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Overview


Willows are the principal woody wetland plants in Rocky Mountain National Park (ROMO).  Willows have declined in wet meadows and along floodplains on the eastern side of the Park (Peinetti and Coughenour 1999). It is suspected that many areas of willows were removed to clear areas for agriculture, a golf course, and other land uses.  In addition, many areas that formerly supported willows have been drained, or occurred in beaver pond complexes that have been abandoned.  In many areas willows are suppressed by intensive ungulate herbivory, with heights of less than 10 cm, while in other areas willows have been killed. It is a priority of ROMO park managers to better define the natural condition of willows and to restore willows this more natural condition.

This research is focused on evaluating the processes of willow establishment so that new populations of willows can be established in ROMO.  We will investigate current constraints on willow seedling establishment and willow growth, investigate the hydrologic regime of Horseshoe and Moraine Parks to determine where suitable willow habitat occurs, determine the best ways to establish willows from nursery grown seedlings and cuttings, and determine the historic patterns of willow establishment.

Study Sites

This work will take place primarily in Horseshoe and Moraine Parks on the eastern side of ROMO.  These areas once supported large willow stands that have been affected by a variety of human and animal uses.

Approach and Methods


Our approach will involve four major studies: 

1. Hydrologic analyses of Moraine and Horseshoe Parks. 

2. Determine the date of past willow establishment and the types of geomorphic surfaces that willows established on, stream flow characteristics during the year of establishment, and mode of past willow establishment (sexual or asexual).

3. Analysis of factors constraining natural willow seedling establishment. 

4. Determine where nursery-grown seedlings and rooted and unrooted willow stem cuttings could be established.

Each subject is discussed below and a timetable for implementation is presented

Hydrologic Analysis of Moraine and Horseshoe Parks

An understanding of the patterns of ground water flow in the two study areas will help us to determine whether significant areas have been drained, what connections occur between streams and ground water flow systems, where sites with water tables suitable for supporting willows occur, and whether more suitable sites for willows occurred in the past.  To perform these analyses we have installed nine transects of ground water monitoring wells and staff gauges in a north-south orientation across each study area.  Each transect has a staff gauge in the stream, and 3-15 wells extending from forest edge to forest edge.  

The staff gauges are fence posts or sections of rebar driven into the streambed along a meander bend so that they are disguised along cut banks.  Ground water monitoring wells have been hand augered or hand dug and cased with 1.25-inch diameter PVC pipe.  The wells will allow the water table depth to be measured throughout the year.  Well casings are cut off approximately 20 cm above the ground surface so that they are not visible from roads.
Water depths will be measured weekly from late April through early October.  NPS Water Resources staff will survey the well casings and ground elevation at each site for location and elevation relative to true benchmarks.  We will use the well data to create hydrographs for each well, profiles of water table elevations relative to the ground surface across each Park, and water table maps for different seasons.  These data will be used to identify the main sources of water supporting different portions of each study area, identify any major hydrologic issues such as drains or ditches that affect the study area, and map out sites that currently have suitable hydrologic regimes for supporting willows.

Determination of Physical and Biological Constraints on Willow Seedling Establishment

This study will involve measuring the timing, density, and distribution of seed rain and water dispersal of asexual and sexual propagules of willows and other competing species. The viability of seeds from different willow species, and patterns of willow seedling establishment and survival on natural point bars, manipulated point bars, and other sites will be examined. 

Patterns of willow propagule dispersal

Aerial seed rain traps, consisting of 30 by 30 cm pieces of plywood, attached parallel with the ground surface on fence posts, were installed along a series of transects across both study areas in the spring of 2000.  The tops of the plywood surfaces were painted with Tanglefoot® pest barrier to capture seeds landing on the surface.  The number of seeds captured was recorded weekly for the entire period of seed dispersal. The number of seeds captured was several orders of magnitude higher in reference willow areas (western portions of Endovalley and Moraine Park) than in eastern end of Moraine Park.

