










 

Appendix I 
Amargosa River Area of Critical Environmental Concern 

Inventory and Monitoring Plan 
 
 
 
Introduction 
 
The purpose of this inventory and monitoring plan is to gauge the success of the management 
actions within the Amargosa River Area of Critical Environmental Concern (ACEC) 
Implementation Plan in terms of their ability to meet the eight management goals and objectives 
for the ACEC.  Many different management actions combine to achieve each goal, since these 
eight objectives are broad in scope.  In order to better determine the level of success of the plan, 
this monitoring plan defines specific monitoring objectives to evaluate each management action 
that can be measured using field surveys and data analysis techniques to provide evidence for 
changes in management direction, as needed.  Many of the management actions in the ACEC 
Plan are already written in the form of monitoring objectives and this monitoring plan provides 
additional definition for others.  Some monitoring activities will not require further permitting.  
Other activities will require additional coordination, 10(a)1(A) recovery permits from FWS, 
and/or State Scientific Collecting permits.  These requirements have been adequately discussed 
in the plan, and will not be further discussed here. 
 
Much of the monitoring and sampling design has been developed using BLM Technical 
Reference 1730-1, “Measuring and Monitoring Plant Populations” by Elzinga, Salzer, and 
Willoughby (1998).  
 
For example, a broad management goal may be: “Maintain threatened and endangered species 
populations”.  More specific management objectives may include: “Maintain 100% of the 
populations of endangered plant X within the ACEC over the life of this plan.”  Monitoring 
objectives give us thresholds to measure success to determine if management direction needs to 
be modified in order to meet our overall management goal of maintaining threatened and 
endangered species populations.  Monitoring objectives may be adequately captured by 
management actions, such as the example above, or they could require further definition, such as 
“Maintain the population of endangered animal X at N individuals.”   
 
Certain monitoring objectives may require statistical sampling in order to measure success.  In 
this case, a specific sampling objective is identified in order to define a confidence interval, and 
as appropriate, an associated minimum detectable change (MDC)1 threshold for the sampling 
program.  A second monitoring objective example would require sampling of the population to 
determine a statistically viable estimate of population size because it would be difficult to count 
every individual in the population.  An example of a sampling objective for this monitoring 
objective could be as follows: “Be 90% confident that the estimated population size of 
                                                 
1 Minimum Detectable Change (MDC) specifies the smallest change that you are hoping to detect with your 
sampling effort, and should represent a biologically meaningful quantity given the likely degree of natural variation 
in the attribute being measured.  MDC is used in change/trend sampling but not in target/threshold sampling. 



 

endangered animal X is within +/-20% of the actual population size”.  This sampling objective 
gives us thresholds from which we can calculate a minimum sample size and other sampling 
design parameters to assess our monitoring objective.  Sampling objectives and monitoring 
objective thresholds are adaptive by nature and will be modified or refined over time.  Statistical 
analysis of collected data will provide us with a better idea of what level of confidence we can 
place in our sampling design, and what amount of precision and MDC we can expect from the 
sampling that has been prescribed.  
 
Monitoring for the Amargosa River ACEC Implementation Plan is complex due to its broad 
planning goals that address a diverse array of resource issues and the resulting number of 
variables that affect the plan’s success.  This monitoring plan assigns thresholds that are specific 
to different variables that indicate the level of success in implementing these planning goals.  It 
also includes additional data collection that needs to occur in order to provide justification prior 
to certain management actions occurring.  The action to remove brown-headed cowbirds from 
Amargosa Canyon, for example, requires initial inventory to determine if they are present and to 
what extent they are parasitizing nests.  Through monitoring, BLM has determined the presence 
of cowbirds in the ACEC and that cowbirds are parasitizing the nest of least Bell’s vireo (Chris 
McCreedy, pers. comm. and see Appendix A, Chapter 3 of this document). 
 
This plan also establishes specific protocols to be used in collection of the data so that surveys 
will be performed in a consistent manner from year to year, and lists the permits that will be 
necessary from state and federal agencies in order to perform the field data collection.  In the 
future, additional monitoring or sampling objectives may be added, or existing monitoring 
objectives may be modified or eliminated, based on their power to indicate change in the 
variables we are seeking to measure. 
 
The organization for this monitoring plan is based on the eight management goals identified in 
the ACEC Implementation Plan.  These goals are: 
 
1. Protect, enhance, and restore natural riparian and wetland systems 
2. Protect and prevent irreparable damage to threatened and endangered species and their 

habitat  
3. Take prudent, proactive steps towards recovery of threatened and endangered species and 

their habitat 
4. Conserve and protect water resources essential to the maintenance of valued resources and 

habitat 
5. Implement an inventory and monitoring strategy 
6. Provide recreation opportunities that are consistent with resource protection 
7. Protect sensitive historical, cultural, and scenic values 
8. Provide for consistent management of public lands within ACEC boundaries 
 
For each management goal, the monitoring objective (if different) and type of protocol to be used 
is listed.  If a monitoring objective will require sampling in order to determine success, an 
associated sampling objective is defined.  In a separate section, specific protocols are spelled out 
in detail.  A section entitled Statistical Analysis is included to address methods for determining 



 

minimum sample size.  The last section provides a summary timeline for implementation that 
prioritizes the monitoring actions.   
 
The management goals that do not require specific inventory and monitoring will only be 
addressed in a cursory nature.  The heart of this plan will center on the planning goals that 
include specific monitoring objectives and require field survey protocols. 
 
 
Monitoring Objectives and Survey Protocols 
 
A. Protect, enhance, and restore natural riparian and wetland systems 
 
This management goal addresses the protection and enhancement of the water-dependent 
vegetation communities that lie within the ACEC.  Riparian areas are found in the Upper 
Amargosa and the Central Amargosa Units.  Wetland communities are found in the Grimshaw 
Basin portion of the Central Amargosa Unit near Tecopa.  Management actions from the ACEC 
Plan focus on tamarisk (Tamarix spp.) removal and active native plant restoration on public 
lands and on upstream and interspersed private lands.  Monitoring will look at the success at 
implementing the specific management actions and to what extent implementing these actions 
benefits ecosystem health in terms of increasing the ACEC’s biodiversity.  The following 
monitoring objectives and survey protocols will be used in order to determine the success of our 
management actions in meeting this planning goal: 
 
1. Control tamarisk (Tamarix spp.) through implementation of the Barstow Field Office's ten-

year weed control plan.  Control or contain, as appropriate, other species of weeds.  Efforts 
will include infestations that are both upstream and within the ACEC.  If feasible, BLM will 
establish partnerships to treat state and private lands where there is nexus to the ACEC.* 

a. Decrease the acreage infested with tamarisk on public land in the ACEC to 75% of 
the initial infestation by the end of the third year of tamarisk removal. 

i. Protocol type: Remote sensing and ground transects. 
b. Decrease the acreage infested with tamarisk on public land in the ACEC to 57% of 

the initial infestation by the end of the fifth year of tamarisk removal. 
i. Protocol type: Remote sensing and ground transects.   

c. Decrease the acreage infested with tamarisk on public land in the ACEC to 32% of 
the initial infestation by the end of the tenth year of tamarisk removal. 

i. Protocol type: Remote sensing and ground transects.  
d. Decrease the acreage infested with tamarisk on public land in the ACEC to 10% of 

the initial infestation by the end of the twentieth year of plan implementation. 
i. Protocol type: Remote sensing and ground transects. 

e. Eliminate 90% of resprouts that occur each year following treatments. 
i. Protocol type: Remote sensing and ground transects. 

f. Decrease the acreage infested with tamarisk on private and State land in and adjacent 
to the ACEC to 40% of the initial infestation by the end of the tenth year of tamarisk 
removal. 

i. Protocol type: Remote sensing and ground transects.   



 

g. Decrease the acreage infested with tamarisk on private and state land in the ACEC to 
10% of the initial infestation by the end of the twentieth year of plan implementation. 

i. Protocol type: Remote sensing and ground transects. 
2. Implement, as needed, a controlled burn program to further supplement weed control projects 

and/or to eliminate refuse from mechanical removal. 
a. See action number 1 above.  

3. Conduct active riparian restoration, as needed, by introducing native riparian plant species 
into areas of weed control and other priority damaged areas. 

a. Establish, through natural regeneration and/or active planting, native riparian 
vegetation at 100% of the tamarisk removal sites that are suitable to support native 
riparian species. 

i. Protocol type: Remote sensing and ground transects.  
b. Maintain a 50% survival rate of planted native species at riparian restoration sites 

over the life of the restoration program. 
i. Protocol type: Remote sensing and ground transects or plant survival counts.  

ii. Sampling objective:  Be 90% certain that estimates of the number of 
seedlings at a given seeded restoration site are within 10% of the true value. 

c. Maintain species richness of native perennial vascular plants within 20% of the values 
observed during initial inventory at permanent sampling locations (i.e. strata in which 
plot is located). 

i. Protocol type:  Combined transect- plant diversity permanent plots. 
ii. Sampling objective:  Be 85% certain of detecting a 20% change in perennial 

vascular plant species richness with a 15% chance of a false change error. 
4. Use the results of bird surveys and literature review of microhabitat requirements to design 

projects that encourage the nesting of listed and candidate bird species.  (See under Goal E 
below). 

a. Maintain richness of migratory birds so that values do not drop more than 20% below 
the values observed during the inventory of a similar climatic year2 over the life of 
the plan at permanent point count locations (i.e. strata in which plot is located). 

i. Protocol type:  Combined transect- point counts. 
ii. Sampling objective:  Be 85% certain of detecting a 20% change in migratory 

bird species richness with a 10% chance of a false change error.     
b. Maintain richness of non-migratory birds so that values do not drop more than 20% 

below the values observed during the inventory of a similar climatic year over the life 
of the plan at permanent point count locations (i.e. strata in which plot is located). 

i. Protocol type:  Combined transect- point counts. 
ii. Sampling objective:  Be 85% certain of detecting a 20% change in non-

migratory bird species richness with a 10% chance of a false change error.  
5. Prohibit ground fires on public lands within the ACEC. 

a. No monitoring objectives established. 

