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autonumout
Rational and Justification:  The Chisos Mountain hedgehog cactus, Echinocereus chisoensis, is restricted to a few sites in Big Bend National Park in Brewster County.  In 1987 it was added to the Federal lists of Endangered and Threatened wildlife and plants as threatened because of its restricted distribution, the species’ low numbers (estimated to be less than a 1,000 plants), vulnerability to private and commercial cactus collectors, and habitat disruption.  A lack of basic scientific information about the species is limiting the ability of conservation agencies to evaluate the limiting factors and to prescribe management activities.  The decline of this species may also be due to loss of viability of existing populations.  It is thought that the Chihuahuan Desert scrub habitat in which the Chisos hedgehog cactus is found, was once grassland.  Historic land management practices and changing climatic conditions may have caused degradation and loss of this habitat.  However, the habitat needs of the Chisos hedgehog cactus are not clearly understood.  The lack of basic biological and ecological information for this species severely limits management and recovery efforts.  For example, knowledge of the distribution and levels of genetic diversity is of vital importance in elucidating the degree of isolation and relationship between and within populations.  This information would lead to a better understanding of the species’ immediate fitness and long range potential, which in turn could influence conservation strategies.  With such an extremely restricted distribution, the Chisos Hedgehog Cactus is vulnerable to local catastrophic events (e.g. drought, fire, freezes, hail), which could cause extinction.  The recovery plan for the cactus provides a comprehensive overview of the little that is known about the species and provides suggested actions needed for recovery.  The plan calls for long-term monitoring, surveying, and basic biological and ecological studies.  Scientific investigations and more extensive inventory efforts are needed so that the park can make science-based decisions for effectively managing its most threatened plant species. This three-year study will be a cooperative effort to determine the distribution and abundance, reproductive biology, genetic heterogeneity of the Chisos Mountain hedgehog cactus and how these features relate to its rarity.

autonumout
Objectives:  A lack of basic scientific information about the Chisos Mountain hedgehog cactus is limiting the ability of conservation agencies to evaluate the limiting factors and to prescribe management activities.  The proposed study will have four primary objectives:  (i) better define the distribution and frequency of the species, (ii) describe its reproductive biology to include pollination ecology and seed ecology, iii) describe the genetic heterogeneity of several populations (to include small and large populations), and (iv) investigate how these features relate to the rarity of the species.

autonumout
Listing of Studies:

autonumout
Study 1: Chisos Mountain Hedgehog Cactus Study 

1.
Principal Investigator(s): Bonnie Amos, Angelo State University; Kathryn Rice, Desert Botanical Garden; and Denise Louie, National Park Service - Big Bend National Park

2.
Specific Objectives: 1) Better define the distribution and frequency of the Chisos Mountain hedgehog cactus, 2) Describe the species’ reproductive biology, 3) Describe the genetic heterogeneity of several cactus populations, and 4) Investigate how these features relate to the rarity of the species.

3.
Experimental Design or Methodological Approach:

Task 1:  Distribution and Frequency - Echinocereus chisoensis  (ECCH) is endemic to Big Bend National Park, occurring on flat to undulating alluvial soils in the general region outlined by Dugout Wells, Ernst Tinaja, Tornillo Creek bridge, Sierra San Vicente, and Glenn Springs.  Plants have been found near each of these sites and along Route 12 (Panther Junction-Rio Grande Village highway).  Most of this area has limited access by road and has been poorly explored; therefore, the species frequency of occurrence and population size is unknown. 

Big Bend National Park personnel will prepare maps of all known populations using UTM locations.  Maps will include geology, soil, and the dominant vegetative community.  A quantitative analysis of each plant community containing ECCH will be conducted to determine the presence of unique identifiers.  A geologist will survey the sites to describe soils, geology, and hydrology.  The maps and checklists resulting from the quantitative analyses will be used in searching for new populations.   As new populations are discovered, the UTM location will be recorded for each and sites added to the map.    

