Sample Form. Assign sampling points at each successive
transect in order as L, C, R after the first random selection.
Determine if there is sufficient current in the area at the sampling
point to fully extend the net. If so, classify the habitat as Loticerosional if not, classify the habitat as Lotic-depositional habitats.
Record the dominant substrate type (fine/sand, gravel, coarse
substrate (coarse gravel or larger) or other (e.g., bedrock, hardpan,
wood, aquatic vegetation, etc.) and the habitat type for each sample
collected on the Sample Collection Form.
For macroinvertebrate and periphyton transect composite samples
use the sample method appropriate for the systematically selected
habitat present at each transect and record which method is used on
the Sample Collection Form
The macroinvertebrate riffle composite sample will be an erosional
(high enough velocity to keep the kicknet outstretched) sample
method (see below). There will be 8, 30 second kicks within riffles
between transects. If more than 8 riffles are available between
transects, the 8 most representative are chosen for the sample. If
less than 8 riffles are available a single riffle may be sampled more
than once in a different location within the riffle.
The periphyton riffle composite is composed of 10 rocks at least the
size of the cobble delimiter (2 inch). Select a representative riffle.
Starting at either the top or bottom of the riffle, visualize a line
running diagonally through the riffle. Divide the transect by 10 and
collect a cobble at each of those equidistant points. Place stones in
a plastic tray, top side facing up (i.e., in the same orientation that
they were found), and transport them to the bank to collect
periphyton (see method below) Be sure the sample area on the
rocks does not become disturbed or dry out while collecting the
other samples.

Table 6. Methods for Collecting Periphyton Samples.

COLLECTING PERIPHYTON SAMPLES
The periphyton sampling protocols below are the methods for collecting quantitative algal samples from
the different habitat types. These samples are formed by compositing discrete collections taken in the
targeted sampling habitats. Each quantitative sample represents a composited sample (by habitat type) of
microalgae that is further split into as many as three different sub-samples, which correspond to a particular
laboratory analysis. All samples must either be processed within 12 hours or kept frozen until processed, up
to 6 months. Two of these sub-samples are processed to measure chl a and AFDM. A third sub-sample is
processed for taxonomic identification (ID) by the Academy of Natural Sciences of Philadelphia (ANSP),
Phycology Section to provide estimates of taxa richness, cell density, relative abundance, and biovolume of
algal species.
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Habitat Types
Transect
Composite

Epipelic
and
Epipsammic
Habitats

Transect
Composite

Epidendric
Habitats –
Woody
Debris

Methods/Protocols
Sampling method for epipelic (silt) and epipsammic (sand) habitats will
follow Biggs and Kilroy (2000). Quantitative periphyton samples from
epipelic and epipsammic habitats are collected from the upper 5- to 7-mm
layer of epipelic or epipsammic habitat in depositional areas of the reach
using an inverted petri dish.
1. Gently press the petri dish lid into the top layer of sand/silt (to a depth of
5–7 mm).
2. Slide the spatula blade under the petri dish to isolate the sediment in the
dish.
3. Gently bring to the surface, ensuring that as little material/water is lost
from inside the petri dish as possible.
4. Empty the petri dish into a tray/container, rinsing any residue from the
petri dish, and then transfer into a labeled container.
5. Finally rinse the tray into the sample container until no trace of
periphyton remains.
6. Store the labeled container of periphyton sample on ice in a cooler, on
dry ice or at 4ºC, for transport to the laboratory.
7. Process the periphyton sample following the steps described below in
"Sample Processing Procedures."
Sampling method for epidendric (woody snags) habitats will follow USGS
(2002). Collecting quantitative microalgal periphyton samples from
epidendric habitats presents a challenge because they generally have an
irregular surface and are difficult to remove without loss of algal biomass.
Periphyton is collected by cutting off a 10 – 20 cm long piece of woody
snag, scraping periphyton off and recording the length scraped and width of
the woody snag.
1.
2.
3.
4.