                                                 
2 Similar climatic year means for the two years being compared means that (1) total winter precipitation (December, 
January, February) should be similar (+/- 1 inches total for the three months), (2) total spring and summer 
precipitation (March, April, May, June, July, August) should be similar (+/- 0.5 inches total for the three months), 
(3) mean winter months’ high and low temperatures should be similar (+/- 10 degrees Fahrenheit), and (4) mean 
summer months’ high and low temperatures should be similar (+/- 5 degrees Fahrenheit). 
 



 

6. Initiate additional active riparian and upland restoration in priority degraded areas within the 
ACEC. 

a. See action number 3 above. 
7. Take steps to restore and maintain the natural sinuosity of the Amargosa River in order to 

minimize unnatural down cutting. 
a. No monitoring objectives established. 

 
 
B. Protect and prevent irreparable damage to threatened and endangered species and 

their habitat 
 
This management goal addresses the protection and maintenance of populations and habitat of 
threatened and endangered species, including BLM-sensitive species, found in the ACEC.  
Monitoring to be done under this planning goal will be performed in the Carson Slough and the 
Central Amargosa Units.  Management actions from the ACEC plan focus on public education, 
control of visitor use, control of non-native competitive fauna, and reducing non-native 
predators.  Monitoring will look at the success of implementing these efforts and to what extent 
implementing these actions reverse the loss of or stabilize populations and habitat of sensitive 
and listed species. 
 
Many of the actions listed in the management plan for this planning goal are part of the recovery 
plans for listed species, and are meant to be collaborative, interagency efforts that BLM may or 
may not lead.  In cases, where BLM is not the lead agency, BLM will cooperate with the lead 
agency.  Success in implementing some of these management actions is dependent on funding 
and availability of the resources of other agencies.  For this reason, the monitoring objectives and 
survey protocols listed here may be modified once interagency implementation begins. 
 
The following monitoring objectives and survey protocols will be used in order to determine the 
success of BLM management actions, including collaborative implementation of recovery plans, 
in meeting this planning goal: 
 
8. Reduce direct and indirect impacts to listed and special status plants by maintaining existing 

protective fences.  Fence, restore closed routes, and/or sign known listed or special status 
plant population centers that have determined to be impacted by human or other disturbances. 

a. Maintain 100% of the occurrences of Amargosa niterwort discovered during initial 
inventory in Grimshaw Basin and the Lower Carson Slough regions of the ACEC.  
Maintain the number of rametes at each occurrence site within 30% of the number of 
rametes observed during initial inventory. 

i. Protocol type:  Walking transects in suitable habitat; permanent plots within 
population boundaries. 

ii. Sampling objective:  Be 85% certain of detecting a 30% change in Amargosa 
niterwort occurrence size with a 10% chance of a false change error.       

b. Maintain 100% of the occurrences of Ash Meadows gumplant discovered during 
initial inventory of the Lower Carson Slough.  Maintain the number of individuals at 
each occurrence site within 30% of the number of individuals estimated during initial 
inventory. 



 

i. Protocol type:  Walking transects in suitable habitat. 
ii. Sampling objective:  Be 85% certain of detecting a 30% change in Ash 

Meadow’s gumplant occurrence size with a 10% chance of a false change 
error.       

c. Maintain 100% of the populations of spring-loving centaury discovered during initial 
inventory of the Lower Carson Slough. 

i. Protocol type:  Walking transects in suitable habitat. 
d. Maintain 100% of the populations of Tecopa Bird's Beak discovered during initial 

inventory at Tecopa Hot Springs, Grimshaw Basin, and the Lower Carson Slough. 
i. Protocol type:  Walking transects in suitable habitat. 

e. Maintain 100% of the populations of White Bear Poppy discovered during initial 
inventory at Tecopa Hot Springs, Grimshaw Basin, and the Lower Carson Slough. 

i. Protocol type:  Walking transects in suitable habitat. 
9. Construct a vehicle barrier at the mouth of Cowboy Canyon to protect riparian listed species 

habitat. 
a. Detect 100% of vehicle incursions.   

i. Protocol type:  BLM employee and volunteer patrol. 
10. Maintain the existing off-highway vehicle (OHV) barriers at the southern end of the 

Amargosa River ACEC adjacent to Sperry wash.  These barriers protect wilderness values 
and support the existing OHV vehicle closure in Amargosa Canyon to protect listed species 
and their habitat. 

a. Detect 100% of vehicle incursions.   
i. Protocol type:  BLM employee and volunteer patrol of trails and other well-

used areas. 
11. Survey the location of current and proposed land use authorizations for potential adverse 

effects to the listed species or their habitat and develop and/or implement specific protection 
or avoidance measures, dependent on location, threats, and other relevant factors. 

a. Maintain listed species occupation in 100% of the currently occupied habitat over the 
life of this plan. 

i. Protocol Type: 
• Amargosa vole:  Small mammal live trapping.  Will require other 

agencies’ cooperation and input. 
• Listed birds: Combined transects: habitat assessment at point count 

location. 
• Listed plants:  ground transects. 

12. Motorized vehicles will be limited to designated routes of travel by the 2004 NEMO Route 
of Travel process. 

a.  Detect 100% of vehicle incursions.   
i. Protocol type:  BLM employee and volunteer patrol of trails and other well-

used areas. 
13. Enter into cooperative agreements with State and private landowners to limit vehicle access 

in the ACEC to the 2004 NEMO Route of Travel designations. 
a. Detect 100% of vehicle incursions. 

i. Protocol type:  BLM employee and volunteer patrol of trails and other well-
used areas. 

14. Eliminate bathing at native hot springs in the ACEC. 



 

a. Maintain 100% of the bulrush habitat adjoining native hot springs as suitable 
Amargosa vole habitat. 

i. Protocol type:  Ground transects and small mammal live trapping.  Trapping 
will require other agencies’ cooperation and input. 

b. Native hot springs will remain trespass, litter, and improvement-free. 
i. Protocol type:  BLM employee or volunteer patrols. 

15. Reduce the numbers of exotic fauna within listed species habitat consistent with protocols in 
appendix I.  This may include, but is not limited to: 
• the house mouse 
• free-roaming and/or feral domestic cats 
• brown-headed cowbirds 

a. Should control measures be documented as necessary, decrease the abundance of 
house mice in the Grimshaw Basin by 70% over the life of this plan. 

i. Protocol type:  Small mammal live trapping in suitable vole habitat.  Will 
require other agencies’ cooperation and input. 

b. Should control measures be documented as necessary, decrease the number of stray 
domestic cats in the Tecopa Hot Springs and Grimshaw Basin area by 80% over the 
number observed during initial inventory over the life of the plan. 

i. Protocol type:  Medium-sized mammal live trapping for felids within and 
near suitable vole habitat.  Will require other agencies’ cooperation and input. 

c. Decrease the number of brown-headed cowbirds observed on combined avian point 
count transects in the Amargosa Canyon by 90% over the number observed during 
initial inventory.  Cowbirds will be controlled by trapping using standard protocols.  

i. Protocol type:  Point count transects; look for nest parasitism during 
southwestern willow flycatcher and least Bell’s vireo nest surveys. 

16. Periodically review the fire management plan for the region and modify it if necessary to 
assure that it continues to provide appropriate protection and mitigation for listed and 
sensitive species and their habitat during wildfire suppression and managed fire operations. 

a. Document review in case file every ten years and after any unanticipated fire events 
in the ACEC. 

 
 
C. Take prudent, proactive steps towards recovery of threatened and endangered species 

and their habitat 
 
This management goal addresses the protection and enhancement of listed and sensitive species 
populations and their habitat within the ACEC.  These actions are concentrated in the Carson 
Slough and Central Amargosa Units of the ACEC.  Management actions from the ACEC plan 
focus on enhancing existing habitat and its ability to support listed and sensitive species, 
expansion of populations into unoccupied habitats, and maintaining established or enhanced 
populations.  Monitoring will examine the success of implementing these efforts and their 
efficacy. 
 
Many of the actions listed in the management plan for this planning goal are part of the recovery 
plans for listed species, and are meant to be collaborative, interagency efforts that BLM may or 
may not lead.  In cases where BLM is not the lead agency, BLM will cooperate with the lead 



 

agency.  Success in implementing some of these management actions is dependent on funding 
and availability of the resources of other agencies.  For this reason, the monitoring objectives and 
survey protocols listed here may be modified once interagency implementation begins. 
 
