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� I.  Introduction



	A.  The Lake Mead Process



In mid-1997, the Lake Mead National Recreation Area (LMNRA) embarked on a process to develop a “Vital Signs” monitoring program for the park.  The Pacific West Region of the National Park Service had just published a Draft Strategic Plan stating that two parks would act as proto-types in the development of vital signs monitoring programs and that these parks would each conduct vital signs workshops.  LMNRA became a proto-type park for the regional vital signs program.  The park staff intended to develop a monitoring program that would help assess the health of the park’s ecosystem, detect important changes in the system, help determine if these were normal changes, and indicate whether the condition of the ecosystem was improving or declining overtime.  



The first task was to put together a Vital Signs Workshop.  The park staff selected a workshop planning team.  The team consisted of scientists with monitoring expertise and resource managers.  Some of the team members had local and regional experience in monitoring (Bill Halvorson, Unit Leader, University of Arizona; Kathryn Thomas, Landscape Ecologist, U.S.G.S. Biological Resource Division; and Peter Stine, Research Manager, U.S.G.S. Biological Resource Division).  Other planning team members had specific experience in planning monitoring programs for State and National Parks (Gary Davis, Senior Scientist, Channel Islands National Park and Dave Van Cleeve, Superintendent, Colorado Desert District).  The LMNRA Chief of Resource Management, Kent Turner, and Resource Management Branch Chiefs,  Bill Burke, Ross Haley, and Jennifer Haley were also members of the planning team.



During the first workshop planning meeting in April, 1997, it became clear that that there were differences of opinion on the definition of the term vital signs, and on workshop goals and monitoring program goals.  Not only were there differences of opinion but the definitions of many of the words used in the discussions were unclear and not commonly understood.  While the planning team stepped back from these issues and began to develop an agenda and attendee list for the workshop, the park staff studied the underlying theories and definitions behind long-term monitoring programs. 



The park staff began their studies by talking to everyone they could about vital signs, indicator selection, and strategies for setting up monitoring programs.  They found that there was disagreement about how to proceed in the development of a meaningful long-term strategy for assessing the status of ecosystems.  During discussions with others involved in developing long-term monitoring programs it became clear, however, that in order for a park to develop a successful monitoring program, the program would have to:  







Have well defined monitoring program goals,

Have clear definitions for terms to be used and,

Be willing to involve all stakeholders at some level.



The workshop planning team met again in September, 1997.  At this meeting, the team agreed on workshop goals and definitions.  The team also selected 50 scientists with knowledge of the Mojave Desert ecosystem to be invited to the workshop.  The team agreed that the workshop would begin with basic information sharing on the LMNRA resource management program, and discussion on the working ecological models for both the terrestrial and lake ecosystems. The team also decided that the term vital signs would have a very broad definition for the purposes of the workshop.  It was agreed that most of the workshop time would be spent in working groups.  Each work group would be asked to develop a list of vital signs for the park within their group’s expertise. Work group categories were determined: Lake Ecosystem, Vegetation, Wildlife, Ground Water Hydrology, Air Quality, and Soils and Related Microbiota.  The work group discussions would be directed through the use of templates that each group would be asked to complete.  



The park staff decided that they were really most interested in vital signs that were related to anthropogenic stressors in the system.  In theory, if vital signs were linked to anthropogenic stressors then corrective management action could be taken to improve the system health.  The park staff then developed a process for the workshop that involved having the work groups evaluate a list of anthropogenic stressors, followed by related monitoring questions.  The vital signs would then be drawn from these monitoring questions. The park staff could see that the work groups were going to develop a very long list of vital signs and that this list would need to be refined.  As a result, the park formed a Monitoring Review Team consisting of seven scientists and park staff .  The Monitoring Review Team would meet after the workshop products were compiled and refine the vital signs list.



The following is a summary of the Lake Mead NRA workshop.  This summary documents the workshop process and products.  The description of the process may be helpful to other NPS units that are considering developing a vital signs program.  













II.  Background



A.  What are Vital Signs?



The Pacific West Region of the National Park Service (NPS) has defined Vital Signs as the key elements that indicate the health of the ecosystem .   Vital signs can be any feature of the environment that can be measured or estimated and that provide insights into the state of the ecosystem.  



The Lake Mead NRA’s  over-arching goal for resource stewardship is to have vital signs of the ecosystem health within their normal range of variation.  All resource management activities, such as protection of resources from internal and external threats, restoration of resources, monitoring for resource condition and trend, and monitoring or research for broader ecosystem understanding relate to this goal.



Vital signs may occur at any level of organization including landscape, community, population, or genetic levels.  Vital signs may be compositional (referring to the variety of elements in the system), structural (referring to the organization or pattern of the system), or functional  (referring to ecological processes).



B.  Why did Lake Mead National Recreation Area choose to start a Vital Signs Monitoring Program?



The Lake Mead National NRA (LMNRA) chose to develop a Vital Signs Monitoring Program for the park for several reasons including:



The Lake Mead National Recreation Area is a unit of the National Park Service (NPS).  The NPS mission states that the parks shall maintain natural resources unimpaired for future generations.  The park’s Superintendent requested that there be an articulated statement of the ecosystem monitoring program to meet this mandate.