Identify the part of the woody snag that will be sampled for periphyton.
Carefully remove a 10- to 20-cm-long section with pruning shears or by
sawing and place in a plastic tray.
Scrub the entire surface of each woody snag section in the tray with a
stiff brush. Rinse the brush and each section in the tray. Recycle rinse
water to keep the sample volume less than 475 mL.
Pour the sample from the dishpan through a funnel into a 500-mL
sampling bottle.
Measure the length and diameter of each cleaned woody snag section
and calculate the total sampling area by using the following formula
(assumes a cylinder):
n

Total Sampling Area (cm2)

∑ = π (d )(l ) where,
i

i

i=1

Transect
or Riffle
Composite

Epilithic –
Cobble
Habitats

n = number of discrete collections,
π = 3.1416,
di = diameter of each woody snag section, in centimeters, and
li = length of each woody snag section, in centimeters.
5. Store the labeled container of periphyton sample in a cooler, on dry ice
or at 4ºC, and keep in the dark if the sample is not processed
immediately.
6. Process the periphyton sample following the steps described in "Sample
Processing Procedures".
Sampling method for epilithic habitats will follow the Biggs and Kilroy
(2000) defined area scrape method for cobble substrates and the gravel
sampler for gravel size substrate (USGS 2002).
1. Place the delimeter on top of the stone to define a circle in the center, or
as near as possible to the center, of the stone.
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2.

Transect
or Riffle
Composite

Epilithic Gravel
Habitats

Scrape off as much periphyton growth as possible from within the ring
and rinse it off the scalpel into an appropriately labeled container.
3. Scrub the defined area for ~30 seconds with a toothbrush then invert and
rinse the stone over the funnel/sample container to remove the slurry.
4. Place the bottle on ice inside a cooler, on dry ice or at 4ºC, and keep in
the dark if the sample is not processed immediately.
5. Calculate the total sampling area by using the following formula:
Total sampling area (cm2) = (n)(π)(d/2)2 where,
n = number of discrete collections
π = 3.1416, and
d = inside diameter of the sampled areas, in centimeters.
6. Process the periphyton sample following the steps described below in
"Sample Processing Procedures."
Sampling method for epilithic habitats will follow the gravel sampler for
gravel size substrate (USGS 2002). Assemble the gravel sampler from a
PVC plumbing "clean-out" (7.6-cm diameter). Attach the threaded cap; bevel
the bottom edge of the clean-out to improve the coring capability of the
sampler. Obtain a large masonry trowel wide enough to completely enclose
the bottom of the sampler.
1. Press the beveled end of the sampler into the gravel substrate. After the
sampler is in place, carefully remove the gravel surrounding the outside
of the sampler and insert the masonry trowel.
2. Slide the sampler onto the trowel and carefully lift it out of the water.
3. Quickly invert the sampler to contain the gravel and water in the
sampler cap.
4. Pour each discrete collection into a dishpan and rinse the sampler before
taking another discrete collection.
5. Repeat these steps to complete 5 discrete collections, which form the
composite sample.
6. Extract macroalgal filaments (if present) from the gravel with forceps
and then cut them into fine pieces.
7. Brush and rinse (with dishpan water) the gravel. Recycle rinse water to
keep the sample volume < 475 mL.
8. Pour the sample from the dishpan through a funnel into a sample bottle.
Place the bottle on ice inside a cooler and keep the cooler in the dark if
the sample is not processed immediately.
9. Calculate the total sampling area by using the following formula:
Total sampling area (cm2) = (n)(π)(d/2)2 where,
n = number of discrete collections
π = 3.1416, and
d = inside diameter of the sampled areas, in centimeters.
10. Process the periphyton sample following the steps described below in
"Sample Processing Procedures.”

Table 7. Methods for Processing Periphyton Samples.

PROCESSING PERIPHYTON SAMPLES
Most periphyton samples will contain clumps of filamentous algae or diatoms. This creates difficulties in
sub-sampling to obtain representative portions for analysis. Representative sub-sampling is essential for
accurate assessment of periphyton communities. Homogenizing the sample with a hand-held laboratory or
kitchen blender can significantly reduce variability in sub-sample analyses, thus increasing the precision of
the results. Biggs (1987) found that the assessed density of cells in a periphyton sample could increase by
up to 500 percent and coefficients of variation decrease by nearly 90 percent following blending as
compared with just shaking the sample to achieve mixing. The highest increase in precision can be
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expected with samples that are dominated by filamentous algae. The blending process generally does not
cause significant cell damage, although some colonial species tend to break apart. Long, lightly silicified
diatoms and chrysophytes can also become damaged. Most filamentous taxa break apart into much smaller
fragments at inter-cellular connection points. Certain green filamentous algae do not break apart easily
(e.g., Cladophora) during blending and tend to get wrapped around the cutting blades. The use of sharp
blades on the blender, only a small volume of sample, and a slightly longer blending time usually
overcomes this problem (Biggs 1987). Filaments that remain after blending should be cut into three to eight
mm lengths with scissors.
The following procedure will be used to obtain a minimum of one sub-sample for diatom community
composition, three sub-samples for chl a and three sub-samples for AFDM analyses for the reach-wide and
target riffle habitat types.
1.