The following monitoring objectives and survey protocols will be used in order to determine the 
success of BLM management actions, including collaborative implementation of recovery plans, 
in meeting this planning goal: 
 
 
17. Develop a formalized agreement between BLM, CDFG, GS, and FWS for the 

implementation of actions in the Amargosa Vole Recovery Plan.  BLM will encourage the 
establishment an interagency Amargosa Vole Recovery Team (VRT) that meets regularly to 
coordinate and evaluate and prioritize Amargosa vole research and recovery actions.  
Amargosa vole recovery actions considered for evaluation and prioritization should include: 
• Identify any additional threats to the vole. 

a. No monitoring objectives established. 
• Enhancement of habitat in current wetlands that could support populations of Amargosa 

vole. 
b. Increase the occupation of suitable vole habitat above 1370 feet, so that 100% of the 

suitable habitats are occupied with stable populations at the end of this twenty-year 
plan. 

i. Protocol type:  Small mammal live trapping for Amargosa vole.  Will require 
other agencies’ cooperation and input. 

• Expansion of wetland habitat into selected saltgrass meadows that may support 
populations of Amargosa vole 
c. Increase the amount of suitable vole habitat by 10% over the life of this plan. 

i. Protocol type:  Ground transects. 
• Increasing the level of gene flow between existing, isolated populations of Amargosa 

vole, this may include establishment and restoration of wetland corridors and/or an 
expanded Amargosa vole translocation program. 
d. Increase the level of gene flow between isolated vole subpopulations over the life of 

this plan. 
i. Protocol type:  Small mammal live trapping for Amargosa vole.  Will require 

other agencies’ cooperation, input, and development of genetic protocols. 
e. Increase the level of genetic diversity in all isolated subpopulations of the Amargosa 

vole over the life of this plan. 
i. Protocol type:  Small mammal live trapping for Amargosa vole.  Will require 

other agencies’ cooperation, input, and development of genetic protocols. 
• Carrying out a focused Amargosa vole research and survey program that will provide 

information to enhance populations 
f. No monitoring objectives established. 

18. Prioritize and evaluate, in consultation and coordination with Ash Meadows National 
Wildlife Refuge, the issues related to the recovery and research of the Ash Meadows 
gumplant  and Amargosa niterwort such as: 
• Establishment of new Ash Meadows gumplant  and Amargosa niterwort  populations in 

unoccupied, suitable habitat, based on monitoring results and literature review 



 

a. Protect niterwort and gumplant populations so that that 85% of the suitable habitat 
identified within the ACEC is occupied. 

i. Protocol type:  Permanent plots within population boundaries; collection of 
microhabitat data; survival counts and plant measurements at newly 
established populations. 

• Monitoring to better determine specific habitat requirements for Ash Meadows gumplant 
(Grindelia fraxino-pratensis) and Amargosa niterwort (Nitrophila mohavensis) 
b. No monitoring objectives established. 

 
 
D. Conserve and Protect water resources essential to maintenance of valued resources and 

habitat 
 
This management goal addresses the protection of water resources within the ACEC.  These 
actions are being implemented throughout the entire Amargosa River Watershed.  They focus on 
the maintenance of in-stream flows, spring outflows, and groundwater levels to support species 
and vegetation community diversity, scenic and wilderness values, and habitat for listed and 
sensitive species in the ACEC.  Management actions from the ACEC plan include protection of 
water sources from human disturbance, prohibiting stream diversions and geothermal 
development, assertion of federal water rights, protesting water rights applications, and 
cooperation with other agencies and entities in the watershed.  Monitoring will look at the 
efficacy of implementing these actions to conserve water resources within the ACEC.  
Monitoring will also serve as an early warning for drops in water levels.  The following 
monitoring objectives and survey protocols will be used in order to determine the success of our 
management actions in meeting this planning goal. 
 
19. Prohibit new non-administrative, discretionary stream diversions and groundwater disturbing 

activities on public lands within the ACEC. 
a. Absent seasonal and yearly climatic differences, maintain 100% of the water flowing 

downstream in the Amargosa River needed for the purposes of the Kingston Range 
Wilderness and Wild and Scenic River.  Maintain ground water levels sufficient to 
maintain 100 % of the current suitable habitat for the vole and listed plants. 

i. Protocol type:  Automated stream/spring flow gauges, monitoring wells 
and/or weirs. 

20. Prohibit discretionary geothermal development and exploration in the ACEC. 
a. Absent seasonal and yearly climatic differences, maintain 100% of the water flowing 

downstream in the Amargosa River needed for the purposes of the Kingston Range 
Wilderness and Wild and Scenic River.  Maintain ground water levels sufficient to 
maintain 100% of the current suitable habitat for the vole and listed plants. 

i. Protocol type:  Automated stream/spring flow gauges, monitoring wells 
and/or weirs. 

21. Do not authorize land uses within the Amargosa watershed that would result in the 
deterioration of water quality or quantity within the ACEC or that may adversely affect listed 
species through their direct or cumulative effects.  Develop protective measures as 
appropriate and notify responsible state water control agencies as appropriate.  Coordinate 



 

efforts with Death Valley National Park, Las Vegas Field Office, and Ash Meadows National 
Wildlife Refuge. 

a. Absent seasonal and yearly climatic differences, maintain 100% of the water flowing 
downstream in the Amargosa River needed for the purposes of the Kingston Range 
Wilderness and Wild and Scenic River.  Maintain ground water levels sufficient to 
maintain 100% of the current suitable habitat for the vole and listed plants. 

i. Protocol type:  Automated stream/spring flow gauges, monitoring wells 
and/or weirs. 

22. Assert Federal Reserve water rights for Kingston Range Wilderness, Wild and Scenic River, 
and Public Water Reserves and file for appropriated water rights to conserve existing water 
sources that support the ACEC's resources and values. 

a. Absent seasonal and yearly climatic differences, maintain 100% of the water flowing 
downstream in the Amargosa River needed for the purposes of the Kingston Range 
Wilderness and Wild and Scenic River.  Maintain ground water levels sufficient to 
maintain 100% of the current suitable habitat for the vole and listed plants. 

i. Protocol type:  Automated stream/spring flow gauges, monitoring wells 
and/or weirs. 

23. Utilize the U.S. Geological Survey (GS) Death Valley Regional Flow System (DVRFS) 
Model (Belcher, W.R., ed., 2004) or the best available technology to model the aquifers that 
feed the within the ACEC.  Key questions include: 
• Source of recharge 
• Hydrologic connectivity with neighboring basins and hydrologic systems 
• Effects of local and regional groundwater withdrawals 

a. Absent seasonal and yearly climatic differences, maintain 100% of the water flowing 
downstream in the Amargosa River needed for the purposes of the Kingston Range 
Wilderness and Wild and Scenic River.  Maintain ground water levels sufficient to 
maintain 100% of the current suitable habitat for the vole and listed plants. 

i. Protocol type:  Best available technology, currently USGS Numerical Three-
dimensional Transient Ground Water Flow Model of DVRFS (Belcher, W.R., 
ed., 2004). 

 
E. Implement an inventory and monitoring strategy 
 
This is goal measures success in the implementation of this monitoring plan and provides 
information for managers to make informed decisions.  Success for most Management Actions 
has been addressed under the other seven goals through the monitoring and sampling objectives.  
However, additional management actions provide broad baseline inventory information that may 
be used across multiple goals, and may or may not require a specific monitoring strategy.  
Success may measured by the collection and compilation of data, and its integration into existing 
mapping layers for the ACEC, or may be measured by specific monitoring objectives.   
 
24. Install and maintain stream monitoring equipment to quantify river flows in the Amargosa 

Canyon. 
a. Establish baseline of seasonal in-stream flow volumes as determined by ongoing data 

collection at gauging stations.  Determine flows required to sustain ACEC resources 
and the sources of non-seasonal flow changes. 



 

i. Protocol type:  Automated gauging stations and monitoring with notched 
weirs at spring outflows. 

25. Identify, map, and/or monitor groundwater sources and springs within the ACEC. 
a. Maintain water quality and quantity at all springs within the ACEC over the life of 

this plan.  
i. Protocol type: Desert Managers Group Level I spring survey protocols and 

BLM Proper Functioning Conditions assessment. 
26. Monitor and evaluate habitat trends and conditions specific to listed species on public lands 

throughout the ACEC and work with private landowners, the State, and other federal 
agencies to identify listed species habitat and habitat trends throughout the ACEC. 

a. Maintain the condition of 100% of suitable listed species habitat as stable or 
improving/expanding. 

i. Protocol type:  Walking ground transects and permanent study plots. 
27. Conduct multi-year surveys to establish vegetation baseline in the ACEC, including 

additional populations of listed and sensitive plant species.  Monitor suitable listed and 
sensitive plant habitat, track population trends, and identify additional recovery needs.  
Monitor changes in vegetation characteristics over time, once a baseline is established.  
Identify thresholds for substantial change that would trigger the reevaluation of strategies.  

a. Obtain a series or association level vegetation map for the ACEC (no monitoring 
objectives). 

b. Establish baseline of wetland vegetation and permanent plots for species and 
vegetation richness throughout the ACEC. 

i. Protocol type:  Walking ground transects and permanent study plots. 
28. Monitor levels of visitor use of the ACEC trail system and watchable wildlife areas with 

visitor registers, periodic visitor counts, traffic counters, and other methods. 
a. Maintain visitor use levels at or below established recreational carrying capacities. 

i. Protocol types:  visitor registers, visitor counts, traffic counters. 
29. Monitor water uses from new BLM land use authorizations within the California portion of 

the Amargosa watershed. 
a. No monitoring objectives established. 