To better characterize patterns of seed dispersal, seed traps will be installed along transect lines at 5 m intervals from willow patches. Separate transects will be placed perpendicular to the trend of willow stands and parallel to the prevailing wind direction. The total number of willows, number of seed-bearing female plants, and willow density and willow stature, as defined by Peinetti (2000), will be assessed for each patch. The number of captured seeds will be assessed weekly during the main dispersal window. The goal of this analysis is to determine effective distance for aerial seed rain and to assess the relative importance amenochory (wind dispersal of seeds) vs. hydrochory (water dispersal of seeds) as the principal mechanism of propagule dispersal in different portions of the study area. 

During the first week of May, we will begin recording qualitative observations regarding the reproductive phenology (i.e. flowing time, capsule production, seed dispersal) of the dominant willows present in the study areas. Eight plants, four female and four male, will be monitored on a weekly basis. Phenological phases will be assessed by randomly selecting four shoots from each plant, and recording the dominant stage (i.e. bud break, flowering, capsule production, capsule maturation, capsule dehiscence, capsule shedding) of each shoot. This data will be used to assess the relative contribution of each species to observed seed rain patterns and to provide insight into the relationship between hydrograph characteristics and dispersal timing. 

To assess the role of hydrochory in seed and asexual propagule dispersal, streams will be sampled using aquatic seed traps at four locations along the Big Thompson River; two upstream within existing willow communities, and two downstream, where willows are largely absent. Samples will be collected weekly from the beginning of June until mid-July. On each sampling date, traps will be installed for a 15-30 minute time period. 

Trap contents will be removed and any coarse debris separated out. From this material, willow stem fragments will be identified and their viability assessed by partially submerging fragments in water under continuous light. Fragments will be considered viable if either adventitious roots or shoots form within a period of two weeks. The remaining material caught in the traps will be spread onto trays of moist loamy soil, placed in the ROMO greenhouse, and watered daily. Germinants will be identified and removed as soon as they can be identified. 

Willow seed entrapment and germination

The interaction of soil texture and surface roughness on willow seed entrapment and germination will be examined using a replicated 3x2 factorial design. A series of planting plots will be installed containing either a fine textured or coarse textured soil to which three levels of surface roughness will be added. Roughness treatments will be created by the addition of coarse fragments (medium to large gravel, mean diameter ( 30 mm) at levels of 0%, 40%, and 80% of plot surface area. Planting containers will consist of 5 cm tall sections of 20 cm diameter PVC pipe, with a fine mesh screen on the bottom to prevent outgrowth of seedling roots but to allow the free passage of water. Specific soil texture and surface roughness treatments may be modified to better represent the range of conditions naturally observed on fluvial landforms in the study area. 

In early June, containers will be buried flush with the ground surface at a uniform elevation just above the peak river stage. Each container will be randomly assigned a combination of soil texture and surface roughness treatments, and filled until flush with the ground surface using soils collected on site and sieved to the appropriate texture. Four replicates, with six plots in each representing all of the soil texture and surface roughness treatments, will be located on point bars in the east end of Moraine Park where essentially no willow seed rain occurs. A staff gage will be placed in the adjacent stream to measure the discharge/stage characteristics of each site.

Mature catkins will be collected from five Salix monticola plants in Moraine Park, dried overnight at 20° C, and stored at approximately 4° C until used. Seeds from several individuals will be combined and 15 mature seeds selected for addition to each treatment plot. To ensure uniform application, seeds will be dropped into a 30 cm tall piece of PVC pipe fitted over the plots and allowed to settle. Seeds will be added weekly from approximately the second week of June through the first week in July, corresponding with the peak period of natural seed rain. On the soil surface beside each cluster of plots, a seed trap will be installed to measure natural seed rain into the study plot area. The germinability of seeds sown onto sample plots will be assessed in the laboratory by placing 100 randomly selected seeds on moistened filter paper under continuous light and counting the number of germinants after 72 hours.