2.
3.
4.

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.

Tip the contents of the sample container into a beaker (the width of the beaker should be only slightly
greater than the width of the housing which holds the cutter blades of the blender). Rinse out any
sample residue from the container and lid into the beaker. Rinse off but do not transfer sand and gravel.
Distilled or DIW is preferred for rinsing and making up the sample volume. However, tap water can be
used providing the water isn't heavily chlorinated.
Pick out any invertebrates, pieces of gravel, leaves, moss, etc. from the sample.
Ensure that there is enough water to fully cover the blender-blade housing.
Blend for about 30 seconds or until the mixture is free of obvious clumps of material. If the sample
contains much filamentous algae, break the strands up by repeated cutting with a pair of sharp scissors.
Every 10 seconds, or so, stop the blender and free any filaments that may have become caught on the
blades or blender housing using a squirt of water or tweezers. You need to end up with a homogeneous
solution suitable for sub-sampling.
Transfer the blended liquid to a graduated cylinder. Rinse out the beaker and measure and record the
sample volume to the nearest milliliter. Be sure to have sufficient sample solution for multiple
analyses. Add de-ionized water to reach the required volume. Transfer the blended liquid to a bottle.
Calibrate the pipette.
Assemble the filtration apparatus by attaching the filter base with rubber stopper to the filtering flask.
Join the flask and a hand-operated vacuum pump (with gage) using a section of tubing.
Place a 47-mm glass fiber filter (Whatman™ GF/C) on the filter base and wet with de-ionized water.
Shake the bottle of blended sample and withdraw 3ml with an automatic pipette from halfway down
the solution while the liquid is still agitated. Release this solution into the filtering chamber.
Repeat this five more times to give the full sub-sample volume of 15 mL.
Apply suction pressure (be careful not to have a high pressure as this will rupture cells releasing the
chloroplasts; <10 mm Hg vacuum is recommended).
Rinse the funnel sides with deionized water; allow the water to be vacuumed completely before
releasing the vacuum from the filtering apparatus.
If there is not an obvious coloring from periphyton on the filter, then you should filter more aliquots.
Check for any fragments of leaves, mosses, invertebrates etc. on the filter paper and remove these with
forceps.
Record the volume of sub-sample (i.e., number of 3 mL aliquots used) on the field data sheet.
Rinse the pipette by sucking up and discarding some clean water.
Remove the filter from the funnel base with forceps.
Fold filter in half with filtered biomass inside, loosely roll up and place in its numbered tube. Make
sure it is completely covered with the ethanol and the tube is firmly sealed.
Label the tube with the following required information: site ID, collection date, sample volume, subsample volume. Place the tubs in a cooler containing dry ice. About 4.5 kg (10 pounds) of dry ice is
needed for sub-samples packed into a dry ice cooler. Insulate the inside of the cooler with newspaper
to minimize sublimation of the dry ice.
Repeat Steps 8 – 19 five more times to obtain 6 filters. Three filters will be used for. Chl. a analysis
and 3 filters will be used for AFDM analysis. If additional filters are required for QA/QC repeat Steps
8 – 19 until the desired numbers of filters are acquired.
Shake the bottle of blended sample and withdraw aliquots with an automatic pipette from half-way
down the solution while the liquid is still agitated until 45 mL is deposited into a bottle (this represents
the sub-sample volume of the ID sub-sample).
Preserve the ID sub-sample with a sufficient volume of buffered formaldehyde according to the
following table to obtain a final concentration of 3 to 5 percent buffered formalin. Record the
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preservative volume on the field data sheet.
23. Label the sample bottle with the following information: site ID, collection date, sample volume, subsample volume and preservative volume.
24. Additional (10–20 percent) sub-sample splits will be prepared for Chl. a, AFDM, and ID sub-samples
to evaluate precision of sub-sample preparation and laboratory analysis. Replicated sampling within
the reach can be used to evaluate the variance in algal community structure.