30. Identify sensitive resources that have been or are subject to being degraded by improper use, 
ongoing erosion, or are potential health and safety hazards. 

i. Protocol types:  remote sensing and/or regular on-the-ground patrol by BLM 
employees and volunteers of ACEC roads, trails, and use areas. 

31. Monitor for effectiveness of restoration efforts. 
a. See above under management goal A. 

32. Monitor any newly established populations of Ash Meadows gumplant and Amargosa 
niterwort to determine the success of these new populations. 

a. See action number 18 above. 
33. Monitor recreational activities to identify adverse effects to habitat, sensitive resources, and 

facilities using appropriate on-the-ground and remote methodologies. 
i. Protocol types:  remote sensing and/or regular on-the-ground patrol by BLM 

employees and volunteers of ACEC roads, trails, and use areas. 
34. Conduct regular focused research and surveys for listed, sensitive, and other riparian birds to 

determine variety, abundance, nesting locations, and information to maintain and enhance 
nesting populations.  Determine changes to nesting status. 



 

a. Increase the amount of native southwestern flycatcher (SWWFC) and least Bell’s 
vireo (LBV) habitat by 80% over initial inventory in the Amargosa Canyon over the 
life of this plan. 

i. Protocol type:  Combined transects: habitat assessment at point count 
location. 

ii. Sampling objective:  Be 80% certain that estimates of southwestern willow 
flycatcher and least Bell’s vireo habitat area is within 10% of the true value 
for the Amargosa Canyon and Willow Creek drainages. 

b. Increase the spring breeding population sizes of LBV and SWWFC in the Amargosa 
Canyon by 50% over initial inventory over the life of this plan. 

i. Protocol type: 
• LBV: FWS 2001 Revised 
• SWWFC: Sogge et al 1997(Revised 2000) for presence absence. 

c. Increase the number of successful SWWFC and LBV nests by 25% over the number 
discovered during initial inventory. 

i. Protocol type:  Spot mapping and nest surveys within territories. 
d. If Cuckoo nests are found during bird surveys, increase the amount of nesting and 

foraging habitat in the Amargosa Canyon by 50%. 
i. Protocol type:  Combined transects- habitat assessment at point counts. 

ii. Sampling objective:  Be 80% certain that estimates of yellow-billed cuckoo 
habitat area is within 10% of the true value for the Amargosa Canyon and 
Willow Creek drainages. 

e. Maintain the number of successful Cuckoo nests in the Amargosa Canyon no less 
than 90% of the number observed during initial inventory. 

i. Protocol type:  Spot mapping and nest surveys within territories. 
f. Increase the amount of suitable nesting and foraging habitat within the Amargosa 

Canyon by 80% for yellow warblers, yellow-breasted chats, vermillion flycatchers, 
Virginia’s warblers, and crissal thrashers. 

i. Protocol type:  Combined transects: habitat assessment at point count 
location. 

ii. Sampling objective:  Be 80% certain that estimates of yellow warbler, 
yellow-breasted chat, vermillion flycatcher, Virginia’s warbler, and crissal 
thrasher habitat area is within 10% of the true value for the Amargosa Canyon 
and Willow Creek drainages. 

35. Monitor surface water quality at pre-selected locations to gauge condition and trend. 
a. Maintain water quality within Environmental Protection Agency standards 

i. Protocol type: Standard water quality test kits and protocols combined with 
California Streamside Biodiversity Survey. 

36. Document cultural resources within the ACEC through an archaeological inventory of 
culturally significant portions of the ACEC.  This inventory will fulfill Section 110 of the 
National Historic Preservation Act (NHPA) and use any of the methods or techniques 
suitable for Section 110 surveys.  Monitor locations exhibiting intense use and areas with 
fragile cultural resources. 

i. Protocol type:  Current Section 110 protocols to be used. 
37. Survey for populations of Amargosa River pupfish and the Amargosa Canyon speckled dace. 



 

a. Maintain the abundance of Amargosa pupfish and Amargosa River speckled dace 
within 30% of the abundance determined through initial inventory. 

i. Protocol type:  Seining. 
ii. Sampling objective:  Be 90% certain of detecting a 30% change in Amargosa 

pupfish and Amargosa speckled dace with a 10% chance of making a false 
change error. 

b. Maintain 100% of the current amount of riverine habitat preferred by the Amargosa 
speckled dace and the Amargosa river pupfish. 

i. Protocol type:  Riverine fish habitat assessment.   
ii. Sampling objective:  Be 80% certain that estimates of Amargosa speckled 

dace and Amargosa pupfish habitat area is within 10% of the true value for the 
Amargosa ACEC. 

38. Conduct an Order III soil survey for the ACEC that will include a series or association level 
vegetation map for the ACEC. 

i. Protocol type:  USGS current protocols. 
39. Inventory invertebrate populations and assemblages in the ACEC, and monitor sensitive fish 

and invertebrate microhabitats to identify trends and threats. 
a. See action numbers 35 and 37 above and action number 41 below. 

40. Conduct an in-stream flow study to document flows required to sustain resources and values 
within the ACEC.  Model historic flows.  Attempt to identify causes for non-seasonal 
changes. 

a. Document in-stream flows required to maintain sensitive riparian, wetland, and 
riverine habitats and wilderness, wild and scenic river, cultural, scenic, and 
recreational values. 

i. Protocol type:  Yet to be determined. 
41. Monitor species diversity, richness, and abundance for mammalian, avian, reptilian, 

amphibian, and vascular plant taxa within the ACEC.  Identify thresholds for substantial 
change that would trigger reevaluation of strategies. 

a. Maintain richness of small mammal species so that values do not drop more than 20% 
below the values observed during the inventory of a similar climatic year over the life 
of the plan at permanent trapping arrays (i.e. strata in which plot is located). 

i. Protocol type:  Combined transect- small mammal live trapping arrays. 
ii. Sampling objective:  Be 85% certain of detecting a 20% change in small 

mammal species richness with a 10% chance of a false change error. 
b. Maintain relative abundance of small mammal species so that values do not drop 

more than 20% below the values observed during the inventory of a similar climatic 
year over the life of the plan at permanent trapping arrays (i.e. strata in which plot is 
located). 

i. Protocol type:  Combined transect- small mammal live trapping arrays. 
ii. Sampling objective:  Be 85% certain of detecting a 20% change in small 

mammal relative abundance with a 10% chance of a false change error. 
c. Maintain richness of reptilian species so that values do not drop more than 20% 

below the values observed during the inventory of a similar climatic year3 over the 
life of the plan (i.e. strata in which plot is located). 

                                                 
3 Similar climatic year means for the two years being compared means that (1) total winter precipitation (December, 
January, February) should be similar (+/- 1 inches total for the three months), (2) total spring and summer 



 

i. Protocol type:  Combined transect- pitfall arrays. 
ii. Sampling objective:  Be 85% certain of detecting a 20% change in reptile 

species richness with a 10% chance of a false change error. 
d. Maintain relative abundance of reptilian species so that values do not drop more than 

20% below the values observed during the inventory of a similar climatic year over 
the life of the plan (i.e. strata in which plot is located). 

i. Protocol type:  Combined transect- pitfall arrays. 
ii. Sampling objective:  Be 85% certain of detecting a 20% change in relative 

abundance with a 10% chance of a false change error. 
e. Maintain in-stream invertebrate species richness and abundance within 10% of the 

value determined by initial inventory as a measure of water quality. 
i. Protocol type:  California Streamside Biodiversity Survey. 

f. Maintain populations of springsnails in 100% of the springs they are seen in upon 
initial inventory. 

i. Protocol type: Presence/absence for springsnails. 
g. Maintain richness of migratory birds so that values do not drop more than 20% below 

the values observed during the inventory of a similar climatic year4 over the life of 
the plan at permanent point count locations (i.e. strata in which plot is located). 

i. Protocol type:  Combined transect- point counts. 
ii. Sampling objective:  Be 85% certain of detecting a 20% change in migratory 

bird species richness with a 10% chance of a false change error. 
h. Maintain relative abundance of migratory birds so that values do not drop more than 

20% below the values observed during the inventory of a similar climatic year over 
the life of the plan at permanent point count locations (i.e. strata in which plot is 
located). 

i. Protocol type:  Combined transect- point counts. 
ii. Sampling objective:  Be 85% certain of detecting a 20% change in migratory 

bird relative abundance with a 10% chance of a false change error. 
i. Maintain richness of non-migratory birds so that values do not drop more than 20% 

below the values observed during the inventory of a similar climatic year over the life 
of the plan at permanent point count locations (i.e. strata in which plot is located). 

i. Protocol type:  Combined transect- point counts. 
ii. Sampling objective:  Be 85% certain of detecting a 20% change in non-

migratory bird species richness with a 10% chance of a false change error. 
j. Maintain relative abundance of non-migratory birds so that values do not drop more 

than 20% below the values observed during the inventory of a similar climatic year 
over the life of the plan at permanent point count locations (i.e. strata in which plot is 
located). 

i. Protocol type:  Combined transect- point counts. 

                                                                                                                                                             
precipitation (March, April, May, June, July, August) should be similar (+/- 0.5 inches total for the three months), 
(3) mean winter months’ high and low temperatures should be similar (+/- 10 degrees Fahrenheit), and (4) mean 
summer months’ high and low temperatures should be similar (+/- 5 degrees Fahrenheit). 
 
 
  



 

ii. Sampling objective:  Be 85% certain of detecting a 20% change in non-
migratory bird relative abundance with a 10% chance of a false change error. 