Several successful surveys have been made in recent years in locating additional plants.  A systemized survey was conducted by Denise Louie and her helpers in 1996.  They walked a 60 m wide transect, with searchers approximately 20 meters apart, from the Glenn Springs area to Route 12 near mile marker 14.  In 1999 a similar survey involving nine investigators was made from Route 12 near mile marker 15 to the River Road.  Additional surveys utilizing a similar technique will be conducted through suitable habitat to include: i) a more southernly route than that taken by Louie, beginning from the Glenn Springs Road to Route 12, ending near the Tornillo Creek bridge, ii) along the River Road between Sierra San Vicente and Hot Springs, iii) begin at Route 12 and end near Ernst Tinaja.  In addition, surveys will be coordinated with Mexican botanists in protected areas in northern Mexico (i.e. Area de Proteccion de Flora y Fauna Maderas del Carmen).

Task 2:  Floral Phenology - The first step in any plant reproductive study is to determine the seasonal and diurnal timing of important floral events. Events to be determined are: the flowering period (the species typically flowers March - May), the frequency of flower production over that period (as determined by daily flower counts within each population), the relationship of flower number to pollinator activity (as determined by pollinator counts compared to flower number), flower production as it relates to climatic variables (compare flower number with daily temperature and rainfall data.  In addition, success and timing of fruit and seed production and mechanisms for seed dispersal must be determined.

Floral phenology will be established by tagging flower buds and recording events as they occur.  To determine the role of pollinators in floral development, comparative observations will be made on caged flowers in which pollinators are excluded and flowers open to pollinators.  Floral development will be recorded in thirty minute increments from the time the flower opens until it closes each day for the life of the flower.  Events to be noted include:  the time of day the flower opens and closes, flower longevity, whether the flower closes after pollination, and if so, how soon after, and the time of anther dehiscence.  In addition, the time of stigma receptivity will be determined by emasculating tagged flowers before anther dehiscence and hand pollinating flowers at different times in floral development.  Styles will be collected and examined for pollen tube growth (Martin, 1959).  Pollen viability will be determined by staining pollen and calculating the percentage of stained cells (Jackson, 1983).

Task 3:  Floral Attractants and Rewards - The presence or absence of nectar will be determined by observing the behavior of insect visitors and by using capillary tubes to probe the nectaries on flowers enclosed in insect-exclusion netting.  If nectar is present, the time of production and the quantity produced will be recorded.  Pollen production will be estimated both by anther and flower by determining the number of anthers per flower and the amount of pollen per anther.  Flower color will be described using the Naturalist’s Color Guide.  Floral insect colors and patterns will be determined by photographing flowers with Tri-X black and white film using a series of monochromatic filters, including a UV filter.  Resulting photographs will be analyzed using Kevan’s (1983) trichromatic technique for insect vision.

Task 4:  Breeding System - During flowering season of 1999 and 2000, ASU botanists conducted numerous crossing experiments to determine the breeding system of ECCH.  These will be repeated to increase sample size and to better define the variability within and among populations.   The experiments will be conducted by controlling pollination using insect exclusion enclosures.  In the first experiment anthers will be removed from young buds (i.e. flowers in which the anthers are intact and the stigma has had no contact with pollen), the flowers caged to prevent pollination, and allowed to develop without further manipulation.  If seeds are produced, then pollen is not necessary for reproduction and the plants reproduce asexually.  If there is no seed set, the plants reproduce sexually and other tests must be performed.  The role of self-pollination will be determined by caging young buds.  The flowers will be allowed to develop without insect visitors.  If seed set occurs, then the plants are capable of self-pollination.  If seed set does not occur, then the plants do not self-pollinate and cross-pollination experiments must be conducted.  Self-incompatibility will be determined by caging young buds, self-pollinating the flowers by hand at the appropriate time, and recaging them.  Lack of seed production will indicate self-incompatibility.  If plants are self-incompatible, fluorescence microscopy will be used to observe pollen tube growth to determine whether the plants have a gametophytic or a sporophytic incompatibility system.  To determine the importance of pollinators and pollen flow within the population, young buds will be caged and cross-pollinated by hand.  Because of the self-incompatibility factor in ECCH, the distance between parental plants will be collected with each cross pollination.  These data will aid in determining minimal effective flight distance for pollinators. Pollen-ovule ratios will be used as another means of predicting and comparing the breeding system (Cruden, 1977).  Results (fruit set and seed set) from self-pollination tests and self-incompatibility tests will be statistically compared with results from open seed set (marked, unmanipulated, uncaged flowers) and with cross-pollination tests.  Results will also be compared by population.  

