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Biological Monitoring Plan Chapter 1 — Introduction and Background

1.0 INTRODUCTION AND BACKGROUND

CONTENTS

1.1 Stipulation Regarding SNWA's Groundwater Applications in Spring Valley HB
111 Stipulation Requirements for Biological Monitoring
1.1.2 Stipulation Requirements for Hydrologic Monitoring
1.2 Nevada State Engineer Ruling
1.3 Study Area
131 Areas of Potential Groundwater Development
1.3.2 Initial Biological Monitoring Area (IBMA)
1.3.3 Biological Resources

The Spring Valley Biological Monitoring Plan (Plan) is a component of a stipulated agreement
between the Southern Nevada Water Authority (SNWA) and four U.S. Department of the
Interior (DOI) Bureaus: Bureau of Indian Affairs (BIA), Bureau of Land Management (BLM),
U.S. Fish and Wildlife Service (FWS), and National Park Service (NPS) (Stipulation; Appendix
A). The purpose of the Plan is to establish a monitoring program that will further the
understanding of groundwater-influenced ecosystem dynamics and track biotic community
responses to SNWA'’s groundwater withdrawal from the Spring Valley Hydrographic Basin
(Spring Valley HB) in east-central Nevada. This document focuses on monitoring baseline
conditions prior to SNWA groundwater withdrawal (the Pre-Withdrawal Phase) from Spring
Valley. A revised Plan for the Withdrawal monitoring phase will be in place before the end of
the Pre-Withdrawal Phase.

The monitoring plan is designed to be consistent with the following goals of the Stipulation:

1. Manage the development of groundwater by SNWA in the Spring Valley HB in order to
avoid unreasonable adverse effects to groundwater-influenced ecosystems® and maintain
and/or enhance the baseline biological integrity and ecological health of the Area of
Interest over the long term. The Area of Interest is the upper Great Salt Lake Desert
Flow System and vicinity, including those valleys adjacent to and down-gradient of
Spring Valley (Appendix A, Figure 1).

2. Avoid any effects to groundwater-influenced ecosystems within the boundaries of Great
Basin National Park (GBNP) due to SNWA groundwater withdrawal from Spring Valley
HB.

The Plan is a dynamic document to be reviewed and revised as needed to reflect increasing
understanding of ecosystem dynamics and responses to SNWA'’s groundwater withdrawal, as
well as refinement of monitoring, mitigation, and management questions and activities.

! The Stipulation (Appendix A) used the term "water-dependent ecosystems.” This Plan instead uses the term
"groundwater-influenced ecosystems" because it is more biologically precise. While some of these ecosystems
require groundwater to exist, others can exist without groundwater but at a lower level of productivity.
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1.1 Stipulation Regarding SNWA'’s Groundwater Applications in Spring Valley HB

In October 1989, the Las Vegas Valley Water District (LVVWD) filed Applications 54003-
54021 with the Nevada State Engineer (NSE) for a combined 126 cubic feet per second (cfs), or
approximately 91,223 acre-feet per year (afy), of groundwater withdrawals in the Spring Valley
HB. On December 2, 2003, SNWA assumed full interest by agreement with LVVWD in these
applications. SNWA intends to develop and export groundwater from Spring Valley HB for
municipal purposes and use in the Las Vegas area, subject to conditions set forth by the NSE. To
protect their water rights and federal resources in the Area of Interest, the DOI Bureaus protested
SNWA'’s applications. On September 8, 2006, prior to NSE’s administrative hearing on
SNWA'’s Spring Valley HB groundwater applications, SNWA and the DOI Bureaus entered into
a Stipulation for Withdrawal of Protests (Stipulation) regarding these applications.

The Stipulation requires that SNWA implement hydrologic and biological monitoring,
management, and mitigation plans (Exhibits A and B of the Stipulation; Appendix A). For
development and implementation of the monitoring, management, and mitigation plans, the
Stipulation requires the formation of a Biological Work Group (BWG) and hydrologic Technical
Review Panel (TRP). The Stipulation also requires creation of an Executive Committee (EC) to
review recommendations of the BWG and TRP, seek negotiated resolutions of issues, and
implement actions as needed. Membership in each group (BWG, TRP, and EC) consists of one
representative from SNWA and one representative from each of the DOI Bureaus, with
designated agency backups.

To provide technical expertise to the BWG, the Stipulation allows for participation by the
Nevada Department of Wildlife (NDOW) and the Utah Division of Wildlife Resources
(UDWR), as well as other entities that may be identified that are not party to the Stipulation.
The BWG invited NDOW and UDWR to participate in development of this Plan, as well as
consultants to provide additional expertise (Great Basin Bird Observatory (GBBO), KS2
Ecological Field Services, and BIO-WEST). Following issuance of the ruling on Spring Valley,
the NSE was also invited to observe the process of Plan development in an effort to reduce
expenses and duplication of work.

1.1.1 Stipulation Requirements for Biological Monitoring
The Stipulation requires the BWG to:

e develop and oversee implementation of a biological monitoring plan that will assess
baseline conditions as well as predict and assess impacts due to SNWA groundwater
withdrawal from Spring Valley;

e identify indicators to monitor that can best predict effects to groundwater-influenced

ecosystems;

identify species of concern to monitor;

identify sites to monitor and establish survey protocols;

review and recommend modifications to the Plan as needed;

identify research needs for investigating the response of indicators and groundwater-

influenced ecosystems to groundwater withdrawal,
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e develop criteria and make recommendations to the EC on when a course of action
shall be taken to avoid unreasonable adverse effects to groundwater-influenced
ecosystems or any effect to GBNP; and

e oversee implementation of management and migitation actions approved by the EC.

1.1.2 Stipulation Requirements for Hydrologic Monitoring

The Stipulation requires the TRP to:

e Establish and oversee implementation of a hydrologic monitoring network comprised of
SNWA exploratory wells, SNWA production wells, new monitoring wells, select existing
monitoring wells, and select springs and streams ;

e Monitor discharge and groundwater levels in all SNWA production wells on a continuous
basis;

e Monitor groundwater levels in all SNWA exploratory wells at least quarterly, with a
representative number to be identified for continuous measurement once groundwater
withdrawal has commenced,

e Select 25 existing wells in Spring and Hamlin Valley HBs to monitor continuously or
quarterly;

o Select new well sites adjacent to SNWA production wells, adjacent to federal water rights
and federal resources, in the vicinity of Shoshone Ponds, and within the Interbasin
Groundwater Monitoring Zone (zone of groundwater movement from Spring HB to
Snake Valley HB via Hamlin Valley HB) to monitor continuously;

e With input from the BWG, select spring sites in Spring Valley HB for placement of

piezometers for continuous groundwater elevation monitoring;

Monitor stream discharge at Cleve Creek and Big Spring Creek / Lake Creek;

Monitor synoptic-discharge measurements (gain/loss runs) at Big Springs Complex;

Select springs, streams and wells at which to monitor water chemistry, and

Cooperate with SNWA on maintaining, updating, and operating a well-calibrated

regional groundwater flow system numerical model.

1.2 Nevada State Engineer Ruling

On April 16, 2007, the NSE issued Ruling 5726 in the matter of SNWA'’s applications to
appropriate groundwater from Spring Valley HB (Appendix B). The NSE found that a
reasonable and conservative estimate of the perennial yield (maximum amount of groundwater
that can be salvaged each year over the long term without depleting the groundwater reservoir)
for Spring Valley HB is 80,000 acre-feet/year (afy), of which 60,000 afy is available for
appropriation and export. Fifteen of SNWA’s nineteen applications were granted in part (54003-
54015, 54019, and 54020), and four applications were denied (54016-54018 and 54021,
northernmost applications near Cleve Creek). The granted applications are subject to the
following conditions:

e A minimum of five years prior to groundwater export, SNWA must submit and the NSE
must approve hydrologic and biological monitoring and mitigation programs;
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e In addition to the monitoring and mitigation programs, SNWA must collect baseline
hydrologic and biological data for a minimum of five years prior to SNWA groundwater
export;

e Groundwater development must follow a staged development strategy laid out by the
NSE;

e During the initial stage of phased development, SNWA may pump a maximum of 40,000
afy from Spring Valley HB for a minimum of ten years, with the pumping averaging at
least 35,000 afy over ten consecutive years;

e At the initial stage of phased development, the NSE will make a determination as to
whether the remaining permitted amount (i.e., 20,000 afy) may be pumped, or whether
additional study is needed. As part of this decision, SNWA is to submit an updated
groundwater flow model giving predictive results for 10, 25, and 100 years;

e SNWA must file annual reports with the NSE by March 15 of each year, detailing the
findings of the approved monitoring and mitigation plans; and

e |If SNWA groundwater pumping impacts existing rights, conflicts with protectible
interests in existing domestic wells, threatens to prove detrimental to the public interest,
or is found not to be environmentally sound, SNWA must curtail pumping and/or
mitigate impacts to the satisfaction of the NSE.

The NSE found that by requiring the collection of biological and hydrological baseline data,
requiring a monitoring and mitigation plan, and requiring staged development and associated
studies, there are sufficient safeguards in place to ensure that the interbasin transfer of water
from Spring Valley HB will be environmentally sound. It is SNWA's intent to submit this Plan
to the NSE to partially satisfy the requirements set forth in Ruling 5726 regarding baseline
monitoring and mitigation of pumping impacts on groundwater-influenced ecosystems.

1.3 Study Area
1.3.1 Areas of Potential Groundwater Development

SNWA holds rights to divert up to 60,000 afy from 15 Points of Diversion (POD) in Spring
Valley (Fig. 1-1). SNWA may seek to change these points of diversion in the future, and has
identified groundwater exploratory areas within which future groundwater production facilities
may be proposed (Fig. 1-1). Geophysical surveys, detailed geologic mapping, exploratory well
drilling, and hydrological modeling are being conducted as part of their groundwater exploratory
program to determine potential locations of future groundwater development facilities. Selection
of sites for production wells will consider hydrogeologic characteristics, well spacing
requirements, site access, proximity to main or lateral pipelines, avoidance of Wilderness Areas,
and minimizing impacts to sensitive environmental resources and sensitive areas to the extent
practicable.
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1.3.2 Initial Biological Monitoring Area (IBMA)

The study area for this Plan, referred to as the Initial Biologic Monitoring Area (IBMA),
encompasses Spring Valley HB (HB #184), the northern portion of Hamlin Valley HB (HB
#196), and the Big Spring Creek sub-watershed in southern Snake Valley HB #195 (Fig. 1-1).
The IBMA contains portions of Hamlin and Snake Valley because of potential inter-basin
groundwater flow from Spring Valley, as identified in the Stipulation. The IBMA comprises
approximately 1,388,000 acres consisting of 4% private land, 1% Utah state land, and 95%
federal land (82% managed by the BLM, 12% by the U.S. Forest Service, and 1% by NPS) (Fig.
1-2). A portion of the GBNP that straddles the Spring Valley and Snake Valley HBs falls within
the IBMA. Tribal areas located closest to the IBMA are the Ely Shoshone Indian Reservation in
Steptoe Valley HB (west of Spring Valley HB), and the Goshute Reservation in Tippet and Deep
Creek Valley HBs (approximately 40 miles north of the IBMA). In accordance with the
Stipulation, future modifications to the Plan may require monitoring outside of the IBMA if the
BWG anticipates that effects associated with SNWA'’s groundwater withdrawal from Spring
Valley will extend outside these boundaries.

Spring Valley HB is a topographically closed valley in east-central Nevada, approximately 115
miles long north-to-south and maximum 25 miles wide east-to-west, covering 1,660 square
miles. The valley floor averages about 5,700 feet above mean sea level (msl) and ranges in
elevation from more than 6,500 feet msl on the alluvial fans to about 5,550 msl at Yelland Dry
Lake. The principal mountain ranges are the Snake Range, Schell Creek Range, Fortification
Range, and Wilson Creek Range.

The Hamlin Valley portion of IBMA begins at the Spring Valley HB north of the White Pine and
Lincoln county lines, extends southeast below Big Springs to follow the crest of the Mountain
Home Range as its eastern boundary, and crosses from the Mountain Home Range to the Wilson
Creek Range south of Atlanta. Hamlin Valley is bounded by mountains on three sides and open
to Snake Valley on the north.

The Snake Valley portion of IBMA includes the Big Spring Creek sub-watershed, and extends
north along the foothills of the southern portion of the Snake Range, crossing the valley from
Snake Creek Canyon to the town of Garrison, Utah. The eastern edge of the IBMA is bordered
by the western edge of Burbank Hills, the western edge by the Snake Range, and the southern
edge by the Mountain Home Range, where it meets with the Hamlin Valley portion of the
IBMA.

The IBMA is located within the Great Salt Lake Desert flow system in the Basin and Range
geologic province. During the Cenozoic Era, the Earth's crust in this area began to stretch in an
east-west direction, forming the mountain ranges of relatively impermeable bedrock that are
oriented in a north-south direction. Erosion of these mountains has carried sediments down to
the valleys and created alluvial fans, which are classic geologic features of basin and range
topography. Sediments carried to the floor of the valleys have accumulated in layers thousands
of feet thick.
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Groundwater moves constantly from points of recharge (primarily from precipitation in the
mountains), through the subsurface hydrologic system, and exits back to the surface at points of
discharge. These flowpaths are determined by geologic structure, lithology, land-surface
topography, and the arrangement of water-bearing aquifers (basin-fill, carbonate, and volcanic)
and less permeable aquitard units. Groundwater within shallow alluvial (basin fill) aquifers
travels intermediate distances through the shallow subsurface, while groundwater within deeper
carbonate-rock aquifers travels further through regional discharge/recharge points. Discharge
from the aquifers primarily occurs through evapotranspiration, but also involves subsurface inter-
basin flow, withdrawal by wells, and discharge into streams and springs.

Springs in the IBMA occur from the valley floor to the mountain top. Most springs in the IBMA
occur in relatively high elevation areas in the mountains. These mountain-block springs
generally are controlled by discharge from localized or perched groundwater systems that are not
hydraulically connected to the regional groundwater system (Prudic et at. 1995). Small springs
also occur along the valley margin and in the valley floor. The occurrence and discharge of these
springs generally is controlled by flow along intermediate flow paths that originate in the
adjacent mountain ranges or alluvial fans (Welch et al. 2007). Adjacent to some of these spring
areas are wetlands and meadows, where higher groundwater tables are often supported by
irrigation/diversions.

The climate of the IBMA is characterized by cold winters, hot summers, and a wide diurnal
temperature range due to low atmospheric humidity and abundant sunshine. Average annual
precipitation for 1988-2006 was 9.7 inches in south Spring Valley (5,798 feet msl), with the
majority falling in the spring, summer, and fall. The average minimum January temperature was
15° F, while the average maximum July temperature was approximately 88° F (WRCC 2007a).
South Snake Valley (5,273 feet msl) is drier and warmer than south Spring Valley. The average
annual precipitation for 1951-1990 was 7.6 inches, with the majority falling in the spring and
fall. The average minimum January temperature was 15° F, while the average maximum July
temperature was 93° F (WRCC 2007a). A USGS bulk precipitation station on Mt. Washington
in GBNP (10,440 feet msl) has recorded an average annual precipitation of 28 inches per year
since 1983 (Bob Bostic, USGS, pers. comm.). These data indicate that much of the water in
Spring and Snake Valleys comes from precipitation from the surrounding mountains.

Agriculture currently represents the largest single water use in the IBMA. The primary form of
agriculture is livestock grazing, and pastureland dominates the landscape. Smaller irrigated
acreage is dedicated largely to alfalfa hay production, with the primary source of irrigation water
being groundwater. Of the approximately 1,063,000 acres in the Spring Valley hydrographic
basin, 4% (43,500 acres) is private land, 92% of which is agricultural land. The other 96% is
public land (1,020,500 acres), including active grazing allotments. There are no housing
communities in Spring Valley, but several ranches and single family homes dot the landscape.
In Snake Valley, although the community of Baker and most of the GBNP are not within the
IBMA, recreational access to these areas occurs through the IBMA.
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1.3.3 Biological Resources

Examples of fauna that occur in the IBMA valley bottoms are big game species (e.g., pronghorn
antelope, Antilocapra americana), small mammals (e.g., meadow vole, Microtus pennsylvanicus,
and Brazilian free-tailed bat, Tadarida brasiliensis), birds (e.g., northern harrier, Circus cyanus,
and greater sage-grouse, Centrocercus urophasianus), reptiles (e.g., common side-blotched
lizard, Uta stansburiana), amphibians (e.g., northern leopard frog, Rana pipiens), fish (e.g.,
speckled dace, Rhinichthys osculus), and invertebrates (e.g., springsnails, Pyrgulopsis spp.).
Flora communities in the IBMA valley floor are largely composed of Great Basin Xeric Mixed
Sagebrush Shrubland, Inter-Mountain Basins Mixed Salt Desert Scrub, Inter-Mountain Basins
Greasewood Flat, Inter-Mountain Basins Playa, and Agriculture (Lowry et al. 2005). Aside from
phreatophytic shrublands, groundwater-influenced habitats are relatively sporadic in the IBMA.

Groundwater-influenced ecosystems in the IBMA include springs, creek, ponds, wetlands,
meadows, playas, swamp cedar woodlands, and phreatophytic shrublands. Those systems with
standing water support a variety of submerged aquatic vegetation (e.g., watercress, Rorippa
nasturtium-aquaticum) and emergent vegetation (e.g., baltic rush, Juncus balticus) and provide
habitat for fish, frogs, macroinvertebrates, and springsnails (including rare, endemic, and
sensitive species). The springs, ponds, and creek especially provide water for animals traversing
the Great Basin Desert (e.g., big game, migratory waterfowl, bats), and their associated riparian,
wetland, and meadow vegetation provide habitat for resident and migratory animals (e.g.,
breeding birds). These valley floor groundwater-influenced ecosystems and their associated
biological resources of interest are more fully discussed in Chapter 4.
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2.0 MONITORING GOALS AND OBJECTIVES

CONTENTS

2.1 Monitoring goals
2.2 Monitoring objectives

This chapter provides an overview of the monitoring goals and objectives that form the basis of
the Plan. These goals and objectives are specific to the IBMA, which is the area of focus for
biological monitoring due to proximity to pumping and potential impacts from SNWA’s
groundwater withdrawal in Spring Valley, Nevada. Specific, measurable objectives are also
presented in Chapter 5 (Monitoring Approach).

2.1 MONITORING GOALS

The purpose of the Plan is to establish a monitoring program that will enhance the understanding
of groundwater-influenced ecosystem dynamics in the IBMA and track biotic community
responses to SNWA'’s groundwater withdrawal from Spring Valley. The specific goals of the
Plan are to provide data and develop tools to:

1. Establish current ("baseline™) condition of groundwater-influenced ecosystems within
the IBMA and identify trends in indicators of the condition of these biotic
communities prior to groundwater withdrawal by SNWA (hereafter referred to as
"pre-withdrawal);

2. Establish the range of variability for indicators of the condition of groundwater-
influenced ecosystems in the IBMA prior to groundwater withdrawal by SNWA,

3. Assess the response of groundwater-influenced ecosystems to groundwater
withdrawal by SNWA,;

4. Give early warning of unreasonable adverse effects to groundwater-influenced

ecosystems in the IBMA and/or any adverse effect to GBNP due to groundwater
withdrawal by SNWA,;

5. Determine if an observed or predicted response is likely attributable to SNWA'’s
groundwater withdrawal; and

6. Direct and evaluate management actions for the purpose of maintaining or enhancing
the baseline biological integrity and ecological health of the IBMA over the long
term.

2.2 MONITORING OBJECTIVES

Achievement of the following twelve objectives will help the BWG meet the purpose and goals
of the Plan.

1. Develop a conceptual model for each of the groundwater-influenced ecosystems in
the IBMA.
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Conceptual models identify processes and factors that maintain and/or shape groundwater-
influenced ecosystems within the IBMA, as well as system disturbances (“stressors™), both
natural and anthropogenic. These models will help the BWG to understand the potential effects
of stressors on groundwater-influenced ecosystems. These models will be updated as additional
information is acquired and the systems are better understood and will form the conceptual basis
of any future numerical modeling efforts.

2. Identify indicators of the condition of groundwater-influenced ecosystems in the IBMA,
including those that may provide early warning of adverse effects to specific resources
from groundwater withdrawal.

The ecological attributes that will be monitored are those thought to be good indicators of
ecosystem health, including those that may provide early warning of adverse impacts from
SNWA groundwater withdrawal. The Plan focuses on variables and communities that are
expected to show earlier impacts from groundwater withdrawal by SNWA for the purpose of
initiating BWG consultation in a timely manner. The Plan also emphasizes aquatic species that
are intimately tied to groundwater-influenced ecosystems for the purpose of correlating species
responses with ecosystem changes due to groundwater withdrawal.

3. Collect seven years of baseline data on selected biological indicators prior to SNWA'’s
groundwater withdrawal in Spring Valley, Nevada. (Note: A minimum of five years of
data must be collected prior to groundwater withdrawal per the NSE Ruling #5726.)

4. Gather relevant current and historical data to supplement BWG baseline data collection
and analysis.

Objectives 2 through 4 will help the BWG assess the current condition of groundwater-
influenced ecosystems within the IBMA, as well as establish trends in indicators of the condition
of these biotic communities. Selecting appropriate monitoring indicators to understand how
these systems, and their respective floral and faunal components, respond to groundwater levels
and surface flows will be vital to the success of the Plan. Baseline data will help the BWG
understand the status and function of these ecosystems, such as whether the key processes that
create and maintain them are intact and the current impact to these biotic systems from natural
and human stressors, which will in turn aid with refinement of the conceptual models. Baseline
data, supplemented with current and historical data from other sources, will also help the BWG
to better understand the range of variability of indicators of the condition of these biotic systems
prior to SNWA's groundwater withdrawal. This will form the basis for understanding the
response of these systems to groundwater withdrawal. Monitoring indicators are described in
detail in Chapter 4 (Monitoring Framework).

5. Prior to the end of the baseline data collection period, develop and recommend to the EC
a refined biological monitoring plan for the period commencing with SNWA'’s
groundwater withdrawal.

As described in Chapter 3 (Plan Methodology), the BWG will analyze baseline data and report
results at regular intervals, evaluate and revise the Plan as needed, and upon completion of the
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seven-year baseline period, recommend to the EC a refined plan. Pursuant to the refined plan,
data will be collected and evaluated on select indicators of condition of groundwater-influenced
ecosystems in the IBMA once groundwater withdrawal by SNWA commences. These data will
help the BWG understand and assess the response of groundwater-influenced ecosystems to
groundwater withdrawal.

6. During the Pre-Withdrawal Phase, establish the range of variation for each indicator (or
suite of indicators) that will be considered acceptable.

7. Define what constitutes an “unreasonable adverse effect” during the Pre-Withdrawal
Phase.

8. In coordination with TRP, during the Pre-Withdrawal Phase, establish criteria that will
initiate the BWG consultation process as outlined in the Stipulation.

The Stipulation directs that there be no "unreasonable adverse effect” to groundwater-influenced
ecosystems in the IBMA and no adverse effect to GBNP as a result of SNWA's groundwater
withdrawal in Spring Valley. In order to meet these requirements, it is imperative that impacts
are detected and assessed, and appropriate management actions are initiated, prior to such an
effect occurring. If monitoring data suggest possible negative impacts to GBNP or unreasonable
adverse effects to groundwater-influenced ecosystems, BWG consultation will be initiated.
Objectives 6, 7, and 8 address this need by establishing how and when effects will be
determined.

The process will include: 1) establishing threshold values for maintenance of groundwater-
influenced ecosystems; 2) establishing acceptable ranges of variation for each indicator or suites
of indicators; 3) defining "unreasonable adverse effect”; and 4) establishing criteria that initiate
the BWG consultation process as described in the Stipulation (Appendix A). These values will
be established during the Pre-Withdrawal Phase in Spring Valley, and will be included as
recommendations to the EC in the refined Plan. After pumping is initiated, these criteria can be
revisited and revised if appropriate as system responses are better understood.