 
F. Provide recreation opportunities that are consistent with resource protection 
 
This planning goal addresses the maintenance and monitoring of recreational opportunities 
within the ACEC.  These actions are primarily being implemented in the Central Unit of the 
ACEC, which is the major recreational destination within the ACEC.  They focus on the 
maintenance of trail opportunities, prevention of adverse effects to resources, and providing 
adequate information and facilities to the visiting public.  Monitoring will look at the 
maintenance and effectiveness of mechanisms to direct visitor uses appropriately, visitor 
experiences, and changing visitor use levels in the Central Amargosa Unit.  The following 
monitoring objectives and survey protocols will be used in order to determine the success of our 
management actions in meeting this planning goal: 
 
42. Build an OHV exclusion barrier at the trailhead of the rerouted northern end of the Tecopa 

Trail, and restore the previous trailhead, as needed. 
a. See action numbers 3 and 12 above. 

43. Prohibit the discharge firearms on public lands within the ACEC except shotguns when 
engaged in legal hunting. 

i. Protocol type:  ranger patrol of roads, trails, and other well-used areas. 
44. Prohibit overnight camping on public lands within the Central Unit of the ACEC. 

i. Protocol type:  ranger patrol of roads, trails, and other well-used areas. 
45.  Implement Trail Plan Alternative A 

a. See Appendix B. 
46. Maintain a pack it in pack it out policy on public lands within the ACEC. 

a. No detection of litter or illegal dumping on ACEC roads, trails, or other well-used 
areas. 

i. Protocol type:  BLM employee and volunteer patrol of trails and other well-
used areas. 

47. Implement Interpretive Plan Alternative A 
a.  See Appendix C 
 
 

G. Protect sensitive historical, cultural, and scenic values 
 
This planning goal addresses the maintenance and monitoring of cultural, historic, and scenic 
important and relevant values within the ACEC.  These actions are primarily being implemented 
in the Central Amargosa Unit.  Because of its water, the Central Amargosa Unit has been the 
major focus of prehistoric and historic use.  It currently receives the most use within the ACEC 
therefore creating the potential for damage to these values.  Monitoring will meet inventory and 
survey needs and the maintenance and effectiveness of mechanisms to prevent or reverse adverse 
affects in the Central Amargosa Unit.  The following monitoring objectives and survey protocols 
will be used in order to determine the success of our management actions in meeting this 
planning goal: 
 



 

48. Protect cultural resources that display adverse effects by signing or fencing. 
a. Identify sensitive resources that have been or are subject to being degraded by 

improper use, ongoing erosion, or are potential health and safety hazards. 
i. Protocol type:  BLM employee and volunteer patrol of trails and other use 

areas combined with pedestrian surveys by a qualified archaeologist. 
b. Protect cultural and scenic resources that display adverse effects by signing or 

fencing. 
i. Protocol type:  BLM employee and volunteer patrol of trails and other use 

areas combined with pedestrian surveys by a qualified archaeologist. 
 
H. Provide consistent management of public ands within ACEC Boundaries 
 
No monitoring objectives will be developed for this planning goal, and associated management 
actions 49 through 54.  Monitoring of this planning goal will be accomplished in the context of 
overall plan implementation tracking and monitoring. 
 
 
Monitoring Protocol Parameters5 
 
Ground Transects 
Ground transects will be used in the monitoring of tamarisk infestations and the extent of 
wetland vegetation and Amargosa vole habitat within the ACEC. 
 
Ground transects to monitor tamarisk infestations - These transects will be performed to track the 
progress of tamarisk removal when implementing the BLM Barstow’s ten-year weed control 
plan.  Transects will be walked in the Amargosa Canyon, Grimshaw Basin, Willow Creek, and 
Upper Amargosa Unit portions of the Amargosa River ACEC.  Transects may also be run on 
segments of the Amargosa River between Shoshone and the Central Amargosa Unit north 
boundary.  On-the-ground scouting will determine the general locations of tamarisk infestations 
within the ACEC.  Aerial photography may also be used to identify and quantify these locations.   
 
Once an infestation is located, a walking transect will be performed in the area until the edge of 
an infestation is reached.  The surveyor will walk the perimeter of the infestation or use some 
other method to map the boundary of the infestation.  The polygons of infestation will be entered 
into GIS6 and acreages for each polygon will be recorded and compared to remote sensing data.  
Initial inventory will be performed prior to year-one of removal efforts.  Monitoring surveys at 
each treatment site will be performed immediately after removal efforts for the first two years.  
There will be another monitoring survey at treatment sites in year six after initial removal efforts.  
Following year six, monitoring will be performed every four years for the life of the management 
plan.   

                                                 
5 Methodologies may be changed to reflect updated protocols or technologies as appropriate.  Monitoring that 
requires an accumulation of data over time may not utilize updated protocols, in order to assure comparability of 
data sets. 
6 A Geographic Information System is a computer-based program that allows the user to show, print, modify, 
combine, and analyze information on various data layers for the same geographic location.  Data may be based on 
points, lines (one-dimensional), or polygons (two-dimensional). 



 

 
Ground transects to monitor the extent of wetland vegetation and Amargosa vole habitat - These 
transects will be performed to monitor the extent of wetland vegetation communities and 
Amargosa vole habitat within the ACEC.  Transects will be walked in Amargosa Canyon, 
Grimshaw Basin, and Willow Creek.  On-the-ground scouting will be done to determine the 
general locations of wetland vegetation within the Central Unit of the ACEC.  Aerial 
photography may also be used to identify these locations.   
 
Once a wetland vegetation site is located, a walking transect will be performed in the area until 
the edge of a wetland vegetation patch is reached.  The surveyor will walk the boundary of the 
wetland or use some other method to map the boundary.  The polygons of wetland vegetation 
will be entered into GIS and acreages for each polygon will be recorded.  Areas within wetland 
vegetation patches that are dominated by Scirpus olneyi (Olney's Three-Square) will be 
considered prime vole habitat.  Modification of the definition of prime vole habitat will be made 
as additional requirements for the Amargosa vole are understood.  Initial inventory will be 
performed in year one to obtain a baseline of wetland vegetation and vole habitat acreage within 
the ACEC.  Following any wetland expansion, inventory of the extent of wetland vegetation and 
vole habitat will be performed every year for three years.  Monitoring of stable wetland patches 
will occur once every five years.  Monitoring should occur in the spring between March and 
May.  
 
Plant Survival Counts 
Plant survival counts will be used at restoration sites to gauge the success of the restoration 
effort.  Plant counts will also be performed at sites where Amargosa niterwort and Ash Meadows 
gumplant are established in unoccupied suitable habitats. 
 
Plant counts to monitor survival at riparian and upland restoration sites - When seeding or 
natural regeneration is used, a baseline will be established after three years of monitoring to 
allow for low germination rates and low recruitment success of restoration sites in the desert.  
The spring following restoration, the site will be monitored to determine germination success.  
On small sites, it may be possible to do an absolute count, but on larger sites, it will be necessary 
to sample.  Belt transects will be the sampling methodology used in order to determine 
germination.  Belt transects will be 100m long and 4m wide.  Twelve square plots (4m x 4m) 
will be placed along the length of the belt transect at random locations.  After these locations are 
determined in year-one, they will remain the same throughout the first three years of monitoring 
following active restoration using seeding.   
 
The minimum sample size of square plots, and thus the number of belt transects needed per site, 
will be determined in year-one following collection of pilot data on each site.  Statistical analysis 
to determine the minimum sample size can be done following the steps described in the 
Combined Transects section of this monitoring plan using the Formula I-2 shown in that section.  
The three years of data from the square plots will be used to estimate the number of individuals 
for the site as a whole and thus serve as a baseline for success.  Depending on the plant species 
and the size of the site, the size of the belt transects may need to be increased.  Larger plot 
frames may also be necessary due to the growth of the plants.  The method for sampling and the 
need for pilot data and minimum sample size calculations will remain the same.  Upon 



 

establishment of a reasonable survival rate, these sites will be monitored consistent with other 
riparian restoration sites.   
 
Monitoring at sites where container planting or pole planting has occurred will begin when the 
restoration work occurs.  The number of plants or poles place in the ground will serve as the 
initial inventory.  The site will be visited every year for the first three years following planting to 
determine success.  The number of individuals surviving will be compared to the initial 
inventory to determine the survival rate.  All plant counts, regardless of the method of site 
restoration, should be performed between April and June.  Upon establishment of a reasonable 
survival rate, these sites will be monitored consistent with other riparian restoration sites.   
 
Plant counts at Amargosa niterwort and Ash Meadows gumplant restoration sites - Monitoring at 
sites where niterwort and gumplant plantings have occurred will begin when the restoration work 
occurs.  The number of plants placed in the ground will serve as the initial inventory.  The site 
will be visited every year for the first three years following planting to determine success.  The 
number of individuals surviving will be compared to the initial inventory to determine the 
survival rate.  All plant counts for niterwort and gumplant should be performed between May 
and September.  Upon establishment of a reasonable survival rate, these sites will be monitored 
consistent with other niterwort and gumplant sites, using the combined-transects methodology, 
as discussed below.   
 