In addition to the NPS mandates, the Government Performance Results Act requires LMNRA to focus on the outcome of our actions and not the process.  The NPS Pacific West Regional Task Force for Resource Management and Science defined the ultimate outcome for resource management as ensuring that vital signs of ecosystem health are maintained in a normal range of variation.



LMNRA had established a base funded professional program with permanent staff.  The park had accomplished a number of its initial resource management goals related to releasing the park resources from impact and restoration of these impacted resources.  It was time to review the resource management program and redirect some efforts into developing and implementing a strategically designed monitoring program.



C.  Goals of Lake Mead National Recreation Area Monitoring Program



The goals of the Lake Mead NRA monitoring program are to:



Assess the health of the environment

Detect long-term environmental change,

Provide information on whether these changes are within the normal range of variation

Provide in-sight into the ecological consequences of these changes, and

Determine if the observed changes dictate a correction in management practices.

 

D.  Vital Signs Workshop Goals



The workshop goals were to:



Provide a peer review of LMNRAs current program including comments on the overall program framework and ecosystem model, current management and monitoring activities,

Ensure that functions or processes necessary to maintain ecosystem integrity have not been overlooked in program planning,

Provide direction for a monitoring program that assesses the health of the park’s ecosystem including its condition and trend. 



III.  Vital Signs Workshop Summary



A.	Selection of Workshop Participants



Workshop participants were individually selected.  Most of the participants were scientists involved in research in the Mojave Desert or a similar ecosystem.  Participants were also selected from other federal or state agencies that had management or research activities occurring within the boundaries of the recreation area.  Representatives from the NPS Pacific West Region were also invited.  The Lake Mead Resource Management staff attended the workshop.  However, park staff did not participate in the discussions.  A participant list can be found in Appendix I. 







B.	Participant Pre-work and Handouts



Each participant received a pre-work package before the workshop that included:

A narrative on the process that would be followed, 

A final agenda,

A preliminary list of workshop participants and their work group designations,

An example of the templates to be completed in the work groups,

Lists of the common plants and animals in the park and,

Criteria for vital signs selection.



On arriving at the workshop, each participant received a binder containing the following:



Definition of vital signs

Lake Mead NRA resource management program goals

Workshop Objectives

Anticipated workshop meeting products

Agenda

Lake Mead NRA resource management model

Lake Mead NRA ecological model

A listing of the geographical information system database

Questionnaires requesting input on various aspects of the workshop

Examples of monitoring questions and related vital signs

Criteria for vital signs selection

Templates to be completed in the work groups

Work group ground rules

Common plants of Lake Mead NRA

Common animals of Lake Mead NRA

Lake Mead staff and phone numbers

Workshop participant list



C.	Vital Signs Workshop Format and Agenda 



The Vital Signs workshop was the first step in developing the Vital Signs Monitoring Program for the park.  The term vital sign was defined at the beginning of the workshop as the key elements that indicate the health of the ecosystem.  For the purposes of the workshop vital signs were tied to environmental stressors with the intention that this would lead to management oriented workshop products.  



Three models relevant to the Lake Mead NRA ecosystem and the management of its natural resources were presented.  These models were the Terrestrial Ecosystem Model, the Limnological Model for lakes Mead and Mojave, and our current Resource Management Model including past, present, and anticipated stressors to the ecosystem and proposed monitoring questions.  All the models were meant to lay the ground work for group discussion.    The participants were asked to consider these models and provide us with any comments they had on the models, system components, and system stressors.



The participants were broken into the following six working groups: Lake Ecosystem, Vegetation, Wildlife, Ground Water Hydrology, Air Quality, and Soils and Related Microbiota.  Work groups were asked to develop the following products:



A final list of significant anthropogenic stressors acting upon the ecosystem,

A final list of stressor related monitoring questions which a monitoring program could be designed to answer.

Prioritization of monitoring questions.

A list of vital signs that address the identified monitoring questions.



The workshop agenda can be found in Appendix II.



D.	Lake Mead Ecosystem Model



The Lake Mead NRA Resource Management program is based on many assumptions about how the environment has become what it is today.  This is called a “Working Ecosystem Model”.   The existing environment is an expression of its components, and the system drivers and system stressors.  The components and drivers of the system remain relatively constant.  However, the stressors have changed considerably over the past 200 years.  The following is a discussion on how system stressors have changed from the period of Pre-European contact to the current period of active resource management.



1.   Pre-European Contact



The ecosystem prior to European contact was an expression of an interaction of system components and natural drivers.  There were minimal, localized anthropogenic stressors operating within the system.



a. Components



The components of the ecosystem during this time were:



Landforms  including mountain ranges, Colorado River, springs, bajada slopes, desert washes, playa, soil type associations, salt flats, base geology, desert bighorn migrations, bird migrations.               



Communities  including riverine/riparian, spring riparian, creosote-bursage, acacia-mesquite, desert wash, gypsum soil associations, and pinyon-juniper.



Species including over 800 plant species and 350 vertebrate wildlife species including native fish (razorback suckers, Colorado River squawfish, bonytail chub, humpback chub), pinyon pine, willow, creosote bush, acacia, soil microbiota, coyote, desert bighorn sheep, a wide variety of reptiles and amphibians, the desert tortoise and small mammals. 