Task 5:  Pollen Vectors - Pollinators will be determined through observation of flowers (in 1999 and 2000 one species of bee was the primary pollinator).  Pollinators (i.e. those exhibiting appropriate floral behavior) will be collected and their bodies examined for Echinocereus chisoensis pollen with a dissecting microscope.  Pollen loads will be removed, stained and examined microscopically to determine floral constancy.  Data will be collected concerning intrafloral behavior and frequency for each species of pollinator.  Voucher specimens of insects will be collected and sent to appropriate experts for identification.  

We will also attempt to determine flight distances for each of the major species of pollinators by capturing representatives, tagging each with unique numbered, colored disks, and releasing them back into the population.  The markers will allow us to identify and follow individuals.  As insects are tagged, location will be recorded and subsequent sightings by location will show foraging area for that insect.  This may be of great importance in identifying effective pollinators.  Preliminary investigations conducted by ASU botanists have shown that E. chisoensis is primarily self-incompatible.  If there is a self-incompatibility system present, fertilization will not occur between closely related plants, a serious concern since many E. chisoensis populations are composed of only a few plants.  Effective pollinators may be those with longer flight distances and who can successfully transport pollen between compatible plants.

Task 6:  Seed Ecology - Another critical stage in the life history of any species, but particularly that of a rare species with small populations and limited distribution is the seed ecology.  We will investigate the seed ecology by collecting data on seed:ovule and fruit:flower ratios. Seeds will be collected and sent to the Desert Botanical Garden to test seed viability and germination.  Seedlings will be grown to maturity and viability monitored and compared by treatment (i.e. self-fertilization, cross-fertilization by distance) and population.  Seed dispersal will be determined by frequent observations of dehiscing fruits.  In addition several 35mm cameras, each equipped with a motion sensor and flash, will be positioned near fruiting ECCH to capture seed harvesting activity during nocturnal periods.

Task 7:  Artificial Population Study (contingent upon approval by the U.S. Fish and Wildlife Service) - Success for any sexually reproducing plant species is determined by solving these critical hurdles: production of viable seed, dispersal of the seed into a suitable habitat, germination of the seed, and survival of the seedling to reproductive age.  To determine the vulnerable stages for ECCH, we propose to establish an artificial population (AP).  The population will be established by the placement of seeds and two-year old seedlings (grown by the Desert Botanical Garden) in 100 semi-permanent 2 meter square quadrats.  Each quadrat will be established around a nurse plant, since ECCH plants are most often associated with a nurse plant.  To prevent introducing novel variability into the AP, seeds used in the AP will be harvested from a single existing population (these seeds will have been harvested during previously described tests).  The AP will be established in suitable habitat but beyond pollinator flight distance of existing populations.  Within each 1 meter quadrat, twenty seeds and 5 seedlings will be randomly placed using a random numbers table.  Locations will be carefully mapped and notes made concerning site characteristics (i.e. distance from a nurse plant).  Plants produced by seed germination and seedling survival will be monitored quarterly over a two-year period.  An analysis of variance using a complete randomized block design will be used to compare seed-plant and seedling survival.  Any differences among plots will be analyzed as a block effect.

Task 8:  Genetic Heterogeneity - According to Stebbins’ (1980) gene pool niche interaction theory, plant species with limited geographic parameters will also be limited in genetic variability.  Low genetic heterogeneity has been linked to geographically restricted species, such as with the narrow endemics Oenothera organensis (Levin, et al., 1979), Bensoniella oregona (Soltis, et al., 1992), and Streptanthus morrisonii (Dolan, 1995).  Reduced genetic heterogeneity may be a critical factor in long term adaptation, particularly in a self-incompatible species such as ECCH.  The genetic heterogeneity will be estimated for three to four populations of ECCH using cellulose acetate electrophoresis (Hebert and Beaton, 1989).  To mitigate damage to plants, ovary tissue will be used to examine the phenotypic variation between the alleles of different enzymes.  Genotypic variation can then be deduced from the allelic variation exhibited by these enzymes.  Populations will be compared using F-statistics and chi-square deviation from Hardy-Weinberg expectations.