Combined Transects 
Permanent combined transects will be used to measure changes in the biodiversity of the ACEC.  
Biodiversity data will be collected on reptiles, small mammals, birds, and perennial vascular 
plants.  In addition, a habitat assessment will be performed at point-count sites to determine the 
amount of least Bell’s vireo, southwestern willow flycatcher, and yellow-billed cuckoo habitat is 
present in the ACEC.  There will be nine transects spread throughout the three ACEC Units.  
Each transect will be 3500m long to allow for fifteen points along each transect, with 250m 
between each point.  Transects will be distributed within the ACEC based on the following 
allocation:   

1. Upper Amargosa Unit – 1 transect 
2. Carson Slough Unit- 1 transect 
3. Central Amargosa Unit 

a. Grimshaw Basin- 2 transects 
b. Amargosa Canyon- 3 transects 
c. Willow Creek- 2 transects 

 
Within each unit, transect starting points will be randomly selected using GIS.  Transect bearings 
will be randomly selected, but constrained based on topography and so that they remain within 
the ACEC boundaries.  Transect direction will also be constrained to assure sampling points 
along each transect are proportionally allocated among the different ecological communities 
throughout the ACEC.  These strata can be defined from soil survey polygons, vegetation maps, 
and/or landforms delineated from aerial photography.   
 
In the Upper Amargosa and Lower Carson Slough Units, the starting points will be randomly 
allocated along the ACEC boundary.  Within the Amargosa Canyon and Willow Creek portions 



 

of the Central Unit, the starting points will be randomly allocated in a stratified manner.  Within 
Grimshaw Basin, the starting points will be randomly located within an area that is bound by the 
ACEC boundaries, on east and west, the Tecopa Hot Springs Road to the north, and the Old 
Spanish Trail Highway to the south.  So that data is comparable over time, there will be no 
changes in location of starting point or bearing once transects are established.  Statistical analysis 
of data collected on the various taxa may warrant the addition or deletion of transects based on 
power analysis of the first few years of data. 
 
Combined transects- point counts for avian taxa - Migratory and non-migratory avian species 
diversity, richness, and relative abundance will be measured using point-count censuses along 
each permanent combined transect.  Each transect will contain fifteen point-count stations that 
are separated by 250m.  The variable circular plot (VCP) point-count method (Rosenstock et al. 
2002) will be employed at each station to record diversity, richness, and relative abundance data.  
Bird species will be identified and recorded by sight and song.  Special note will be made of any 
cowbird species found during each census.  Distance to the bird from transects will be estimated 
to the nearest 10m for each record.  These transects will be performed in the morning within four 
hours after sunrise.  Censuses will be performed every year, between April and July, for the first 
three years of data collection, and then every five years thereafter.  Transects will be run two 
times during each season.   
 
The first three years will provide a dynamic baseline of species relative to climatic conditions.  
Census data and standard deviation values from the first two years will be statistically analyzed 
(discussed below) to determine the minimum number of transects necessary to test sampling 
objectives.  The number of permanent transects may be modified based on this information.  If a 
significant increase is needed in the number of transects to adequately test sampling objectives, 
then an additional two years of surveying will be performed to obtain the dynamic baseline.   
 
At each point-count location, the area within a circle that is 25m in radius will be assessed for its 
potential to serve as habitat for the southwestern willow flycatcher, least Bell’s vireo, yellow-
billed cuckoo, yellow warblers, yellow-breasted chats, vermillion flycatchers, Virginia’s 
warblers, crissal thrashers, and other appropriate migratory bird species.  The habitat will also be 
rated as to its quality and it will be noted if tamarisk is present.  The estimated, total area of 
suitable habitat for all point-count locations will be divided by the total area of the habitat 
assessed (total area within all 25m circles at all point-count locations combined) to arrive at an 
estimate of the percentage of the riparian zone that is suitable habitat.  This assessment will be 
performed in combination with the avian point-count transects.  Statistical analysis of year-one 
data for suitable habitat will be used to determine the minimum sample size necessary to test the 
sampling objectives.   
 
Combined transects- small mammal trapping arrays - Small mammal species diversity, richness, 
and relative abundance will be measured using Sherman Live Traps in small mammal trapping 
arrays along each permanent combined transect.  Each transect will contain five trapping arrays 
located at every third avian point-count transect station, beginning at the transect’s starting point.  
The arrays will be laid out in a wagon wheel configuration with the point-count station as the 
center of the wheel.  Each wheel array will contain eight spokes with ten traps per spoke for a 
total of eighty traps per array.  Traps will be located at 5m intervals along each spoke with no 



 

trap set at the center of the wheel.  Trapping will be performed for three consecutive nights at 
each array for a total of 240 trap-nights of effort per array.  Configuration of the array may be 
modified based on terrain restrictions.  Traps will be set at dusk and checked immediately prior 
to sunrise.  Traps will be collected and individuals will be identified to species.  Censuses will be 
performed every year, between April and August, for the first three years of data collection, and 
then every five years thereafter.   
 
The first three years of data will provide a dynamic baseline of small mammal species relative to 
climatic conditions.  Trapping data and standard deviation values from the first two years will 
statistically determine the minimum number of transects and arrays necessary to meet sampling 
objectives and the number of transects will be modified based on this information.  If a 
significant increase in the number of transects is necessary to meet sampling objectives, then an 
additional two years of surveying will be performed to obtain the dynamic baseline.  A State of 
California Scientific Collecting Permit will be necessary for this monitoring.   
 
Combined transects- reptile pitfall arrays - Reptile species diversity, richness, and relative 
abundance will be measured using pitfall trapping arrays along each permanent combined 
transect.  Each transect will contain five pitfall arrays located at every third point-count transect 
station, beginning at the transect’s second station point.  The arrays will be laid out in a wagon 
wheel configuration with the point-count station as the center of the wheel.  Each wheel array 
will contain a center pitfall trap and eight spokes with four pitfall traps per spoke for a total of 
thirty-three pitfall traps per array.  Pitfall traps will be located at 10m intervals along each spoke.  
Configuration of the array may be modified based on terrain restrictions.  Pitfall traps will be 
connected by removable barriers that will lead reptiles into the traps.  Trapping will be 
performed for three consecutive days at each array.  Pitfalls will be opened in the morning and 
checked every hour for four hours in the morning, and again for a four-hour session in the 
afternoon.  At the end of trapping, pitfalls will be closed and barriers will be removed from the 
site.   
 
Censuses will be performed every year, between April and August, for the first three years pf 
data collection, and then every five years thereafter.  The first three years will provide a dynamic 
baseline of species relative to climatic conditions.  Trapping data and standard deviation values 
from the first two years will statistically determine the minimum number of transects and arrays 
necessary to test the sampling objective.  The number of transects will be modified based on this 
information.  If a significant increase in the number of transects is necessary to adequately test 
sampling objectives, then an additional two years of surveying will be performed to obtain the 
dynamic baseline.  A State of California Scientific Collecting Permit will be necessary for this 
monitoring.   
 
Combined transect- perennial, vascular plant diversity plots - Perennial vascular plant species 
richness will be measured using permanent vegetation plots along each combined transect.  Each 
transect will contain five permanent vegetation plots located at every third point-count transect 
station, beginning at the transect’s first station.  The permanent plots will be 5m x 100m strip 
plots that follow the line of the combined transect towards its endpoint.  Each permanent plot 
will be located so that the point-count transect station that it represents will lie in the center of 
the plot (this may be modified based on terrain features).  Corners of the plot will be staked with 



 

rebar that is driven to ground level.  These corners will be mapped so that they can be relocated 
with a Global Positioning System and a metal detector.   
 
Plots will be surveyed every year, between April and June, for the first three years of data 
collection, and then every five years thereafter.  The first three years will provide a dynamic 
baseline of species relative to climatic conditions.  Vegetation data and standard deviation values 
from the first two years of survey will statistically determine the minimum number of transects 
and arrays necessary to meet the sampling objective.  The number of transects and permanent 
plots will be modified based on this information.  If a significant increase in the number of 
transects is necessary to meet the objective, then an additional two years of surveying will be 
performed, after study design changes, in order to obtain the dynamic baseline.   
 
Information collected on the plots will include percent canopy closure by species, percent 
perennial shrub cover by species and percent perennial ground cover by species (grasses and 
forbs).  Percent canopy cover data will be collected along three 100m transects that run the 
length of the plots (one on each edge, and one in the center).  The point intercept method will be 
utilized to collect canopy closure data by species every 1m along the transects using a canopy 
closure scope or densitometer.  Percent shrub and ground cover by species will be also be 
collected using the point intercept method on the transects.  The plot will then be broken down 
into twenty-five 5m x 4m quadrants to facilitate easier counting.  Within each quadrant, every 
perennial plant will be identified and recorded to obtain an absolute measure of species richness 
on the plot. 
 
Statistical analysis to determine minimum sample size for combined transect surveys:  For the 
combined transect surveys, analysis of pilot data will determine if additional plots need to be 
added to individual strata to determine baseline conditions and detect any changes.  Confidence 
intervals for the statistical analysis are defined in the sampling objectives.  Good pilot data 
consists of at least two years of information collected under similar climatic conditions at the 
plots.  Analysis of this data will determine whether additional sampling point locations are 
needed along transects in order to detect statistically significant changes within the given strata.  
Some strata may require more sampling locations per area in order to detect change due to the 
amount of variation in the data.  Formula I-1 will be used in order to calculate minimum sample 
size for a given strata for those sampling objectives involving change detection. 