Genetic:  Areas of high genetic diversity occurred in the park including: razorback diversity, Rana onca, palo verde (end of range), and bear poppy, and other 

rare plant species.



b.  Drivers



Drivers during this period included major climatic events and shifts, including flooding, wet and dry periods as well as geologic events and natural fire occurrence.



c.  Anthropogenic Stressors



Stressors in the environment during this period were minimal and localized and included hunting, gathering, farming and anthropogenic fire.

 

2.  Post European Contact



Post European contact, the original ecosystem was reshaped after European settlement.  There was an increase in anthropogenic stressors.  The system during this period was an expression of the interaction of components, natural drivers, and anthropogenic stressors.  



a.  Components and Drivers



Generally those as stated above in the pre-European contact model, with the introduction of those included below under stressors.



b.  Anthropogenic Stressors



Stressors during this period included  alien animal species (burros, cattle, others), alien plant species (tamarisk, Bromus, others), mining, utility corridors, roads, off-road vehicle driving, air pollution, water pollution, recreation infrastructure, reservoir creation, groundwater withdrawals, poaching of wildlife, plants and geologic features, and legal harvesting of animals. During this period stressors resulted in soil compaction, wind erosion, water erosion, disruption of overland flows, and the loss of plant and animal diversity.



3.   Active Management



Upon designation of the Recreation Area, NPS resource management activities became an additional influence in shaping the ecosystem.  The ecosystem became yet another expression of the interaction of components, natural drivers, anthropogenic stressors, as well as management actions.  The system is dynamic, operating within a range of variability related to drivers, stressors and management actions.  Management actions are intended to reduce the negative impacts of stressors.  Management actions may also be considered system stressors. 



a.  Basic Management Assumptions



The Lake Mead NRA Resource Management Program is based on several assumptions including:



Intact and functioning soil assemblages are the cornerstone of ecosystem integrity and functioning.  The highest priority management action is to reduce or eliminate soil disturbances.

The desert is easily damaged and slow to heal.

Desert springs are critical components related to overall biological diversity.

Groundwater withdrawal poses perhaps the greatest outside threat to ecosystem integrity and biological diversity within the recreation area.

The Recreation Area does not possess sufficient autonomous authority to address issues of water quality in reservoirs, native fish perpetuation, genetic preservation in reservoirs, and air quality improvements.  Therefore, the Recreation Area staff must work in an interagency framework for related  monitoring, research and management actions.

The legislated boundaries of the Recreation Area are long and narrow, crossing a wide array of diverse landforms and elevations.  The shape of the boundaries leads to a conservation area easily fragmented or influenced from adjacent land uses.



b.  Components, Drivers and Stressors



Generally as stated in the post-European model above.



4.  Management Activities



The Resource Management Division is involved in a wide array of management actions which act as stressors on the system including:  



Burro removals and management, 

Removal of sensitive lands from cattle grazing and grazing management, 

Removal of alien plants (tamarisk), 

Restoration of desert springs, 

Management of off-road driving, 

Closure of sensitive lands to mining, 

Restoration of abandoned mine sites, 

Road and right-of-way management, 

Desert uplands restoration, 

Native plant nursery and seed banking, 

Augmentation of native fish populations, 

Mapping of native plant populations, 

Protection of sensitive plant habitat, 

Inventory and monitoring of physical and biotic components and the 

Development of data management and GIS.



Stressor/Monitoring Question/Vital Sign Format



The workshop participants were guided to select vital signs based on system stressors and related monitoring questions.  Lake Mead staff presented a list of stressors for the work groups to review and edit.  After the groups had compiled a final list of stressors, each group was asked to choose the top five stressors and develop related monitoring questions.  For example, the stressor chosen may be exotic plants.  A related monitoring question would be “Is the extent of red brome increasing in the park?”.  Vital signs were then determined from these monitoring questions.  In this case, the vital sign might be “geographic extent of red brome populations.”  



F.  Criteria for Vital Signs Selection



The following is a list of criteria that were given to the workshop participants.  These criteria could be used to select vital signs, however, it was not required that selected vital signs had all of these characteristics.  Because no single vital sign will possess all of these desirable properties, a complementary set of vital signs may be required in the long-term monitoring program.







The workshop participants considered environmental features that:

have dynamics that parallel those of the ecosystem or component of interest;

are sensitive enough to provide an early warning of change;

provide a continuous assessment over a wide range of stressors;

have dynamics that are easily attributed to either natural cycles OR anthropogenic stressors;

are distributed over a wide geographical area and/or are very numerous;

are harvested, endemic, alien, special interest, or protected species;

can be accurately and precisely estimated;

have low natural variability;

have costs of measurement that are not prohibitive;

have monitoring results which can be interpreted and explained;

are low impact to measure and;

have measurable results that are repeatable with different personnel.



G.  Templates



Work groups were guided to fill out the following template for each vital sign selected.



************************************************************************

Vital Signs Template



Vital Sign:



Monitoring Questions Addressed:



Related Stressor:



Level of Organization (check one):

Regional/Landscape

Community/Ecosystem

Population/Species

Genetic



Why was this vital sign chosen?





Other information (monitoring information, potential partners, related on-going research, etc.):





Contact person:

**********************************************************************

�

The following is an example of a completed template.