4.
Listing of Critical Data: The specific types of data, and other information products, to be generated by this project are identified in the individual Task descriptions above.

5.
Statistical Treatment: Appropriate methods for statistical treatment of data are specified, where appropriate, within each of the individual Task descriptions above.

6.
Acceptance or Rejection Criteria for Results: Best professional judgement on the part of the Principal Investigators will be the basis for acceptance or rejection of the results.

7.
Special Safety Requirements: There are no special safety concerns beyond those normally encountered while conducting field work in remote areas.

8.
Animal Care and Use Requirements: N/A

9.
Quality Assurance Requirements: No additional quality assurance requirements will be imposed beyond those required by the respective organizations of the individual Principal Investigators. 

10.
Endpoint of Study, Based on Accomplishments:  Angelo State University investigators will be responsible for preparing and submitting annual interim progress reports and a final report of the study's findings.  The progress and final reports will be submitted to the USGS contact (Denny R. Buckler, Columbia Environmental Research Center).  Annual interim progress reports will be submitted by September 30 of each year, and the final report will be submitted by September 30, 2002.

11.
Schedule of Study and the Outputs Expected:


Year 1 – August 1,  2000-July 31, 2001

Conduct breeding system and pollination studies. (ASU)

Retest those plants (from 1999 and 2000 study) in which self and nonmanipulated crosses set fruit. (ASU)


Determine frequency and variation in 2-day flowers (as observed in 1999). (ASU)

Determine optimal foraging distance for pollinators by conducting cross pollinations in which distance between parents is known. (ASU)


Tag and monitor pollinator foraging ranges. (ASU)


Monitor fruit set and seed dispersal. (ASU)


Prepare maps of ECCH sites with geology, soil types, hydrology.  (BBNP)


Conduct quantitative surveys of sites for unique identifiers.  (BBNP)


Continue to survey for additional populations. (BBNP)


Begin seed germination and seed viability tests. (DBG)


Begin seedling survival test (from germinated seeds above). (DBG)


Prepare annual report.  (ASU)
YEAR 2 – August 1, 2001-July 31, 2002

Continue pollination studies.  (ASU)


Continue to mark bees and investigate community interactions. (ASU)


Collect fruit set and seed set data. (ASU)


Continue to monitor fruit set and investigate seed dispersal. (ASU)


Continue seed viability and seed germination studies. (DBG)


Continue seedling survival tests.  (DBG)


Identify locations for artificial population (AP) studies. (ASU)


Set up quadrants for AP (100-2m sq. quadrants for seeds and seedlings. (ASU)


Introduce seeds and seedlings. (ASU)


Monitor AP quadrants every three months.  (BBNP)

Begin electrophoresis on ovary tissues to determine genetic heterogeneity of at least three populations. (ASU)


Continue surveys.  (BBNP)


Prepare annual report.  (ASU)

YEAR 3 - August 1,  2002-July 31, 2003

Continue pollination studies. (ASU)

Continue to tag bees and investigate community interactions and bee constancy. (ASU)


Collect fruit set data. (ASU)


Monitor fruit set and investigate seed dispersal. (ASU)


Continue seedling survival tests.  (DBG)


Monitor AP studies. (BBNP and ASU)


Continue electrophoretic study. (ASU)


Continue surveys.  (BBNP)


Prepare annual report.  (ASU)

12.
Place where Data will be Stored and Archived: Data storage and archival will be the responsibility of the individual Principal Investigators identified above.

13.
Relationship to Cooperator Needs: Funding for this project is provided by the Natural Resources Preservation Program in response to a need identified by the National Park Service - Big Bend National Park.
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