 

 

 
Example:  A vegetation map is used to stratify the survey by vegetation type.  The minimum 
number of plots (arrays) required within the saltgrass meadow vegetation type (strata) to detect a 
specified level of change in species richness of small mammals would be computed as follows:  
There are three  trapping arrays within the saltgrass meadow for the first two years (similar 
climate).  The sampling objective is as follows: Be 80% certain of detecting a 30% change in 
small mammal species richness with a 10% chance of a false change error.  The trapping results 
are as follows: 
  

 
 
The minimum sample size for small mammal species richness in the saltgrass meadow 
vegetation community would be computed as follows: 
 

 
 

                                                 
7 A standard spreadsheet program such as MS-Excel can be used to calculate standard deviation without the need for 
extensive calculations. 

Formula I-1 
 

(s) 2 (Zα + Zβ) 2 
                                                        N =  

(MDC) 2 
 
s = standard deviation of the differences between paired samples.   
Zα = Z-coefficient for the false change (Type I) error rate from page 354 of Measuring 

and Monitoring Plant Populations. 
Zβ = Z-coefficient for the missed-change error (Type II) error rate from the table on page 

354 of Measuring and Monitoring Plant Populations. 
MDC = Minimum detectable change size.  This needs to be defined in specific terms, 

not as a percentage as shown in the sampling objective.  For example, if you want 
to detect a 20% change in population size from one year to the next, and your 
first years population size is 10 then the MDC = (0.20x10) = 2.  You should use 
the higher of the two mean values from the two years of sampling. 

 

 Trapping Array 1 Trapping Array 2 Trapping Array 3 Mean SD7 
Year 1 4 species 3 species 4 species 3.67 0.578
Year 2 4 species 5 species 3 species 4 1 

Difference 0 species -2 species 1 species -0.33 1.528

Example I-1 
        

 (s) 2 (Zα + Zβ) 2  (1.528) 2 (1.64 + 0.84) 2  14.36   
N =  =  =  = 9.97 = 10 arrays
 (MDC) 2  (4*0.30) 2  1.44   



 

The example pilot data from these surveys show that seven arrays need to be added along the 
combined transects in saltgrass meadow vegetation communities in order to detect the specified 
level of change in species richness, given the requirements of the sampling objective.  It would 
also be necessary to do this statistical analysis for the other vegetation strata within the ACEC to 
determine if they require additional trapping arrays. 
 
In addition to statistical analysis to determine minimum sample sizes for change detection, it is 
also necessary to determine minimum sample sizes for distinct estimates of population size and 
percent of riparian zones that are suitable habitat for certain species.  These estimates do not 
require change detection objectives and multiple years of pilot data.  Instead, target/threshold 
sampling objectives monitor progress towards reaching the end goal using distinct snapshots in 
time.  Therefore, statistically viable estimates in these situations only require pilot data from the 
year of the snapshot.  Pilot data could be collected in the field, analyzed using a hand calculator 
or laptop computer, and additional sampling units sampled to meet the sampling objective.  The 
following formula will be used in order to determine the unadjusted minimum sample size for 
these types of sampling objectives: 
 

Example:  The percentage of riparian zone that is suitable habitat for southwestern willow 
flycatcher is computed using habitat assessment of circular plots along transects in the Amargosa 
Canyon.  In this example, our circular plots are 1962 square meters, and the pilot data is: 
 

 
Our sampling objective is as follows:  Be 80% confident that the estimate of southwestern 
willow flycatcher habitat is within 15% of the true value. 
 

Formula I-2 
 

(Zα) 2(s) 2 
                                                        N =  

(B) 2 
 
s = standard deviation of the differences between paired samples.   
Zα = Z-coefficient for the false change (Type I) error rate from page 354 of Measuring 

and Monitoring Plant Populations. 
N = The uncorrected sample size estimate. 
B = The desired precision level expressed in half of the maximum acceptable  

confidence interval width.  This needs to be defined in specific terms, not as a 
percentage as shown in the sampling objective.  For example, if you have a 20% 
confidence interval width, and your sample mean from pilot data is 10 then B = 
(0.20 x 10) = 2. 

 Plot 
1 

Plot 
2 

Plot 
3 

Plot 
4 

Plot 
5 

Plot 
6 

Plot 
7 

Plot 
8 

Mean SD 

Percentage of 
circular plot that 
is suitable habitat 

25 50 100 50 50 25 50 75 53.1 24.8 



 

Solving for the minimum sample size for southwestern willow flycatcher suitable habitat should 
proceed as follows: 
 
 

 
 
The unadjusted sample size would then be adjusted by consulting Appendix 7, Table 1 on page 
349-350 of Measuring and Monitoring Plant Populations to arrive at an adjusted sample size of 
twenty-four plots.  
 
This statistical method will also be used with pilot data to arrive at minimum sample sizes for 
population estimates and other similar distinct attributes. 
 
 
Small Mammal Trapping Within Vole Habitat 
Monitoring of vole populations within the ACEC will be an interagency cooperative effort, so 
specific protocols for trapping, tissue sampling, and other aspects are not addressed within this 
plan. 
 
 
Medium-sized Mammal Trapping Within Vole Habitat 
Medium-sized mammal live trapping adjacent to vole habitat will be used to determine 
presence/absence and abundance of stray domestic and feral cats near vole habitat in the 
Grimshaw Basin.  Each bulrush marsh in the Grimshaw Basin will be ringed with medium-sized 
mammal live-traps.  The number of traps per marsh will be determined by the size of the marsh 
itself.  Traps will be set at dusk and checked immediately prior to sunrise.  One trapping session 
will consist of three consecutive nights of trapping at each marsh.  Trapping will be performed 
from November to March.  Any trapped domestic cats will be turned over to animal control 
agencies or private adoption groups for return to potential owners, adoption, or humane disposal.  
Initial trapping will determine the need for additional public outreach and/or potential felid 
population control measures in the Grimshaw Basin.  Trapping will be performed every three 
years for the life of the plan in order to determine if new management action needs to be taken or 
modified.   
 
 
Walking Transects For Sensitive Plant Species, Permanent Plots to Determine Population 
Trends, Collection of Niterwort and Gumplant Microhabitat Data, and Monitoring of 
Experimental Niterwort and Gumplant Populations 
 
Walking transects in suitable habitat - Walking transects will be performed within the ACEC to 
determine the boundaries of sensitive plant species populations and where population centers 

Example I-2 
        

 (Zα) 2(s) 2  (1.28) 2 (24.8) 2  1008.7   
N =  =  =  = 15.9 = 16 plots 
 (B) 2  (53.1 x 0.15) 2  63.44   



 

occur.  The monitoring protocols described below are separated based on the species being 
monitored.  All transects for plant surveys will be 10m wide belt transects that are run in the 
configurations described under each plant’s survey design.   
 
Tecopa Bird’s Beak, White Bear Poppy, and Spring-loving Centaury - Locations of suitable 
habitat will be determined by plotting all known occurrences of these species onto a map.  These 
locations will be correlated with soil survey information in order to determine which ecosites 
within the ACEC are most likely to contain populations of the given species, and strata to be 
sampled determined accordingly.   
 
If soil survey data is not available, aerial photography will be analyzed in order to delineate 
boundaries of distinct landforms within the ACEC.  These landforms will be ground-truthed and 
categorized based on their similarity to one another.  Landform categorization will be based on 
vegetation type, aspect, slope, and other abiotic factors; and will serve as a stratification of the 
landscape to correlate known species occurrence locations.  If a correlation can be made between 
these strata and known occurrences, surveys will be concentrated in the strata that contain known 
occurrences.   
 
Since the chosen strata may not be contiguous, all polygons of the strata will be identified.  The 
number of transects per polygon will be proportional based on the acreage of the polygon as 
compared to the acreage of all of the chosen strata as a whole.  For example: If one polygon 
makes up 40% of the acreage of the strata, it will receive 40% of the transects.   
 
Within areas selected to sample for occurrences of a particular species, a line will be drawn 
along the long axis of each polygon.  This line will serve as the starting point of all belt transects 
to look for individual occurrences.  Belt transects will be placed at systematic locations along 
that line.  The line and the starting points along it will be navigated using GPS.  Once at the 
starting point, the bearing of the belt transect will be at a ninety-degree angle to the “long axis 
line” (see Diagram I-1).  The belt transect will be 10m wide, and its length will be dependent on 
the distance to the edge of the given polygon.  Any individuals of the species being surveyed will 
be recorded using a nested point.  Surveyors may leave the transect line in order to record 
individuals away from the line, as long as they return to the point they left in order to resume 
their transect.   
 
Once concentrated surveying is completed within each strata selected as suitable habitat, 
transects will be performed in other soil or landform/vegetation strata to determine if plants may 
be found in these other areas.  Surveying of these areas will not be as intense in terms of the 
number of transects.  If another stratum is found to contain individuals, a concentrated surveying 
effort will be performed within all polygons of that stratum based on the procedures outlined 
above.   
 
Data from initial survey will be statistically analyzed to determine if additional transects need 
added.  Once surveying is complete, point-location data will be input into a GIS framework in 
order to map population centers.  Locations with a high number of individuals will be delineated 
and identified as an occurrence cluster that needs to be monitored (see Diagram I-1).  These 
occurrence clusters will be revisited every year for the first two years, and then every three years 



 

thereafter.  The monitoring season for Tecopa bird’s beak will be May through September.  The 
monitoring season for White bear poppy will be April through July.  The monitoring season for 
spring-loving centaury will be May through September.      
 