************************************************************************



Vital Sign:  Reproductive success of obligate riparian nesting bird, willow flycatcher



Monitoring Question Addressed:  Is there a change in the number of riparian obligate wildlife species?



Related Stressor:  Modification of stream flows, invasive alien species, diminished riparian habitat



Level of Organization (check one):

Regional/Landscape

Community/Ecosystem

Population/Species  X

Genetic



Why was this vital sign chosen?



Reproductive success is a recognized indicator of overall species sustainability.  It is readily quantifiable, economically feasible, and provides repeatable results by different observers.  The willow flycatcher is a federally listed species, with much management focus in the Southwest.  It is an obligate riparian nester, and its condition may be one surrogate for overall health of riparian ecosystems.  The overall focus on this species also will relate information from the park to regional conservation strategies.  There are established monitoring protocols recognized by the FWS and conservation community.



Other information (monitoring information, potential partners, related on-going research, etc.):



Estimated costs are $30,000 per year for two technicians in nesting season, data analysis, and coordination with regional monitoring.  Suggested Activities:  Map riparian habitats greater than 30 acres through remote sensing and field checks.  Review literature of habitat suitability, assess potential habitats, and monitor, by established protocols, those habitats meeting suitability criteria.



Contact Person: Contacts:  Bob McKernan, Santa Barbara Museum, has developed habitat assessment and suitability models and protocols accepted by FWS.  He has monitored the Lower Colorado River for nesting sites during 1996 and 1997.  Mark Sogge, BRD at NAU, has monitored the Grand Canyon and established monitoring protocols accepted by FWS.  Potential partners include BOR, AGFD, NDOW and the Lower Colorado River MSCP.



 IV.  Workshop Products



A.  Summary of Vital Signs Templates



All completed templates can be found in Appendix III.  



Stressors, Monitoring Questions And Vital Signs 



The following is a list of all stressors, monitoring questions and vital signs derived from the templates.



Stressor:  Reservoir Operations

Monitoring Question

Is native tree recruitment on the reservoirs shorelines decreasing?

Vital Sign

Recruitment of native trees



    		 Monitoring Question

     		Is recruitment of native fish declining?

Vital Signs

Recruitment of native fish



Stressor:  Point and Non-point Source Water Pollution

Monitoring Question

What are the levels of fecal indicator bacteria?

Vital Sign

Fecal contamination as indicated by fecal indicator bacteria 



Monitoring Question

Do the waters in Lake Mead exhibit acceptable water quality levels and trends?

Vital Sign

Standard indicators of water quality:

Temperature, pH conductivity, chlorophyll a, transparency, and dissolved oxygen



Monitoring Question

Is recruitment of native fish populations declining?

Vital Sign

Recruitment of native fish







Stressor:  Ground Water Use and Flow Regulation

Monitoring Question

Is there a trend in spring discharge related to anthropogenic activity?

Vital Sign

Hydraulic head at springs





Monitoring Question

Is ground water use increasing?

Vital Sign

Regional ground water use



Monitoring Question

Is the size, structure and composition of the wetland communities around springs changing?

Vital Sign

The area, structure and composition of the wetland community at each spring



Monitoring Question

Are population sizes of aquatic/semi-aquatic (e.g. snails, frogs)  animals changing?

Vital Signs

Snail (or other aquatic/semi-aquatic animal) population size at each spring

Reproductive success of Rana onca



Monitoring Question

Is soil salinity increasing in riparian and wetland areas around springs?

Vital Sign

Soil Salinity



Stressor:  Ground Water Modification

Monitoring Question

Is there a change in groundwater quality regionally and locally?

Vital Sign

Ground water quality including primarily major ions, stable isotopes, and secondarily trace elements



Stressor:  Ground water Discharge

Monitoring Question

Vital Sign

Hydrology Catchment  Modification







Stressor:  Harvest of Aquatic Organisms (incomplete)

Monitoring Question

Vital Sign

Stressor:  Recreation

Dispersed Recreational Activities

Monitoring Question 

Are soil indicators changing as affected by dispersed recreational activities?

Vital Sign

Cryptogam density and diversity, soil vertebrates and invertebrates, CEC, cations, anions, N,P, organic matter, pH, Ec, heavy metals, texture, stable aggregates, bulk density, structure, aeration, depth of soil, soil moisture, and erosion and deposition



Concentrated Recreational Activities

Monitoring Question 

Are soil indicators changing as affected by concentrated recreational activities?

Vital Sign

Cryptogam density and diversity, soil vertebrates, decomposers, and invertebrates, CEC, cations, anions, N,P, organic matter, pH, Ec, heavy metals, texture, stable aggregates, bulk density, structure, aeration, soil depth, soil moisture, and erosion and deposition



Monitoring Question

Is wildlife abundance and diversity decreasing in concentrated recreational use areas?

Vital Sign

Wildlife abundance and diversity in camping areas



Monitoring Question

Is the diversity and density of lizard species around campgrounds decreasing?

Vital Sign

Density and diversity of lizard species around campgrounds



Monitoring Question

Do wildlife exhibit unusual behavior in concentrated recreational use areas?

Vital Sign

Wildlife behavior in camping areas



Monitoring Question

Are subsidized predators (ravens, coyotes) increasing in concentrated recreational use areas?