Table 8. Methods for Collecting Macroinvertebrate Samples.

COLLECTING MACROINVERTEBRATE SAMPLES
Macroinvertebrate samples will be collected according to EMAP-W protocols for the continuous habitat
types (transect composite method).

Habitat Types
Transect
or Target
Riffle
Composite
Samples

Target
riffle
composite
or transect
composite

LoticErosional

Methods/Protocols
A kick net sample is collected from each of the eleven cross-section
transects (Transects “A” through “K”) at an assigned sampling point (see
Table 5 above). Record the habitat type and sampling point for each kick
net sample collected on the Sample Collection Form as shown in. As you
proceed upstream from transect to transect, combine all kick net samples
collected from transect into a bucket or similar container labeled “REACHWIDE”. Combine kick net samples collected from target riffle habitats in
between transects into a second bucket or container labeled “TARGET
RIFFLE”. Fill in the checklist as individual activities are completed. If a
sample can not be obtained at the sampling point with the modified kick net
following either procedure, move one meter upstream of the transect until a
sampleable habitat is available.
1. At each cross-section transect, beginning with most downstream
Transect “A”, locate the assigned sampling point (Left, Center, or Right
as you face downstream as 25%, 50%, and 75% of the wetted width,
respectively – see table 5 for point determination). Determine if there is
sufficient current in the area at the sampling point to fully extend the
net. If so, classify the habitat as Lotic-erosional and proceed to Step 3. If
not, use the sampling procedure described for Lotic-depositional
habitats.
2. Record the dominant substrate type (fine/sand, gravel, coarse substrate
(coarse gravel or larger) or other (e.g., bedrock, hardpan, wood, aquatic
vegetation, etc.) and the habitat type for each kick net sample collected
on the Sample Collection Form.
3. With the net opening facing upstream, position the net quickly and
securely on the stream bottom to eliminate gaps under the frame. Avoid
large rocks that prevent the sampler from seating properly on the stream
bottom.
4. Holding the net in position on the substrate, visually define a
rectangular quadrat that is one net width wide and one net width long
upstream of the net opening. The area within this quadrat is 0.09 m2.
5. Check the quadrat for heavy organisms, such as mussels and snails.
Remove these organisms from the substrate by hand and place them into
the net.
6. Hold the net securely in position while kicking the substrate within the
quadrat vigorously for 30 seconds (use a stopwatch).
7. After 30 seconds, hold the net in place with your knees and pick up any
loose rocks within the quadrat. Use your hands to rub any clinging
organisms off the rocks (especially those covered with algae or other
debris) in front of the net. Also, place any additional mussels and snails
found into the net. Remove the net from the water with a quick
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upstream motion to wash the organisms to the bottom of the net.
Invert the net into a bucket labeled appropriately from sample location,
which is about half full of water, to rinse organisms out of the net.
Inspect the net for clinging organisms. Use forceps to remove any
organisms from the net and place them in the bucket. Carefully inspect
any large objects (such as rocks, sticks, and leaves) in the bucket and
wash any organisms found off of the objects and into the bucket before
discarding the object. Remove as much detritus as possible without
losing any organisms.
9. Place an “X” in the appropriate habitat type and sampling point boxes
for the transect on the Sample Collection Form.
10. Proceed upstream to the next transect and repeat Steps 1 through 9.
11. Process the sample following the steps presented in Macroinvertebrate
Sample Processing (Table 9).
1. At each cross-section transect, beginning with Transect “A”, locate the
assigned sampling point (Left, Center, or Right as you face
downstream) as 25%, 50%, and 75% of the wetted width, respectively
(see table 5 for point location).
2. Determine if there is sufficient current in the area at the sampling point
to fully extend the net. If so, use the sampling procedure described for
Lotic-erosional habitats. If not, classify the habitat as Lotic-depositional
and proceed to Step 4. NOTE: If the pool is too deep (more than 1 m) to
sample safely at the designated spot, move downstream until a safe
sampling spot is found.
3. Record the dominant substrate type (fine/sand, gravel, coarse substrate
(coarse gravel or larger) or other (e.g., bedrock, hardpan, wood, aquatic
vegetation, etc.) and the habitat type for each kick net sample collected
on the Sample Collection Form.
4. Visually define a rectangular quadrat that is one net width wide and one
net width long at the sampling point. The area within this quadrat is
0.09 m2.
5. Inspect the stream bottom within the quadrat for any heavy organisms,
such as mussels and snails. Remove these organisms by hand and place
them into the net or into a bucket labeled “REACH-WIDE”.
6. Vigorously kick the substrate within the quadrat with your feet while
dragging the net repeatedly through the disturbed area just above the
bottom. Keep moving the net all the time so that the organisms trapped
in the net will not escape. Continue kicking the substrate and moving
the net for 30 seconds. NOTE: If there is too little water to use the kick
net, stir up the substrate with your gloved hands and use the U.S.
Standard #30 sieve to collect the organisms from the water in the same
way the net is used in larger pools.
7. After 30 seconds, hold the net between your legs and partially
submerged. Pick up any loose rocks within the quadrat. Rub or brush
any organisms found on them into the net. Also recheck the area for any
additional snails or clams and place them in the net.
8. Invert the net into a bucket labeled “REACH-WIDE”, which is about
half full of water, to rinse organisms out of the net. Inspect the net for
clinging organisms. Use watchmakers’ forceps to remove any
organisms from the net and place them in the bucket. Carefully inspect
any large objects (such as rocks, sticks, and leaves) in the bucket and
wash any organisms found off of the objects and into the bucket before
discarding the object. Remove as much detritus as possible without
losing any organisms.
9. Place an “X” in the appropriate habitat type and sampling point boxes
for the transect on the Sample Collection Form.
10. Proceed upstream to the next transect and repeat Steps 1 through 8.
Combine all kick net samples from Lotic-depositional habitats at a
8.