9. lIdentify indicators to monitor that may help differentiate between impacts due to
groundwater withdrawal by SNWA and other stressors.

If the BWG determines that an adverse impact is likely to occur or has occurred to a
groundwater-influenced ecosystem, the BWG will determine if this response is likely attributable
to SNWA's groundwater withdrawal. Determining the cause of impacts will be done in
coordination with the TRP.

10. Develop and recommend to the EC an approach for ecological modeling.
Ecological models are tools that can be used to further understand ecological systems by
simulating complex ecological interactions; identifying and describing specific ecological

responses (including establishing potential threshold levels for maintenance of ecosystems); and
quantifying, predicting, and projecting impacts. Chapter 6 (Predictive Ecological Model)
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describes the objectives of modeling, types of models that could be developed and employed,
and the BWG's recommended approach for an IBMA ecological model. This potential tool
could help the BWG meet all of the monitoring goals, and its utility will be explored further
through the process outlined in Chapter 6.

11. Identify information and research needs and implement special studies as appropriate.

Much is not known about the groundwater-influenced ecosystems in the IBMA (e.qg., relationship
between groundwater levels and spring flow; relative dependence of certain vegetation on
groundwater versus other sources of water), and the response of these systems to groundwater
withdrawal by SNWA. Thus, specific research projects may be needed to obtain data that will
inform monitoring and management decisions. Chapter 4 provides an initial assessment of
research and information needs for each groundwater-influenced ecosystem in the IBMA.
Applied research could help the BWG meet all of the monitoring goals. Thus, research needs
will continually be evaluated, recommended to the EC, and implemented as described in Chapter
3 (Plan Methodology).

12. Evaluate mitigation opportunities.
Mitigation planning is not a part of this Plan but will be handled separately when impact location
and magnitude are better understood. However, in the course of monitoring, the BWG can

evaluate potential opportunities for mitigation (e.g., habitat enhancement and/or use as
translocation sites for certain species to help direct future management and mitigation efforts).
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3.0 BIOLOGICAL MONITORING PLAN METHODOLOGY

CONTENTS

3.1 Conservation Action Planning (CAP) process
3.1.1 Groundwater-influenced ecosystems and nested targets
3.1.2 Key ecological attributes and indicators
3.2 Ranges of Variation, Unreasonable Adverse Effect, and Criteria for Initiating
BWG Consultation
3.3 Plan design
3.3.1 Adaptive framework
3.3.1.1 Pre-SNWA Groundwater Withdrawal Phase (Pre-Withdrawal)
3.3.1.2 Withdrawal Phase
3.3.2 Supplemental data gathering
3.3.3 Data analysis, review, modification
3.4 Peer review

Development of the biological monitoring plan methodology was aided by The Nature
Conservancy’s (TNC) Conservation Action Planning (CAP) process. An overview of the CAP
process is provided in Section 3.1. The remaining sections in this Chapter focus on the Plan
design and a proposed peer review process.

3.1 CONSERVATION ACTION PLANNING (CAP) PROCESS

The BWG applied several components of the CAP process, an iterative and science-based
approach to conservation planning, to develop the Plan. With TNC facilitation, the BWG
applied the CAP process to: 1) identify ecosystems and species that will be the targets of BWG
conservation efforts; 2) identify key ecological attributes (KEAs) essential to the long-term
viability of those targets; and 3) identify indicators to assess each KEA, including those that may
be used to predict potential adverse effects and/or show early warning of effects from SNWA'’s
groundwater pumping. Other components of the CAP process include an assessment of the
current status and determination of an acceptable range of variation for attributes and indicators
(TNC 2007). Comprehensive information on the CAP process can be found in the CAP
Handbook and an online toolbox at http://conserveonline.org/workspaces/chdgateway/cap.

3.1.1 Groundwater-Influenced Ecosystems and Nested Targets

The first step of the CAP process was to select groundwater-influenced ecosystems that may be
affected by SNWA groundwater withdrawal. Within each groundwater-influenced ecosystem
the BWG identified nested targets, which are biota of special interest that are dependent on one
or more groundwater-influenced ecosystems.  Conservation of groundwater-influenced
ecosystems in the IBMA will help ensure conservation of the biota that relies on these
ecosystems. Therefore, most nested targets are not directly monitored. The groundwater-
influenced ecosystems and nested targets selected for monitoring are described in detail in
Chapter 4 (Monitoring Framework).
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The BWG established the following criteria for nested targets:

1. Dependent upon a groundwater-influenced ecosystem that may be affected by SNWA
groundwater withdrawal; and

2. Known to occur or may potentially occur in the IBMA where they rely on a groundwater-
influenced ecosystem for one or more life stages;

and either

3a. Federally-listed threatened or endangered species, Nevada BLM sensitive species, or
Nevada- or Utah-listed species; or
3b. Designated by the BWG based on their ecological role in the IBMA.

For each groundwater-influenced ecosystem, the BWG chose monitoring sites based on spatial
coverage of the IBMA (including consideration of potential locations for groundwater
withdrawal by SNWA, i.e., points of diversion and exploratory areas), proximity to hydrologic
monitoring sites, presence of nested targets and indicators, coverage of different vegetation
communities and levels of anthropogenic or natural disturbance, mitigation potential, and
possible use as a reference site. Lack of a nested target did not preclude a site from being
monitored as this was just one consideration in site selection. Criteria development is described
in Chapter 4 (Monitoring Framework).

3.1.2 Key Ecological Attributes and Indicators

The next step in the CAP process was to identify key ecological attributes (KEAS) and indicators
of condition for each groundwater-influenced ecosystem. KEAs are characteristics that describe
groundwater-influenced ecosystems and potentially are critical to their long-term viability or
integrity, including biological composition, interactions, and processes (Parrish et al. 2003).
Indicators are measures to assess the KEAs.

The BWG selected KEAs and indicators based on the following criteria: 1) strongly related to
the status of the groundwater-influenced ecosystem and possibly essential to its viability; 2)
good indicator of ecosystem health, including those that may provide early warning of adverse
impacts due to SNWA groundwater withdrawal; and 3) reasonably feasible and efficient to
measure.

3.2 RANGES OF VARIATION, UNREASONABLE ADVERSE EFFECT, AND CRITERIA
FOR INITIATING BWG CONSULTATION

Ecosystems do not remain stable, but naturally vary over time. Thus, determining the range of
variation of the indicators during the pre-withdrawal period is an objective of the Plan. This
range will encompass the effects of human-induced alterations (e.g., grazing, water diversions,
roads). Determining the acceptable range of variation for indicators or suites of indicators is also
an objective of the Plan. The acceptable range of variation is that range in values, rates of
change, and frequency of change associated with ecosystem integrity and long-term viability
(Parrish et al. 2003). The BWG recognizes that some indicator values may already fall outside
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of the acceptable range of variation. In defining acceptable range of variation, the BWG will
seek to determine thresholds, which are indicator levels associated with shifts in condition of
KEAs. Using the baseline and other available data, the BWG will determine thresholds and
define acceptable range of variation before groundwater withdrawal by SNWA is initiated
(except pump tests).

The BWG will also determine what constitutes an unreasonable adverse effect due to SNWA’s
groundwater withdrawal, which are to be avoided per Stipulation. An adverse effect occurs if an
indicator or suite of indicators falls outside the acceptable range of variation. During the Pre-
Withdrawal Phase, the BWG will define unreasonable adverse effects. What constitutes an
unreasonable adverse effect may vary among sites, and the BWG may set higher standards for
some sites than for others. To avoid unreasonable adverse effects, the BWG will establish
criteria during the Pre-Withdrawal Phase that will initiate BWG consultation , as described in
detail in Exhibit B of the Spring Valley Stipulation and summarized in Chapter 9. During
consultation, the BWG will consider whether the response was attributable to SNWA
groundwater withdrawal. If the BWG agrees the change in an indicator or suite of indicators is
not attributable to SNWA groundwater withdrawal from Spring Valley, no further management
actions shall be taken; however, the BWG may conduct further investigation into the cause of
such change (Appendix A). If any member of the BWG is concerned that a change in an
indicator or suite of indicators is attributable to SNWA groundwater withdrawal from Spring
Valley, and is causing or has the potential to cause an unreasonable adverse effect, the BWG
shall work to develop consensus-based courses of action to address the concern and/or manage or
mitigate as appropriate. The BWG shall convey all recommended courses of action to the EC
(Appendix A).

3.3 PLAN DESIGN

The focus of the BWG was to design a monitoring plan to address the monitoring requirements
of the Spring Valley Stipulation and meet the goals and objectives described in Chapter 2. As
outlined in Exhibit B of the Stipulation, the monitoring requirements are three-fold: 1) develop a
baseline condition for comparison; 2) implement a monitoring plan to assess impacts from
groundwater pumping by SNWA, and 3) monitor the success of mitigation activities.

3.3.1 Adaptive Framework

The BWG will use an adaptive framework (i.e., setting goals and priorities, developing
monitoring and conservation strategies, taking needed action, measuring results, and refining the
plan) for conservation planning for groundwater-influenced ecosystems in the IBMA. An
adaptive framework provides for phased implementation of the monitoring plan with designated
review, modification, and future development periods. The prescribed monitoring plan approach
follows the classic design for ecological long-term monitoring programs. It focuses on sampling
before versus after initiation of SNWA groundwater withdrawal (hereafter referred to as “Pre-
Withdrawal” versus “Withdrawal” phases) and, where applicable, incorporates reference versus
impact sites. The Pre-Withdrawal Phase involves developing and refining the monitoring plan,
developing and refining conceptual models (and potentially predictive models), collecting
baseline data, gathering historical data, identifying and implementing research projects,
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determining acceptable ranges of variation and threshold levels, defining unreasonable adverse
effects, and setting criteria for BWG consultation. The Withdrawal Phase includes continued
monitoring, assessing and refining the monitoring plan, assessing impacts, applying and refining
conceptual models (and potentially predictive models), identifying and implementing research
projects, and developing and implementing mitigation measures. The data collected and
predictive tools employed during each of these phases will be designed to address the goals and
objectives of the monitoring plan, yet allow flexibility for modification as information is gained,
reviews are conducted, and improvements are identified. Fig. 3-1 presents an overview of the
Biological Monitoring Plan Adaptive Framework.

3311 Pre-SNWA Groundwater Withdrawal Phase (Pre-Withdrawal)

The Pre-Withdrawal Phase involves all activities that occur prior to SNWA'’s groundwater
withdrawal (except pump tests), including development and implementation of this monitoring
plan. A key step in development was for the BWG to understand the various biological
processes occurring in the IBMA, how they relate, and how they might be influenced by
anthropogenic activities. Thus, conceptual models were developed to provide a framework of
the known physical and biological processes in the IBMA. These models will be used to guide
the BWG’s decisions and allow for ease of description and interpretation of this plan. Models
are subject to revision both via simplification and enhancement as information is acquired and
understanding of the system is enhanced.

Concurrent with model development, known information on biological resources within the
IBMA was assembled. Spring system inventories conducted for SNWA in 2004-2006 (BIO-
WEST 2007), earlier spring investigations (Sada 2005), and on-going or special studies
conducted by resource agency professionals provided an overview of the biological resources
within the IBMA. These efforts, coupled with information provided by BWG members, have
been used to identify data gaps and structure the pre-withdrawal monitoring plan. The BWG will
continue to gather additional data to supplement their baseline data collection effort.

A major objective of Pre-Withdrawal is to establish a data set consisting of existing resources
and BWG baseline data collection. Therefore, the seven-year baseline data collection effort is
the key initial component of the monitoring plan, with much of the detail about the Plan
(groundwater-influenced ecosystems, nested targets, KEAs, and indicators) presented in
following chapters. Baseline data collection lays the foundation for assessing the response of
groundwater-influenced ecosystems in the IBMA to hydrological changes resulting from
SNWA'’s withdrawal of groundwater from the Spring Valley HB. The BWG will collect
baseline data and gather historical and outside data in order to describe biotic and abiotic
relationships, determine ranges of variation and thresholds, define unreasonable adverse effects,
and set criteria for BWG consultation as described in Section 3.2. Prior to SNWA groundwater
withdrawal, the BWG will submit a refined monitoring plan to the EC.

An additional activity being conducted by the BWG during Pre-Withdrawal is the identification
of research and information needs. Studies may be needed to: 1) refine the Plan (e.g., determine
best indicators), and 2) assess the response of biological resources/specific indicators to
groundwater drawdown and reduced surface flows. While the BWG has identified potential
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research and information needs, specific studies have yet to be developed and recommended as
of publication of this Plan. The development of predictive ecological models (discussed in
Chapter 6) may also be conducted during Pre-Withdrawal, with the understanding that continued
refinement of such models would be performed during Pre-Withdrawal and Withdrawal.

3312 Withdrawal Phase

The Withdrawal Phase will focus on continued monitoring, assessing ecosystem response to
groundwater withdrawal, assessing project impacts and, if necessary, developing and
implementing mitigation measures. Seven years of baseline data collection coupled with
existing information and targeted research should provide a starting point for identifying
potential SNWA groundwater development impacts. Withdrawal monitoring will focus on
indicators that provide a high level of confidence in detecting biological changes in the
groundwater-influenced ecosystems in the IBMA due to SNWA groundwater withdrawal. If
biological responses resulting from SNWA groundwater withdrawal are detected or predicted,
consultation between the BWG, TRP, and EC may be initiated.

The BWG anticipates that the components of Withdrawal monitoring will follow closely with the
biological communities, sites, and indicators selected for Pre-Withdrawal monitoring. As the
BWG collects data during the Withdrawal Phase, biotic and abiotic relationships, ranges of
variation, and the definition of unreasonable adverse effect will continue to be refined. The
BWG will use an adaptive framework to assess the Plan and implement changes as needed.

Additional components of the Withdrawal monitoring plan include continued modifications to
the conceptual (and potentially predictive) models. Research may be required to evaluate
whether ecosystem responses to SNWA groundwater withdrawal are within the acceptable range
of variation. When specific research projects are identified, the BWG will present proposals to
the EC for approval. Development, implementation, and assessment of mitigation measures will
also be addressed during the Withdrawal Phase.

3.3.2 Supplemental Data Gathering

The BWG anticipates that supplemental data gathering may be necessary to understand
responses of groundwater-influenced ecosystems to other influences and stressors such as
precipitation, drought, fire events, insect outbreaks, invasives, livestock grazing, climate change,
and changes in patterns of water diversion. Measurement and documentation of these other
factors are not part of the data collection proposed in this Plan. However, the BWG will compile
historic and current data from existing sources that will be used to evaluate and distinguish
impacts on the groundwater-influenced ecosystems.

3.3.3 Data Analysis, Review, Modification
An integral part of Pre-Withdrawal activities will be data analysis, review, and monitoring plan
adjustments (Fig. 3-1). The NSE decision on SNWA'’s Spring Valley water rights stated that

biological monitoring must be conducted for a period of five years prior to any pumping activity.
The EC decided that a minimum of seven years of baseline data will be collected. The BWG
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designed the baseline data collection to be comprehensive upfront. The intensive level of effort
described in this Plan will be conducted for a period of no less than two years from initiation.
During this two-year period, data will be evaluated by the BWG with a focus on continually
assessing the effectiveness of the Plan. At the completion of the second year, a comprehensive
report will be submitted by the BWG which may include recommendations on monitoring plan
modification and adjustments. Additionally, research needs will be identified at that time and
peer review will occur (see Section 3.4).

The BWG will assess and potentially recommend monitoring plan modifications annually for
Years 3-7 of the baseline period. Starting in Year 5, discussions on the Withdrawal Phase will
commence. During the final year of Pre-Withdrawal monitoring, the BWG will finalize details
for monitoring during the Withdrawal Phase. Upon completion of the seven-year baseline
monitoring effort, a final report will be submitted to the EC. In addition, a separate document
(Withdrawal Monitoring Plan) outlining the Withdrawal monitoring activities and reporting
protocol will be prepared and submitted to the EC. Chapter 7 discusses data management,
analysis, and reporting in more detail.

3.4 PEER REVIEW

Scientific credibility is imperative to both 1) biological monitoring plan design and
implementation and 2) interpretation of Plan results. Scientific credibility refers to general
acceptance by the scientific community of the approach used in the monitoring plan, the data
collected, and the interpretation of the data. One way to achieve this credibility is by the process
of scientific peer review, whereby qualified scientists in the appropriate disciplines who are not
directly involved in a program have the opportunity to critically review work products.

The BWG recommends that peer review be considered at three stages in the process: 1) after
refinement of the Plan based on two years of baseline data collection, 2) one year prior to
Withdrawal Phase, and 3) periodically during the Withdrawal Phase. The first stage has been
approved by the EC.

The BWG recommends peer review through the use of a professional society. The Ecological
Society of America (ESA) is recommended and would be given the responsibility to organize
and direct a panel under its auspices. It is anticipated that ESA would review the Plan and the
report following Year 2 of baseline data collection and prior to the Withdrawal Phase.

In addition to a peer-review panel, scientific credibility would be enhanced by publication of
results in scientific journals. Journal publication provides for dissemination of the results and
their interpretations to the widest possible scientific audience, thereby encouraging the highest
level of critical review.
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As discussed in Chapter 2, the purpose of the Plan is to establish a monitoring program that will
enhance the understanding of groundwater-influenced ecosystem dynamics in the IBMA and
track biotic community responses to SNWA'’s groundwater withdrawal from Spring Valley.
Using the CAP process, the BWG developed a list of groundwater-influenced ecosystems, nested
targets (biota of special interest dependent on those systems), and sites within the IBMA to
monitor. The BWG then selected Key Ecological Attributes (KEAS, characteristics that describe
the systems and potentially are critical to their viability or integrity) and indicators (measures to
assess the KEAS) to focus on for the Plan. Although sites, nested targets, KEAs, and indicators
are directly used to guide the process, the goal remains to protect the ecosystems, not just
individual components. As the monitoring plan moves forward, careful examination of the data
collected may lead the BWG to focus more directly on certain indicators, specific nested targets,
or particular groundwater-influenced ecosystems and monitoring sites. This additional focus
may be necessary to increase confidence that the Plan is being implemented effectively and
impacts are being detected early.

4.1 GROUNDWATER-INFLUENCED ECOSYSTEMS
41.1 Selection of Groundwater-Influenced Ecosystems

The CAP process (described in Section 3.1) allowed a broad-based approach for evaluating
groundwater-influenced ecosystems and biological resources within the IBMA. Each
groundwater-influenced ecosystem within the IBMA was identified and characterized. The
BWG then selected only those groundwater-influenced ecosystems which, with reasonable
judgment, could be directly or indirectly impacted by SNWA withdrawal of groundwater within
Spring Valley. The rationale for this selection is documented in general ecosystem descriptions
laid out in conceptual models and is specifically explained throughout this chapter. Specific to
the IBMA, these seven ecosystems are:

Springs

Ponds (Shoshone; artificial ponds fed by artesian wells)
Perennial streams (Big Spring Creek / Lake Creek)
Wetlands

Meadows

Swamp cedar woodlands

. Phreatophytic shrublands

Ecosystems considered and subsequently dismissed from inclusion in the monitoring plan were
mountain block springs, mountain block originating streams, ephemeral streams, and playas. In
coordination with the TRP, the BWG based dismissal of these ecosystems due to no or low
likelihood of direct or indirect impacts by SNWA withdrawal of groundwater within Spring
Valley. For mountain block springs, the TRP does not anticipate SNWA groundwater
withdrawal will impact the perched water tables supplying these systems because of the apparent
lack of hydrologic connectivity. Mountain block springs (including those in GBNP) will be re-
evaluated by the TRP as more information is obtained during test well drilling and as pumping
locations are established. Mountain block originating streams are fed by mountain block springs
and/or snowmelt and, in the cases where the potential exists to extend into the valley floor, these
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streams are typically diverted for agricultural purposes. Ephemeral streams were not included
because flow pattern limits their use for impact determination. Additionally, these streams are
predominantly driven by surface water runoff and precipitation related events. The TRP
confirmed that while there is groundwater discharge in the form of evaporation in the playas, the
majority of water present in the Spring Valley playas is due to surface water runoff.
Furthermore, the soil properties of playas make for limited permeability.

4.1.2 Description of Groundwater-Influenced Ecosystems

The seven groundwater-influenced ecosystems identified by the CAP process for inclusion in the
Plan are discussed below.

4121 Springs

Springs are highly important in maintaining the biodiversity of the Great Basin, the driest
physiographic province in North America (Sada and Vinyard 2002, Sada 2003). The hydrologic
history of the Great Basin has left many of the spring systems fragmented and isolated from each
other, giving rise to a host of endemic aquatic organisms (Sada and Vinyard 2002). Spring
systems provide a major source of reliable water in the region, making them critical to the
persistence of many plant and animal species (Hershler 1998, Sada and Vinyard 2002, Sada
2003). Aquifer geology, morphology, discharge rates, regional precipitation, and vegetation all
control the complex environmental characteristics of springs (Garside and Schilling 1979).

Springs are often classified by morphology into several distinct type categories including
rheocrene (spring that discharges into a defined channel), limnocrene (spring that discharges into
an open pool before a defined channel), and helocrene (spring without an open pool and
discharges into a marshy and relatively shallow wetland). Within the IBMA all three
morphological spring types are represented, but rheocrene and limnocrene are more prevalent.
Morphology influences aquatic biota, as species that inhabit rheocrenes prefer flowing water,
species in limnocrenes are more closely related to species that occupy lakes and ponds, and
species in helocrenes are more similar to species that occupy marshy bogs (Sada 2000).

Physical and chemical characteristics are major factors influencing spring-fed riparian and
aquatic plant and animal communities (van der Kamp 1995, Sada and Pohlmann 2006). Most
spring environments at or near the spring head are less variable in their physical and chemical
characteristics than other aquatic habitats (e.g., streams, rivers, lakes, etc.), causing
comparatively low within-spring variability in population sizes and assemblage structures (van
der Kamp 1995). Typically, environmental variation is greater downstream than at the spring
head, causing the composition of spring head and downstream communities to be quite different
(Hayford et al. 1995, Herschler 1998). Crenobiontics (species that live only in springs [e.g.,
springsnails]) appear to be specifically adapted to the spring head environments (Sada and
Pohlman 2006). Many additional factors such as food availability, temperature, reproduction,
and migration of species along a spring brook can influence the diversity and abundance of
aquatic organisms (Varza and Covich 1995).

Springs in the Great Basin have been subjected to many stressors — physical, chemical, and
biological — since settlers entered the region. Surface water and groundwater diversion and
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withdrawal, recreation, development, pollution, and introduced species all have played roles over
time. Most of the IBMA springs within the valley floor or range front have been or are disturbed
by diversion or livestock use, and several springs have substantial amounts of livestock
trampling, as well as piped, ponded, or excavated spring heads (BIO-WEST 2007).

4122 Ponds (Shoshone)

The classic definition of a pond is a small, shallow, body of standing water with abundant rooted
and floating macrophytic vegetation (Welch 1952). For this Plan, however, there are no
traditional ponds proposed for monitoring within the IBMA. Shoshone Ponds is a unique
ecosystem due to its creation history and purpose. While Shoshone Ponds consists of multiple
“ponded” environments, it was artificially created and is maintained by a number of artesian
wells.

4123 Perennial Streams

Streams are small flowing-water systems of a wide range of types. The flow can be year-round
(“perennial” or permanent), seasonal (“ephemeral”), or “intermittent” (Minshall et al. 1989).
Source water for all streams will almost always include some surface runoff from precipitation
events in the nearby watershed. Other water sources can include springs or seeps, snow melt, or
outflow from ponds or lakes. Perennial streams in arid lands usually have springs in the
headwaters, outflows from spring-fed ponds, and/or groundwater seeps along the channel as their
primary water source. The portion of total stream flow arising from groundwater in any form is
called “base flow”. Base flow can be relatively constant year-round, but can vary seasonally as
recharge rates vary with seasonal precipitation and snow melt (Elliott et al. 2006).