Vital Sign

Abundance of subsidized predators near campgrounds





Monitoring Question

Are there changes in the composition of the animal community in response to concentrated disturbances like camping and hiking?

Vital Sign

Changes in the animal community in areas of concentrated disturbance



Monitoring Question

Are the abundance of small mammals, diurnal reptiles, and breeding bird populations declining in shoreline access areas?

Vital Sign

Abundance of small mammals, diurnal reptiles, and breed birds in shoreline access areas



Monitoring Question

Are the diversity of ant species in areas around concentrated recreation changing?

Vital Sign

Diversity of ant species in areas around concentrated recreational activities



Stressor:  Non-native Plant Species

Monitoring Question

Are the numbers of non-native aquatic plant species increasing?

Vital Sign

Non-native aquatic species



Monitoring Question

Is the ratio of  native to non-native plant species changing in riparian and wetland areas?

Vital Sign

Numbers of native and non-native plant species in riparian and wetland areas



Monitoring Question

Are alien terrestrial plant species increasing in the park?

Vital Sign

Geographic extent of alien plants

Local abundance of alien plants

Invasion of previously undocumented alien plants



Monitoring Question 

Are soil indicators changing as affected by the invasion of alien plant species?

Vital Sign (research?)

Cryptogam density and diversity, decomposers, soil vertebrates and invertebrates, CEC, cations, anions, N,P, organic matter, pH, Ec, heavy metals, texture, stable aggregates, bulk density, structure, aeration, depth of soil, soil moisture, erosion, deposition, and soil salinity



Monitoring Question

Is the wildlife community structure changing in response to the invasion of alien plants?

Vital Sign

Wildlife community structure in areas invaded by alien plants



Stressor:  Non-native Animal Species

Monitoring Question

Are the numbers of non-native aquatic animal species increasing?

Vital Sign

Numbers of non-native aquatic animal species.



Monitoring Question

Is natural recruitment of native fish populations occurring?

Vital Sign

Recruitment of native fish



Monitoring Question

Is the current status of razorback sucker and bonytail chub genetic diversity being maintained or improved?

Vital Sign

Genetic diversity of razorback sucker and bonytail chub



Stressor:  Native Herbivores

Monitoring Question

Is there a change in groundwater  quality regionally and locally?

Vital Sign

Ground water quality including major ions, stable isotopes, and secondarily trace elements



Stressor:  Air Pollution

Monitoring Question

Are the number external pollution sources which impact the Lake Mead NRA increasing?

Vital Sign

The number of external sources for air pollution including urban pollutant transport, major stationary sources, and mobile sources



Monitoring Question

Are the number of internal air pollution sources increasing within the boundaries of the Lake Mead NRA?

Vital Sign

The number of internal air pollution sources



Monitoring Question

Are dry deposition rates increasing?

Vital Sign

Nitrogen Dry Deposition Monitoring Site-



Monitoring Question

Are concentrations of air pollutants of most concern increasing at Lake Mead?

Vital Sign

Ambient NOx, SOx, CO, HC, Pb and particulate matter



Monitoring Question

What is the trend in visibility at Lake Mead NRA?

Vital Sign

Visibility



Stressor:  Ground  Disturbing Activities (From ORV’s, trampling, grazing, fires, and other recreational and permitted uses)

Monitoring Question

Is ground disturbance increasing or decreasing in wetland and riparian areas?

Vital Sign

Area of disturbance in wetland and riparian areas



Monitoring Questions

What changes in composition/structure (animals and perennials) are occuring in relationship to disturbances from ORV’s, trampling, grazing and fires?

Vital Signs

Community composition and structure (perennial plants and animals)

Changes in small mammal species composition (Dipodomys ordii presence)



Monitoring Questions

Are sensitive species population sizes declining as a result of various disturbances?

	Vital Signs

Invertebrates:  Spring snail (Pyrgulopsis bacchus)

Marsh snail  (Assimines sp.)

Fish:    	Razorback Sucker

Bony tail Chub

Amphibia:    	Arizona Toad

Rana onca

Reptiles:    	Gila Monster

		Chuckwalla

 Desert Tortoise (loss of population vitality or numbers)

Birds:   	Southwest Willow Flycatcher

	LeConte’s Thrasher

	Yellow-billed Cuckoo

 Mammals:    	Kit Fox

California Leaf-nosed Bat

Allen’s Big-eared Bat

Townsends Big-eared bats (exit counts)

Spotted Bat

Big Free-tailed Bat

Western Mastiff Bat

Fringed Myotis

Desert Bighorn Sheep

Desert Pocket Mouse



Monitoring Question

Are the number of burrowing owl and kit fox colonies decreasing/increasing as a result of disturbance?

Vital Sign

Burrowing Owl colony counts in disturbed areas

Kit Fox colony counts in disturbed areas



Monitoring Question 

Is the number of successful red-tailed hawk nest sites decreasing/increasing as a result of disturbance?

Vital Sign

Number of successful red-tailed hawk nest sites in disturbed areas



Monitoring Question

Is the Desert Bighorn sheep distribution and reproductive success decreasing?

Vital Signs

Desert Bighorn sheep distribution

Desert Bighorn sheep reproductive success



Monitoring Question

Are long-lived reptile (Chuckwalla, Leopard Lizards, and Horned Lizards) populations declining?