Transect
Composite

LoticDepositional
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transect into the “REACH-WIDE” bucket.
11. Process the sample following the steps presented in Macroinvertebrate
Sample Processing (Table 9).

Table 9. Methods for Processing Macroinvertebrate Samples.

MACROINVERTEBRATE SAMPLE PROCESSING
Macroinvertebrate sample processing has been adapted and modified from the USGS (Moulton et al 2002.
The procedures for reducing sample volume to 750 ml have been eliminated. Inorganic debris is reduced as
much as possible by handpicking, washing, swirling, and decanting liquid contents and organic debris
through a 500 mesh sieve. Organic debris, such as leaves and small pieces of wood, are washed and
discarded. Organic debris that can not be washed, filamentous algae and tiny pieces of debris, are deposited
in the sample container.
1. Remove large debris (for example, cobbles, filamentous algae, leaves, and twigs) from each discrete
collection and inspect for attached invertebrates, especially small cryptic invertebrates (for example,
microcaddisflies and water penny beetle larvae).
a. Carefully remove any attached invertebrates by rinsing and using forceps, and place them in the
appropriate sample bottle.
b. Discard the large debris.
2. Elutriate each discrete collection onto a 500- µm mesh sieve to separate invertebrates and organic
debris from the inorganic debris. Doing this will minimize damage to organisms and maximize
effective elutriation.
a. Place each discrete collection in a separate 19-L (5-gal) plastic bucket filled about one-third full
with water.
b. Carefully stir the contents of each bucket by hand to suspend as much of the sample material as
possible.
c. Swirl the suspended sample material and carefully decant it onto a 500-µm sieve that is held over
a dishpan. The dishpan provides secondary containment to catch any decanted sample that is
spilled outside of the sieve. Pour any sample spilled in the dishpan directly onto the sieve unless it
includes a large volume of inorganic debris. [Note: use a large-diameter (30-cm) sieve to facilitate
subsequent sieving of the sample to remove fine sediments.]
d. As decanting proceeds, watch the advancing inorganic sediment front to avoid pouring it onto the
sieve.
e. Stop decanting when the inorganic sediment front reaches the lip of the bucket.
f. If sample is spilled in the dishpan, then pour the dishpan water (except fine sediment) back into
the 19-L (5-gal) bucket. Otherwise, discard the dishpan water.
g. Repeat elutriation about three to five times for each discrete collection until the inorganic debris
(elutriate sample component) appears free of detritus and organisms. Check inorganic debris for
heavy organisms. [Note: heavy organisms such as mollusks and some case-building caddisflies
might settle too fast during decantation and will not be able to be elutriated.]
h. Set the elutriate sample component contained in the bucket aside for later inspection.
i. The invertebrates and organic debris that are retained on the 500µm sieve represent the
composited main-body sample component.
j. Repeat the bucket elutriation for each discrete collection by elutriating onto the same sieve. Make
sure sieve has been thoroughly rinsed before processing a different habitat sample.
3. Inspect the elutriate sample component remaining in the bucket for invertebrates, particularly heavy
organisms such as mollusks and some case-building caddisflies that often do not decant onto the sieve
during elutriation.
a. Place a small amount of the elutriate sample component in a shallow white tray containing enough
water to float debris to facilitate detection of invertebrates. Alternatively, the elutriate sample
component can be inspected in a sieve.
b. If necessary, sieve the elutriate sample component through a pair of nested large-meshed (for
example, 2- and 4-mm) sieves to separate the larger gravel and pebble material and expedite the
inspection and removal of invertebrates.
c. Place cryptic invertebrates (for example, elmid beetle larvae and case-building caddisflies) in the
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4.