One important feature of streams is the transition among habitat features along the course.
Streams have a variety of segment types, including pools, riffles, runs, glides, and others
(Hawkins et al. 1993). Many plant and animal species tend to occupy specific segment types.
However, all segments share common water quality and overall stream flow attributes, so that
disturbances in one segment are likely to have impact in that and all lower segments.

Another important physical factor determining stream type is gradient. High-gradient streams in
arid lands may have little water-associated vegetation. This is because the water moves too
rapidly to allow significant infiltration, and the water can scour out fine sediments and organic
materials potentially utilized by both plants and stream animals. Low gradient streams, on the
other hand, are almost ideal for plant growth because of infiltration into sediments below and
alongside the stream into the riparian zone.

Perennial streams usually support numerous small invertebrates which are important in the food
chain as grazers on periphyton and decomposing vegetation, as well as providing food for
vertebrates. Perennial streams in the Great Basin are not usually large, so the associated animals
are usually small, including forage fishes (minnow-like) and amphibians. Where appropriate
emergent and riparian vegetation are present, perennial streams can provide habitat for a wide
range of birds and mammals.
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4124 Wetlands

Wetlands are a type of ecosystem characterized by wet hydrology, hydric (saturated) soils, and
hydrophytic vegetation (plants adapted to saturated soils) for some period of the growing season.
Hydrology is the major factor determining the presence and location of wetlands, since the
presence of water has an overriding influence on characteristics of vegetation and soils. Water
may originate from a number of sources, including direct precipitation, ground water, and runoff.
The frequency and duration of inundation of wetlands varies, though wetland areas of lower
elevation in a floodplain tend to have more frequent periods of inundation and/or greater duration
than wetland areas at higher elevations. Soil permeability also influences duration and
inundation and soil saturation of wetlands. For example, clay soils absorb and release water
more slowly than sandy or loamy soils, and therefore have slower permeability and remain
saturated much longer. Type and amount of plant cover also affect the degree of inundation and
the duration of saturated soil conditions. In areas of abundant plant cover, excess water drains
more slowly and evaporation rates are lower than in unvegetated areas, but transpiration rates are
higher in areas of abundant plant cover, which may reduce the duration of soil saturation.

Wetlands in the IBMA require saturated soils during most of the growing season. These
saturated soils can be the result of 1) a water table that reaches the surface of soil, 2) prolonged,
substantial amounts of surface flooding, or 3) flooding of low permeability or impermeable soils.
Wetland areas may form around the perimeter of bodies of flowing or ponded water, or may be
present by themselves in depressions in the landscape. The largest extent of wetlands within the
IBMA is in valley bottoms, often hydrologically linked to springs and streams through seasonal
flooding and groundwater movement.

Wetland plant communities are substantially different from most other associated plant
communities in the region. Because wetlands have restricted water flow-through, sediments and
nutrients can accumulate to produce highly productive ecosystems. In productive wetlands in the
Great Basin, there is often abundant emergent rooted vegetation, such as cattail (Typha spp.),
common reed (Phragmites australis), Baltic rush, common threesquare (Scirpus pungens),
Nebraska sedge (Carex nebraskensis), creeping spikerush (Eleocharis palustris), and cordgrasses
(Spartina spp.). Due to the high productivity of these plants, wetlands are able to support diverse
communities of macroinvertebrates. In turn, wetland plants and macroinvertebrates may provide
an important habitat as well as food source for other animals such as amphibians, migratory
birds, and bats.

Wetlands in the IBMA have been subjected to a number of anthropogenic disturbances. The
most common disturbances to these wetlands are diversions for irrigation and grazing and
trampling by livestock. Some of the wetlands are artificially maintained by irrigation or water
diversion activities, or as water sources for livestock.

4125 Meadows
Meadows are grasslands (communities dominated by grasses or grass-like plants) that have

saturated soil within the rooting zone in most or all months of the year. If standing water occurs,
it is for only part of the growing season. Meadows tend to have relatively high cover values and
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in the IBMA are typically dominated by saltgrass (Distichlis spicata), Baltic rush, alkali sacaton
(Sporobolus airoides), or wildrye (Leymus spp.), either singularly or in combination.

Low elevation meadows, such as in the IBMA, require high soil moisture during most of the
growing season. High soil moisture can result from either 1) a shallow water table (i.e.,
groundwater within 1-3 m of the soil surface) or 2) substantial amounts of surface flooding,
either from outflow from adjacent wetlands or from surface runoff following spring snowmelt.
These meadows also require perturbations sufficiently frequent to exclude dominance by shrubs.
Common types of perturbation are high groundwater for at least six months of the year or
frequent fires. The most effective high groundwater produces surface flooding in most years,
and fire frequency should be frequent enough to effectively reduce shrub establishment. Haying
operations can replace fire as an effective perturbation in relation to reducing shrub
establishment.

Meadows are located throughout Spring Valley. They occur downslope from springs and
wetlands where slope is relatively gentle and overflow water spreads out onto the landscape
rather than into a channelized system. They also occur where groundwater rises to within 3 m of
the soil surface, phreatophytic shrubs are not abundant, and irrigation has been practiced. The
largest extent of meadows in IBMA occurs along a strip in the lower elevation of the valley
floor.

In addition to the naturally occurring meadows in Spring Valley, some meadows are, in part,
artificially-maintained because of agricultural practices. These exist because of surface and sub-
surface water movement from water diversion ditches. When ditches occur on slopes, some of
the water moving through the ditches percolates down slope. In cases where this sub-surface
water collects near the surface down slope from the ditch (e.g., where the slope substantially
decreases), the increased water supply can create a meadow. Similarly, irrigation of upslope
sites can result in meadows forming down slope from the irrigated site because of subsurface
movement of water (i.e., tail-water).

Meadows are substantially different from most of the associated plant communities in the region.
Species composition is different than in surrounding predominately shrub-dominated
communities. Meadows are also structurally different and more productive than shrublands.
These ecological differences result in meadows providing unique habitats to both flora and fauna
in the regions.

Meadows in Spring Valley have been exposed to numerous disturbances. Common disturbances
include grazing by livestock, modification of hydrology because of water diversions or irrigation,
haying operations, and fire. Each of these factors has had, and may continue to have, substantial
effects on the composition, productivity, and structure of these plant communities.

4126 Phreatophytic Shrublands
Phreatophytic shrublands are plant communities dominated by shrubs and deriving a relatively
large portion (more than 50%) of their water from groundwater. Shrub communities of similar

species composition may also exist on sites where groundwater is unavailable to the shrubs, but
in such cases the cover values are substantially less than when groundwater is available to the
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plant communities. Phreatophytic shrublands typically have cover values twice those typical of
the same types of shrublands occurring on sites where groundwater is not a substantial portion of
the water use by the community. The most common type of phreatophytic shrubland in the
IBMA and throughout the Great Basin is greasewood (Sarcobatus vermiculatus) communities.

Greasewood communities generally occur along a toposequence between meadow communities
(typically saltgrass) where groundwater nears the surface and upland shrub communities,
typically dominated by shadscale (Atriplex confertifolia), rabbitbrush (Chrysothamnus spp.), or
sagebrush (Artemisia spp.). In the IBMA, they occur at lower elevations throughout the valley
floor. Greasewood can occur in near-monoculture stands, but often occurs as the dominant
species in mixed stands that also include shadscale, rabbitbrush, alkali sacaton, and saltgrass.

Greasewood communities require higher amounts of soil moisture than are supplied directly by
precipitation in the region. The two primary sources of this supplemental water are shallow
groundwater and surface runoff (overland flow). Unlike meadows, greasewood communities
cannot tolerate prolonged (six months or more) flooding of the surface soil layers. Greasewood
requires a minimum of 25-30 cm of unsaturated soil for most of the year (Ganskopp 1986;
Nichols 1994). Greasewood is relatively tolerant of saline and sodic conditions.

Phreatophytic shrublands can utilize groundwater at deeper depths than most meadow
communities. Greasewood communities can access some groundwater, either directly or by
capillary rise, from depths to about 9 m (29 ft). However, canopy cover decreases substantially
when depth to groundwater increases to 4 m or more.

Phreatophytic shrublands have higher cover and productivity rates than most upland shrublands.
These higher values are the result of water availability to the phreatophytic communities. Most
species found in the phreatophytic shrublands in the IBMA also occur in non-phreatophytic
communities, but often at lower levels of cover and productivity. This is especially true for
greasewood. The phreatophytic shrublands are different in both structure and composition from
the associated meadow and wetland communities and therefore increase the habitat heterogeneity
of the lower elevation vegetation mosaic in the IBMA.

4127 Swamp Cedar Woodlands

Swamp cedar woodlands are low-elevation plant communities dominated by Rocky Mountain
juniper (Juniperus scopulorum), a major conifer of the surrounding higher-elevation pinyon-
juniper woodlands. There are two low-elevation populations in the IBMA. Little research has
been conducted on these local populations of Rocky Mountain juniper relative to the ecological
factors that allow them to exist at these low-elevation sites. It can be speculated that the
occurrence of these juniper woodlands at low-elevation sites is the result of additional water
being available to the trees than is available solely from precipitation. A likely source of
additional water is a perched water table, probably resulting from a relatively impervious
hardpan beneath the woodland communities. The primary source of water maintaining the
perched water table is probably subsurface flow from a higher-elevation source along the alluvial
fan. An alternative source of water could be a localized area of high groundwater caused by
deeper groundwater being forced upward (but not to the surface) by hydrologic pressure.
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Low-elevation populations of Rocky Mountain juniper provide a unique ecosystem to the low-
elevation landscape in the IBMA. Understory vegetation is similar to that of some other lowland
and upland plant communities, but the existence of trees along the valley floor provides both
structural and compositional diversity to the landscape. Fauna associated with these
communities is likely to be different from that of the surrounding shrublands and meadows, and
may be unique to the low-elevation portions of the valley. This may be particularly true for
invertebrate and avian species.

4.2 Description of Nested Targets

Nested targets are biota of special interest that are dependent on a groundwater-influenced
ecosystem within the IBMA. As described in Chapter 3, the BWG established the following
criteria for nested targets:

1. Dependent upon a groundwater-influenced ecosystem that may be affected by SNWA
groundwater withdrawal; and

2. Known to occur or may potentially occur in the IBMA where they rely on a groundwater-
influenced ecosystem for one or more life stages;

and either

3a. Federally-listed threatened or endangered species, Nevada BLM sensitive species, or
Nevada- or Utah-listed species; or
3b. Designated by the BWG based on their ecological role in the IBMA.

Nested targets that will be directly monitored are springsnails, northern leopard frog, relict dace,
Pahrump poolfish (Empetrichthys latos), fishes native to the IBMA, and swamp cedars. These
species were chosen for direct monitoring because of their intimate tie to groundwater-influenced
ecosystems in the IBMA, which provides an opportunity for correlating species responses with
ecosystem changes due to SNWA groundwater withdrawal.

Species that meet the criteria for nested target but are migratory or have large ranges will be
monitored using a habitat-based approach. The rationale for this approach is that wide-ranging
or migratory species that rely on groundwater-influenced ecosystems in the IBMA are affected
by many other factors across their range. Therefore, they are not ideal indicators of change
resulting from SNWA groundwater withdrawal. However, maintaining habitat for these species
within the groundwater-influenced ecosystems will presumably allow the species to persist
within the IBMA. The BWG considered habitat requirements for some breeding birds and bats
when determining appropriate KEAs and indicators to monitor, including physical components
(e.g., vegetation cover, areal extent of open water, etc.), chemical components (e.g. water
quality), and biological components (e.g., macroinvertebrates as a food source).

Based upon the criteria, not all species of conservation interest that occur in the IBMA are nested
targets. For example, small mammals (e.g. meadow vole), other birds (e.g. waterfowl and
raptors), and large mammals (e.g. pronghorn antelope) use groundwater-influenced ecosystems
in the IBMA and are important components of the landscape. Small mammals use these
groundwater-influenced ecosystems and perform important ecological functions such as seed
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dispersal and soil aeration, and serve as the primary prey species for larger mammals and raptors.
Birds are influenced by seasonal site-specific environmental conditions (which can include open
water, wetlands, foraging habitat, etc.) that can influence their abundance and distribution. Large
mammals use these groundwater-influenced ecosystems as a water source and forage on the
vegetation supported by these systems. However, as these species are not federally-listed
threatened or endangered species, Nevada BLM sensitive species, or Nevada- or Utah-listed
species, and were not designated by the BWG, they do not meet the criteria for nested target.
The habitat-based approach is also applicable for monitoring these species. Habitat monitoring
is intended as a surrogate to evaluate potential impacts to these species resulting from SNWA
groundwater withdrawal. Therefore, the BWG anticipates that monitoring ecological attributes
that are good indicators of integrity and viability, and that provide early warning of adverse
impacts from SNWA groundwater withdrawal, will best maintain the groundwater-influenced
ecosystems used by these species.
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43 NESTED TARGETS TO BE DIRECTLY MONITORED
The BWG selected 11 nested targets to directly monitor (Table 4-1).

Table 4-1. Nested targets to be directly monitored in the IBMA*

Common Name Scientific Name Status®

Fish

Mottled sculpin Cottus bairdi BWG (one of five native Bonneville Basin fish
species found in Big Springs Complex).

Pahrump poolfish Empetrichthys latos FWS: Endangered; NV: Protected/Endangered,
SOCP.

Redside shiner Richardsonius balteatus BWG (one of five native Bonneville Basin fish
species found in Big Springs Complex); UT:
Protected, SGCN.

Relict dace Relictus solitaries BLM: Sensitive; NV: Protected/Sensitive,
Stewardship Species.

Speckled dace Rhinichthys osculus BWG (one of five native Bonneville Basin fish
species found in Big Springs Complex); UT:SGCN.

Utah chub Gila atraria BWG (one of five native Bonneville Basin fish

species found in Big Springs Complex); UT:
Protected, SGCN.

Utah sucker Catostomus ardens BWG (one of five native Bonneville Basin fish
species found in Big Springs Complex); UT:
Protected, SGCN.

Invertebrates

Bifid duct pyrg Pyrgulopsis peculiaris BLM: Sensitive; NV: SOCP; UT:
Protected/Sensitive, SGCN.

Longitudinal gland pyrg Pyrgulopsis anguina BWG (endemic to Snake Valley where it is known
from 3 locales including Big Springs); NV:SOCP;
UT: Protected/Sensitive, SGCN.

Amphibian

Northern leopard frog Rana pipiens BLM: Sensitive; NV: Protected, SOCP; UT: SGCN.

Plant

Swamp cedar Juniperus scopulorum BWG (unique populations of Rocky Mountain

juniper that occur in seasonally flooded valley
bottoms; 2 of Nevada’s 3 populations of swamp
cedar are found in Spring Valley).

! Nested targets include those: 1) dependent upon a groundwater-influenced ecosystem that may be affected by
SNWA groundwater withdrawal and 2) known to occur or may potentially occur in the IBMA where they rely on a
groundwater-influenced ecosystem for one or more life stages; and are either 3a) federally-listed threatened or
endangered species, Nevada BLM sensitive species, or Nevada- or Utah-listed species; or 3b) designated by the
BWG based on their ecological role in the IBMA.

2 BWG = Species of concern by the BWG (based on rationale presented in parentheses)

SOCP = Species of Conservation Priority, Nevada Wildlife Action Plan.
SGCN = Species of Greatest Conservation Need, Utah Comprehensive Wildlife Conservation Strategy.
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4.3.1 Springsnails

Springsnails (family Hydrobiidae), are small (1-8 mm), sexually reproducing aquatic mollusks
(Sada 2001). They are oviparous, with reproduction occurring several times a year, and feed on
algae present on submerged vegetation and substrate (Sada 2001). Springsnails are generally
most abundant near spring sources, with species within the genus Pyrgulopsis being especially
abundant in areas with watercress (Sada 2001). Within valley-floor springs in the IBMA, three
species of springsnails have been identified: Toquerville springsnail (P. Kolobensis; Spring and
Snake Valleys), longitudinal gland springsnail (P. anguina; Snake Valley), and bifid duct
springsnail (P. peculiaris; Snake Valley) (Sada 2005, BIO-WEST 2007). The presence of
springsnails varies from spring to spring within the IBMA, with the maximum number of species
observed at any spring not exceeding two.

Springsnails were chosen as nested targets to directly monitor because they are truly aquatic
species that are restricted to persistent (perennial) springs that have suitable water quality and
that are minimally affected by drought (Sada 2000). Of the three springsnail species that occur
in the IBMA, two are considered nested targets because of their limited distribution and BLM
sensitive and/or Utah state-listed status. Longitudinal gland springsnail, endemic to Snake Valley
(Hershler 1998), was petitioned for federal listing under the Endangered Species Act in 2007 and
FWS is currently reviewing the petition to determine if listing may be warranted. The third
species, Toquerville springsnail (as currently taxonomically defined) is a wide-ranging species,
and is therefore not a nested target. However, it will serve as an indicator species for the reasons
described below.

Because springsnails require persistent water of suitable quality, they are excellent indicators of
the health of spring systems and are well-suited for long-term monitoring. For these reasons, as
well as those outlined by Sada (2000) and listed below, BWG chose to specifically monitor
springsnails as part of this Plan):

. Springsnail demography in unaltered habitats indicates that population
variation may be predictable;

. Springsnails occur in small habitats that can be easily sampled; and

o Springsnail populations are susceptible to comparatively rapid changes in

abundance and distribution in response to changes in habitat conditions
(e.g. both surface water diversions and excessive groundwater
withdrawal).

Sada (2001) described the main threats to springsnails as habitat alteration from surface water
diversion, livestock grazing, groundwater depletion, and nonnative macroinvertebrates. These
threats are present at spring sites within the IBMA to varying degrees.

432 Northern Leopard Frog

Northern leopard frog (Rana pipiens) historically had one of the largest ranges of any amphibian

in North America (Stebbins 1985; Conant and Collins 1991). However, as early as the 1960s,
the species began to decline in abundance throughout a large portion of its range (Smith 2003).
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In Nevada, Spring Valley has been described as having one of the largest remaining northern
leopard frog populations (Hitchcock 2001), and BIO-WEST (2007) recently confirmed their
presence there. However, northern leopard frog has not been documented in the Snake Valley
portion of the IBMA (BIO-WEST 2007).

Northern leopard frog was chosen as a nested target to directly monitor because it is a truly
aquatic species that relies on the spatial and temporal distribution of water along the valley floor;
is sensitive to changes in water quality; and is experiencing population declines throughout much
of its range, particularly in the western United States (Rorabaugh 2005). In June 2006, the
western states population of the northern leopard frog was petitioned for listing under the
Endangered Species Act, and FWS is currently conducting a status review of the species to
determine if listing is warranted.

Each developmental stage of the northern leopard frog (egg masses, tadpoles, metamorphs, and
adults) requires different habitats that are influenced by the quantity and quality of water. Their
habitat can be categorized as over wintering habitat (generally larger, deeper water that does not
freeze solid), breeding and tadpole habitat (shallow ponds, generally with abundant aquatic and
emergent vegetation), and summer habitat (wet meadows and upland areas surrounding aquatic
habitat which is used for feeding) (Smith 2003). The species is a typical pond-breeding
amphibian that over winters underwater, emerging relatively early in the spring to breed (Smith
2003). Eggs and sperm are shed into the water and egg masses can be found floating near the
surface in clumps (Smith 2003), typically attached to emergent or aquatic vegetation (Kendell
2002). Breeding and hatching are strongly influenced by water and ambient temperature (K.
Wilson, UDWR, pers. comm.). Tadpoles spend two to three months developing in small,
shallow water bodies that are heated by the sun to temperatures suitable for rapid development
and then metamorphose into young frogs (Smith 2003; Smith and Keinath 2007)).

Threats to northern leopard frog within the IBMA include habitat alteration resulting from
groundwater withdrawal, surface water diversions, livestock grazing, and road construction.
Pollutants such as pesticides, herbicides, and fertilizers also pose direct threats to the northern
leopard frog population. Water quality is extremely important to the northern leopard frog: the
complex life cycle of amphibians and the permeability of their skin make them highly
susceptible to water quality alterations, especially ecotoxicological agents (Cooke 1981; Bishop
1992; Hall and Henry 1992). Nonnative aquatic species, in particular bullfrogs and crayfish also
pose a threat. Natural disturbances that can affect the species include insect epidemics, disease
outbreaks, wildfire, weather, and succession (Smith 2003).

433 Relict Dace

Relict dace (Relictus solitarius) is a ray-finned fish in the Cyprinidae family. The species was
native to pluvial lakes outside of the IBMA in northeastern Nevada. As these lakes desiccated in
the Pleistocene epoch approximately 10,000 years ago, the species became restricted to isolated
springs and spring-fed systems (Hubbs et al. 1974). Throughout the 1900s, relict dace was
transplanted to four locations in Spring Valley: Spring Valley Creek, Stonehouse Ranch, Keegan
Ranch, and Shoshone Ponds. In recent surveys, BIO-WEST (2007) documented the presence of
relict dace at Stonehouse, Keegan Ranch, and Shoshone Ponds (South Pond). A population still
exists in Spring Valley Creek (C. Crookshanks, NDOW, pers. comm.).
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Although translocated to Spring Valley, relict dace meet the nested target criteria because it is
one of the few fish species now in Spring Valley, is endemic to Nevada, and is a BLM sensitive
species. Relict dace are good indicators because they are aquatic species that directly rely upon
the quantity and quality of water for their continued existence.

Relict dace is a relatively small fish, is an opportunistic feeder, and inhabits primarily small
thermal springs, creeks, and wetland areas (Sigler and Sigler 1987). Morphological adaptations
are likely related to their isolation in these small aquatic systems and lack of competition and
predation by other fish species (Crookshanks 2006). Relict dace is an extremely prolific species
with a long breeding season and reproductive strategies that vary with respect to environment,
especially thermal regime (Crookshanks 2006). Aquatic vegetation is a key habitat component,
including Chara, Nasturtium, Potamogeton, Utricularia, filamentous algae, rush (bull and
spike), moss, and Carex (Crookshanks 2006). Threats to relict dace include but are not limited
to habitat alteration from surface water diversion, livestock grazing, groundwater depletion;
impacts from nonnative species; and disease.

4.3.4 Pahrump Poolfish

Pahrump poolfish is a small fish rarely exceeding two inches in length. Previously described by
Miller (1948) as Pahrump killifish (Empetrichthys latos latos), the common name has since been
changed to Pahrump poolfish and the scientific name to E. latos following extirpation of two of
the three subspecies that had comprised the species. Pahrump poolfish historically occupied an
isolated spring (Manse Spring) on private property in the Pahrump Valley of southern Nye
County, Nevada. After the extirpation of the two other subspecies from different springs in Nye
County, individuals from the Manse Spring population were relocated to three different sites,
including Shoshone Ponds Natural Area, a BLM native fish refuge. Subsequently, the Manse
Spring population was extirpated; hence, the three refuge locations contain the only known
populations of Pahrump poolfish.

The Pahrump poolfish was listed as endangered by the FWS in 1967 under the Endangered
Species Preservation Act, the precursor to the Endangered Species Act of 1973. As a federally
listed endangered species, it was automatically chosen as a nested target and will be monitored
where it occurs at Shoshone Ponds: the North, Middle, and Stock Ponds (Morrell et al. 2007).
Pahrump poolfish are good indicators because they are aquatic species that directly rely upon the
quantity and quality of water for their continued existence.