Vital Signs

Density estimates  or indexes of long-lived herps.  



Monitoring Question

Is the age structure of long-lived reptile (Desert Tortoise, Chuckwalla, Leopard Lizards, and Horned Lizards) changing?

Vital Signs

Age structure of long-lived reptile populations



Monitoring Question

Is biodiversity changing in response to human impacts?

Vital Signs

A systematic sampling program addressing birds, mammals, herps, invertebrates and plants



Stressor:  Grazing

Monitoring Questions

Is there a change in the distribution and numbers of feral equids?

Vital Signs

Numbers and distribution of feral equids



Monitoring Questions

Is there a change in the distribution and numbers of livestock?

Vital Signs

Number and distribution of livestock



Monitoring Question

Is there a change in the composition of the animal community in areas grazed by feral equids?

Vital Signs

Composition of the animal community in areas grazed by feral equids



Monitoring Questions

Is there a change in groundwater quality locally?

Vital Signs

Ground water quality including major ions, stable isotopes, and secondarily trace elements



Monitoring Questions

Is ground disturbance increasing or decreasing in wetland and riparian areas?

Vital Signs

Area of disturbance in wetland and riparian areas



Monitoring Questions 

Are soil indicators changing as affected by concentrated and/or dispersed grazing activities?

Vital Signs

Cryptogam density and diversity, decomposers, soil vertebrates and invertebrates, CEC, cations, anions, N,P, organic matter, pH, Ec, heavy metals, texture, stable aggregates, bulk density, structure, aeration, depth of soil, soil moisture, and erosion and deposition



Monitoring Question

Is there a decline in ant and termite population numbers in grazed areas?

Vital Sign

Ant and termite population numbers in grazed areas 



Monitoring Question

Is there a change in the species composition and relative abundance of diurnal lizards and nocturnal rodents in grazed areas (livestock or feral equids)?

Vital Sign

Species composition and relative abundance of diurnal lizards in grazed areas

Species composition and relative abundance of nocturnal rodents in grazed areas



Stressor:  Removal of Grazing

Monitoring Questions

Is there a change in groundwater quality locally?

Vital Signs

Ground water quality including major ions, stable isotopes, and secondarily trace elements

Monitoring Question

Is there a change in ant and termite population numbers after grazing is removed?

Vital Sign

Ant and termite population numbers in areas where grazing has been removed



Stressor:  Vehicular Traffic (on-road and off-road)

Monitoring Questions

Vital Signs



Stressor:  Habitat Fragmentation by Roads and Power Corridors

Monitoring Question

Is habitat fragmentation increasing?

Vital Sign

Number of disturbance corridors compared to a baseline



Monitoring Question

Is the average size of roadless polygons in the recreation area decreasing?

Vital Sign

Size of roadless polygons



Monitoring Question

Is reproductive success of selected wildlife species decreasing as a result of  an increasing number of roads?

Vital Sign

Reproductive success of various wildlife species in highly fragmented areas





Stressor:  Barriers (incomplete)

Monitoring Questions

Vital Signs



Stressor:  Habitat Degradation (incomplete)

Monitoring Question

Vital Signs



Stressor:  Habitat Loss (incomplete)

Monitoring Questions

Is the distribution and abundance of sensitive migratory birds changing?

Vital Signs

Distribution and abundance of sensitive migratory birds



Stressor:  Climate and Climate Extremes

Monitoring Question

What are the patterns and characteristics of climatic activities in the park? 

Vital Sign

Temperature, rainfall, rainfall patterns



Stressor:  Fire (Natural and Unnatural Occurrence)

Monitoring Question

Is fire frequency increasing in the park?

Vital Signs

Fire frequency

Meteorological Data



Stressor:  Habitat Restoration (incomplete)

Monitoring Questions

Vital Signs



Stressor:  Disease

Monitoring Question

Are desert tortoise populations recovering in the park?

Vital Signs

Numbers of desert tortoises in park populations



Stressor:  Sociological

Monitoring Questions

Is the public becoming more aware of air quality problems and other environmental issues and are they becoming more willing to participate in the solutions?

Vital Signs

Public polls on environmental awareness



2.  Research Questions



The following research questions were identified during the workshop.  There was some confusion during the workshop about the difference between a monitoring question and a research question.  For the purposes of this summary, research questions were those questions related specifically to how the ecosystem works.



Reservoir Operations

Research Questions

How does Colorado River inflow (volume change) impact the lake’s ecology?

How do changing water levels impact the Lake Mead ecosystem?



Ground Water

Research Questions

What is the linkage between groundwater use and hydraulic head at the springs?

What is the natural variability of wetland communities size and snail population size?



Recreation

Research Questions

Does recreation degrade water quality and/or the aquatic community?

What is the level of degradation on water quality and/or the aquatic community?

At what level of recreational activity is the intended use of the resource impaired?



Wildlife Harvest

Research Questions

What is a sustainable harvest for Lake Mead and Mohave?

Does the system support a recreational fishery of acceptable quality?



Fisheries

Research Questions

Does the current trout stocking program enhance striped bass populations (enabling) therefore causing adverse impacts to native fish recovery?

Do the current management  practices of the sport fishery adversely impact the native fish recovery?

What is the present composition and distribution of aquatic species?

What is the abundance, distribution and genetic diversity of native fish species?