Amargosa niterwort and Ash Meadow’s gumplant - Locations of potential suitable habitat for 
Amargosa niterwort and Ash Meadow’s gumplant will be identified using the methods described 
above for Tecopa bird’s beak, white bear poppy, and spring-loving centaury.  The chosen strata 
will also be identified using the same methods described for these plants, and will be the focus of 
the majority of surveying effort.  Belt transect locations and bearings within selected strata and in 
unsuitable strata will also be determined in the same manner listed above (see Diagram I-1).   
   
 

 
Diagram I-1 

Blue- Belt Transects, Red- Plant Occurrences, Green- Clusters of Plants 
 
 
Belt transect boundaries and the plants located in suitable strata will be mapped using GIS.  
Occurrence boundaries will be delineated based on concentrations of individuals, as with other 
species.  If individuals are found within unsuitable strata, the strata will be intensively surveyed 
using the survey design employed in the suitable strata.  Occurrence clusters will then be 
monitored every year for the first two years, and then every three years thereafter.   
 
In addition, permanent plots will be randomly allocated within occurrence cluster boundaries.  
The size and shape (square plots will be avoided) of the plots will depend upon the plant being 
sampled (gumplant plots will likely be larger than niterwort plots) and the nature of the 



 

occurrence.  A minimum sample size will be determined for each occurrence cluster using pilot 
data collected prior to actual surveying.  See Statistical Analysis under the Combined Transects 
section.  Formula I-2 will be used to determine the minimum sample size.  Once the sample size 
is determined for each cluster, the plants within each permanent plot will be counted.  The data 
from each permanent plot will be used as an index of the population status as a whole.  Once 
sample sizes, and plot dimensions are determined, they will be used consistently for the life of 
this plan, in order to gauge trends in the number of individuals.  The monitoring season for 
Amargosa niterwort will be July through September.  The monitoring season for Ash Meadow’s 
gumplant will be June through September. 
 
During the first year of survey at these permanent plots, microhabitat data will be collected in 
order to serve as data input in the search for other suitable habitats for experimental transplant 
populations.  Microhabitat data that should be collected at each site includes: slope, aspect, 
perennial and annual plant species present, soil texture, soil pH, soil moisture, soil bulk density, 
soil infiltration rate, percent shrub cover, annual and perennial species density, annual and 
perennial species frequencies, and any other pertinent data. 
 
If experimental populations of niterwort and gumplant are established, each plant placed in the 
ground will be flagged.  Monitoring of these experimental plots will consist of survival counts, 
and measurement of above ground biomass.  This monitoring will take place every year for the 
first three years after population establishment, and then every three years thereafter.  The 
monitoring season will be the same as mentioned above for Amargosa niterwort and Ash 
Meadow’s gumplant. 
 
 
Southwestern Willow Flycatcher, Least Bell’s Vireo, and Yellow-billed Cuckoo 
Presence/Absence, Spot Mapping, Nest Surveys, and Nest Monitoring 
 
Presence/Absence Surveys - Presence/absence surveys for the least Bell’s vireo will follow the 
US Fish and Wildlife Protocols established in 2001.  This involves four surveys of the riparian 
areas of the ACEC May through July.  These surveys will be performed every other year for the 
life of the plan.  Presence/absence surveys for the southwestern willow flycatcher will follow the 
Sogge et al 1997 (revised 2000) protocol.  This involves three surveys between during the month 
of May, three surveys in the month between June 1 and June 21, and two surveys between June 
22 and July 17.  These surveys will be performed every other year for the life of the plan.  More 
frequent surveys will be required during the tamarisk control project.  Yellow-billed cuckoo 
presence/absence will be assessed during point-count census transects previously discussed in 
the combined transects monitoring of permanent plots throughout the ACEC.   
 
Spot Mapping - Spot mapping to establish the boundary of breeding territories will follow the 
standard guidelines established by Robbins (1970).  Sites where individuals are detected during 
presence/absence surveys will be revisited at least eight times during the course of the breeding 
season.  Some of these visits can be concurrent with the visits performed for presence/absence 
surveys, but they should be done early enough to allow subsequent nest surveys to be performed.  
This may require more visits to the site than what is required during the presence/absence 
surveys.  Since only four visits are required for least Bell’s vireo presence/absence surveys, extra 



 

trips will be made to allow for spot mapping.  Locations of the individual birds will be mapped 
in detail, and then the boundaries of breeding territories will be delineated.  If yellow-billed 
cuckoos are discovered during point-count surveys, the sites will be identified.  The area of the 
discovery will be returned to and surveyed eight separate times from April to August to 
determine the extent of the breeding territory. 
 
Nest Surveys - Nest surveys will be performed for each species from mid-May to the end of July.  
These surveys will use the spot-mapping data as the guide for establishing survey boundaries, so 
these boundaries may be modified through the season as more spot-mapping data is accumulated.  
Breeding territories will be thoroughly searched to find nests.  Taped calls may be used with the 
southwestern willow flycatcher in order to find individuals.  If nests are found during the early 
part of the season, the breeding territory will be resurveyed in late June or early July to detect 
any re-nesting activity.  Re-nesting surveys for any yellow-billed cuckoo nests will not be 
necessary, since they do not generally have more than one clutch in a season.  If nests are found, 
they will be checked once a week in order to monitor nest success, predation, and nest 
parasitism.  These surveys will be performed every other year for the life of the plan.  More 
frequent surveys will be required during the tamarisk control project. 
 
 
Riverine Fish Habitat Assessment and Population Monitoring for Amargosa River pupfish 
and Amargosa speckled dace 
 
Habitat Assessment and Population Monitoring - The fifty-nine sites surveyed in the Williams et 
al. 1982 fish survey will be resurveyed in May and July using similar methods to those employed 
in that study.  Methodology used at a survey site may be modified if the habitat at that site has 
changed, so that a twenty-foot seine cannot be used.  Minnow traps, electrofishing, or other 
alternative methods could be used.  All fish at each survey site will be identified and recorded in 
order to obtain species diversity and relative abundance for that site.  A representative sub-
sample of fish collected at each site will be sexed and measured for length.   
 
Riverine habitat at each site will be analyzed using the parameters detailed in the 1982 study 
(stream depth, stream width, velocity, substrate type, dissolved oxygen, pH, total dissolved 
solids, turbidity, air temperature, water temperature, and percent cover).  A detailed survey of the 
waters of the Grimshaw Basin will also be performed at selected sites that will be mapped, so 
that they can be resurveyed.  Additional sites will be chosen in Grimshaw Basin, Amargosa 
Canyon, and the Willow Creek Drainage for riverine habitat analysis as described above.  This 
data will be used in combination with habitat data gathered during the fish survey.  Habitat 
analysis sites should be distributed so that a representative sample of the area’s riverine habitat is 
obtained.  Surveys will be conducted every three years for the life of the plan.  The number of 
sampling locations may be modified based on the sampling objective and statistical analysis of 
the pilot data collected in year one.   
 
 
Presence/Absence Monitoring for Endemic Springsnails 
 



 

All springs within the ACEC will be evaluated during April and May for the presence of 
endemic springsnails every other year for the life of the plan.  The presence of any invasions by 
non-native snails will also be evaluated. 
 
 
Water Quantity and Quality Monitoring 
 
Water-Quantity Monitoring - Water quantity on the main course of the Amargosa River will be 
monitored continuously with current and planned USGS gauging stations.  Additional 
monitoring will be performed at spring outflows.  This monitoring will be performed in the 
spring every five years for the life of the plan.  This monitoring should correspond to monitoring 
of wetland vegetation extent.  Notched weirs can be used in the channels that flow from these 
springs in order to determine water volume per second that is coming from the spring.  
Hydrographs will be created for the Amargosa River at several strategic locations to include the 
following:  1) Shoshone, 2) Tecopa, 3) below the confluence of Willow Creek and the Amargosa 
River, and 4) on the major stream channels of the Lower Carson Slough.  Ash Meadows will also 
be contacted in order to monitor spring outflows from water sources that provide water to the 
Lower Carson Slough.  
 
Groundwater in the Lower Carson Slough will also be monitored using a combination of 
methods.  The BLM will cooperate with land managers of current ground water monitoring wells 
in the region to track the status of ground water levels in the Lower Carson Slough Region.  
Additional monitoring wells may also be added at strategic locations in the future to monitor 
site-specific groundwater levels near occurrence clusters of Amargosa niterwort and Ash 
Meadow’s gumplant.  
 
The USGS Death Valley Regional Flow System model (Belcher, W.R., ed., 2004) should be 
used in the siting of new monitoring wells.  Additionally, agreements BLM could enter into 
agreements with USGS to install piezometers on monitoring wells or spring outflows. 
 
Water-Quality Monitoring - Water-quality monitoring will be performed every other year for the 
life of the plan, and will consist of chemical analysis and analysis of macroinvertebrate 
biodiversity.  Methods and parameters for chemical analysis would be determined with guidance 
from USGS.  Some attributes include salinity, temperature, dissolved oxygen, total dissolved 
solids, turbidity, pH, and the presence of other important elements (nitrogen, phosphorus, lead, 
arsenic, boron, chloride, fluoride, sulfates).  Macroinvertebrate studies will be done using the 
California Streamside Biosurvey protocols (Herbst et al 2001).  The number of sampling plots 
needed for this survey will be determined using pilot data from year-one of surveying.  
Additional sampling locations will be added based on the sampling objective and statistical 
analysis of the pilot data.  See “Statistical Analysis” under the “Combined Transects” section of 
this plan. 
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