NDOW has conducted annual surveys for Pahrump poolfish for over a decade, which provides
the BWG with a wealth of information for evaluating ranges of variability in this refuge
population. Recent population estimates using minnow trap based mark-recapture techniques put
numbers at 3,816 (3,521-4,137) in the Stock Pond, 113 (85-154) in the North Pond, and 368
(292-464) in the Middle Pond (Morrell et al. 2007). Threats to Pahrump poolfish include but are
not limited to habitat alteration from surface water diversion and groundwater depletion; impacts
from nonnative species and vandalism; and disease.
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4.3.5 Fishes Native to the Big Springs Complex

Five native fish species are known to occur in the Big Springs Complex, Snake Valley in the
IBMA: Utah chub (Gila atraria), speckled dace (Rhinichthys ocsculus), redside shiner
(Richardsonius balteatus), mottled sculpin (Cottus bairdi), and Utah sucker (Catostomus
ardens). A 2005 collaborative sampling effort by NDOW and BIO-WEST between the various
Big Springs spring heads downstream to the Nevada-Utah state line found all five species to be
present (Tallerico and Crookshanks 2005; BIO-WEST 2007).

These five species constitute the most diverse assemblage of fishes recently collected from any
system within Spring Valley or Snake Valley (BIO-WEST 2007). Additionally, they represent
the most comprehensive suite of Bonneville Basin native, non-game fish species within the
IBMA. Thus, the BWG designated these fish as nested targets based on their ecological role in
the IBMA. As previously discussed, fish are good indicators because they are aquatic species
that directly rely upon the quantity and quality of water for their continued existence.

Four of the five native fish in the Big Springs Complex are generalists. Speckled dace is small
(less than four inches), short lived, feeds primarily on benthic invertebrates, and occupies a wide
variety of habitats including desert springs (Sigler and Sigler 1996). Redside shiner can grow up
to seven inches, is omnivorous, and can occupy a wide variety of habitats (Sigler and Sigler
1996). Utah sucker is relatively large species with an elongate body and, from a habitat
perspective, a very adaptable species (Sigler and Sigler 1996). Utah chub typically reaches ten to
twelve inches in length, is omnivorous, and thrives in a wide range of habitats and water
temperature (Sigler and Sigler 1996). Of the five native fish species in the Big Springs Complex,
mottled sculpin has the most stringent habitat requirements — clear, cold, well-oxygenated water
and an abundance of cover — and it prefers flowing water over coarse substrates including gravel,
small loose rocks, or rubble (Sigler and Sigler 1996). Mottled sculpin is found in such habitats
in Big Springs (BIO-WEST 2007) and Stateline Springs (G. Baker, GBNP, pers. comm.).
Threats to these native fish species include but are not limited to habitat alteration from surface
water diversion, livestock grazing, groundwater depletion, road construction; impacts from
nonnative species; and pollutants and disease.

4.3.6 Swamp Cedars

Swamp cedar woodlands are low-elevation plant communities dominated by Rocky Mountain
juniper, a major conifer of the surrounding higher-elevation pinyon-juniper woodlands. There
are two low-elevation populations in the IBMA. The north population is located near South
Bastian Spring and covers about 3.5 mi’>. The south population is located in the south-central
portion of Spring Valley and covers about 1.5 miZ.

Swamp cedars in Spring Valley were included as a nested target because the BWG considered
them to provide an important ecological role in the IBMA by providing a substantial increase in
the structural heterogeneity of the landscape. Swamp cedars are good indicators because they
are dependent on higher levels of moisture than supplied directly by the precipitation received at
the lower elevations and thus, react more quickly to changes in groundwater levels or surface
water patterns. Threats to swamp cedars include but are not limited to direct impact from surface
water diversion, livestock grazing, groundwater depletion, fire, and road construction.
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4.4 MONITORING SITES

After identifying the locations of groundwater-influenced ecosystems in the IBMA, the BWG
initiated the site selection process as described in Section 4.4.1. Selection of monitoring sites
was facilitated by BWG-TRP coordination to cover both hydrologic and biological monitoring
needs.

4.4.1 Site Selection

The BWG considered the following factors when selecting monitoring sites within groundwater-
influenced ecosystems: presence of nested targets and indicator species, level of disturbance,
location relative to hydrologic monitoring, spatial coverage of the IBMA, mitigation potential,
and access. Also considered during site selection were habitat requirements of nested targets not
being directly monitored, such as breeding birds and bats. A list of monitoring sites and
associated groundwater-influenced ecosystems is presented in Table 4-2, and a summary of site
selection criteria is presented in Table 4-3.

One of the first steps in the site selection process was to describe the occurrence of nested targets
and indicator species at each potential monitoring site. This was aided by BIO-WEST’s survey
of 23 springs or spring complexes (including associated wetlands and wet meadows) within the
IBMA between 2004 and 2006 (BIO-WEST 2007). BIO-WEST (2007) also summarized the
findings of earlier spring surveys conducted by researchers and resource agencies, providing
valuable baseline information to use for site selection. Of the sites chosen for biological
monitoring, eight have documented springsnail populations, six have documented northern
leopard frog populations, four have fish that are nested targets, and two have swamp cedars
(BIO-WEST 2007; Table 4-3).

The biological diversity of the spring sites range from systems that are moderately disturbed and
contain springsnails, fish, and northern leopard frogs (e.g. Minerva Complex), to those that are
highly disturbed and contain only macroinvertebrate communities (e.g. Willard, North Little
Spring) (Table 4-3). This diversity in spring type will allow for comparisons of the level of
potential impact over time by providing a glimpse of springs currently at differing levels of
ecological productivity and integrity. A shift from a highly diverse to a less diverse aquatic
community may signal potential impacts if proximal to ground water pumping. On the other
hand, springs farther away from groundwater pumping that demonstrate such a shift may simply
be exhibiting natural variability. Because it is too early to make such predictions, the BWG
focused on selecting a range of ecological conditions within sites in order to fully evaluate
conditions over the baseline period.
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Table 4-2. Monitoring sites, included ecosystems, and locations

# Monitoring Site Groundwater-Influenced Ecosystem Location
1 Stonehouse Springs Complex Valley Floor Spring / Wetland / Meadow  Spring Valley (North)
2 Willow Spring Valley Floor Spring Spring Valley (North)
3 Keegan Ranch Springs Complex Valley Floor Spring / Wetland / Meadow  Spring Valley (Middle)
4 West Spring Valley Complex Valley Floor Spring / Wetland / Meadow  Spring Valley (Middle)
5 South Millick Spring Valley Floor Spring Spring Valley (Middle)
6 Unnamed 5 Spring Valley Floor Spring Spring Valley (Middle)
7 4WD Spring Valley Floor Spring Spring Valley (Middle)
8 Willard Spring Valley Floor Spring Spring Valley (South)
9 Swallow Spring Range front Spring Spring Valley (South)
10 Minerva Spring Complex Valley Floor Spring / Wetland / Meadow  Spring Valley (South)
11 Clay Spring-North Valley Floor Spring Snake Valley
12 Unnamed 1 Spring Valley Floor Spring Snake Valley
13 North Little Spring Valley Floor Spring Snake Valley
14 Shoshone Ponds Ponds / Wetland / Meadow Spring Valley (South)
15 Big Spring Complex Snake Valley

Big Spring Creek / Lake Creek Perennial Stream

Big Springs Valley Floor Spring

Stateline Springs Valley Floor Spring
16 The Seep Wetland / Meadow Spring Valley (South)
17 Blind Wetland / Meadow Spring Valley (South)
18 Burbank Wetland / Meadow Snake Valley
19 Swamp Cedar Woodland (Middle)  Swamp Cedar Woodland Spring Valley (Middle)
20 Swamp Cedar Woodland (South) Swamp Cedar Woodland Spring Valley (South)
21 Greasewood / Rabbitbrush Phreatophytic Shrublands Spring Valley (North)
22 Greasewood / Rabbitbrush Phreatophytic Shrublands Spring Valley (Middle)
23 Greasewood / Rabbitbrush Phreatophytic Shrublands Spring Valley (South)
24 Greasewood / Rabbitbrush Phreatophytic Shrublands Hamlin Valley
25 Greasewood / Rabbitbrush Phreatophytic Shrublands Snake Valley
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Table 4-3.  Additional criteria evaluated for selection of monitoring sites for springs,
ponds, and streams.

Hydrological
Monitoring Site Valley Owner monitoring P/A of P/A of P/A of Disturbance
Location Springsnails' ~ Fish?  Amphibians® Level*
Stonehouse Spring SNWA Yes P-pk P-rd A Moderate
Complex
Willow Spring BLM Yes P-pk A A Moderate
Keegan Ranch Spring SNWA Yes A P-rd P Moderate/High
Complex
West Valley Spring Private/BLM Yes P-pk A P Moderate/High
Complex
South Millick Spring BLM Yes A A P Moderate
Unnamed Spring 5°  Spring SNWA Yes P-sp A P Low/Moderate
4WD? Spring BLM Yes A A A Moderate/High
Willard Spring SNWA No A A A Moderate
Swallow Spring Spring SNWA Yes A A A Moderate
Minerva Complex Spring SNWA Yes P-pk P-uc* P Moderate/High
Clay Shake Private/BLM No P-pa A A High
Unnamed 1 — North ~ Snake Private No P-pa A A Moderate
of Big
North Little Spring Snake Private No A A A Moderate
Shoshone Ponds Spring BLM Yes A P-pp, P Moderate
rd
Big Springs Snake Private/BLM Yes P-pa,pp P-5 A High
Complex
The Seep® Spring  BLM Yes A A A High
Blind Spring  BLM Yes A A P° High

A = absent; P = present

! Springsnails: -pp = Pyrgulopsis peculiaris; -pk = Pyrgulopsis kolobensis; -pa = Pyrgulopsis anguina; sp = species not confirmed
2Fish: -rd = Relict dace; -pp = Pahrump poolfish; -uc* = Utah chub — not a nested target in Spring Valley; -5 = Five Species;
 Amphibians: Northern Leopard Frog

4 BIO-WEST (2007)

® Supplemental 2008 surveys (BIO-WEST unpublished data)

Early in the process, the TRP selected 13 springs in Spring Valley to conduct hydrologic
monitoring (one range front, one mountain block, and 11 valley floor springs; Fig. 4-1; SNWA
2008). This selection process was coordinated with the BWG to address both hydrologic and
biological considerations. Only one range front spring was selected due to the limited
occurrence of such springs within the IBMA. The TRP’s hydrologic monitoring plan currently
includes continuous groundwater elevation measurements at 12 of the 13 sites (one range front
and 11 valley floor springs, using piezometers); and continuous spring discharge measurements
at one of the sites (mountain block Rock Spring, using a weir; Fig. 4-1; SNWA 2008).
Depending on site condition and technical feasibility, SNWA may also measure spring discharge
(method dependent on site) or spring pool elevation (using staff gages) at TRP spring sites.

For the biological monitoring plan, the BWG has included 11 of the 13 TRP spring sites. Two of
the 13 sites were eliminated as biological monitoring sites for the following reasons: (1) Rock
Spring, the only mountain block spring in the TRP hydrologic monitoring plan, was excluded
because impacts from SNWA groundwater withdrawal in Spring Valley are currently considered
unlikely; and (2) Layton Spring was excluded because it is highly modified (water is diverted
into a cattle trough). All 11 of the joint TRP-BWG spring sites have been surveyed for aquatic
biota (BIO-WEST 2007, and unpublished data).
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In addition to monitoring spring hydrology, the TRP will monitor groundwater elevation in
existing and new wells spatially distributed across the IBMA in basin fill, carbonate, and
volcanics (Fig.4-2; SNWA 2008). Future SNWA exploratory and production wells will be
added to this monitoring network as they are developed, and monitoring will occur between
SNWA'’s future production wells and existing water rights and federal resources. The TRP
hydrologic monitoring plan also includes water chemistry samples from 40 spring, stream, and
monitoring well sites in Spring Valley, the locations of which will be selected with BWG input
(parameters presented in Exhibit A of Appendix A). Lastly, the TRP’s plan includes continuous
discharge measurements using stream gages at Cleve Creek and Big Springs channels leading to
Big Spring Creek / Lake Creek, as well as a gain/loss study at the Big Springs Complex in Snake
Valley (Big Spring Creek / Lake Creek surface water system from the Big Springs orifice to
Pruess Lake; SNWA 2008). While the Big Springs Complex is included in this biological
monitoring plan, Cleve Creek was not selected for biological monitoring because it is a mountain
block-originating stream diverted for agriculture before reaching the valley floor, and SNWA’s
applications for points of diversion near Cleve Creek were denied.

The BWG used TRP hydrologic monitoring sites, as well as spatial coverage throughout the
IBMA, to inform biological site selection. The IBMA was divided into five areas based on
hydrogeology and direction of groundwater flow, as well as the location of permitted points of
diversion and groundwater exploratory areas: southern Snake Valley, northern Hamlin Valley,
southern Spring Valley (south of Hwy 6 where a hydrogeological divide has been identified;
Sweetkind et al. 2007), middle Spring Valley, and northern Spring Valley (north of SNWA'’s
groundwater exploratory area). While site selection was constrained by limited occurrence of
particular groundwater-influenced ecosystems, monitoring sites (springs, wetlands, meadows,
swamp cedar woodlands, and phreatophytic shrubland locations) were distributed to provide as
broad coverage of the IBMA as possible (Figs. 4-3, 4-4, and 4-5).

Reference sites and sample size were also considered during site selection. The BWG selected
sites located at differing distances from proposed pumping so that those located farthest from
pumping might provide reference conditions. For instance, based on discussions with the TRP, it
is unlikely that sites in the northernmost portion of Spring Valley (e.g., Stonehouse, Willow) will
be impacted by groundwater pumping south in the valley. As data collection progresses and data
gaps are potentially identified, additional reference sites may be added if necessary (possibly
including regional reference sites located outside the IBMA). Selecting replicate valley floor
springs proved difficult as many of the individual spring systems have unique characteristics.
Thus, the BWG considered spatial distribution (related to hydrologic monitoring sites, permitted
points of diversion, and groundwater exploratory areas), presence of nested targets and indicator
species, and levels of site disturbance to ensure a design that would allow for detection of
patterns, trends, and relationships within and across sites.
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Translocation/refuge potential (i.e. potential mitigation opportunities) was another factor
considered when selecting monitoring sites, but to a lesser extent. Translocation/refuge potential
is defined as a site having the potential to support sensitive species that could be translocated
within or between valleys. A positive translocation/refuge designation in BIO-WEST (2007)
simply represented possible areas that may be suitable for range expansions or refuge
populations. However, as stated in BIO-WEST (2007), “Serious consideration of translocation
or refugia populations would require additional data collection to determine seasonal fluctuation
in productivity and water quality, as well as a detailed examination of the agreements and
compliance documents needed for such activities.” This was a preliminary judgment made by
BIO-WEST and not determined by the BWG. However, this preliminary information was
informative to site selection because of the importance of acquiring information with the
foresight of potential mitigation opportunities.

Access to the proposed monitoring sites is a key component to the success of the Plan. A large
number of the sites for monitoring are located on public land. This public land is managed by
the BLM, and the BLM is a member to the Stipulation. Of the monitoring sites on private land, a
large number of these sites are owned by SNWA, which the BWG has access to. The BWG will
be consulting with landowners to discuss access potential for the remaining sites. Additionally,
public outreach efforts will be jointly coordinated with the TRP to provide information to the
public and allow the opportunity for specific questions regarding landowner access and specifics
of the Plan. Should access not be granted at specific sites, the BWG will attempt to find
alternative sites.

In summary, twenty-five locations were selected for monitoring that include all seven
groundwater-influenced ecosystems. Of these, 14 are associated with valley floor springs and
one with range front springs. Although Shoshone Ponds is an artificially created system, it will
be monitored because it contains a federally endangered species. The Big Springs complex is a
focal point of both the hydrological (TRP — gain/loss study) and biological (BWG - five
individual reaches) monitoring. There are eight wetland/meadow complexes for monitoring with
four directly associated with springs being monitored, one being associated with Shoshone
Ponds, and the remaining three being individual complexes. Five phreatophytic shrubland
communities will be monitored to be representative of the five regions described in Fig.4-5.
Finally, the two populations of lowland swamp cedars in Spring Valley will be monitored
because of their ecological role within the IBMA. At these sites (or subsets of sites), numerous
specific parameters will be sampled as outlined in Section 4.5.

4.4.2 Sites
The following sites have been selected for biological monitoring within the IBMA. At each site,

one or more groundwater-influenced ecosystems will be monitored, as indicated in the site
descriptions below.
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4421 Stonehouse Complex, West Spring Valley Complex
Systems to be monitored: Springs, Wetlands, Meadows

Stonehouse and West Spring Valley complexes, located in the northern and middle portion of
Spring Valley respectively, are similar in that they both are classified as limnocrene (BIO-WEST
2007), and they are labeled complexes because of the multiple spring orifices present. The
springs are predominantly limnocrene because they flow from deeper pool areas with no defined
spring brook. However, portions of Stonehouse are also considered helocrene because of
shallow water depth and wetland conditions at several of the pool areas. Both systems flow for
several hundred meters. Since the flow is not confined, both systems flow outward and create a
myriad of habitat types characteristic of springs, wetlands, and meadows. Springsnails are
present in both systems, and water quality parameters are similar (BIO-WEST 2007). Northern
leopard frog has been confirmed at West Spring Valley complex, but not at Stonehouse although
extensive potential frog habitat exists. Conversely, relict dace is present at Stonehouse (via
translocation), but no fish has been collected at West Spring Valley complex although potential
habitat is abundant.

4422 Willow Spring
System to be monitored: Spring

Willow Spring is located in the middle portion of Spring Valley and classified as rheocrene,
flowing into a confined channel. It is the site closest to the Stonehouse Springs complex, and
water quality results were similar to those at Stonehouse (BIO-WEST 2007). Willow Spring
maintains springsnails and abundant watercress near the spring orifices, but is only a fraction of
the size of the Stonehouse Springs complex.

4423 Keegan Ranch Complex
Systems to be monitored: Spring, Wetland, Meadow

Keegan Ranch complex is located in middle Spring Valley between the Stonehouse and West
SpringValley complexes. Keegan Ranch is also considered a complex because of multiple
spring orifices and the vast size of the overall springs, wetlands, and meadow. Unlike
Stonehouse and West Spring Valley, Keegan Ranch has three well-defined main spring orifices
that flow into confined channels, thus classifying this system as a series of rheocrenes. These
confined channels flow for several hundred meters creating an expansive and diverse
community. The northernmost spring channel has the most defined spring brook, which extends
over 200 meters before entering a series of human-modified wetlands/pools. Past the pools is an
extensive channel flowing to the south then east which is utilized by relict dace. It is likely that
the other spring heads also contribute to these wetlands and downstream channel. The larger
water bodies at Keegan Ranch provide different habitat structure than at the aforementioned
complexes. Keegan Ranch maintains a translocated population of relict dace, as well as northern
leopard frog.
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4424 South Millick Spring, Unnamed Spring 5
Systems to be monitored: Springs

South Millick Spring and Unnamed Spring 5 are located in middle Spring Valley towards the
center of the valley floor. They are classified as rheocrene with similar spring morphology.
Both have extensive spring brooks that extend hundreds of meters downstream, and are well-
defined with a narrow band of herbaceous vegetation compared to the previously described
complexes. Near the spring orifices, fine sand in the immediate area of upwelling springs can be
observed as rolling or bubbling. Both springs contain extensive amounts of northern leopard
frog habitat with confirmation of several adult frogs noted during previous surveys and site visits
(BIO-WEST 2007 and unpublished data). Springsnails have been documented at Unnamed
Spring 5, but not at South Millick spring. No fish has been documented in either spring system.
Both springs have moderate disturbance due to livestock, but relative to other valley floor
springs appear less impacted.

4425 4WD Spring, Willard Spring
Systems to be monitored: Springs

4WD Spring is located in middle Spring Valley, and Willard Spring is in south Spring Valley
(based on current knowledge of the nearby hydrogeological divide). Geographically these
springs are relatively close and are described together because they are both limnocrene, highly
disturbed, support relatively small water bodies with limited wetland or meadow areas, do not
support fish or springsnails, and have no documented occurrence of northern leopard frog. A
notable difference between them is the associated riparian community. 4WD Spring is one of the
few valley floor springs in Spring Valley that has woody riparian vegetation, and may provide
important habitat for breeding birds. Willard Spring is more similar to other valley floor springs
in the IBMA with typical wetland and meadow vegetation.

4426 Swallow Spring
System to be monitored: Spring

Swallow Spring is located in southern Spring Valley and is the one range front spring selected
for hydrological and biological sampling. The TRP and BWG recommended Swallow Spring for
hydrological monitoring because of the anticipated close proximity to future groundwater
withdrawal locations. It is a rheocrene spring, but the higher elevation and different geologic
situation contributes to slightly different water quality conditions than valley floor springs.
During surveys conducted by BIO-WEST (2007), Swallow Spring had some of the coolest water
temperatures and, in general, lower conductivity and higher pH than the majority of springs
surveyed. Swallow Spring has a unique invertebrate community with a high number (5) of EPT
taxa, including the stonefly, Hesperoperla pacifica. The riffle beetle (Heterlimnius sp.) and H.
pacifica were not collected at any other of the aquatic systems of interest throughout the valleys
surveyed by BIO-WEST (2007). No springsnails or frogs have been documented at Swallow
Spring. Swallow Spring does support a small population of rainbow trout, which are introduced.
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It is also one of the few spring systems with woody riparian vegetation which may provide
important habitat for breeding birds.

4427 Minerva Springs Complex
Systems to be monitored: Spring, Wetland, Meadow

Minerva Springs complex is located in southern Spring Valley and consists of a combination of
rheocrene and limnocrene springs, and a human-modified pond/reservoir. Minerva Springs
complex is not as confined as the previously described complexes, as it is entirely interconnected
either naturally or via irrigation ditches. The northernmost springs consist of four defined spring
orifices (smaller spring heads are also present) that flow into three confined channels. These
channels are immediately dammed with managed culverts, which allows for flow down both the
original channel and a separate irrigation channel. All four spring orifices maintain springsnails,
and northern leopard frog has been documented in this area (BIO-WEST unpublished data). The
middle Minerva springs area consists of multiple spring orifices flowing into mostly-confined
channels, with water captured at varying distances downstream by a large irrigation ditch. Large
expanses of wetlands and meadows are created by these multiple channels providing vast areas
of northern leopard frog habitat. This middle springs area also supports well-established woody
riparian vegetation. The southernmost area at Minerva includes a human-modified pond/
reservoir that is managed for irrigation.

The northern and middle springs at Minerva exhibit similar water quality whereas the reservoir
has more varying temperature and double the conductivity (BIO-WEST 2007). Utah chub has
been documented in the northern-most springs and southern-most reservoir (BIO-WEST 2007);
however, as Spring Valley was historically a fishless valley, this occurrence is likely due to
stocking. As Utah chub was introduced to Spring Valley and is not a species of concern in
Nevada, monitoring of this species at Minerva Springs is not proposed.

4428 Clay Spring - North

System to be monitored: Spring

Clay Spring-North is located in southern Snake Valley and is classified as limnocrene. It is the
type location for longitudinal gland springsnail (Hershler 1998). Sada (2005) and BIO-WEST
(2007) found longitudinal gland springsnail to be common in Clay Spring-North. No frog or fish
has been documented at this location, and BIO-WEST (2007) ranked the level of disturbance as
high due to livestock and diversions. Although highly disturbed, five EPT taxa were collected

by BIO-WEST (2007) at Clay Spring-North, the highest number of EPT taxa they found at any
of the valley floor springs (excluding Big Springs) proposed for this Plan.

4429 Unnamed 1 — North of Big Spring
System to be monitored: Spring

Unnamed 1- North of Big Spring is located in southern Snake Valley just north of the Big
Springs Complex. It is a small rheocrene with shallow water depth and a short, confined spring

4-27



Biological Monitoring Plan Chapter 4 — Monitoring Framework

brook, which creates a limited wetland area at the terminus. Springsnails have been collected at
this site indicating perennial flow; thus, this spring serves as a representative rheocrene within
the IBMA in Snake Valley. Two EPT taxa have also been documented at this site (BIO-WEST
2007).