After installation, plots will monitored on a weekly basis, and counts made of germinants. A final count of seedlings will be made in the middle of July. The soil will be removed from each container and the number of willow seeds that were retained in the soil column, but failed to germinate, will be separated using the method described by Malone (1967). Seeds will be identified and counted under a dissecting microscope.

Seed entrapment will be assessed by subtracting number of germinated plus ungerminated seeds recovered from study plots from the total number of seeds added to each plot. This will provide percent entrapment for each treatment combination. Treatment effects will then be compared among treatments using ANOVA.  Based on seed trap data from the summer of 2000, seed inputs from natural sources are expected to be negligible. However, seed traps placed in conjunction with study plots will provide a measure of any additional seed rain if it occurs.

The number of germinants in each plot divided by the total number of seeds added would provide an estimate of the germination rate, which will be summed for each treatment. These values will then be corrected using the germination rates from the laboratory trails to yield an estimate of percent germination used in subsequent analyses. Treatment effects on germination will be analyzed with two-way ANOVA.

Effects of soil texture and elevation on willow seedling growth and survivorship

In the summer of 2000, a replicated 2x3 factorial experiment was established on point bars in the study area. Paired 0.25 m2 plots were established at three heights above the late summer water table on five bare point bars. The soil in one of each pair consisted of native gravelly coarse sand, whereas the soil in the other plot was removed to a depth of approximately 30cm and replaced with a loamy sand excavated from nearby cut banks and backwater areas. The numbers of willow seedlings were counted in the second week of July and the first week of September. Surviving seedlings will be tallied in early May, and monthly throughout the remainder of the 2001 field season. In September of 2001, all surviving seedlings will be excavated, and the above and belowground biomass assessed for comparison to greenhouse grown seedlings.

Patterns of seedling establishment on different fluvial landforms

Using aerial photographs of potential study sites, representative examples of each of three different landform types will be identified: recently abandoned beaver ponds, oxbows, and point bars. These represent the dominant fluvial landforms present in the study areas. In each chosen site, a seed rain trap will be installed in the first week of June, and monitored weekly. In late July or early August, a series of transects running perpendicular to the primary direction of flow will be established on each landform, running from the waters edge to the edge of upland vegetation types. At 1 m intervals along the transect a 0.25 m2 plot will be established. The number of willow seedlings and the number and approximate age of any other willows present will be recorded. Ages of mature willows will be based upon terminal bud scars on branches and branching patterns and will only reflect the age of the unbrowsed aboveground portions of the plant. Ocular measurements of percent foliar and basal vegetation cover, percent course fragments (clasts >3cm in diameter along the intermediate axis), percent coverage of course woody debris and litter will be recorded in 10% classes. The species of vegetation will noted, as well as any evidence of herbivory on willow seedlings. Elevation at the center of each plot will be measured using a laser-level. Soil samples will be collected adjacent to each plot and analyzed to determine soil texture. 

The statistical relationship between seedling emergence and survivorship and environmental factors will be assessed using multiple regression techniques. Additional multi-variate analyses may be appropriate to contrast the environmental conditions present in each landform type.

Seed germinability

We will collect approximately 100 seeds from each of 10 willow plants of each species present in each Horseshoe Park and Moraine Park.  We will place seeds onto trays lined with moistened filter paper for one week.  We will count the number of seeds that germinate to quantify the viability and germinability of willow seed produced during the 2001.

Effects of large ungulates on willow seedlings  

Several hundred willow seedlings were grown in small containers in the ROMO greenhouse during the summer of 2000.  In early September, 25 seedlings were planted into each of three types of plots on study area floodplains: (1) controls left to determine how many are eaten by elk, (2) treatment plots that were caged to exclude large herbivores, and (3) plots with seedlings clipped with shears to within 0.5 cm of the ground surface. The experiment was replicated on five point bars in Horseshoe Park. Seedlings surviving will be counted and heights remeasured in the spring of 2001, and again in the fall of 2001.  The goal of this experiment is to determine the effect of herbivory on seedlings.  Data will be analyzed using Analysis of Variance.

