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Abstract:  Allium passeyi is a rare plant species that exists on Golden Spike National Historic Site property.  Limited research has been conducted with A. passeyi concerning its biology or ecology.  Land managers or agencies which oversee areas with A. passeyi populations would benefit from having more detailed information concerning the ecology, biology, and distribution of this species.  We are proposing a three year study of a single A. passeyi population located on Golden Spike National Historical Site lands in conjunction with two other populations on privately owned lands to monitor plant growth, morphology, population demographics, and genetic diversity within and among populations.  With this pertinent information, the need for conservation of A. passeyi habitats can be evaluated and proper conservation methods can be implemented if needed.

Introduction


We are requesting a research permit allowing us to study a rare plant species that exists within the boundaries of the Golden Spike National Monument.  The species to be studied is Allium passeyi (Passey’s Onion).


Allium passeyi is an early spring flowering perennial, believed to be endemic to Box Elder County, Utah. A. passeyi grows in shallow, stony, lithosolic soil on several hilltops at elevations from 1300 to 1500 meters. On these hilltops, it grows as a nearly pure stand of onions with only a few Bromus tectorum and Lepidium perfoliatum plants surrounding them. The thin lithosolic soil cap over dolomitic limestone stores just enough water during the winter and spring months to mature seeds. The plant becomes dormant as the available soil water decreases in the summer months. During this dormant phase, the bulb is protected from further desiccation by a fibrous bulb coat. Another wild allium, A. acuminatum is common up the hillside, but does not occur in the A. passeyi stand. A. passeyi truly occupies a unique ecological niche where other plants struggle to survive (Holmgren and Holmgren, 1974).


Although A. passeyi is assumed to be endemic to Box Elder County, a thorough distribution assessment has not been conducted. At this time, there are only six documented populations. We have observed populations at three of the currently known sites, one being a previously undocumented disjunct population. Its rarity and range of distribution is not fully known, and merits further study.


Limited research has been conducted with A. passeyi concerning its biology or ecology. Land managers or agencies which oversee areas with A. passeyi populations would benefit from having more detailed information concerning the ecology, biology, and distribution of this species. As the range of distribution becomes better defined, and its ecology better understood, the need for conservation of A. passeyi habitats can be evaluated and proper conservation methods can be implemented.


Additional knowledge about this species would also be beneficial to those in the scientific community who might be interested in its ability to survive in a very unique microhabitat.

Classifications and Listings


Although Allium passeyi is not currently on the federal (U.S. Fish and Wildlife Service) candidate species list, it was on the FWS Candidate 2 (C2) list until 1996 when the USFWS discontinued the list. The C2 list was used to distinguish species for which sufficient data are not currently available to support proposed rules (USFWS, 1994). The discontinuation of this list has transferred the responsibility of tracking those rare species to other agencies and organizations (Crystal, 1997).


The Utah Natural Heritage Program, a part of the State of Utah Division of Wildlife Resources also includes Allium passeyi on their list and gives it a rating of extreme rarity (G1, S1). The G1 rating indicates the high vulnerability of the species to extinction on a global scale, while the S1 rating indicates the same on a state level (DWS, 1998).


Allium passeyi was on the USDI Bureau of Land Management sensitive species list until 2002. The BLM sensitive species designation includes species that could easily become endangered or extinct within a state. Being on this list ensures that actions authorized, funded, or carried out by the BLM do not contribute to the need to list any of these species as threatened/endangered (BLM 6840 Manual). A. passeyi was dropped from the list in 2002 because of the lack of known populations on BLM lands.

Cytology


Of the approximately 600 Allium species worldwide, chromosome numbers have been determined in only about one third of them. The chromosome numbers of many North American species are known, but comprehensive cytological information is lacking. The genus Allium generally has large chromosomes which facilitate detailed cytological work. Because of the visibility of the chromosomes, Allium species karyological characteristics such as ploidy level, karyotype evolution, and heterochromatin variation can be readily determined (Chinnappa and Basappa, 1986).

Genetic Diversity


The North American Alliums are divided into 10 alliances, based on morphological similarity (Saghir et al, 1966). Based on bulb coat characteristics and other phenotypic traits, A. passeyi would be included in the Allium canadense alliance (Holmgren and Holmgren, 1974). Each alliance appears to have a unique center of dispersal from which all species contained in that alliance originated. It has been proposed that the center of dispersal for the A. canadense alliance is in western Texas with the five most localized species occurring within the boundaries of Texas, and lines of affinity being traced outward in six directions (Ownbey and Aase, 1955). By following the hypothetical route of dispersal from the outlying ranges in Texas, you will see each species become more complex and less morphologically and ecologically uniform. Allium passeyi exists on the outer reaches of this route of dispersal and could thus be theorized to be quite distinct morphologically and genetically from other species in the A. canadense alliance.


The seemingly isolated habitat of A. passeyi though leads to the question of genetic variation among and within the populations. In general, an isolated endemic species tends to exhibit low genetic variation within a population, while the variation between populations may be expected to be high due to the lack of gene flow (Smith and Pham, 1996). The genetic diversity exhibited among populations of the same species can give insight into the mechanisms that have influenced their current habitats. The endemic nature of Allium passeyi, which appears to exist solely in specific small microhabitats, makes this species particularly well suited for an examination of genetic diversity.

Objectives


The range of distribution for Allium passeyi is unknown but is potentially limited and confined to a very specific microhabitat. With most of the identified populations being found in Golden Spike National Monument boundaries, it is necessary to learn the vulnerabilities of this species in order to minimize any potential negative impacts to their populations.


Detailed studies concerning the ecology, genetics, and distribution of A. passeyi are needed in order to properly assess its conservation needs. Information obtained from these field and lab studies will advance our knowledge concerning the phenology of this species and give us ideas concerning the relationship between its physiological and ecological characteristics.