44210 North Little Spring
System to be monitored: Spring

North Little Spring is located in southern Snake Valley south of the Big Springs Complex. Itis a
valley floor spring that exhibits classic limnocrene characteristics. A deep, wide pool is located
at the source. No fish, springsnail, or frog has been documented at North Little Spring.

44211 The Seep, Blind, and Burbank Meadows
Systems to be monitored: Wetlands, Meadows

Wetlands and meadows will be monitored at The Seep, Blind, and Burbank Meadows. The
Seep, located in south Spring Valley just north of the Minerva Springs complex, includes
wetland and meadow areas. Blind Spring, also in south Spring Valley, is actually a small seep
consisting of a shallow, open pool with fringing wetland vegetation. Burbank Meadows, located
in Snake Valley adjacent to the Big Springs Complex near the Nevada/Utah State line, includes
extensive wetlands and meadows. These three sites were selected for monitoring because of
their potential importance as habitat for breeding birds and bats.

44212 Big Springs Complex (includes Big Spring Creek / Lake Creek, Big Springs, and
Stateline Springs)

Systems to be monitored: Springs, Perennial Stream

Big Springs Complex was designated a stand-alone category due to its location within Snake
Valley, complexity in terms of the amount and types of aquatic habitat contained within the
greater complex, overall size, and the number of native aquatic species found within the system.
Big Springs Creek / Lake Creek originates at Big Springs and the creek proper is supported by
additional springs (including Stateline Springs) as it progresses towards Pruess Lake.

Big Spring Creek is unique in the fact that it is one of only two waters in Nevada (the other is
Thousand Springs Creek — Elko County) that contain a suite of Bonneville Basin-requisite native
non-game fish species. The first documented collection of fish from the stream was conducted in
1938 by the University of Michigan and found redside shiners (Richardsonius balteatus),
speckled dace (Rhinichthys osculus), Utah chub (Gila atraria), Utah suckers (Catostomus
ardens), and mottled sculpin (Cottus bairdi). In the following 70 years, a number of sampling
efforts of the stream have been conducted by both academic institutions and agency personnel
with varying results. The most recent survey effort, conducted in 2005, documented the
presence of Utah chub, speckled dace, redside shiner, mottled sculpin, and Utah sucker in
various reaches from the Big Springs spring source to the Nevada-Utah state line (Tallerico and
Crookshanks 2005). At this time, it was concluded that the fish populations in Big Springs
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Creek were stable and it was noted that this was the first time since 1968 that all five native
species had been collected during the same survey.

A number of non-native game fish species have been introduced into Big Springs Creek / Lake
Creek over the course of the past 60 years in an attempt to establish a sport fishery. Beginning in
1945 and 1948 respectively, rainbow trout (Onchorynchus mykiss) and brown trout (Salmo
trutta) were released into the stream. From 1953 to 1968, rainbow trout, brown trout,
largemouth bass (Micropterus salmoides), smallmouth bass (Micropterus dolomieu), black
crappie (Pomoxis nigromaculatus), and channel catfish (Ictalurus punctatus) were introduced.
The stream was treated with rotenone in 1968 in an effort to reduce numbers of Utah chub and
Utah sucker that were judged to be at nuisance levels. One year subsequent to its eradication,
Utah chub and redside shiners were found in the stream. Smallmouth bass were stocked again in
1971. The last non-native introduction conducted at the stream was in 1980 when 152 brown
trout were stocked. Although rainbow trout and brown trout were occasionally found in survey
work completed in 1960s and 1970s, all other non-native sport fish species failed to become
established in Big Springs Creek / Lake Creek.

Longitudinal gland springsnail (Pyrgulopsis anguina) and bifid duct springsnail (Pyrgulopsis
peculiaris) are present in Big Springs Complex springs. Both are on the State of Utah Sensitive
Species List and the State of Nevada Rare (At-risk) Species List (NNHP 2004, Gorrell et al.
2005, UNHP 2005, UDWR 2007). Longitudinal gland springsnail is endemic to Snake Valley
(Hershler 1998). Of all the springs in Spring and Snake Valleys surveyed by BIO-WEST (2007),
the Big Springs Complex maintained the largest number of intolerant macroinvertebrate taxa.
Tolerance refers to an organism’s ability to tolerate various forms of stress such as low dissolved
oxygen levels, high amounts of siltation, or varying amounts of toxic chemicals. Intolerant
species are more sensitive to perturbations and thus, make good early indicators of change.

The Big Springs Complex also provides habitat for a variety of terrestrial biota including bats
and breeding birds. Riparian woodlands and shrublands are examples of obligate phreatophytic
vegetation. Riparian woodlands are tree-dominated communities that are very rare throughout
the Big Springs Complex. Riparian shrublands are dominated by shrubs such as willow (Salix
spp.) and are slightly more prevalent in this system. Riparian herbaceous species are the most
dominant in this complex and also require the presence of groundwater (or high soil moisture
from the surface stream).

The hydrological connectivity of the Big Springs Complex to Spring Valley is a major question
being addressed by the TRP. Exhibit A of the Stipulation specifies that a discharge monitoring
site be maintained on Big Spring Creek, and a gain/loss study be conducted on the Big Spring
Creek / Lake Creek surface water system from the spring orifice to Pruess Lake. The Big Springs
Complex extending from the spring orifice through a major portion of Big Spring Creek / Lake
Creek is highly altered. The major disturbances are livestock, diversions, development, and
nonnative aquatic species.
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44213  Shoshone Ponds
Systems to be monitored: Ponds, Wetlands, Meadows

Shoshone Ponds is a unique ecosystem due to its creation history and purpose. Shoshone Ponds
consists of multiple “ponded” environments, however it was artificially created and water is
maintained by a number of artesian wells. Historically, the area was used as a camp for the
Civilian Conservation Corps (CCC) in the early-1900s. In 1970, the BLM designated Shoshone
Ponds as part of the Shoshone Ponds Natural Area. The area is characterized by a series of six
artesian wells and is currently managed by the BLM as a native fish refuge. Currently, one
artesian well feeds a series of three man-made ponds within a fenced enclosure while an
additional well feeds another pond to the north. The three ponds within the enclosure are
commonly referred to as the North, Middle, and South Ponds and the remaining pond is known
as the Stock Pond.

Various species of fish including Pahrump Killifish (now Pahrump poolfish), Moapa dace
(Moapa coriacea), and Pahranagat bonytail (now Pahranagat roundtail chub, Gila robusta
jordani) were transplanted to Shoshone Ponds when construction of the three ponds within the
enclosure was completed in 1972. However, due to vandalism, Pahrump killifish and Moapa
dace were extirpated in 1974. Pahranagat bonytail were extirpated from the area in 1979. An
additional 50 Pahrump killifish were transplanted from Corn Creek in 1976 while a total of 42
relict dace were transplanted from Steptoe Valley in 1977. Currently, the federally endangered
Pahrump poolfish reside in the North, Middle and Stock Ponds while the South Pond is home to
a population of relict dace (USFWS 2004, Hobbs et al. 2005). Since their last introductions, both
species at Shoshone Ponds have experienced only natural fluctuations.

In addition to Pahrump poolfish and relict dace, Shoshone Ponds Natural Area (including all six
artesian wells) is home to northern leopard frogs, breeding birds, and bats. Additionally,
overflow from Shoshone ponds flows into the valley floor and supports wetland and meadow
communities.

44214  Swamp Cedar Woodland North and South
Systems to be monitored: Swamp Cedar Woodlands

As discussed in Section 4.3.6, swamp cedar woodlands are low-elevation plant communities
dominated by Rocky Mountain juniper, a major conifer of the surrounding higher-elevation
pinyon-juniper woodlands. Swamp cedars in Spring Valley are small coniferous trees, generally
5-15 m (16-49 ft) in height. There are two low-elevation populations in the IBMA. The north
population is located near South Bastian Spring and covers about 3.5 mi®. The south population
is located in the south-central portion of Spring Valley and covers about 1.5 miZ.
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44215 Phreatophytic Shrublands
Systems to be monitored: Phreatophytic Shrublands

Phreatophytic shrublands are shrub-dominated plant communities that require more moisture
than is supplied by the average precipitation received in the lowland areas of the IBMA to
maintain their characteristic productivity and/or species composition. The typical example in the
IBMA is greasewood. Phreatophytic shrublands can also be dominated by other shrubs, such as
big sagebrush (Artemisia tridentata) and rabbitbrush. In such cases, the shrubs are larger and
have greater canopy coverage than big sagebrush or rabbitbrush communities on upland sites.
Phreatophytic shrubland monitoring sites will be located in each of the 5 IBMA areas (Fig. 4.5)
and be placed relative to hydrological monitoring well locations to the extent practicable.

4.5 KEY ECOLOGICAL ATTRIBUTES (KEAs) AND INDICATORS

As described in Chapter 3, KEAs are characteristics that describe groundwater-influenced
ecosystems and potentially are critical to their long-term viability or integrity, including
biological composition, interactions, and processes (Parrish et al. 2003). Indicators are measures
to assess the KEAs; they are what are actually measured in order to quantify impacts associated
with groundwater withdrawals by SNWA. The BWG selected KEAs and indicators based on the
following criteria: 1) strongly related to the status of the groundwater-influenced ecosystem and
possibly essential to its viability; 2) good indicator of ecosystem health, including those that may
provide early warning of adverse impacts due to SNWA groundwater withdrawal; and 3)
reasonably feasible and efficient to measure.

The following subsections describe the KEAs and indicators, and discuss why they were selected
for monitoring for each groundwater-influenced ecosystem. Chapter 5 generally describes
protocols and sampling design for monitoring indicators, and Appendix C presents the detailed
protocols. For each groundwater-influenced ecosystem, KEAs and indicators are not always
monitored at every site due to unique site characteristics or existing monitoring programs.

The following five KEAs were chosen to represent various groundwater-influenced ecosystems:

e Water supply. Water supply describes potential water availability for ecosystem processes.

e Water quality. Water quality describes the physical and chemical characteristics of water
that can influence biota.

e Physical habitat. Physical habitat provides a link between groundwater discharge and biota,
and can serve as an early warning indicator of potential adverse effects.

e Aguatic animals. Aquatic animals are characteristic fauna that have an intimate tie to the
aquatic systems, making them ideal indicators of change from groundwater withdrawal.

e Vegetation.  Vegetation describes characteristic plant species, communities, and
distributions that differ in their sensitivities to groundwater change.

Indicators chosen for monitoring provide quantifiable measures of short-term responses to
systemic change, as well as long term viability and integrity of the groundwater-influenced
ecosystems within the IBMA. The indicators provide a means to monitor how each system
expands or contracts over time, how water availability and quality changes over time, and how
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the vegetation and animal communities change over time. KEAs and indicators for each
groundwater-influenced ecosystem are presented in Table 4-4.

Table 4-4. KEAs and indicators to be monitored for each groundwater-influenced
ecosystem.

KEA Spring Ponds Perennial Wetland Meadow Phreat Swamp
Indicator (Shoshone) stream Shrub  cedar

Water Supply
Depth to groundwater* X
Discharge

Water Quality

Dissolved oxygen
Temperature

pH

Conductivity

Turbidity

Total nitrogen

Total phosphorus

Physical Habitat

Qualitative (photos, condition)
Maps

Substrate composition

Areal extent

Open water and aquatic vegetation
cover

Water depth

Water width

Water length X

Agquatic Animals

Macroinvertebrate composition and X X

abundance

Springsnail abundance and X

distribution

Fish age class structure and X X X

distribution

Northern leopard frog egg masses X X X X
Northern leopard frog breeding X X X X
habitat

Vegetation

Cover and composition X X
Pattern of internal heterogeneity

Size and density of mature trees

Size and density of saplings and

juveniles

Stem elongation X

>
o X
X, X
x
>
>
x

X X X X X X X
X X X X
X X X X X X X
mewxwxm

X X X X X
X X

xX X
x
x
x

xX X X X

1'In cases where direct measurements will not be taken (i.e., other than the piezometers at the spring sites), regional patterns in
depth to groundwater will be inferred from the nearest monitoring wells (Fig.4-2).

2 The TRP will be conducting stream discharge measurements during a gain/loss study on Big Spring Creek / Lake Creek, and
will be collecting continuous discharge measurements in Big Springs channels leading to Big Spring Creek. The BLM plans to
set the discharge rate for the alluvial wells that create Shoshone ponds.

3 Water quality measurements will be taken in wetlands only at northern leopard frog breeding habitat transects.

4 Only if northern leopard frogs are found at the Big Springs Complex during Phase 1 surveys.

® Egg mass surveys will be conducted in wetlands where there is standing water adjacent to springs, streams and ponds.
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4.5.1 Springs, Ponds (Shoshone), and Perennial Streams

4511 KEAs and Indicators

KEAs and indicators chosen for spring, ponds (Shoshone), and perennial stream monitoring are
presented in Table 4-4. Due to similarities in their KEAs and indicators, justifications for the
selected KEAs (in bold) and associated indicators (in italics) for the three systems are presented
together below.

Water supply. Indicators of water supply are direct and effective measures for quantitatively
documenting changes over time. Depth to groundwater is a major factor influencing biological
composition and productivity as it relates to the potential availability of groundwater to these
systems. Local depth to groundwater will serve as an indicator for select springs, while regional
patterns in depth to groundwater will be inferred from the nearest monitoring wells for remaining
sites. Relationships will be drawn between depth to groundwater and discharge in these systems.
Discharge quantifies the actual amount of water issuing from springs, from alluvial wells, or
along the creek, which is absolutely necessary for the persistence of these systems.

Water quality. Water quality can reveal changing groundwater conditions for the springs,
ponds (Shoshone), and perennial streams. Water quality indicators (temperature, pH,
conductivity, turbidity, dissolved oxygen concentration, nitrogen and phosphorus) are important
to plants and animals in these habitats, and can influence the biological integrity of the systems
(see Table 4-4 for specific indicators to be monitored in each system). It will be important to
understand how their values naturally fluctuate in response to precipitation, weather, and/or other
present disturbances, in order to detect meaningful changes due to future SNWA groundwater
withdrawal.

Physical habitat. The response time of the physical habitat indicators are often quicker than that
of the biotic communities, making them good early warning indicators of potential adverse
effects. Qualitative data (fixed photography, site condition), physical habitat maps, substrate
composition, areal extent, open water and aquatic vegetation cover, water depth, water width,
and water length will characterize site conditions in springs and perennial streams (see Table 4-4
for specific indicators to be monitored in each system). These indicators also play important
roles for biota. For example, substrate conditions below spring orifices influence the distribution
of springsnails and mottled sculpin, and shallow standing water is necessary for northern leopard
frog egg laying. These data can be used to establish linkages and develop predictive
relationships between abiotic and biotic factors. It may then become possible to use some of the
physical measures as surrogates for plant and animal data, if in fact linkages can be quantified
and established.

Aquatic animals. The aquatic animal indicators to be monitored in these aquatic systems are
macroinvertebrate composition and abundance (in springs and perennial streams), springsnail
abundance and distribution (in springs), fish size class structure and distribution, and northern
leopard frog egg masses and breeding habitat. These measures have been applied to
groundwater-influenced ecosystems in the Great Basin for many years. Macroinvertebrate
indices have been used for decades as a measure of water quality (Barbour et al. 1999); Sada
(2000, 2005) monitored springsnails and macroinvertebrate communities; and NDOW and
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UDWR continue to monitor fish and frog population dynamics and habitat conditions within
their respective agencies. Collecting northern leopard frog breeding habitat data where northern
leopard frog eggs are lain will provide additional information about site condition, allowing the
BWG to potentially establish linkages and develop predictive relationships between breeding
habitat and northern leopard frog egg mass occurrence and status.

Vegetation. Monitoring changes in cover and composition of vegetation (in springs) will
provide insight into ecological responses to changes in groundwater level and outflow, and
provide early indication of potential impacts from SNWA groundwater withdrawal. Measuring
cover and composition also provides a non-destructive measure that can be used to estimate
change in relative importance of individual species and dynamics of the communities overall.
These vegetation measurements will also be used to describe and track changes in springsnail,
fish, and frog habitat, which can be used to establish linkages and develop predictive
relationships between habitat and wildlife. It may then become possible to use some of the
physical measures as surrogates for wildlife data, if in fact linkages can be quantified and
established.

4512 Research and Information Needs

BIO-WEST (2007) indicated that aquatic spring ecosystems without State- or Federal-status
species remain under-sampled and, in some cases, un-sampled. Although the surveys conducted
by BIO-WEST (2007) provide an inventory of the biological resources in Spring and southern
Snake Valleys, even BIO-WEST (2007) acknowledged that this data only represents a single
“snapshot” of a spring’s condition at the time the surveys were conducted. Although there is
considerable information regarding the general life histories of proposed fish for monitoring and
northern leopard frog, in general, actual thresholds for adverse effects are poorly understood.
Even less is known regarding springsnail life histories, although recent work by Sada and others
has greatly enhanced the knowledge base. In either case, thresholds for physical habitat
indicators and the linkages of physical habitat to biotic response have not been established or
studied to any degree within the IBMA. Springsnails would be an ideal candidate for specific
research activities. Recent work has shown that spring brook length and springsnail distribution
and abundance are correlated in springs in Death Valley (Sada and Herbst 2006). Understanding
the linkage between available habitat during constricting and expanding conditions and how that
affects springsnail populations would provide extremely valuable information to guide decisions
relative to adverse effects and threshold conditions. A laboratory setting or possibly an in situ
experiment within the IBMA (several springs are currently set up with management flexibility)
are potential options for consideration. Another potential research effort may be to evaluate how
habitat conditions in the fall potentially influence northern leopard frog egg masses during the
breeding season. This would evaluate whether seasonal fluctuations in water level affect the
breeding success of northern leopard frog.

At this time, our understanding is complicated further by the level of anthropogenic disturbance
within the IBMA and thus, the pre-withdrawal monitoring period is necessary to describe ranges
of conditions for the various indicators. As the monitoring efforts get started, this IBMA-
specific data along with existing data from the Great Basin will be used to develop initial
estimates for threshold responses. However, it is likely that several years of data specific to the
IBMA will be needed to test the appropriateness and completeness of any preliminary estimates.
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Lastly, the extent of natural variation has yet to be determined for all of the sites in question and
species of interest. This information will only become available through sampling the various
components of a given spring ecosystem multiple times in a highly repeatable manner.

45.2 Wetlands
4521 KEAs and Indicators

KEAs and indicators chosen for wetland monitoring are presented in Table 4-4. Justifications
for the selected KEASs (in bold) and associated indicators (in italics) are presented below:

Water supply. Wetlands require saturated soils during the growing season. The amount of
groundwater available to a wetland system can determine what floral and faunal species it can
support, along with the relative abundance of each. Depth to groundwater is a major factor
influencing vegetation composition and productivity as it relates to the availability of
groundwater to various plant species. Regional patterns in depth to groundwater will be inferred
from the nearest monitoring wells.

Physical habitat. Changes in open water and aquatic vegetation cover in a wetland could
signify a change in the supply of and/or depth to groundwater. Furthermore, the depth of that
standing water influences water temperature regimes, light penetration, types of vegetation
present, and habitat zonation for many faunal species. Areal extent of the wetland plant
communities provides a measure of wetland viability and persistence. Changes in the edges of
the meadow community, where it merges with other habitats (i.e., ecotones), can provide an
early indicator of the effects of environmental stress. This is because it is on the edges that
environmental conditions are marginal and, therefore, changes in tolerance conditions for species
are more likely to appear in these ecotones before they affect a response in the community proper
(Daubenmire 1968:21). If the areal extent of wetlands change once pumping begins, it will be
important to distinguish natural dynamism from potential groundwater withdrawal impacts.

Aquatic biota. Northern leopard frog egg masses will provide a good indication of whether a
wetland is functioning in a manner that supports organisms dependent on wetlands. Collecting
breeding habitat data where northern leopard frog eggs are lain will provide information about
site condition, allowing the BWG to establish linkages and develop predictive relationships
between breeding habitat and northern leopard frog egg mass occurrence and status.

Vegetation. Monitoring changes in cover and composition of the wetland vegetation will
provide an insight into the ecological responses to changes in water supply and, around springs
in particular, to changes in groundwater level and outflow. Because wetland plant species have
different water requirements, different root architectures, and different water uptake patterns,
changes in water supply affect individual species differently. Measuring cover and composition
of the wetland vegetation provides a non-destructive measure that can be used to estimate change
in relative importance of individual species and dynamics of the community overall. Monitoring
change in cover and composition over time provides a relatively short-term response indicator to
environmental stress.
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4522 Research and Information Needs

The natural variability and the dynamics of these communities are not well understood.
Specifically, the extent to which breeding birds and bats depend on the wetland ecosystems of
Spring Valley is not known. BIO-WEST (2007) collected information on the presence of
northern leopard frog in wetland areas around various springs in Spring Valley, but a complete
inventory of leopard frog habitat in Spring Valley has not been performed.

Collection of plant species composition, depth to groundwater, and precipitation data in these
wetland ecosystems will provide information to enhance understanding of the ecological
responses of these communities over time, and reveal whether additional studies are warranted.
Threshold values for each of these indicators are poorly known. Limited data exist from studies
in other areas in the Great Basin. While these data can be used to develop initial estimates for
threshold responses, data specific to the IBMA is required to test the appropriateness and
completeness of these estimates.

453 Meadows
4531 KEAs and Indicators

KEAs and indicators chosen for meadow monitoring are presented in Table 4-4. Justifications
for the selected KEAs (in bold) and associated indicators (in italics) are presented below:

Water supply. Meadows require high water content within their rooting zones. Depth to
groundwater is a primary variable affecting the productivity and diversity of the meadow
communities. Because different plant species have different rooting depths, water requirements,
and potential productivities, changes in depth to groundwater can have a profound effect on
species composition and productivity. Regional patterns in depth to groundwater will be inferred
from the nearest monitoring wells.

Physical habitat. The areal extent of the meadow community is influenced, in part, by the
amount of water supplied to the community. Because water supplied to the meadows is often
partly outflow from the wetland communities, changes in water supply and their areal extent,
may occur sooner than changes to the adjacent wetland . Hence, changes in areal extent of the
meadows should serve as an early indicator that changes in water supply to the wetland
complexes are occurring.

Vegetation. Monitoring change in vegetation cover and composition over time provides a
relatively short-term response indicator to environmental stress. Because meadow plant species
have different water requirements, different root architectures, and different water uptake
patterns, changes in water supply affect individual species differently. Therefore, species cover
and composition can be altered through changes in depth to groundwater, as can the diversity and
persistence of micro-communities and the meadow community as a whole. Pattern of internal
heterogeneity refers to the distribution patterns of the micro-communities that are included in the
larger meadow community. These micro-communities (communities of very limited spatial
extent within the matrix of the larger community) exist because environmental conditions change
sufficiently within the spatial extent of the larger community that their respective indicator
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species become locally dominant. The first indicator of depth to groundwater-induced change in
the vegetation is likely to be manifested in some of these micro-communities, rather the larger
community as a whole.

4532 Research and Information Needs

The relationship between depth to groundwater and productivity of meadow communities has
been studied at other sites in the Great Basin. Results of these studies can be applied to the
IBMA sites. However, results of these studies also indicate that there may be site-specific
differences in response patterns. Therefore, data on depth to groundwater, amount of
precipitation received, and changes in vegetation cover (by species) should be collected at the
IBMA sites. From these data, relationships among these three variables can be better understood
and management programs can be developed.