5.
6.
7.

appropriate habitat sample bottle.
Inspect the debris for large rare invertebrates (for example, mussels, crayfish, and hellgrammites) that
might prey upon or damage other invertebrates in the collection.
a. Remove only these organisms and place them in a separate bottle appropriately identified with the
habitat sample it came from. Match the bottle size to the size and quantity (typically no more than
20) of organisms. [Note: if these organisms are not present in the collection, then do not prepare a
large-rare sample component.]
b. Do not add clumps of sample debris to the bottle. This debris often contains other invertebrates,
especially early instar specimens, and interferes with laboratory analysis.
Wash the sample component remaining on the 500-µm sieve by dipping and swirling the sieve
repeatedly in the stream (fig. 10i) or a dishpan. Washing and sieving removes fine sediment from the
sample component, which facilitates laboratory analysis.
Place a sample label on the outside of the sample bottles.
Record collection and sample information on the appropriate field data sheet corresponding to a
particular sample type.

Fish Community & Ichthyofauna
Fish community will be sampled at select sites. Fish are electrofished, caught, identified,
and counted within a 100-200 meter reach where habitat is recorded. Water must be of
proper specific conductance for the equipment used. Backpack electrofishers are usually
adequate up to 1,500 microsiemens per centimeter (μS/cm); bank or tote barge shockers
are necessary for higher SC. Conversely, if water is of very low SC, a more powerful unit
may be necessary for effective shocking. A single pass is usually adequate for
bioassessment purposes; multiple passes are required if population estimates are to be
performed. The reach is sampled in an upstream direction to prevent creating turbidity in
the area to be sampled. Reach length is dependent on stream size. Usually 20-40 stream
widths, with a maximum of 200 meters, are adequate. In any case, all available habitat
types (pool, riffle, or run) should be sampled. Sampling is best performed in late summer
or fall after any spawning migration has ceased and when young-of-the-year fish are
large enough to be reliably identified in the field (NMED/SWQB, 2004). A voucher
specimen of each species is preserved in formalin and taken to Museum of Southwestern
Biology for permanent record and identification verification.
Ichthyofaunal records will be obtained as needed from the Museum of Southwestern
Biology (MSB), University of New Mexico (UNM), Albuquerque, NM. Fish community
data are not being assessed at this time, it is being compiled to develop a larger dataset to
analyze at a later date. Data collected at each site for this data set include a taxa list,
number of individuals per taxa, shock time, and standard length only for trout.
NMED/SWQB and EPA are in the planning stages to develop a Warm-water Fish Stream
Condition Index (F-SCI).