Survival of rooted and unrooted willow stem cuttings

Willow stem cuttings are a potential method for establishing willows on the study area floodplains.  A study was initiated during the summer of 2000 to determine the feasibility of establishing unrooted and rooted cuttings in the study areas.  In early May, approximately 500 vegetative cuttings were taken from 10 S. monticola plants; 6 in Moraine Park and 4 in Horseshoe Park. Only tall morphotype willows were selected; consequently, all of the individuals were selected from either the western end of Moraine Park or in the Endovalley area of Horseshoe Park. 250 cuttings were planted into containers filled with a loam soil mix and were immersed 20 cm of water for approximately 6 weeks to induce rooting. The remaining cuttings were stored in water until planted.   

Forty plots were established in different locations across the study sites in order to encompass a range of edaphic and hydrologic conditions. 7 unrooted and 5 rooted cuttings were planted into each plot. Of these, 12 were paired plots, where in one plot, the vegetation was clipped to within 2 cm of the ground surface. Wire exclosures were installed to prevent herbivory by elk. Survival of the cuttings was assessed at the end of the 2000 season, and will be assessed again in the spring and fall of 2001.

Age, mode of establishment, and surface of establishment for existing willows on floodplains
It is critical to understand how willows have established in the study areas in the past.  We need to understand whether willows establish primarily from seed on bars, or by beaver propagated cuttings on old beaver pond margins or dams, and the types of hydrologic events that may have led to establishment.  From data collected during the summer of 2000, it is evident that willow establishment has occurred almost entirely from seed on three major landforms within these study sites. These landforms are point bars, cutoff oxbows and abandoned beaver complexes. 

During 2001, we will pinpoint the ages of a collection of these landforms and the willow communities they support, using historical aerial photos and aging of individual plants. The formation of landforms will be tied to flow events using records from USGS gages on the Big Thompson and Fall Rivers. Using aerial photos we will also assess the frequency of formation of each of the three major landforms crucial to willow establishment in order to estimate potential rates of willow establishment. For areas where large-scale willow dieback has occurred, we will try to determine the date of death and cause of dieback. 

Approximately 100 willows will be excavated from a total of 15 sites, 5 of each landform type. We will dig a small pit adjacent to each willow to be excavated and remove several cross sections of the taproot to determine the age of the taproot (age of the plant).  We will carefully sketch and analyze the substrate that the willow is rooted in and the surface that it established on.  Textural analyses, soil organic matter content, and stratigraphy can be used to determine the type of site the willow established on.  

From study over the past year we have determined that year of establishment of individuals can be determined using these methods. Techniques developed for sanding, mounting and analyzing larger cottonwood individuals have been adapted to the smaller willow samples collected in this study.

It appears that periodic establishment of willows is still occurring in Moraine and Horseshoe Parks, the goal of this study will be to determine under what hydrologic and geomorphic conditions and at what rate this establishment occurs. This information will play a critical role in our addressing the natural modes of willow establishment during the 20th century.  The information will also be critical to helping ROMO understand possible methods for restoring and maintaining a healthy willow community in the park.

Collections

· Approximately 1000 seeds from each of the following: Salix monticola, S. planifolia, S. geyeriana, S. lucida ssp caudata, S. bebbiana, S. drummundiana. Seeds will be used in germination tests and in seed entrapment experiment.

· Sampling of seeds and stem fragments from the Big Thompson River. All propagules will be grown out until identifiable then destroyed.

· 100g soil samples from each of approximately 100 plots for soil texture analysis.

· Collection of 300 willow seedlings sampled from study plots initiated during the summer of 2000 (specific # will depend on survivorship).

· Approximately 100 moderately sized willows (between 5 and 50 years old) will be excavated for aging as described in methods section.

· 2x100g soil samples will be taken from each site of willow excavation (total 200 samples).