There is a strong relationship between soils and vegetation in many meadow ecosystems and
little is known about the specifics of the soil characteristics at the meadow sites to be monitored.
Data on the following soil parameters, by horizon, would be helpful in understanding their
effects on vegetation at these meadow sites: depth (thickness), texture, bulk density, water-
holding capacity, organic matter content, pH, and content of major nutrients (e.g., nitrogen,
phosphorus, potassium).

The natural variability in the dynamics of these communities is not well understood. Collection
of species composition, depth to groundwater, and precipitation data will provide information
necessary to better understand the ecological responses of these communities over time.
Threshold values for each of these indicators are poorly known. Limited data exist from studies
in other areas in the Great Basin. While these data can be used to develop initial estimates for
threshold responses, data specific to the IBMA is required to test the appropriateness and
completeness of these estimates.

454 Phreatophytic Shrublands
4541 KEAs and Indicators

KEAs and indicators chosen for phreatophytic shrubland monitoring are presented in Table 4-4.
Justifications for the selected KEAs (in bold) and associated indicators (in italics) are presented
below:

Water supply. Phreatophytic shrublands are dependent on the supply of water in excess of what
is directly supplied by precipitation. This supplemental water is generally supplied as
groundwater, surface runoff, or a combination of the two. If the supply of supplemental water is
reduced, the productivity of these communities is likely to decrease, potentially followed by a
change in species composition. Regional patterns in depth to groundwater will be inferred from
the nearest monitoring wells.

Vegetation. Monitoring change in cover and composition of the phreatophytic shrubs and their

understory over time provides a relatively short-term response indicator to environmental stress.
Because phreatophytic shrubland plant species have different water requirements, different root
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architectures, and different water uptake patterns, changes in water supply affect individual
species differently. Therefore, species cover and composition can be altered through changes in
depth to groundwater, as can the diversity and persistence of micro-communities and the
phreatophytic shrubland community as a whole. Pattern of internal heterogeneity refers to the
distribution patterns of the micro-communities that are included in the larger phreatophytic
shrubland community. These micro-communities (communities of very limited spatial extent
within the matrix of the larger community) exist because environmental conditions change
sufficiently within the spatial extent of the larger community that their respective indicator
species become locally dominant. The first indicator of depth to groundwater-induced change in
the vegetation is likely to be manifested in some of these micro-communities, rather the larger
community as a whole.

4542 Research and Information Needs

The relationship between depth to groundwater and the productivity of greasewood communities
has been studied at other sites in the Great Basin. Results of these studies can be applied to the
sites in the IBMA. However, results of these studies also indicate that there may be site specific
differences in these response patterns. Therefore, data should be collected at these sites in the
IBMA on depth to groundwater, amount of precipitation received, and changes in vegetation
cover. From these data, relationships among these three variables can be better understood and
management programs based on these data can be developed.

The natural variability in the dynamics of these communities is not well understood. Collection
of species composition, depth to groundwater, and precipitation data will provide information
necessary to better understand the ecological responses of these communities over time.
Threshold values for each of these indicators are currently poorly known. Limited data exist
from studies in other areas in the Great Basin. While these data can be used to develop initial
estimates for threshold responses, data specific to the IBMA is required to test the
appropriateness and completeness of these estimates.

455 Swamp Cedars
4551 KEAs and Indicators

KEAs and indicators chosen for swamp cedar monitoring are presented in Table 4-4.
Justifications for the selected KEAs (in bold) and associated indicators (in italics) are presented
below:

Water supply. Swamp cedar communities are dependent on a supply of water in excess of what
is directly supplied by precipitation. This supplemental water may be supplied by groundwater,
subsurface flow from adjacent wetlands, subsurface flow from adjacent wetlands, or some
combination. If the supply of supplemental water is reduced, the productivity of these
communities is likely to decrease. Regional patterns in depth to groundwater will be inferred
from the nearest monitoring wells.

Physical habitat. The presence and depth of standing water likely influences the dynamics of
the understory vegetation of the swamp cedar woodlands, and perhaps the dynamics of seedling,
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juvenile, and mature cedars. Areal extent of the swamp cedar woodlands provides a measure of
viability and persistence. If the areal extent of swamp cedar woodlands change once pumping
begins, it will be important to distinguish natural dynamism from potential groundwater
withdrawal impacts.

Vegetation. A change in depth to groundwater, or a change in amount of surface or subsurface
water flow from adjacent areas, is likely to result in a change in species cover and composition in
the swamp cedar woodlands. Deeper-rooted species (e.g., shrubs and trees) are likely to respond
more to changes in deeper soil moisture, while shallower-rooted understory species (e.g.,
grasses) are more likely to respond to changes in soil moisture contents in the upper soil profile.
The understory of the swamp cedar woodlands forms a gradient from upland species to species
characteristic of wetlands and meadows, likely the result of a corresponding gradient in depth to
groundwater or surface or subsurface flow. While the shorter-lived shrubs and grasses may
respond more rapidly to short-term changes in environmental conditions, canopy cover of both
the cedars and associated understory species can be relatively rapidly affected by moisture stress.

As species cover and composition can be altered through changes in depth to groundwater, so
can the diversity and persistence of micro-communities. Pattern of internal heterogeneity refers
to the distribution patterns of the micro-communities that are included in the larger swamp cedar
woodlands. These micro-communities (communities of very limited spatial extent within the
matrix of the larger community) exist because environmental conditions change sufficiently
within the spatial extent of the larger community that their respective indicator species become
locally dominant. The first indicator of depth to groundwater-induced change in the vegetation
is likely to be manifested in some of the understory micro-communities, rather the larger
community as a whole.

Tree numbers and densities determine in part the pattern of internal heterogeneity and, thus,
structural integrity of the swamp cedar woodlands. For example, a few large trees does not
provide the same structural basis for the ecosystem as does a larger number of smaller trees even
if the total canopy cover is the same. Density of mature trees is a measure of the status of the
cedar populations.

Density of saplings and juveniles is ecologically important for two reasons. Firstly, sapling and
juvenile individuals of a species are generally more susceptible to environmental stressors than
are mature individuals. Secondly, for a population to remain viable, it must successfully
reproduce. For these two reasons, change in density of saplings and juveniles should provide an
indicator of potential adverse impacts from groundwater withdrawal by SNWA at both medium-
term and long-term scales.

Stem elongation can be closely associated with relatively short-term shifts in physiological
response in the cedars. Stem elongation is a function of short-term growth and as such is
sensitive to short-term fluctuations in resource supply, especially supply of water. Changes in
water supply are more likely to be manifested in stem growth rates than in changes in sapling or
mature tree density or canopy cover. Therefore, stem elongation is much more of an early
indicator of stress on the trees and is either density or canopy cover.
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4552 Research and Information Needs

The amount of groundwater utilized by the cedars and the source of this water is important to the
management of this plant community and to the prediction of potential impacts of groundwater
withdrawal on the community. It is assumed that the cedars access substantial amounts of
groundwater with the most likely source a perched water table. Both assumptions are logical but
unproven. A critical research need is to determine the importance of groundwater, both amount
and source, to this plant community.

Source of groundwater used by the cedars can be determined by an isotope study. A shallow
monitoring well can be established within the spatial footprint of each population. Soil water
samples can be collected from these wells and analyzed for stable isotopes of oxygen and
hydrogen. This will provide isotopic signatures of shallow soil moisture, deep soil moisture,
perched groundwater (if it exists), and groundwater if it is within the rooting depth of the cedars.
Isotopic signatures can also be collected from other nearby water sources, such as springs,
streams, and seasonal precipitation. These signatures can be compared to isotopic signatures of
the xylem water in the plants to determine likely sources of water being transpired by the cedars.

If a perched water table is detected, its depth and spatial extent can also be determined. Isotopic
signatures of its water and the surrounding potential water sources can be compared to determine
the likely source of water in the perched water table.

Root architectures should be determined for the cedars in order to determine maximum potential
rooting volume and potential water supply pool. Extensive root trenching studies can be
conducted on nearby upland populations of Rocky Mountain juniper and these results compared
to more limited and less intrusive studies from the lowland populations.

Data from the pre-operation monitoring period can be used to estimate some natural range in
values for the indicator variables. It is unlikely that the natural range in these values encountered
during the 7-year pre-withdrawal monitoring period will be sufficient to determine thresholds for
these indicators. However, these data combined with simulation modeling (Chapter 6) may
provide a useful tool to estimate these threshold values.
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5.0 MONITORING APPROACH

CONTENTS

5.1 Water Supply and Water Quality

5.2 Physical Habitat of Aquatic Ecosystems

5.3 Open Water and Aquatic Vegetation Cover

5.4 Macroinvertebrate Composition and Richness

5.5 Springsnail Abundance and Distribution

5.6 Fish Age/Size Class Structure and Distribution

5.7 Northern Leopard Frog Egg Mass Counts

5.8 Species Cover and Composition of Aquatic Vegetation
5.9 Cover and Composition of Non-Aquatic Vegetation
5.10 Vegetation Measurements in Swamp Cedar Communities
5.11 Stem Elongation in Swamp Cedar Communities

5.12 Additional Considerations

5.13 Summary of Sampling Schedule and Activities

As discussed in Chapter 3, the development of KEAs and indicators for groundwater-influenced
ecosystems was aided by the CAP process. The selection process and rationale for determining
sites, nested targets, KEAS, and indicators are described in Chapter 4. Subsequently, monitoring
protocols (protocols) were developed by the BWG to measure each indicator or suite of
indicators. Chapter 5 describes the target population, sampling design, monitoring sites, and
statistical analysis for data collection for each indicator. Detailed monitoring protocols for each
indicator, and protocols for training, safety, and avoidance of transfer of nuisance species are
presented in Appendix C.

The goal of protocol development and implementation is to establish a highly repeatable
methodology that allows a quantifiable assessment of the indicators. The value of a protocol is
largely dependent upon repetitive sampling over many sampling events. Repetitive sampling
allows the accumulation of trend data associated with many of the species and habitat types
directly dependent upon the target systems. The accumulated data gives perspective and will
assist the BWG to understand and distinguish both natural and anthropogenic changes in
groundwater-influenced ecosystems. All in all, this protocol should facilitate the collection of
unbiased information regarding natural fluctuations of the physical, chemical, and biological
aspects of chosen groundwater-influenced ecosystems in a cost-effective manner and should
facilitate ascertainment of future impacts to those ecosystems.

During protocol development, focus was placed on building upon existing monitoring programs
and evaluating established methods that have been conducted recently by various BWG entities
within the IBMA. In each case, presently-employed protocols were evaluated and assessed as to
whether or not the type and level of effort associated with existing monitoring programs were
sufficient to meet the biological monitoring goals and objectives (Chapter 2) of the Stipulation.
The aim of this Plan is not to replace existing monitoring programs, but rather to supplement
them where deemed necessary. State and federal scientific collection permits will be required
for many of the biological collections associated with the Plan.

5-1



Biological Monitoring Plan Chapter 5 — Monitoring Approach

The following sections describe the components listed below for each indicator proposed for
monitoring within the IBMA:

. sampling objectives
J sample design
o sampling unit
o sample size
o sampling frequency
. monitoring sites, and
o statistical analysis.

As described in Chapter 4, several indicators overlap between groundwater-influenced
ecosystems and will be noted as such in the following discussion. A summary of proposed
sampling activities, sites, and schedules is provided at the end of this chapter.

Access to private property will be coordinated with the property owner. Sampling on private
property will be dependent on the granting of access by the property owner. If access is denied,
the BWG will attempt to locate alternative sites.

5.1 WATER SUPPLY AND WATER QUALITY

The target population is comprised of all groundwater-influenced ecosystems within the IBMA
that have been selected for monitoring. There is a need to obtain regular, long-term depth to
groundwater, discharge, and water quality parameter information at springs, ponds (Shoshone),
and perennial streams within the IBMA, as well as regional depth-to-groundwater information
for wetlands, meadows, phreatophytic shrublands, and swamp cedar woodlands. The BWG will
monitor water quality (and discharge if feasible) during site visits, and the TRP will monitor
depth to groundwater, corresponding spring head level (if feasible), discharge, and water quality
on a continual or periodic basis.

The TRP has a specific responsibility to measure depth to groundwater, discharge, and water
quality at certain sites, which will provide a strong link between TRP and BWG proposed
activities. Of the sites where biological monitoring will take place, the TRP will monitor local
depth to groundwater using piezometers at 11 spring sites (Fig. 4-1). Depending on site
condition and feasibility, SNWA may also take additional spring discharge (method dependent
on site) or spring pool elevation (using staff gages) measurements at TRP spring sites.
Additional hydrological studies will be conducted by the TRP at Cleve Creek (stream discharge,
Spring Valley) and the Big Springs Complex (spring and stream discharge, gain/loss study,
Snake Valley). Exhibit A of the Stipulation also specifies that the TRP will monitor groundwater
elevation in existing and new wells spatially distributed across the valley, as well as between
future pumping wells and existing water rights and federal resources, and in future SNWA
exploratory and production wells (Fig. 4-2). Additionally, the TRP will be developing a water
chemistry sampling program for 40 spring, stream, and monitoring well sites within the
hydrological monitoring network. This program is described in Exhibit A of the Stipulation and
includes a suite of field parameters, major ions, isotopes, and metals.
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The BWG has designed protocols to supplement the information already being collected by the
TRP and will coordinate closely with the TRP to ensure the availability of all pertinent water
quantity and quality data during biological data interpretation. The following sections describe
the objectives and sample design for collecting this supplemental information as part of the Plan.

5.1.1 Specific, Measurable Sampling Objectives

General sampling objectives include consistently measuring water supply and water quality in
the groundwater-influenced ecosystems. Within each of these broad sampling objectives,
specific objectives have been identified. These include measuring depth to groundwater,
corresponding spring head level (if feasible), the amount of water issuing from springs, and
discharge in spring brooks and perennial streams. Water quality parameters to be measured are:
dissolved oxygen (DO), conductivity, pH, temperature, turbidity, total nitrogen, and total
phosphorus.

5.1.2 Sampling Design

For this effort, each water body selected for monitoring is a sample unit. For terrestrial
communities (i.e., wetlands, meadows, phreatophytic shrublands, swamp cedars), the specific
plant community designated for monitoring is the sample unit. Measurements at these sampling
units may include depth to groundwater, flow, corresponding spring head level (if feasible), and
water quality parameters (Table 5-1). Depth to groundwater will be measured locally with
piezometers or regionally with nearby groundwater monitoring wells; discharge will be
measured with flow meters, flumes, USGS gages, or some other method to be determined; and
corresponding spring head level may be measured with staff gauges (depending on site condition
and feasibility). Standard water quality parameters will be measured with a water quality multi-
probe (i.e. Hydrolab or similar device) and fixed station temperature loggers. Additional water
quality parameters (nitrogen and phosphorus) will be measured with composite grab samples at
the spring orifices. Each individual measurement will constitute its own data point that provides
its own information — all of which will be tracked over time on an individual parameter by
parameter basis.

The sample size and schedule for water supply and water quality measures will vary based on
sampling method. Piezometers at spring sites and discharge monitoring equipment on Big
Springs channels leading to Big Spring Creek (implemented by the TRP) will allow continuous
recording of the sites, yielding a large sample size over time. For spring and perennial stream
sites that have flowing water, discharge measurements will be taken each time a site is visited for
biological sampling (to the degree possible—this measurement is not practical at certain sites).

For water quality, temperature loggers will be placed at BWG spring sites for continuous
measurement (Table 5-1). The remaining standard water quality parameters will be monitored
by the BWG during each biological sampling effort. Standard water quality parameters as
proposed for biological monitoring will consist of one sample in time per spring, pond, and
stream per visit. However, this one sample may consist of multiple sample locations within that
spring, pond, or stream (detailed description in Appendix C.1). For example, in a defined
rheocrene, a minimum of one standard water quality suite of measurements will be taken at the
spring orifice, midpoint of the spring brook, and terminus of the spring brook. Big Spring
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Creek/Lake Creek, measurements will be conducted within the defined reaches discussed in the
fish sampling section (Section 5.6). The sample size for total nitrogen and total phosphorus
measurements will be two composite grab samples per site visit, one taken at the spring orifice
and one taken near the terminus. The sample size for all other water chemistry samples will be
dependent on the TRP implementation and interpretation of Exhibit A of the Stipulation.

5.1.3 Monitoring Sites

Water supply data will be collected for all groundwater-influenced ecosystems, and water quality
data will be collected at springs, ponds (Shoshone), and perennial streams (and at northern
leopard frog breeding transects in wetlands). Data collection will be conducted at sites selected
for monitoring within the IBMA as described in Table 5-1.

Table 5-1.  Water supply and water guality monitoring sites.

Monitoring Site Depth to Groundwater* Discharge’ Water Quality®
Stonehouse Spring Complex Piezometer BWG
Willow Spring Piezometer Flow meter BWG
Keegan Ranch Spring Complex Piezometer Flow meter BWG
West Spring Valley Complex Piezometer BWG
South Millick Spring Piezometer Flow meter BWG
Unnamed Spring 5 Piezometer Flow meter BWG
4WD Spring Piezometer BWG
Willard Spring Nearby well BWG
Swallow Spring Piezometer Flume* BWG
Minerva Spring Complex Piezometer Flow meter BWG
Clay Spring - North Nearby well BWG
Unnamed 1 — North of Big Nearby well BWG
North Little Spring Nearby well BWG
Shoshone Ponds Nearby well Set discharge rate? NDOW?®
Big Springs Complex
Big Spring Creek / Lake Creek | Nearby well USGS gage®, flow meter® | BWG, TRP®
Big Springs Nearby well USGS gage*
Stateline Springs Flow meter

The Seep Piezometer

Blind Piezometer

Burbank

Swamp Cedar Woodland (Middle) | Nearby well

Swamp Cedar Woodland (South) Nearby well

Greasewood/Rabbitbrush Nearby well (if possible)

! To correlate groundwater elevation in piezometers,to spring head level, staff gauges may be placed in springs depending on site
condition and feasibility.

2 Measured where and when practical.

% BWG water quality parameters: dissolved oxygen, temperature, pH, conductivity, turbidity, total nitrogen, total phosphorus,
and water temperature. TRP will also be collecting water chemistry measurements at 40 still-to-be determined sites per Exhibit
A of the Spring Valley Stipulation.

4 TRP continuous measurements at Swallow Spring and at Big Springs channels leading to Big Spring Creek / Lake Creek. The
BLM plans to set the discharge rate for the alluvial wells that create Shoshone ponds.

5 Standard water quality sampling conducted by NDOW during fish sampling in the ponds.

® TRP gain/loss study on Big Spring Creek / Lake Creek.(BWG will also be collecting stream discharge measurements during
biological surveys).
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5.1.4 Statistical Analysis

The three objectives of the statistical analysis of water supply and water quality data are: 1)
delineating and tracking water supply and water quality throughout the IBMA, in order to
monitor those variables that influence the biology of each groundwater-influenced ecosystem; 2)
monitoring any alterations in water supply and water quality that may be attributed to
anthropogenic activities; and 3) evaluating consistency with historical water supply and water
quality information as well as potential effects of climate change. Due to sample size and
frequency, sampling activities that occur only during biological monitoring site visits will
provide informational data at first, then progress to trend data over time. Over time, differences
between seasons (seasons refers to periods sampled, typically spring and fall) for these
parameters will be evaluated by comparing data from combined sampling events by season
across multiple sampling years. There will likely be differences by season, so an assessment of
annual differences will be conducted by looking across annual sampling events within each of
the seasons when sampling occurs. Statistical analysis to test differences between the seasons
and sites tested for the continuous data collection parameters (depth to groundwater, discharge,
and water temperature) will be conducted. The continuous data collection and larger data sets
will allow for more robust statistical analysis.

5.2 PHYSICAL HABITAT OF AQUATIC ECOSYSTEMS

The target population is comprised of five of the groundwater-influenced ecosystems (springs,
perennial streams, wetlands, meadows and swamp cedar woodlands), with particular emphasis
on springs and perennial streams. Physical habitat measurements of the latter ecosystems are of
particular importance to nested targets. As discussed in Chapter 4, physical habitat is the link
between discharge and biota that is often overlooked in monitoring programs, yet the response
time of physical habitat is often less than that of animal communities, making physical habitat a
good early warning indicator of potential adverse effects. The described physical habitat
measurements provide an actual, direct measure of condition at a given aquatic ecosystem. This
condition can be compared over time to assess potential impacts from SNWA groundwater
withdrawal. The physical habitat data can also be used to evaluate correlations to the biological
monitoring indicator data in order to establish linkages and develop predictive relationships
between habitat and biota. Once these relationships are established, it may be possible to use
some of the physical habitat measures as surrogates for biological data, thereby improving
monitoring efficiency. The physical habitat measurements will also guide sampling protocols for
other indicators.

5.2.1 Specific, Measurable Sampling Objectives

The general sampling objective for physical habitat measurements is to quantitatively describe
each ecosystem proposed for monitoring over time. Specific objectives include:

. general physical habitat description;

. comprehensive physical habitat characterization adequate to characterize aquatic
nested target (or indicator species in the case of Toquerville springsnail) habitat use
and selection, to be conducted
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o within the spring orifice and spring brook extent that supports springsnails per
given sampling effort,

o within the designated sampling areas (Appendix C.6) for relict dace observed at
Stonehouse and Keegan Ranch springs complexes, and

o0 within the selected reaches in Big Springs Complex selected for fish sampling.

5.2.2 Sampling Design

Various physical habitat measures (substrate composition, areal extent, open water and aquatic
vegetation cover (discussed in Section 5.3), water depth, water width, and water length) will be
collected at groundwater-influenced ecosystems as described in Chapter 4 (see Table 4-4 for
specific indicators to be monitored in each system). Each individual measurement will constitute
its own data point that provides its own information and has the potential to be individually
tracked over time. These physical habitat indicators will also be combined for analysis purposes
to examine biota responses to sets of variables.

For springs and perennial streams, additional physical habitat measures (fixed photography,
spring brook length, and site condition) will be used to describe the general habitat condition
during each sampling event. The level of characterization increases at those sites that support
springsnails and fish. Physical habitat delineations will be based on hydro-morphological unit,
depth, flow, vegetation, and possibly substrate as described in Appendix C.2. From this
information, physical habitat maps will be created for the purpose of designing sampling points
and transects related to nested targets, and to create spatial images that may be analyzed over
time.

At springs with springsnails, the longitudinal extent of springsnails will be determined per
sampling event. Once determined, a comprehensive physical habitat characterization will be
completed for the entire extent of the springsnail distribution with the downstream limit extended
by 10 meters, or within the designated sample area (Appendix C.2). At springs and streams with
fish (Stonehouse and Keegan Ranch Springs complexes and Big Springs Complex) a
comprehensive habitat assessment will also be performed. For Stonehouse and Keegan Ranch
Springs, the extent of the area for this comprehensive mapping will consist of the designated
sample areas shown in Appendix C.2 (Figures C-2 and C-3, respectively). The designated
sample areas include a diversity of habitat types that are representative of the larger complexes
and are areas where fish have historically been collected. For Big Springs Complex, each
selected reach as described in Section 5.6.2 will be mapped.

5.2.3 Monitoring Sites
Physical habitat measures will be collected in all groundwater-influenced ecosystems except for
the ponds at Shoshone Ponds (to diminish disturbance to the site) and phreatophytic shrublands.

Spring and perennial stream monitoring sites will be characterized by additional suites of
physical habitat measures, as described in Table 5-2.
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Table 5-2.  Physical habitat characterization: spring and perennial stream
monitoring sites.