Sample Handling and Custody Procedures
Water samples for nutrient and ion analysis are collected, cooled to 4°C, stored on ice,
and transported in ice chests to the analytical laboratory at the end of the two to five day
sampling trip. Samples for nutrient analysis are preserved with 2.5 mL of sulfuric acid
per liter.
Samples will be preserved and labeled in the field at the sample location except
periphyton samples, which may be processed at the end of the day, or frozen and
processed within 3 months (Biggs and Kilroy 2000). Information contained on the labels
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includes the date, stream name, and sampling location. Periphyton sub-samples will also
include the total sample volume, sub-sample volume, and the analysis to be preformed.
This information will also be on all field collection data sheets.
Periphyton samples are either frozen on site with dry ice or kept in the dark and emerged
in ice until the end of the day, with a maximum holding time of 10 hours (Biggs and
Kilroy 2000). At the end of the day, the periphyton samples are either processed or
frozen. Periphyton samples are processed by the collection of sub-samples that are
filtered and frozen for chl a and AFDM analysis or preserved with formalin for
community composition determination. The periphyton and filtered samples are kept
frozen until they are processed or analyzed.
Benthic macroinvertebrate samples are preserved by adding 95% ethanol to the sample
container to produce a final concentration of approximately 70% ethanol with dilution
coming from water in the sample matrix and invertebrates. Samples that fill the sample
container by more than 50% should then be refrigerated overnight, drained, and represerved in 95% ethanol the next day. A label made from 100% cotton fiber bond paper
marked by soft pencil or alcohol-proof pen (Pygmy®) and accurately describing the
sampling location, date, replicate, sample type, sample habitat, and collector, is added to
the inside of the sample container. The outside of the container should be similarly
labeled.

Analytical Methods Requirements
For physical habitat measures refer to Environmental Monitoring and Assessment
Program – Surface Waters: Western Pilot Study Field Operations Manual for Wadeable
Streams (Peck, DRAFT). Laboratory methods for AFDM and chl a determinations are
found in Stream Periphyton Monitoring Manual (Biggs and Kilroy 2000). For water
quality analyses Standard Methods for the Examination of Water and Wastewater, 20th
Edition (APHA et al. 1998) and Code of Federal Regulations (CFR), Title 40: Protection
of the Environment, Chapter 1 – Environmental Protection Agency, Part 136 –
“Guidelines Establishing Test Procedures for the Analysis of Pollutants” (EPA, 2000)
were used.

Quality Control Requirements
Field and laboratory quality control measures include training sessions on data collection
techniques prior to the field season, rotation and cross-checks between observers in
paired teams to ensure uniformity in how measures are taken and recorded, supervisor
oversight of all technicians, use of standardized data forms for all records, and
availability of written protocols for all procedures. Phil Kaufman, the EPA developer of
the EMAP physical habitat methods held a training class for the core field crew on June
27-30, 2006 to ensure proper data collection. At least one person on each field crew will
have attended this training. One site will be selected for duplicate habitat data collection
by different team members for an estimation of observer bias. Replicate samples are
collected and checks of field data forms are made at the end of each survey on site.
Voucher and reference collections will be maintained in designated and centralized
collections.
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Laboratory methods information is referred to in Quality Assurance Project Plan
Scientific Laboratory Division Chemistry Bureau Services (NMDOH/SLD 2005).
Contract laboratories for processing of benthic macroinvertebrates and periphyton
(EcoAnalysts and Academy of Natural Science, Philadelphia) will adhere to QA
procedures provided to and approved by SWQB.
Field sampling and measurement techniques will continually be reviewed in order to
determine if changes and/or modifications to the sampling protocols are needed.
Decisions to change or alter any protocols or QA/QC measures detailed in this project
plan will be made through consensus of the project team and will be provided as results
of the project.

Instrument/Equipment Testing, Inspection and Maintenance Requirements
The primary equipment employed in the field that require regular maintenance include: a
Marsh-McBirney® flow meter, YSI® multiparamter Sonde and data loggers (YSI Model
6920 Sondes and YSI 650 MDS and 610 Data loggers), Nalgene® manual vacuum
pump, and GPS units. This equipment is inspected for proper function, replacement of
parts, batteries, and stored at room temperature and dry conditions. All field equipment
will be inspected and refurbished as necessary prior to each sampling trip. Results of
equipment inspections will be noted in the log book for each instrument. Any
deficiencies in equipment will be noted in the equipment log in the file and reported
immediately to appropriate staff that will recheck the equipment and arrange for repair by
the manufacturer or for purchase of a replacement. If condition is in doubt, equipment is
not used. In the field, extra parts and supplies are carried to attend to malfunctions.
Benthic macroinvertebrate collection nets will be checked for tears and repaired as
needed. Any damage to the nets will be repaired prior to sampling.