Non-native Species

Research  Questions

What non-native species are potential invaders of the recreation area?

What is the relationship between fire frequency and alien plant presence?

What is the relationship between fire and the invasion of alien plant species?

What are the intra and inter specific competition relationships between alien plant species?

How are alien plant species invasions related to soil characteristics?

What is the physiology of alien plant species?

What is the relationship between roads and wash erosions to urban sources of alien species?

Do linear features (roads and powerlines) serve as corridors for alien plant species?

Are alien plants affecting soil properties in the park?

Is wildlife, or wildlife habitat, at Lake Mead NRA being negatively impacted by feral or domestic non-native ungulates?

Do exotic aquatic organisms negatively impact wildlife at Lake Mead NRA?

Are alien plants causing a decline in the nutritional value of wildlife forage?



Habitat Fragmentation

Research Question

Is genetic diversity of wildlife populations changing in response to barrier/corridor construction?



Climate

Research Questions

How does local meteorology and climate affect the air pollution at Lake Mead NRA?

What is the natural variability and effects of climatic variables on the ecosystem?



Air Quality

Research Questions

How does dry deposition of air pollutants affect the Mojave ecosystem?

What are the effects of air pollution on the biological components of the ecosystem?

How are desert varnish and cultural resources affected by air pollution?

What are the external air pollution sources contributing to air pollution?

Are National Park Service and/or visitor activities in Lake Mead contributing to air pollution?

How do sociological considerations affect dealing with emission sources?

How does local meteorology and regional climate factor into air pollution at Lake Mead NRA?

What are the acceptable limits of change in air pollution related to sensitive receptors at Lake Mead NRA?



Restoration

What is the effectiveness of restoration projects?



Habitat Fragmentation

How does habitat fragmentation affect the ecological integrity of a site?







B.  List of Stressors



The following is a list of stressors and the number of vital signs affected by each stressor compiled from the workshop products.  A table showing vital signs and related stressors can be found in Appendix IV.



Stressors					Number of Vital Signs Impacted

Reservoir Operations

Water Pollution

Ground Water Use and Flow Regulation

Dispersed Recreational Use

Concentrated Recreational Activities

Exotic Plant Species

Exotic Animal Species

Native Herbivores

Air Pollution

Grazing/Trampling

Removal of Grazing

Fire

Illegal Off-Highway Vehicles Activities

Habitat Fragmentation 

Habitat Loss

Disease 

Public Stewardship Ethic

Restoration

Climate and Climate Extremes

�                            16

                              8

                            22

                            17

                            34

                            43

                            36

                              7

                            12

                            43

                            15

                            21

                            20

                            23

                            33

                              6

                              2

                             11

                             14��

C.  List of Vital Signs



The following is a list of vital signs and the number of stressors affecting each vital sign was compiled from the workshop products.  A table showing vital signs and related stressors can be found in Appendix IV.  



Vital Signs				Number of Related Stressors

Lake Ecosystem���Recruitment of Native Fish                                           � 4��Fecal Contamination                                                   � 2��Water Quality Indicators                                               � 2�����Spring Ecosystem���Hydraulic Head at Springs                                           � 1��Regional Ground Water Use                                          � 1��Wetland Community Attributes                                    � 8��Wetland Faunal Community                                         � 5��Population size of snails                                               � 4��Reproduction in Rana onca                                         � 4��Soil Salinity in Wetland Areas                                      � 2��Ground Water Quality-Springs                                    � 5��Hydrology Catchment Quality                                          � 2��Ground Disturbance                                                    � 4���

��Soils and Related Microbiota���Cryptogram Density/ Diversity                                     � 8 ��Soil Vertebrates/Invertebrates                                    � 8��Standard Soil Descriptors                                             � 5��Soil Erosion and Deposition                                        � 7�����Vegetation���Recruitment of Native Trees                                         � 8��Community Composition and Structure                    �14��Success of Restoration Actions                                    