Approximate Timeline for Studies

March-April 2000

· Begin installation of staff gauges and groundwater monitoring wells.  Begin weekly monitoring.  
· Collect dormant willow stem cuttings for storage and rooting.
May-June 2000

· Install seed rain traps in each study site to measure the distribution and rate of willow seed rain.

· Collect seeds for germination study.

· Identify bare bars in each study site and establish seedling experiments.  

· Plant willow cuttings in study areas.

July-August 2000

· Plant willow seedlings in experimental plots.

· Topographic survey of study wells and study areas to determine the relative ground water elevation differences between sites, and it’s seasonal variation.  The NPS Water Resources Division, in Fort Collins will conduct the surveying.

· Identify willows for aging and stratigraphic analysis and begin digging soil pits.

September 2000-April 2001

· Analysis of all hydrologic data, including the development of hydrographs for all wells, profiles of water levels across the study areas, and ground water maps showing the direction of ground water flow during different seasons.  

· Analysis of all seedling data using ANOVA techniques.  
· Analysis of willow stem growth data.
· Progress report to National Park Service.

May-July 2001

· Collect data on willow seed rain, seedling establishment on bars, and survival of seedlings established in 2000.  
· Work with Water Resource Division to complete survey of Moraine and Horseshoe Parks
· Identify 15 specific landforms supporting willow communities as sampling sites for willow excavation
· Collect topographic data at willow sampling sites
· Install and monitor willow seed entrapment plots.
August-October 2001

· Excavate willows for aging
· Collect data on patterns of willow seedling establishment on various fluvial landforms. 

October 2001-April 2002

· Final data analysis.

· Final report to National Park Service.
Budget

	Salaries
	Year 2000
	Year 2001

	Cooper, 1 mo/yr
	$5,000.00
	$5,200.00

	GRA 1, $1,100/mo (Ed Gage)
	$13,200.00
	$13,728.00

	GRA 2, $1,100/mo (Joyce Cacka)
	$4,400.00
	$4,576.00

	GRA 1+2+3 Fringe @ 3.6%
	$795.60
	$658.94

	Tuition GRA 1 (Gage)
	$2,800.00
	$2,800.00

	Tuition GRA 2 (Cacka)
	$2,800.00
	$2,800.00

	GRA 3 (Woods) @ $1500/mo
	$4,500.00
	$1,000.00

	Temporary Non-Student @ $1500/month
	$1,000.00
	$2,000.00

	Temporary Non-Student Fringe @13.9%
	$139.00
	

	Travel
	$1,500.00
	$1,500.00

	Supplies
	$2,000.00
	$550.00

	SUBTOTAL
	$38,134.60
	$34,812.94

	CSU Indirect @ 15%
	$5,720.19
	$5,221.94

	TOTAL BUDGET
	$43,854.79
	$40,034.89

	
	
	

	TOTAL BUDGET 2000+2001
	$83,889.68
	


Publications and Reports

A final report will be delivered by April 30, 2002.  Thirty percent of the total payment will be withheld pending receipt of the final report.
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Supporting Documentation and Special Concerns

Safety-N/A
Access to Study Sites – Sites will be accessed by foot. Limited access along channel in restricted area of Horseshoe Park is requested.

Use of mechanized and other equipment – N/A

Chemical Use – N/A

Ground disturbance - 100g soil samples from each of approximately 100 plots for soil texture analysis. Two 100g soil samples will be taken from each site of willow excavation (total 200 samples). Approximately 100 moderately-sized willows (between 5 and 50 years old) will be excavated for aging as described in methods section.

Animal welfare – N/A

NPS Assistance - Park staff will provide all necessary background information, including data from previous related studies.  The park will provide logistical support, including use of the research dorm, and issuing required permits.  Water Resource Division staff will conduct topographic surveys of study wells, and study areas to characterize local hydrology.  Willow seedlings and cuttings will be propagated in the ROMO greenhouse.

Wilderness “minimum requirement” protocols – N/A
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