Instrument Calibration and Frequency
Prior to use, instruments are inspected to ensure all components are clean and in good
working order. All appropriate probes are activated and set to report. All probes are
calibrated prior to sampling trip (at least weekly and when investigator is suspicious of a
reading). The dissolved oxygen (DO) probe is recalibrated to altitude once in the field, as
needed (at the first site of the day and after every 1000 ft change in elevation). Prior to
calibration, the DO probe membrane is checked for bubbles and the electrode is
examined for corrosion. Both the membrane and the silver electrode are replaced and
cleaned respectively, as per manufacturer’s instructions as needed (see manual). While
operation remains normal, other probes should not require further calibration.

Data Acquisition Requirements
Most results obtained pursuant to this project involve new data acquired using procedures
enumerated in this document and its references and appendices. External and/or
historical data acquired for inclusion in these analyses will be references and must meet
the QA/QC requirements outlined in this document and SWQB QAPP (NMED/SWQB
2005).

115

Data Management, Validation, and Reconciliation
Data records are taken on standardized forms for all field and laboratory procedures.
Data from EMAP-W standard forms will be sent to the EPA to be scanned, metrics
calculated, reviewed and imported to a centralized EPA Surface Water Information
Management System (SWIM) for our retrieval. Other data will be entered into
spreadsheets (Microsoft® Excel) and/or a database (Microsoft® Access). Once entered,
a QC check will be performed by comparing the electronic values to those on the field
sheets. Incorrect values will be corrected and suspect values flagged. Site and sample
information will also be checked (e.g. latitude and longitude, elevation, date, etc.). Water
quality data will be entered directly into the SWQB Water Quality Database and the data
validation/verification process performed as described in the SWQB QAPP
(NMED/SWQB 2005). Benthic macroinvertebrate, habitat, fish, pebble count, cross
sectional, and periphyton data will also be entered into EDAS.
A hardcopy file with raw data and field notes is maintained by SWQB for no less than ten
years. This file contains all SLD analytical forms, all non-privileged field notes
concerning the investigation, and all QA results for the survey. In addition to water
quality data, this file also contains all hard copies of benthic macroinvertebrate, habitat,
fish, pebble count, cross sectional, and periphyton data. Data will be stored on computers
and saved to storage media (zip disks or CD). All data will be uploaded to Modernized Storage and Retrieval (STORET).

Data Review, Validation, and Verification Requirements
Data review, validation and verification are overseen by the Project Manager. All site,
benthic macroinvertebrate, periphyton and habitat data acquired will be reviewed by the
Project Manager using Best Professional Judgment (BPJ), knowledge of stream ecology,
and the QAPP (NMED/SWQB 2005) for defining acceptance and qualification (i.e.
assignment of validations codes).

Validation and Verification Methods
Refer to Appendix B of the SWQB QAPP (NMED/SWQB 2005) for a detailed
description of the data validation process. The Project Manager will be responsible for
developing and reviewing data sheets as well as dates, times, reported units, and
comments. The Project Manager will screen inaccurate data before they are entered in
the database by analyzing all quality control data, including replicates, equipment
conditions, and sampling conditions. Quality control sample results will be evaluated
individually by performing appropriate mathematical analysis for precision for each
sample. All data reports shall include QA/QC information.

Reconciliation with Data Quality Objectives
Correspondence of data produced with the data quality indicators specified will be
reviewed during analysis of data sets. Various corrective actions, as specified in
preceding sections, will be used to address any problems detected. Established data
quality objectives (DQOs) will be compared with the results of all QA/QC samples. The
Project Manager will evaluate completeness, precision, representativeness, and
comparability. Data that do not meet DQOs will be flagged in the database. The raw
data will be left in the database because it can provide valuable information.
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Assessment and Response Actions
Field and laboratory personnel are evaluated on a semi-regular review at 3-6 month
intervals. These evaluations include performance in terms of productivity, accuracy,
independence, teamwork, and capability. Audits of equipment and analysis occur during
QC checks, data management steps, and comparisons of data quality objectives with
actual log records and data products (NMED/SWQB 2005). Corrective actions to fix any
problem encountered will be administered by the appropriate person(s) and/or agencies.
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