A Re-evaluation of Long Term Monitoring Sites of the Kachina daisy at Natural Bridges National Monument, San Juan County, Utah

Introduction

Erigeron kachinensis Welsh and Moore (Asteraceae), the Kachina daisy, is a Colorado Plateau endemic restricted to southeastern Utah and adjacent Colorado.  In Utah, the species typically occurs on the Cedar Mesa Sandstone in protected alcoves along canyon walls.   As water percolates through this sandstone, it eventually reaches an impermeable layer and exudes out of the canyon wall forming alcove seeps.  Specialized plant communities adhere to the surface of the rock in these seeps, forming what is known as a hanging garden.  The Kachina daisy rarely occurs outside the confines of such hanging gardens.
Several factors, both intrinsic and extrinsic, contribute to the rarity of Erigeron kachinensis.  Restricted to habitats that are effectively oases in the desert, the species probably was never widespread or abundant.  Individual populations are small, constrained by the size of the alcoves and their geologic instability.  Plants frequently fall victim to flash floods and rock falls from alcove roofs.

In addition to these natural limitations, other potential threats to the species have become apparent in recent years. The seeplines that provide water to the hanging gardens appear to be drying out, resulting in loss of critical habitat and population fragmentation.   Increased tourism in the canyon country of southeastern Utah now poses a serious threat to the species.  Shady alcoves are favorite areas for hikers to take shelter, and many contain ancient Anasazi Indian ruins that attract tourists.   These habitats are fragile and easily degraded by human activities, and human-caused mortality is on the rise.

Most disturbing from a biological standpoint is the fact that the surviving plants are not reproducing well. Erigeron kachinensis exhibits poor reproductive success due to the rare occurrence of successful fertilization events and a high percentage abortion of developing fruits (Allphin and Harper 1997).  This is due, at least in part, to genetic problems caused by small population sizes and increased familial inbreeding (Allphin et al., in review).

Populations of Erigeron kachinensis could never have been large given their specific habitat requirements, and they appear to be shrinking.  Reduced genetic diversity is expected in small populations due to 1) fewer opportunities for mutation, 2) gene loss via genetic drift, and 3) increased inbreeding.  This can lead to reduced fitness, making species with this population structure especially prone to extinction (Simberloff 1988, Barrett and Kohn 1991).  

The documented decline of the Kachina daisy is cause for concern, and the species could benefit greatly from a detailed conservation plan.  Nearly all species-level conservation programs emphasize the critical need to maintain genetic diversity (Marshall and Brown 1975, Frankel and Soulè 1981, Dole and Sun 1992, Rieseberg and Swensen 1996).  Thus, in order to conserve the Kachina daisy, we have also obtained baseline genetic data (Allphin and Windham, in review).

Continued monitoring in these populations will provide some important information on the consequences of habitat fragmentation and small population size on fitness in rare plant populations.  In addition, long-term monitoring will provide information important for the conservation of this rare plant species.

Methods

PRIVATE 
Demographic and Reproductive Monitoring

tc  \l 2 "Demographic Monitoring"

Six long-term monitoring plots were established at six hanging garden populations of Kachina daisy in NBNM during June of 1990.  Vegetative and reproductive characteristics of 100 tagged individuals in each of these plots have been assessed each year for the past ten years.  This information has facilitated the development of a life table for the species (Allphin and Harper, 1997).  However, we have yet to see mortality in the largest size/age class of individuals. We have also found low reproductive success in all populations of this species in NBNM (~ 20 % seed set).  Detailed reproductive studies demonstrate that genetic factors due to small population size are responsible for the apparent low fecundity in this species (Allphin et al., in review).


Therefore, I propose to continue this long-term monitoring in June of 2001.  I plan to assess mortality, fecundity, vegetative growth, and seedling recruitment during this field season for individuals in these populations.  Measurements will be taken on the tagged individuals in each population.  In addition, whole flower heads will be collected from tagged and non-tagged individuals in each population to assess reproductive success.  Fruiting heads will not exceed 50 % of the total inflorescences produced by this species.  In addition, I hope to collect seed for germination in greenhouse to supplement the existing greenhouse materials of E. kachinensis for reproductive studies.  Additional reproductive experiments in the greenhouse are planned for the summer 2001 that will look at the effects of increased temperature on fecundity in the Kachina daisy. 

Abiotic and Community Sampling


We have documented that some of the alcove seeps are drying and that populations are beginning to show the initial signs of genetic drift as this drying causes populations to become smaller and more isolated from one another (Allphin and Windham, in review).   We also have noted that the percent cover of associated species in the vegetative communities has changed since originally monitored in 1990 (Allphin, final report NBNM, 1999).  This appears to be due to the changes in the level of soil moisture.  


Therefore, I propose to resample the soils in each of the alcoves at 5m intervals along the 25 m long term monitoring transect.  Soils will be analyzed for % soil moisture and level of essential elements (ppm).  Frequency and cover of individual associated species and percentage total living cover will be determined at one-meter intervals along long-term monitoring transects using a 100 cm2 quadrat frame (Allphin and Harper 1994).  

Genetic Monitoring

Baseline population genetic data have been generated for the species.  Therefore, additional leaf samples (5-8 leaves) will be collected from several seedlings and individuals of small size class in each of the study populations to assess the amount of genetic change in these populations over time, as genetic drift occurs.
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