The ultimate objective of our proposed research is to develop a habitat conservation assessment for Allium passeyi based on the known characteristics of A. passeyi populations combined with new information obtained in our studies. This will be published as a detailed manuscript and made available to agencies and individuals involved in land management or conservation of A. passeyi habitats.

Methodology: Field Studies


There are good botanical descriptions of Allium passeyi, but there has been very little work done concerning the ecology of this species. An understanding of the life cycle of A. passeyi will help assess potential threats to the populations. Some of this knowledge can be best obtained through laboratory studies, but certain biological processes are best observed in the natural system.

Study Sites


Three populations of Allium passeyi will be simultaneously studies. All known Allium passeyi populations exist between 4800 – 5800 ft, so they were selected based on distance with two populations on opposite ends of its distributional range (in the Golden Spike National Monument, and the Northeast end of Blue Creek Valley), and one population located near the center (Anderson Hill near Howell). The variety of locations will be useful in ascertaining the relevance of elevation and environmental conditions in influencing growth characteristics.


The Golden Spike population to be used in this study is located on the ridge east of Last Cut at the elevation of 5071 ft (fig. 1). GPS coordinates are as follows: 41.63054 N, 112.49809 W.  The size of the population is approximately 260 m2 and contains over 2000 individual plants. 
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Figure 1.  Proposed study site is marked with a black square.
Environmental Measurements


At each field site, air temperature, soil temperature, and relative humidity will be recorded daily and logged hourly. Data from the nearest weather stations correlated with the relative humidity recordings will be used as a measure of precipitation for each site. Soil samples will be collected from each population, and analyzed specifically for soil type, nutrients, and pH.

Population Studies


In each population, three 1-m2 plots will be randomly selected for study. Plots will be established and staked out in early spring of 2004 by driving metal stakes in the four corners of the plot. String will be strung around the stakes forming the square in which the observations will take place. After each set of observations, the string will be removed, while the stakes will remain in place. The stakes will remain several inches above ground level throughout the duration of the study. In each plot, individual plant maturities will be estimated based on the number of leaves, and the presence of flowers. Plants with one leaf will be considered seedlings and plants with two or more leaves but no flowering will be considered juveniles. All individual plants that flower will be considered sexually mature. Population density and maturity ratios will be assessed based on extrapolations from counts in these plots. Every individual in each plot will be marked with a colored plastic toothpick, numbered and mapped. Plant growth will be monitored from April to November. Dates of emergence, leaf expansion, leaf senescence, spathe elongation, and flowering will be recorded. Sample measurements of leaf length and width will be taken to assess leaf area. Flowers and seeds per umbel will also be recorded in these plots. Seed development will be monitored, and dispersal time and method will be determined. Plant monitoring will continue for three years.


Random destructive sampling from the populations is needed to monitor bulb and root growth and morphology. Five times a year, five individual plants will be randomly collected from each population, and taken to the lab where data will be taken and recorded. The five times chosen to collect these samples will be based on seasonal development of the plants.  The destructive samples will be collected in early spring as soon as the population is accessible, during emergence of the spathe, directly after above ground plant senescence, during summer dormancy in early autumn, and late autumn.  The timing of these collections will allow us to develop a timeline of bulb and root developmental processes throughout the year.  Root growth will be assessed by counts and length measurements from the collected plants. The timing of root initiation and senescence will also be assessed. Seed from each population will be collected for laboratory germination and growth experiments. The amount of seed collected will be based in part on population size data and umbel counts collected during the growing season. The amount of seed taken from the populations will not exceed 5% of the total estimated amount of seeds produced in each population.

Determining the Range of Distribution


As mentioned earlier, the range of distribution for Allum passeyi is unknown, although it is assumed to be limited to a portion of Box Elder County. The following methods will be used to assess the abundance and the range of distribution of A. passeyi, and are contingent upon receiving funds through a Native Plant Conservation Initiative grant.


A multi-faceted approach will be used to determine the range of distribution for A. passeyi. Due to the potential size of the area of distribution of this species, it is useful to utilize new technologies to help pinpoint the possible locations. Using GIS technology will help us to identify locations that could possibly support populations of A. passeyi. GIS technology has been used before in predictive modeling of rare plant habitats (Fertig and Thurston, 2003). Potential sites determined with these methods can then be verified by personal inspection. A distribution map will be produced detailing the population sites, sizes, and land ownership.

Methodology: Lab Studies

Cytological Studies


Material for the cytological studies will be taken from the root tips and anthers of those plants collected in the field from each of the three populations. Appropriate squash preparations will be made and chromosome number and ploidy level will be microscopically observed. Chromosome lengths, types, and chiasma frequency will also be determined.

Genetic Diversity


Genetic diversity will be assessed using AFLP techniques. AFLP is a DNA fingerprinting technique which uses PCR amplification in detecting DNA restriction fragments. AFLP is a reliable and robust technique that will allow us to obtain useful genetic information, which can give insight into the genetic diversity found in A. passeyi populations. DNA will be extracted from A. passeyi samples collected from all known locations. DNA from Allium textile, and Allium geyeri, two species that are closely related will be used as outliers. Results will be subjected to a genetic distance analysis, which will show relationships between individuals and populations. We should also be able to determine the relationship of A. passeyi with the closely related A. textile and A. geyeri. A visual representation of these relationships will be realized on dendograms produced from these results.

Summary

In order to properly manage lands containing endemic populations, the land managers need accurate and reliable information regarding the conservation needs of the species. Due to the lack of information and the assumed rarity of Allium passeyi, it is necessary that further research dealing with the ecology of this unique species be conducted. Obtaining an understanding of the ecology of A. passeyi will enable us to assess its conservation needs.
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