Monitoring Site Genefal _ Compr(_ahensive (Nest_ed '!'arget
Characterization Habitat) Characterization

Stonehouse Spring Complex ~ Springsnails, Fish
Willow Spring N Springsnails
Keegan Ranch Spring Complex \ Fish
West Spring Valley Complex N Springsnails
South Millick Spring N
Unnamed Spring 5 N Springsnails
4WD Spring N
Willard Spring ~
Swallow Spring ~
Minerva Spring Complex N Springsnails
Clay Spring-North ~ Springsnails
Unnamed 1 — North of Big N Springsnails
North Little Spring N
Big Springs Complex

Big Spring Creek / Lake Creek < Fish

Big Springs _ N Spr!ngsnails, F!sh

Stateline Springs N Springsnails, Fish

524 Statistical Analysis

The BWG proposes bi-annual (twice per year) sampling for these parameters in order to
minimize disturbance in these sensitive ecosystems. Thus, the limited sample size and frequency
will provide informational data at first, then later progress to trend data. Over time, seasonal
differences for these parameters will be evaluated by comparing data from combined sampling
events by season across multiple sampling years. There will likely be differences by season so
an assessment of annual differences will be conducted by looking across annual sampling events
within each of the seasons when sampling occurs. Statistical analysis for independently relating
habitat types to discharge, water quality, and aquatic biota will consist of repeated measures
analysis of variance (ANOVA) or similar method to test for differences. Interactions among
variables may be examined using multivariate statistics.

5.3 OPEN WATER AND AQUATIC VEGETATION COVER

There are three target populations at each monitoring site that has permanent water: 1) emergent
aquatic vegetation, 2) submerged aquatic vegetation, and 3) open water. Open water is defined
as that portion of the aquatic system where standing water is present but no vegetation extends
above the water surface. Emergent aquatic vegetation is vegetation with some stems or leaves
above the water surface. Submerged aquatic vegetation is vegetation with all stems and leaves
below the water surface. The amounts of all three populations will be dynamic for a number of
reasons: supply of water to the aquatic system, water loss from the system (outflow and
evapotranspiration), changes in cover (amount) of emergent vegetation, growth dynamics and
life cycles of the various species, water level, season of the year, use of the vegetation by fauna,
and impacts from other stressors such as disease and climatic extremes.
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5.3.1 Specific, Measurable Sampling Objectives

The objectives for this indicator are to 1) sample the amount of vegetation and the amount of
open water in each monitored spring, stream, and permanent wetland, and 2) monitor changes in
the relative amounts (i.e., proportion of emergent and submergent or proportion of emergent and
open water) of each of these components.

5.3.2 Sampling Design

The sampling units will be line-point transects. Each line-point transect will be permanently
marked by placing metal stakes at both ends of the transect, and will extend across the entire
width of the aquatic system plus 2 meters past the water edge at both ends of the transect.
Should the aquatic system expand past the 2-m extensions during the monitoring period, the
affected transects will be extended to a point at least 2-m past the new high-water mark. These
will be the same transects as those used to measure Cover and Composition of Agquatic
Vegetation (Section 5.8). If possible and appropriate, these transects will be continuous with
those used to measure Cover and Composition of Non-Aquatic Vegetation in adjacent
groundwater-influenced ecosystems (Section 5.9).

A tape measure, marked at 1-cm intervals, will be placed between the starting and ending stakes
as close to the water surface as possible. At each 1-cm mark on the tape, ocular counts will be
made for 1) presence of emergent vegetation at that point, 2) presence of submerged vegetation
at that point, or 3) absence of vegetation at that point. Data will be collected at 1-cm intervals
and summed at 1-m intervals along the tape, beginning at the water edge and extending across
the aquatic system. Amount of aquatic vegetation will be expressed as a proportion of the
surface of the aquatic system and will be calculated as the total number of hits (1-cm marks) at
which vegetation was present divided by the total length (in centimeters) of the transect.
Amount of open water will be calculated as the total number of hits (1-cm marks) at which
standing water was present but where emergent vegetation was not present, divided by the total
length (in centimeters) of the transect.

Sample size (i.e., number of transects per aquatic system being monitored) will depend on the
spatial extent and the heterogeneity of the aquatic system. There will be a minimum of five
permanent line-point transects per aquatic site, if appropriate. The transects will be stratified-
randomly located in the following manner. The spatial footprint of the aquatic system will be
divided into approximately equal segments. One transect will be randomly located in each of the
segments. Each transect will extend across the aquatic system perpendicular to the longest axis
of the aquatic system.

Each transect will be monitored once per year during the Pre-Withdrawal Phase. Sampling will
be conducted during the summer season, which is expected to correspond to the peak of the
growing season of the vegetation and the period of lowest surface water level.

5.3.3 Monitoring Sites

This indicator will be sampled at all springs, perennial streams and wetlands proposed for
biological monitoring.
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5.34 Statistical Analysis

All data will be summarized for each variable (emergent vegetation, submerged vegetation, total
aquatic vegetation, open water) by transect and by monitoring site. Three statistics (mean,
standard deviation, and 95% confidence interval of the mean) will be calculated for each variable
and will be compared among years to detect patterns of change over time.

Multivariate statistical analysis (stepwise discriminant analysis) will be used to test the statistical
significance of differences over periods of greater than two years. At each monitoring site, data
for all three variables will be entered into the analysis and grouping initially by transect
(observation) and by year (group). The discriminant analysis will then be used to determine
statistically-significant changes among years, and which variables and transects (spatial
locations) are associated with the changes if such changes are significant.

Recording data at 1-m intervals will allow patterns of change to be detected and monitored. The
values for each of the three variables at each 1-m interval will be compared among years to
detect changes over time. Statistical significance of these changes will be determined using a
second discriminant analysis. In this analysis, each 1-m segment will be considered an
observation. Segments with similar water depths will be grouped together within years. The
discriminant analysis will then be used to determine which groups and which observations within
groups are statistically different among years.

5.4 MACROINVERTEBRATE COMPOSITION AND RICHNESS

The target population will be the macroinvertebrate communities at all sites that maintain
springsnails, fish, or northern leopard frog, with the exclusion of the ponds at Shoshone Ponds
(to diminish disturbance to the site), and the additional inclusion of Swallow Spring (because of
its diverse macroinvertebrate community with several intolerant species). Among the sites
selected for monitoring, springs that do not maintain aquatic nested targets support low
macroinvertebrate diversity and highly tolerant species (excepting Swallow Spring). When
further stressed, these systems often continue to maintain communities of highly tolerant species
and, in some cases, chironimid abundance actually increases. As a shift to a more diverse or
intolerant assemblage is not anticipated at these sites, the use of macroinvertebrates as indicators
is more limited. Thus, macroinvertebrate sampling will not be conducted at 4WD Spring,
Willard Spring, or North Little Spring.

At the sites with diverse communities that support several intolerant species, monitoring the
macroinvertebrate community can provide information on changes in water quality and habitat,
as well as serve as an index for the quantity and quality of resources available for other aquatic
biota. Such information can then be used to determine if there are any impact-related changes to
aquatic ecosystems and can help identify what types of adaptive management and/or mitigation
activities are needed to maintain or enhance existing aquatic conditions. Monitoring the health
of the macroinvertebrate community can also help to ensure that spring habitat conditions
maintain biological integrity over time.
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54.1 Specific, Measurable Sampling Objectives

The sampling objective for macroinvertebrate monitoring is to ascertain the seasonal and annual
variation in macroinvertebrate assemblage composition and richness over time. More
specifically, there exists a need to monitor the assemblages of aquatic macroinvertebrates
throughout the various spring’s ecosystems within the IBMA to determine seasonal baseline
richness and relative abundance values of the aquatic macroinvertebrate communities at each
spring. Potential changes in macroinvertebrate abundance and species composition would allow
for the assessment of linkages between changes in habitat and water quality conditions.

54.2 Sampling Design

The sample design for benthic macroinvertebrates will follow the EPA rapid bioassessment
approach for multi-habitat assessments (Barbour et al. 1999). The sampling unit is the
macroinvertebrate community collected with a small modified aquarium net in small springs or a
D-frame net in larger springs or streams. Regardless of the length or complexity of the spring, a
single composite sample will be taken from each spring or stream reach selected for monitoring.
Therefore, the sample size will consist of one composite sample per spring or stream reach per
sampling event. For valley floor and range front springs there will be two sample events per year
(spring and fall). The five reaches of the Big Springs Complex will be sampled on an annual
basis in conjunction with fish sampling. Whether within a spring system or stream reach, all
available habitats will be sampled in a systematic procedure based on the proportion of available
habitat as described in Appendix C.4.

5.4.3 Monitoring Sites
Aquatic macroinvertebrates will be collected at the springs and perennial streams selected for
monitoring within the IBMA as described in Table 5-3. Identification will be made at the lowest

taxon practical.

Table 5-3.  Aquatic macroinvertebrate monitoring sites.

Monitoring Site Sample Location
Stonehouse Spring Complex Designated sample area
Willow Spring Entire area
Keegan Ranch Spring Complex Designated sample area
West Spring Valley Complex Designated sample area
South Millick Spring Entire area
Unnamed Spring 5 Entire area
Swallow Spring Entire area
Minerva Spring Complex Designated sample area
Clay Spring-North Entire area
Unnamed 1 — North of Big Entire area
Big Springs Complex
Big Spring Creek / Lake Creek In each of the five reaches
Big Springs Designated sample area
Stateline Springs Designated sample area
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5.4.4 Statistical Analysis

Statistical analysis will focus on the macroinvertebrate taxa and estimates of taxonomic richness
and relative abundance of dominant taxa. Several commonly used metrics will be selected to
look for differences within and between sites sampled. Repeated measures ANOVA or a similar
method will be used to test for differences within and among sites as needed and, where
appropriate, Tukey’s multiple comparison tests may also be used to compare all differences
between means. Multivariate techniques (e.g., stepwise discriminant analysis) will be used to
analyze differences in the selected metrics within and among sites over seasons and years.

5.5 SPRINGSNAIL ABUNDANCE AND DISTRIBUTION

The target population will be the springsnail communities at the proposed monitoring sites in the
IBMA that have been found to contain springsnails. Springsnails should be closely monitored
during the Pre-withdrawal and Withdrawal Phases for the following reasons provided by Sada
(2000): 1) they are unable to live outside of the aquatic environment; 2) they are restricted to
persistent springs with good water quality that are minimally affected by drought; 3) their
demography in unaltered habitats indicates that population variation may be predicable; 4) they
occur in small habitats that can be easily sampled; and 5) their populations are susceptible to
comparatively rapid changes in abundance and distribution in response to changes in habitat
conditions (e.g. both surface water diversions and groundwater use).

Springsnails are found throughout the IBMA. They are found in north and central Spring Valley
and southern Snake Valley. One species is found throughout Spring Valley and two species are
present in southern Snake Valley. Although no two springs are identical, their spatial
distribution and species representation should prove a valid means of replication or reference
over time. As Pre-Withdrawal data are collected and analyzed, the BWG will investigate
whether additional applied research on springsnails may provide valuable information during
plan implementation.

55.1 Specific, Measurable Sampling Objectives

There are three sampling objectives for springsnails: 1) to monitor the seasonal and annual
variation in springsnail abundance; 2) to monitor the spatial distribution of springsnails within
each spring of interest; and 3) to describe any habitat associations or variables that may be
governing springsnail abundance and/or distribution within springs.

5.5.2 Sampling Design

The sampling unit is the springsnail population occurring within each spring identified for
sampling. Collection of springsnails along equally spaced transects (covering the extent of
springsnail distribution or designated sample area) will allow for the estimation of their
abundance per unit of area (see Appendix C.5 for details). Up to twenty equidistant transects
will be established for the extent of the springsnail distribution when feasible. Springsnail
searches and detailed habitat characterization will be conducted at five samples across each
transect. Springsnail sampling will be conducted twice per year (spring and fall) during the

5-11



Biological Monitoring Plan Chapter 5 — Monitoring Approach

initial two years of monitoring after which, the data collected up to that point will be evaluated to
determine if monitoring may be reduced to annual sampling.

5.5.3 Monitoring Sites

Springsnails will be collected at springs selected for monitoring within the IBMA as described in
Table 5-4.

Table 5-4.  Springsnail monitoring sites.

Monitoring Site Sample Area

Stonehouse Spring Complex Extent of springsnails in designated sample area
Willow Spring Extent of springsnails
West Valley Spring Complex Extent of springsnails in designated sample area
Unnamed Spring 5 Extent of springsnails
Minerva Spring Complex Extent of springsnails in designated sample area
Clay Spring-North Extent of springsnails
Unnamed 1 — North of Big Extent of springsnails
Big Springs Complex

Big Springs Extent of springsnails in designated sample area

Stateline Springs Extent of springsnails in designated sample area

554 Statistical Analysis

The number of springsnails observed within each habitat type and at each transect will be
recorded. It will then be possible to determine how the distribution and spatial extent of
springsnails within a given spring contracts and expands over time. A maximum-likelihood
analysis may be used to estimate abundance (Van Deventer and Platts 1985). Because multiple
samples will be conducted within each habitat type and at each transect during each of the
sampling events, repeated measures ANOVA or a similar method may be used to evaluate
differences in catch. In addition, regression analysis may also be used to assess how potential
changes in water quality and physical habitat influence springsnail populations. Over time, the
collection of this site-specific habitat, water quality and velocity information should lend itself to
the development of suitability criteria for the respective springsnail species. Future activities
could include modeling discharge changes to predict springsnail response within a given spring
system.

5.6 FISH AGE/SIZE CLASS STRUCTURE AND DISTRIBUTION

The target population is the fish community at all sites containing fish within the IBMA. BIO-
WEST (2007) did not sample Shoshone Ponds because NDOW conducts regular monitoring
within the Shoshone Ponds complex (NDOW protocols for Shoshone Ponds are included below).
NDOW has confirmed that annual sampling will continue, so no additional sampling is proposed
under the Plan for either relict dace or Pahrump poolfish at Shoshone Ponds. NDOW data will
be incorporated in the annual reports. Utah chub present at the Minerva Complex will not be
included as a nested target for this Plan because it is an introduced species to Spring Valley and
it does not have special status in Nevada. Therefore, the target populations for this indicator are
1) relict dace populations at Stonehouse, Keegan Ranch, and Shoshone Ponds (NDOW sampling
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only), 2) Pahrump poolfish at Shoshone Ponds, and 3) Utah chub, speckled dace, redside shiner,
mottled sculpin, and Utah sucker in the Big Springs Complex.

5.6.1 Specific, Measurable Sampling Objectives

There are three sampling objectives related to fish age class structure and distribution: 1) to
provide information regarding the recruitment patterns of fish within a given spring or stream, 2)
to evaluate annual, seasonal, and habitat conditions conducive to recruitment and growth of the
fish population within a given spring or stream, and 3) to assess the spatial extent and habitat use
of fishes present within a given system over time. Additionally, population estimates for relict
dace and Pahrump poolfish will continue to be provided through NDOW annual monitoring.

5.6.2 Sampling Design

The sample unit will be each fish population occurring within the springs or stream reaches that
have been selected for sampling. Five representative reaches 100 meters long will be selected in
the Big Springs Complex: one reach originating from the Big Springs spring head(s), two
reaches positioned between Big Springs and the state line, one reach originating from the
Stateline Springs head(s), and a reach positioned between Stateline Springs and Pruess Lake.

The sampling gear type chosen for each site was determined based on past experience and
current sampling activities at each of the different springs, the ease of use within the available
habitat, and reducing disturbance to the available habitat. Standard Gee-Brand minnow traps
will be the gear utilized at all but the Big Springs Complex. The number of individual fish
captured per trap will be recorded. When seines are used, the number of fish (by species)
captured per seine haul area will be recorded. When backpack electrofishing gear is used, the
number of fish (by species) captured per habitat type will be recorded. Catch per unit effort
(CPUE) will be calculated for each method.

The sample size will depend on the spatial extent of each spring complex. When minnow traps
are used, there will be a minimum of three traps set per defined habitat type (Section 5.2,
Appendix C.6). As these habitat types will be measured and determined during an individual
sampling event, it is not possible to provide exact examples of these habitats at this time.
However, at a minimum, coverage will likely include deeper areas associated with spring heads
and terminus ponded areas (depending on spring type); shallower, near-shore areas of the spring
head/ponded head; and connector channels between spring heads, or in other interface locations
as needed. Electrofishing gear will be employed at the Big Springs Complex. The duration of
electrofishing will depend upon the complexity of habitat to be sampled. Three pass
electrofishing efforts within identified reaches will not only provide CPUE information, but will
also enable depletion estimates to be made. Seines may be used at the Big Springs Complex to
complement electrofishing data. Seine hauls will typically be allocated to shallow habitat types.
If seines are used, three replicates will be taken for statistical comparison purposes.

At Shoshone Ponds, NDOW sampling for Pahrump poolfish and relict dace consists of a 2 field-
day effort (Morrell et al. 2007). On the first day, Gee Minnow 1/4” mesh traps and modified
1/8” mesh traps, without bait, are set around the perimeter of the north, middle, and stock pond
for Pahrump poolfish and around the perimeter of the south pond for relict dace. The traps are
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allowed to fish 3-4 hours before being pulled. All fish in the modified traps are measured before
being marked. Each fish greater than 30 millimeters is marked with an oblique clip on the caudal
fin before each fish is released. Approximately one week later, Gee Minnow 1/4” mesh traps are
set, without bait, along the perimeters of north, middle, south, and stock ponds. Traps are again
allowed to fish for 3-4 hours before being pulled. Each fish caught is examined for marks,
tallied, and released. Dissolved oxygen, percent saturation and temperature are measured using a
YSI Model 55 Dissolved Oxygen Probe. These water quality measurements are made at one
location each within the north, middle, and south ponds, and at the inflow and outflow of the
stock pond.

In summary, fish sampling will be conducted twice per year (spring and fall) during the initial
two years of monitoring at Stonehouse and Keegan Ranch spring. After the initial two years, the
data collected up to that point will be evaluated to determine if monitoring may be reduced to
annual sampling. Shoshone Ponds (NDOW) and the Big Springs Complex will be sampled on
an annual basis during late summer or early fall.

5.6.3 Monitoring Sites

Fish will be collected at the springs, ponds (Shoshone), and perennial streams selected for
monitoring within the IBMA as described in Table 5-5.

Table 5-5.  Fish monitoring sites.

Monitoring Site Sampled Location
Stonehouse Spring Complex Designated sample areas
Keegan Ranch Spring Complex Designated sample area
Shoshone Ponds Sampled by NDOW

Big Springs Complex
Big Spring Creek / Lake Creek | Five reaches
Big Springs Designated sample area
Stateline Springs Designated sample area

5.6.4 Statistical Analysis

CPUE will be calculated for all sampling efforts. Also, length-frequency histograms will be
constructed to identify recruitment patterns. Because replicates will be taken in triplicate for
each of the gear types and during each of the sampling events, ANOVA or similar method will
be used to evaluate differences in catches. In the case of electrofishing, data will also be
available to perform a population estimate using linear three pass depletion estimation
techniques. Regression analyses or multivariate analysis may also be used to assess how
potential changes in water quality and physical habitat characteristics influence fish populations.
At Shoshone Ponds, NDOW calculates a population estimate using Peterson’s estimator: MC/R.
Where M=number of individuals marked, C=number of individuals captured and R=number of
individuals recaptured. Approximate 95% confidence intervals are determined using a table
appropriate to the Poisson distribution, after the method described in Ricker (1975).

5-14



Biological Monitoring Plan Chapter 5 — Monitoring Approach

5.7 NORTHERN LEOPARD FROG EGG MASS COUNTS

The target population is the individual egg masses produced at the proposed groundwater-
influenced ecosystems. Egg masses were specifically chosen for monitoring because egg masses
are stationary versus the other life stages of the northern leopard frog that are mobile and often
difficult to observe because of their secretive behavior. Additionally, each individual egg mass
is laid by a single female which allows counting the egg masses to provide an estimate of the
breeding population at a given location. At this time, northern leopard frog has been
documented at the following sites within the IBMA: Keegan Ranch complex; West Valley
Spring complex; Unnamed Spring 5; South Millick Spring; Minerva Spring complex; and
Shoshone Ponds. As Hitchcock (2001) described Spring Valley as having one of the largest
remaining northern leopard frog populations in Nevada, all aquatic ecosystems in the Plan will
initially be surveyed for northern leopard frog.

57.1 Specific, Measurable Sampling Objectives

There are two sampling objectives related to northern leopard frogs within the IBMA: 1) to
monitor the spatial distribution of northern leopard frogs and 2) to monitor the breeding
population size at representative springs.

5.7.2 Sampling Design

Individual egg masses will be treated as sample units for measurement. Initially, the sample size
will vary because of the proposed phased approach. The first phase involves documenting use of
the groundwater-influenced ecosystem by northern leopard frog. This requires the confirmation
of an adult, juvenile, tadpole, or egg mass. Currently, six sites (mentioned in the introductory
paragraph to this section) have confirmed usage by northern leopard frog. For other sites, it is
not productive to conduct detailed egg mass surveys before use of the site is documented,;
therefore, the initial phase of the monitoring will be to confirm use. During the first two years,
after egg masses have been documented at a site where northern leopard frog are known to
occur, confirmation of use surveys (for adult frogs and egg masses) will occur at aquatic sites
once during the spring. A single confirmation is sufficient to move a site into the second phase.
However, it will take two consecutive years with no adult frog or egg mass to officially classify a
site as not being used by northern leopard frog. Limited effort will be expended in the fall on
visual encounter surveys for adults, as they can be difficult to locate during this time. However,
since field crews will be conducting biological sampling in the fall, they will be observant any of
adult frog activity. If during any fall survey northern leopard frog activity is incidentally
documented at a previously undocumented site, that site will be monitored for frogs the
following spring.

The second phase involves collecting data on egg masses and breeding habitat. Once a site has
confirmed frog use, it will be monitored using the egg mass protocol described in Appendix C.7.
During this phase, searches for adult frogs will cease and the focus will be on egg mass counts
(every other week for up to three visits). During the final egg mass survey visit, extent of open
water and water quality data will be collected at a breeding habitat line-point transect placed at or
near egg mass locations. Vegetation cover and composition data will be collected at this same
breeding habitat transect in the summer. Following the initial two years of egg mass counts, the
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goal is to shift to the breeding survey protocols currently implemented by UDWR for Columbia
spotted frog in Snake Valley.

5.7.3 Monitoring Sites

Northern leopard frog sampling will be conducted at springs, ponds (Shoshone), and perennial
streams selected for monitoring within the IBMA as described in Table 5-6. The sampling effort
will also include areas of wetlands selected for monitoring within the IBMA that have standing
water adjacent to the spring, pond (Shoshone), and perennial stream survey sites.

Table 5-6. Northern Leopard Frog monitoring sites

Monitoring Site Phase 1 Phase 2
Stonehouse Spring Complex ~ If present
Willow Spring N If present
Keegan Ranch Spring Complex N,
West Spring Valley Complex v
South Millick Spring ~
Unnamed Spring 5 Y
4WD Spring N If present
Willard Spring ~ If present
Swallow Spring ~ If present
Minerva Spring Complex v
Clay Spring-North ~ If present
Unnamed 1 - North of Big ~ If present
North Little Spring \ If present
Shoshone Ponds N
Big Springs Complex

Big Spring Creek / Lake Creek \ If present
Big Springs _ \ If present
Stateline Springs N If present

5.7.4 Statistical Analysis

Since each egg mass is laid by a single female, counting all egg masses found at a given spring,
pond, or stream gives an estimate of the number of females using the pond for reproduction.
Assuming a 1:1 sex ratio, the total breeding population can be determined through egg mass
surveys (K. Wilson, per. comm.). However, it is important to recognize the following possible
concerns: not all females may breed during a given year, the sex ratio may not be 1:1, and egg
mass surveys cannot determine the number of sexually immature individuals in the population
(Smith 2003). Statistical analysis will include trend analysis of breeding population over time,
comparisons of breeding populations between springs or regions (i.e., north Spring Valley vs.
south Spring Valley vs. southern Snake Valley), an evaluation of spatial distribution, and
evaluation of breeding habitat over time.
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5.8 COVER AND COMPOSITION OF AQUATIC VEGETATION

The target population is the vegetation of the aquatic plant communities at each monitoring site
with aquatic systems. Aquatic plant communities include both emergent and submerged plant
communities in the monitoring site aquatic systems. Aquatic systems are those where standing
water exists throughout the growing season in all years.