Rare Plants                                                                 � 6

 4�����Alien Plant Species���Aquatic Alien  Plant Species                                      � 2��Native vs. Alien Plants in Wetlands                             � 4��Geographic Extent of Alien Plants                              �11 ��Local Abundance of Alien Plants                                 �11��Invasion of New Alien Plants                                    �10�����Alien Animal Species���Numbers Exotic Aquatic Animals                               � 4��Native Fish Genetic Diversity                                      � 2��Distribution and Number of Feral Equids                    � 2�����Livestock Grazing���Number and Distribution of Livestock                          � 1�����Wildlife���Wildlife Abundance, Composition, Diversity             �14��Diversity of Small Mammals                                                                          �11��Distribution and Abundance of Migratory Birds                                               � 2��Lizard Abundance, Diversity, Composition (Phynosoma)                               � 3��Wildlife Behavior                                                        � 1��Number of Subsidized Predators                               � 1��Ant, Termite Population Numbers                               � 4��Diversity of Ants, Number of Mounds                        � 4��Dipodomys ordii presence                                        � 4��Population Parameters of :���          Spring Snail                                                     � 4��          Marsh Snail                                                      � 5��          Razorback Sucker                                            � 3��          Bonytail Chub                                                   � 3��          Arizona Toad                                                   � 5��          Relict Leopard Frog                                          � 5��          Gila Monster                                                     � 3 ��          Chuckwalla                                                      � 3��          Desert Tortoise                                                 �10��          Southwest Willow Flycatcher                           � 9��          LaConte's Thrasher                                          � 9��          Yellow-billed Cuckoo                                        � 9��          Kit Fox                                                            � 2��          California Leaf-nosed Bat                                � 2��          Allen's Big-eared Bat                                      � 2��          Townsend's Big Eared Bat                               � 3��          Spotted Bat                                                    � 2��          Big Free-tailed Bat                                          � 2��          Western Mastiff Bat                                       � 2��          Fringed Myotis                                                � 4��          Desert Bighorn Sheep                                     � 8��          Desert Pocket Mouse                                     � 7��          Diurnal Lizards                                                � 5��          Damselflies and Dragonflies                            � 2��          Pollinators                                                      � 3��Reproductive Success of Various Species                �11��Number of Burrowing Owl Colonies                           � 1��Number of Kit Fox colonies                                      � 1��Number of Successful Red-Tailed Hawk Nests         � 1��Distribution and Reproductive Success of Bighorn   �10��Density Estimates of Long-lived Herps                      ���Age Structure of Long-lived Herps                           � 9��Composition and Abundance of Nocturnal Rodents � 3��Biodiversity                                                              � 6�����Air Pollution���Number of External Air Pollution Sources              � 1 ��Number of Internal Air Pollution Sources                � 5��Dry Deposition Rates (Nitrogen)                            � 3��Concentrations of Air Pollutants                             � 3��Visibility                                                                � 2�����Noise Pollution                                � 3

��Light Pollution                                                    � 2�����Habitat Fragmentation���Amount of fragmentation                                    � 3��Number of roadless polygons                              � 2��Number of barriers                                             � 1�����

Sociological Issues���Public awareness of air quality problems             � 1��Public awareness of resource mgt. Issues          � 1�����Fire���Fire Frequency                                                    � 2��� ��Climate���Temperature, Rainfall                                        � 1��Rainfall Patterns                                                 � 1�����



 V.  Future Development of Vital Signs List



This list will be evaluated by the Monitoring Review Team and the Lake Mead NRA Resource Management staff.  The team and Lake Mead staff will determine the criteria for selection of the most important vital signs to monitor and will select the vital signs.  



VI.  Future Development of the Vital Signs Program



After the vital signs have been selected, the park will work with the appropriate scientists to develop monitoring protocols.  The park will also develop a data management system to house and integrate monitoring results.  The park plans to have continual review of the vital signs program to assure that the program reflects increased understanding of the ecosystem.
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Agenda

VITAL SIGNS WORKSHOP

NATIONAL PARK SERVICE

LAKE MEAD NATIONAL RECREATION AREA

JANUARY 12, 13, AND 14, 1998





MONDAY - JANUARY 12



 1:00 -  1:10 PM	Welcome					Alan O’Neill

Superintendent, Lake Mead NRA



 1:10 -  1:30 PM	Introduction to the Vital Signs Program 	Kent Turner

and Process at Lake Mead NRA		Lake Mead National 

						Recreation Area





 1:30 -  2:15 PM	Understanding Vital Signs			Gary Davis

Channel Islands National Park 



 2:15 -  3:15 PM	Presentation of the Mojave Desert		Bob Webb

Terrestrial Ecological Model			U.S. Geological 

									Survey

 3:15 -  3:30 PM	BREAK



 3:30 -  4:30 PM	Limnological Model for Lakes Mead and	Jim LaBounty

Mojave					Bureau of 

						Reclamation



 4:30 -  5:30 PM	Lake Mead Resource Management Model	Kent Turner

			and Ecological Working Model		Lake Mead National 

									Recreation Area



 5:30 -  6:00 PM	Comments on Key Ecosystem Components	Group Discussion

			& Stressors					(Questionnaire)



 









TUESDAY - JANUARY 13



 8:00 -  9:00 AM	Vital Signs, Definitions, Monitoring		Kent Turner/Bill 

			Questions, Group Process and Templates	Dickinson

									Lake Mead National

									Recreation Area



 9:00 - 12:00 PM	Monitoring Questions	 Determination and	Working Groups

			Prioritization



12:00 -  1:00 PM	LUNCH



 1:00 -   2:00 PM	Working Group Five Minute Reports on 	Bill Dickinson

			Monitoring Questions				Lake Mead National 

									Recreation Area





 2:00 -  2:30 PM	Vital Signs Determination Instructions	Bill Dickinson

									Lake Mead National 

									Recreation Area



 2:30 -  5:00 PM	Continuation of Small Group Discussions				

			and Template Completion





WEDNESDAY - JANUARY 14



 8:00 - 11:30 AM	Continuation of Working Group Discussions and

			Template Completion OR Large Group 

			Discussions on Linkages



11:30 -  1:00 PM	LUNCH



  1:00 -  3:30 PM	Fifteen Minute Group Reports		Bill Dickinson

									Lake Mead National 

									Recreation Area



  3:30 -  4:30 PM	Monitoring Advisory Team  Panel		Bill Dickinson

									Lake Mead National 

									Recreation Area



  4:30 -  5:00 PM	Closeout					Kent Turner/Alan 

									O’Neill

									Lake Mead National 

									Recreation Area
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