Each aquatic system is likely to support more than one aquatic plant community. For a plant
assemblage to become a mapped community it must cover at least 5% of the area of the aquatic
system (total of all areas supporting that assemblage at that site) and it must be sufficiently
different from the other aquatic plant communities to justify separation. Sufficiently different
means that the three most abundant species in the assemblage constitutes a unique three-species
combination (order of species being considered) from those of the other communities.

5.8.1 Specific, Measurable Sampling Objectives

The objective for this indicator is to sample annual variation in species cover and composition of
the aquatic vegetation at springs, perennial streams, and wetlands.

5.8.2 Sampling Design

The sampling units will be line-point transects. These will be the same transects as those used to
measure Open Water and Aquatic Vegetation Cover (Section 5.3).

At each 1-cm mark along the transect, ocular counts will be made of each species that has
vegetative material intersecting the transect at that mark. Data will be collected at 1-cm marks
along the transect and recorded at 1-m intervals or the length of the aquatic plant community,
whichever is shorter. First-hit (first species encountered at each mark) and multiple-hit (all
species encountered at each mark) data will be collected by species. From these data, percent
cover will be calculated by species for each community along each transect, on a first-hit and on
a multiple-hit basis. Percent canopy cover per species will be calculated by dividing the number
of hits (cm marks) recorded for that species within the particular community within a specific
transect by the width of the community (in centimeters) along that transect.

The purpose of collecting these data is to detect changes in species cover and composition over
time. Species composition (relative cover) is determined by dividing the cover value of a
specific plant species in the community by the total plant cover (all species combined) in the
same community.

At the end of the third year of Pre-Withdrawal sampling, the number of transects necessary to
achieve a sampling accuracy of 20% of the sample mean at a 90% probability level will be
calculated for each of the three variables (emergent vegetation, submerged vegetation, and open
water), averaged over the three years. If the number of transects necessary to achieve this
accuracy, or another accuracy determined by the BWG, is different than the number used in the
first three years of monitoring, transects may be added or subtracted.
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Each transect will be monitored once per year during the pre-withdrawal phase. Sampling will
be conducted during the summer season, which is expected to correspond to the height of the
growing season and the period of lowest water level (i.e., highest potential water-induced stress).

5.8.3 Monitoring Sites
This indicator will be sampled at all springs and wetlands proposed for biological monitoring.
584 Statistical Analysis

The data, canopy cover and species composition, will be summarized by plant community,
transect, and monitoring site. The summary statistics will include mean, standard deviation, and
95% confidence interval of the mean for each species. These three summary statistics will be
compared among years, using first-hit and multiple-hit data.

Additional statistical analyses will be conducted on those variables which have Normal
distributions or distributions that are approximately Normal. For each of these variables, t-tests
will be used to determine the statistical significance of differences between means in individual
years. For variables with non-normal distributions, data transformations or non-parametric
techniques will be applied. Multivariate statistical analysis (stepwise discriminant analysis) will
be used to test the statistical significance of differences within communities over time. Each
variable with a univariate Normal distribution (or approximate Normal) will be entered into the
analysis, with initial grouping by year. Stepwise discriminant analysis will also be used to test
the statistical significance of differences between reference sites and sites where groundwater
withdrawal is expected to occur.

59 COVER AND COMPOSITION OF NON-AQUATIC VEGETATION

Target populations are non-aquatic plant communities at each monitoring site. A plant
community is composed of the three most abundant species, in the order of abundance, and is
given a three-species designation (e.g., greasewood-rabbitbrush-saltgrass community).

Each monitoring site is likely to support more than one plant community. For example, a
meadow may contain several plant communities, distributed in mosaic fashion across the
meadow in response to changes in micro-topography, depth to groundwater, or a combination of
factors. For example, if such a meadow contained three communities (e.g., Baltic rush-saltgrass-
spikerush; saltgrass-Baltic rush-wildrye; and saltgrass-Baltic rush-sacaton), each of the three
communities would comprise a target population.

59.1 Specific, Measurable Sampling Objectives

There are three sampling objectives for this indicator: 1) sample annual variation in the canopy
cover of the vegetation at particular monitoring sites, 2) sample annual variation in species
composition (relative canopy cover) of the vegetation at particular monitoring sites, and 3)
sample annual variation in spatial integrity of the vegetation at particular monitoring sites.
Spatial integrity will be measured as change in cover of the various dominant species along the
transects.
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5.9.2 Sampling Design

The sampling units will be line-point transects (Bonham 1989:119-123). If possible and
appropriate, these transects will be continuous with those used to measure Cover and
Composition of Aquatic Vegetation (Section 5.8), as well as non-aquatic vegetation transects in
adjacent groundwater-influenced ecosystems to track ecotone changes.

Each line-point transect will consist of a 100-m long line transect, permanently marked by
placing metal stakes at both ends of the transect. If the habitat is less than 100-m wide, the line
transect will be the width of the habitat. A 100-m tape, marked at 1-cm intervals, will be placed
between the starting and ending stakes, as close to the ground or water surface as possible.
Ocular counts will be made of each species that has live vegetative material intersecting the
transect. Data will be collected at 1-cm marks on the tape and recorded in 1-m intervals. First-
hit and multiple-hit data will be collected by species at each 1-cm point. From these data,
percent cover will be calculated, by species, for each transect, on a first-hit basis and on a
multiple-hit basis. Percent canopy cover per species will be calculated by dividing the number of
hits (cm points) recorded for that species along the 100-m transect by 100 [percent cover =
(number of hits/10,000) x 100]. The purpose of the line-point transects is to detect changes in
species cover and species composition over time.

Sample size will depend on the spatial extent and heterogeneity of each habitat. Transects will
be designed so that plant communities that occur along the transects are represented a minimum
of five times per site, if possible. Vegetation maps being prepared by SNWA for springs,
wetlands, and meadows will inform transect design. It is not possible to determine these
locations at the present time because the number and location of the plant communities at each
site are not currently determined. However, a hypothetical example of transect locations is
presented in Fig. 5-1 to illustrate the concept. At the end of the third year of pre-withdrawal
sampling, the average number of line-point transects necessary to achieve a sampling accuracy of
20% of the sample mean at a 90% probability level will be calculated for the most abundant
species of the community (averaged over the three years). If the number of line-point transects
necessary to achieve this accuracy is different than the number used in the first three years of
pre-withdrawal monitoring, transects may be added or subtracted.

Each transect will be monitored once per year during the Pre-Withdrawal Phase. Sampling will
be conducted during the summer season, which is expected to correspond to the height of the
growing season and the period of greatest potential water stress.

5.9.3 Monitoring Sites

Cover and composition of non-aquatic vegetation will be sampled in all groundwater-influenced
ecosystems with the exception of perennial streams and the ponds at Shoshone Ponds (to
diminish disturbance to the site). Protocols for vegetation cover and composition in the swamp
cedar woodlands differ; for those protocols see Vegetation Measurements in Swamp Cedar
Communities (Section 5.10.2).
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T11

A = Aquatic Segments (1-5)

W = Wetland Communities (1-4)

M = Meadow Communities (1-4)

Fig. 5-1. Hlustration of location of transects in aquatic and adjacent plant communities at a
hypothetical site.

5-20



Biological Monitoring Plan Chapter 5 — Monitoring Approach

5.94 Statistical Analysis

All data will be summarized by transect, plant community, and monitoring site. The statistics
will summarize the mean, standard deviation, and 95% confidence interval of the mean for each
species, each lifeform (trees, shrubs, grasses, grass-likes, forbs), and overall (all species
combined). These three summary statistics will be compared among years, using first-hit data
and using multiple-hit data.

Additional statistical analyses will be conducted on those variables which have Normal
distributions, or distributions that are approximately Normal. For each of these variables, t-tests
will be used to determine the statistical significance of differences between individual years
(McLendon and Redente 1992).  For variables with non-normal distributions, data
transformations or non-parametric techniques will be applied. Multivariate statistical analysis
(stepwise discriminant analysis) will be used to test the statistical significance of differences
within communities over time (Matthews 1979; McLendon and Dahl 1983; Stroup and
Stubbendieck 1983; McLendon and Redente 1991). Each variable with a univariate Normal
distribution (or approximate Normal) will be entered into the analysis, with initial grouping by
year. Stepwise discriminant analysis will also be used to test the statistical significance of
differences between reference sites and sites where groundwater withdrawal is expected to occur.

5.10 VEGETATION MEASUREMENTS IN SWAMP CEDAR COMMUNITIES
Target populations are the two swamp cedar communities in the IBMA.
5.10.1 Specific, Measurable Sampling Objectives

The three objectives of this indicator are to sample: 1) annual variation in canopy cover of the
two plant communities, 2) annual changes in species composition in the two plant communities,
and 3) reproductive success of swamp cedars at the two locations. Stem elongation, another
indicator for swamp cedar woodlands, is presented in a separate section.

5.10.2 Sampling Design

The sampling unit will be a belt transect, 20-m long and 5-m wide. Each belt transect will be
permanently marked by placing metal stakes at each corner of the enclosed rectangle. The
number and heights of each juvenile juniper in the belt transect will be recorded. For the
purposes of this sampling, juvenile junipers are defined as those less than 1 m in height. Rocky
Mountain juniper begins producing seed when the plants are about 10 years old, at which time
they may be 0.5-1.0 m tall (Fowells 1965:219-220). Number and trunk circumference (basal at
ground level) will be recorded for each mature cedar in the belt transect, and heights of each
mature cedar will be estimated. A 20-m line transect will be permanently located within each
belt transect, extending the length of the belt transect along the middle of the belt transect. Data
will be collected and analyzed in the same manner as under Indicator 5.9 (Cover and
Composition of Non-Aquatic VVegetation).

Moisture status of the surface soil will be noted in each belt transect at the time of each
sampling. If standing water is present, the depth of standing water (to the nearest millimeter)
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will be measured at 1-m intervals along each of three lines in each belt transect. These three
lines will consist of the two 20-m long perimeter lines and the line transect bisecting the belt
transect. Depth of surface water will be measured along all three lines.

Sixteen permanent belt transects will be established in each of the two cedar populations. The
spatial extent of the two populations will be mapped, along with the understory plant
communities. The 16 belt transects will be stratified-randomly located at each site, with
stratification being on the basis of understory community. This stratification relative to
understory community is based on expected differences in moisture availability in the cedar
woodlands. The number of belt transects placed in each understory community will be in
approximate proportion to the area within the cedar stand occupied by that understory
community. The belt transects will be placed such that the long axis (20 m) runs approximately
north-south.

Each belt transect and each line transect will be sampled once per year during the Pre-
Withdrawal Phase. Sampling will be conducted during the summer season, which is expected to
correspond to the peak of the growing season and to the period of greatest water stress.

5.10.3 Monitoring Sites

There will be two monitoring sites: the northern and the southern populations of swamp cedars in
Spring Valley.

5.10.4 Statistical Analysis

Density (number), height, basal circumference (mature trees), canopy cover, and species
composition data will be reported by transect (observations) and summarized by understory
community and site (northern, southern). The summary statistics will include mean, standard
deviation, and 95% confidence interval of the mean. These data will be compared among
understory communities, sites, and years.

Additional statistical analyses will be conducted on those variables which have Normal
distributions, or distributions that are approximately Normal. For each of these variables, t-tests
will be used to determine the statistical significance of differences between individual years.

5.11 STEM ELONGATION IN SWAMP CEDAR COMMUNITIES

Thirty-two target populations are sampled by this indicator. These correspond to the 16 belt
transect populations at each of the two swamp cedar sites sampled by Indicator 5.10 (Vegetation
Measurements in Swamp Cedar Communities). These belt transects are expected to have
dissimilar soil moisture characteristics. Moisture stress may therefore be evident sooner on the
drier locations within the cedar community than on the wetter locations. Conversely, stress from
high soil moisture (water-logging) may become evident sooner and more frequently on the
wetter locations.
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5.11.1 Specific, Measurable Sampling Objectives

The objective of this indicator is to sample annual growth in swamp cedars. This variable is
expected to be an indicator of annual growth conditions for the species and therefore an earlier
indicator of potential stress in mature trees.

5.11.2 Sampling Design

The sampling unit will be single branches on individual, mature trees. Ten branches from each
sampled tree will be tagged, using colored metal or plastic bands. Branches will be selected that
have healthy leaves and evidence of recent stem growth. The major growth point (longest stem
extension on the branch) will be selected for monitoring. The tag will be placed at the first
juncture of the longest leader to the main secondary branch. The distance from the juncture to
the tip of the leader will be measured to the nearest millimeter. The distance from the same
leader to the tag will be re-measured at each sampling date to determine the amount of stem
growth that occurred since the last sampling date.

Ten branches will be sampled from each tree, and four mature trees will be sampled from each of
the 32 belt transects (16 per site) described under Indicator 10. Natural losses of stems should be
expected. The inclusion of ten branches per tree provides some assurances that at least one
branch will remain throughout the Pre-Withdrawal Phase. As long as more than one branch per
tree survives, it will be possible to have some measure of individual-tree variability. The
inclusion of four trees per transect allows for assessing within-transect variability. Each branch
will be measured once per year during the Pre-Withdrawal Phase. Sampling will be conducted in
August-September, toward the end of the growing season. This should allow for measurement of
most of the annual growth produced during the sample year.

5.11.3 Monitoring Sites

There will be two monitoring sites: the northern and the southern swamp cedar populations in
Spring Valley.

5.11.4 Statistical Analysis

The length and annual growth will be recorded by branch and by tree. The mean value for each
tree will be the value used for the observation. These data will be summarized by tree, transect,
understory community, and site. The statistics will summarize the mean, standard deviation, and
95% confidence interval of the mean. These statistics will be compared among transects,
understory communities, sites, and years. ANOVA will be used to test the statistical significance
of differences due to transect, understory community, site, and year. Differences in statistical
significance between individual years will also be tested using t-tests.
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5.12 ADDITIONAL CONSIDERATIONS

5.12.1 Remote Sensing

Remote sensing, including both aerial photography and satellite imagery, holds potential as an
efficient method of monitoring vegetation change over time. However, currently available
technology does not provide sufficient precision to detect short-term changes in vegetation that
may be induced by groundwater withdrawal at the fine scales necessary to meet the monitoring
requirements of the Plan. Instead, permanent line transect data (Sections 5.7-5.10) will be used
to detect these fine-scale vegetation changes.

The BWG will continue to evaluate various applications of remote sensing to monitor large-scale
and longer-term vegetation changes in the IBMA. In particular, remote sensing will be utilized
to develop time-series vegetation maps of the IBMA utilizing existing, and future improvements
to, the remote sensing technologies employed by SNWA. Such vegetation maps prepared at
intervals of approximately five years should provide an indication of large-scale changes in
spatial extent of the vegetation communities of the IBMA over time. Change in spatial extent of
the plant communities is not included as an indicator in the Plan, but instead is expected to be
used as a QA/QC procedure. Remote sensing provides a potential means of quantifying these
changes over the entire spatial extent of the IBMA, as compared to the more spatially-limited
areas monitored by the transects. Correlation analysis might then be used to compare the
vegetation changes detected by remote sensing with changes in groundwater levels based on data
from monitoring wells and other groundwater measurements in the IBMA, as well as with other
possible factors such as livestock grazing, fire, and changes in water diversions.

5.13 SUMMARY OF SAMPLING SCHEDULE AND ACTIVITIES

In summary, the protocols employed within the IBMA focus on facilitating the collection of
objective information regarding the natural fluctuations of the physical, chemical, and biological
aspects of the groundwater-influenced ecosystems. Over time, these data should serve to
ascertain the effects of future effects to these areas and the biological communities that they
support.  The recommended monitoring activities are designed to supplement, not replace,
existing monitoring program activities. Specific protocols are presented in Appendix C. Table
5-7 provides an overview of the monitoring activities proposed for groundwater-influenced
ecosystems within IBMA.
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6.0 PREDICTIVE ECOLOGICAL MODEL

CONTENTS

6.1 Purpose
6.2 Objectives
6.3 Types of models
6.3.1 Statistical models
6.3.2 State-and-transition models
6.3.3 Mechanistic simulation models
6.4 Timeline

6.1 PURPOSE

The Stipulation includes ecosystem modeling as a technique that would be included in the
monitoring Plan (Exhibit B, Section C, p. 4). A landscape-scale ecological model is mentioned
specifically as one potential method "that the BWG may use to evaluate the effects of SNWA
groundwater development™ (Exhibit B, Section 3.C, p. 6). Furthermore, it will be the
responsibility of the BWG to determine if ecological modeling is a necessary and appropriate
tool for monitoring, and if so, determine which model to use (Exhibit B, Section 3.C, p. 6).

Ecological models are numeric or computer-based abstractions of ecological systems. They are
based on either observed responses of the ecological systems or their various components, or
conceptual models of how the ecological systems are assumed to function. As such, they are
simplifications of real-world processes and interactions. The complexity of ecological models
varies from the relatively simple, such as some numeric models, to extremely complex, such as
some dynamic simulation models. Ecological models are used for a wide variety of purposes,
including to 1) better understand ecological relationships, functions, processes, and interactions
of the systems being studied, 2) project ecological responses over time, and 3) predict ecological
responses to changes in environmental conditions.

A predictive ecological model is a possible tool that could be used to evaluate potential
unreasonable adverse ecological effects in the IBMA from groundwater withdrawal by SNWA in
Spring Valley and if such effects are determined to occur, to quantify their magnitude and help
develop alternative withdrawal, or possible mitigation, strategies. A predictive ecological model
can project ecological responses of the groundwater-influenced ecosystems to levels of
environmental stressors beyond what are likely to be encountered during the limited time of the
Pre-Withdrawal Phase. Therefore, the model would provide decision makers with the ability to
investigate potential impacts to these ecosystems from extreme short-term and sustained long-
term impacts from natural and anthropogenic factors, including groundwater withdrawal.

6.2 OBJECTIVES

The BWG recognizes two primary purposes for including a predictive ecological model in the
Plan: 1) to identify and describe ecological responses and 2) to quantify, predict, and project
impacts. Three objectives are associated with each of the two purposes.
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1. ldentify and describe specific ecological responses:

e to provide a tool to predict specific ecological responses of the groundwater-
influenced ecosystems and indicators to various environmental factors, both natural
and anthropogenic;

e to provide a tool to assist in establishing potential threshold levels for the
groundwater-influenced ecosystems and indicators relative to potential environmental
stressors; and

e to provide a tool to assist the overall scientific effort to better understand the
interrelationships among the various ecological factors affecting the dynamics of
groundwater-influenced ecosystems and indicators.

2. Quantify, predict, and project impacts:

e to provide a tool to assist in identifying and quantifying the effects of various
environmental factors, including groundwater withdrawal by SNWA, on ecological
changes in groundwater-influenced ecosystems and indicators;

e to provide a tool to project long-term effects of groundwater-withdrawal by SNWA on
groundwater-influenced ecosystems and indicators; and

e to provide a tool to assist in mitigation design, implementation, and monitoring, where
applicable.

These purposes and objectives follow the framework of the monitoring plan as presented in Fig.
3-1. The first purpose involves the evaluation and use of baseline data to assist the BWG in their
understanding of ecological responses, assigning threshold levels based on available information,
and refining those levels over time with additional data collection and potentially, specific
research opportunities.  The second purpose involves quantifying impacts, determining
attributability of impacts, projecting long-term impacts, and evaluating mitigation opportunities
within the context of adaptive management.

6.3 TYPES OF MODELS

There are three broad categories of predictive ecological models, with numerous variations of
each. These three categories are: 1) statistical models, 2) state-and-transition models, and 3)
mechanistic simulation models. Each category has advantages and disadvantages associated
with their use, some of which are discussed in this section.

6.3.1 Statistical Models

Statistical models are empirical models based on statistical relationships among a set of
ecological variables. These models are developed from data sets resulting from experiments,
field surveys, or other types of data collection (for example, O'Grady et al. 2006, Nussear and
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Tracy 2007, McLendon et al. 2008). Simple examples include 1) the observed relationship
between amount of annual precipitation received at a location and the change in canopy cover of
the plant community at that location, 2) the observed relationship between water temperature at a
spring head and number of springsnails in the associated spring pool, and 3) the relationship
between change in depth to groundwater and flow rate of a nearby spring. Statistical models are
not confined to only two variables. They can become quite complex, both as to number of
variables included and the mathematical relationships defining the relationships among the
variables.

A primary advantage of statistical models is that they are based on observed responses.
Although the mathematical relationships used to define these responses are statistical in nature
and may be somewhat arbitrary and therefore open to interpretation, they are based on real-
world, observable data. Statistical models are also relatively easy to develop, provided
appropriate data sets are available.

A primary disadvantage of statistical models is that they do require an appropriate data set.
Collection of such data, especially for ecological systems, can be time-consuming and expensive.
The statistical confidence associated with these models depends largely on the sample size. If
time series are involved (i.e., the models are meant to project or predict responses over time), the
data collection must be continued over a time period sufficient to sample the inherent temporal
variability in the system. This can become a major limitation to the use of statistical models in
ecology. Another major disadvantage to using statistical models is that the statistical
relationships defining the model may only be valid for the set of variables included in the data
collection. If so, then changes in an environmental variable that was not included in the data set
can significantly alter the mathematical relationships in the model.

Even if effects of additional variables do not occur, the mathematical relationships defining the
model are based on a finite range in values for each of the variables included in the model (i.e.,
the range in values include in the data set). Given the number of observations included in the
data set, the probability associated with making correct decisions based on these data can be
calculated with statistical certainty (statistical confidence levels), provided that the values of the
variables remain within the range of the values included in the data set. However, the level of
uncertainty associated with these predictions increases substantially as the values of the variables
deviate beyond the upper or lower limits of the observed values. This increases the risk
associated with the use of these models, regardless of how strong the statistical relationship is
within the observed values.

6.3.2 State-and-Transition Models

State-and-transition (ST) models (for example, Callaway and Davis 1993, Allen-Diaz and
Bartolome 1998, Chartier and Rostagno 2006) contain two types of information. The first type
of information is a list of all "states” or conditions for each ecological response unit that is
included in the model. An ecological response unit is an ecological community or ecosystem
type (e.g. spring pools, ponds, stream communities, plant communities). A "state™ is the
ecological description of a specific ecological response unit, under a given set of environmental
conditions or a given time period. For example, a pond might begin as a relatively open body of
shallow water, with little emergent or submerged vegetation. This would be the first "state” of

6-3



Biological Monitoring Plan Chapter 6 — Predictive Ecological Model

the pond. After a few years, emergent vegetation may colonize the edges of the pond and some
submerged vegetation may begin to appear in the water slightly past the emergent vegetation.
This would be the second "state™ of the pond. Any number of states may be applied to an
ecological response unit, the number depending on the ecological complexity of the response
unit and the needs of the model application.

The second type of information included in these models is a transition probability for each state
of each response unit. These are the probabilities that the response unit will change from one
state to another, within a given time step or a given environmental condition. For example,
under average conditions, the pond might transition from the first state to the second state with a
probability of 100%. However, under conditions of above average precipitation, it might shift to
a third state (e.g., half of the pond covered with emergent vegetation). If the probability of a wet
year is 20%, then the transition probability for the pond would be 80% for changing to the
second state and 20% for changing to the third state.

ST models have several advantages to their application. First, they are flexible. Any number of
ecological response units, states, and transitions can be included. This number is limited only by
the complexity of the ecological system being modeled, the needs of the application, and the
imagination of the modeler. Both the states and the transition probabilities can be based on site-
specific data, data from other sites, or "expert judgment”. Secondly, ST models are relatively
simple, and therefore are easy to build and use. If the states and transition probabilities are
realistically defined, these models provide useful results that can be easily compared with real-
world pat