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Abstract


A research proposal to address the hypothesis of multiple factor controls over willow persistenance has been funded for 2001 – 2004 by USGS-NRPP and Yellowstone National Park Center for Resources funding.  However, limited NRPP funding allows pursuit of only two of our three principal hypotheses (Singer et al 2001).  This supportive proposal focuses primarily on our third hypothesis -- the relation of willow persistence to patterns of ungulate herbivory -- by using natural experiments with height-released willows.  We propose to document willow height and growth response, and relate them to herbivory levels by elk, water table height, and possibly wolf distributions.  Preliminary observations suggest this release may be patchy, spatially and temporally, and may be limited to only some willows, and occurring some years, but not others.  Limited observations in 2000 and 2001 suggest some (perhaps ¼ to 1/3) of willow patches were released about 1997 or 1998 (wolves were reintroduced in 1995) due to much lower winter browse levels and are now 2-4 times taller than in pre-wolf years.  Three interrupted time series analysis, i.e. opportunistic or natural experiments, will be conducted: 1) comparisons of consumption levels on willows pre – 1995 (pre-wolf) to post – 1997 (post-wolf), on long-term plots, 2) comparison of willow growth parameters at the same permanent marked plots for those two time periods, 3) comparison of elk distributions pre- and post-1995 from annual aerial elk surveys.  This project requires only a resampling in 2001 and 2002 of the marked plots that were sampled in 1986 – 1992 (pre-wolf) and analysis of other already existing data.  No new markers and no manipulations are requested, although a handful of stems and basal root sections will need to be sampled for biomass production estimates and to verify the interpretation of the timing of height releases from leaf node scars and growth annuli from the sections.

Background and Justification


Our research team has developed the hypothesis that size stature, growth rates and recruitment of willows on Yellowstone National Park’s (YNP) northern range are controlled by multiple influences (Singer et al. 1994; Singer and Cates 1995; Singer et al. 1998).  This view contrasts the ideas of Kay (1990, 1997), Wagner et al. (1995a,b), and Keigley (2000) who argue strongly that a single factor – the abundance of elk alone – controls willow status and recruitment in YNP.  In contrast to those authors, we hypothesize that some combination of three principal factors may influence willow status: 1) Beaver and other fluvial and hydrologic factors may influence fluctuations in depth of the water table and thus willow growth and new recruitment sites for willow, 2) climate change may also influence water tables and thus willows, 3) browse levels by ungulates may also influence willow growth and recruitment.  There is correlationational evidence for all three of these factors having at least some influence on willow status (Warren 1926; Jonas 1955; Singer et al. 1994, 1998; YNP 1997; Ripple and Larsen 2000).  Romme et al. (1995) also presented a parallel argument for multifactor controls of aspen overstory recruitment in the same area.  Unfortunately, these three factors covaried at the same approximate time (increasing elk, more arid climate, beaver declines).  The large-scale declines in beaver, the first consistent reports of high overabundance of elk by park staff, the extirpation of wolves, and a shift to warmer and drier climatic patterns all occurred at roughly the same time period in the late 1920s through the 1930s.  Well-designed experiments and landscape-scale sampling of many willow patches under different levels of herbivory, both before and after major ecological events (e.g. beaver declines, wolf restoration, flooding, a climate change, fire) may thus be necessary to determine which of these factors are the most important to willows.


Our research team successfully prepared a proposal to BRD-NRPP and YNP to investigate the reasons for a decline in willows and willow recruitment in Yellowstone National Park.  Due to funding limitations, we are only able to address two of our three major hypotheses in that study.  We are addressing climate relations primarily through correlational analysis to several study components (beaver pond sediment chronology, willow aging, and trends in willow abundance) and effects of depth to the water table through manipulative water and exclosure experiments.  We are not currently addressing the effects of natural fluctuations in elk browsing patterns.  Our sampling of previously established long-term plots in May 2000, and our reconnaissance of study sites in May 2001 revealed to us a substantial height release of some (perhaps 1/4 to 1/3 of all patches) willow patches since about 1997 or 1998. 

The objectives of this second, but supportive proposal is to investigate two major aspects of this apparent recent height release of willows:  

A.)  To quantify browse levels and any height release of willows on:

1. A sample of 14 permanently marked willow sites (2-4 transects per site) that were sampled following 6-8 winters in the pre-wolf era (1985 to 1991 or 1993).

2. A randomly selected landscape-scale sample of willow patches.

We propose to quantitatively document changes in willow growth, height, and browse intensity on these willows before and after the introduction of wolves.  

B.)  To investigate possible causes for the height release of some willow patches. We propose to investigate what factors (elk abundance, elk browsing intensity, wolf activity areas, winter snowpack, and weather patterns) may have influenced this height release of some, but not all, willow patches.

Impacts of the Proposed Research on Yellowstone National Park.

This proposal is non-manipulative and will require only limited sampling of a few shoots, stems, and a few basal root sections that will constitute part of the sampling approved in 2001.  We propose to resample willow plots established in 1986 and to synthesize already existing data on elk and wolves.  Our sole intrusion to the park landscape includes replacing a few new tags onto the plots that were marked and sampled in 1986-1991 in order to continue to locate them for study (many of the 1991 tags have been lost, fallen off, or were chewed off by animals).  Our primary experimental design is psuedo-experiments, or natural, opportunistic experiments, referred to as interrupted time series.  The inference from these psuedo-experiments should be strong, providing all relevant covariates are sampled and assessed.  We feel this research opportunity is unique and significant to the overall purpose of our larger willow research and experiments.  

Methods and Procedures

Part A

Resample Willow Plots and Compare Pre- and Post-Wolf Time Periods


We propose to relocate and resample all the willows located on all 14 permanent browse sample sites that were established in 1986-1987 and sampled through 1991 or 1992.  At each of these willow study sites we will record the willow species, live height, and live diameters.  We will estimate annual shoot production (=current annual growth) from the number of rooted stems, the number of shoots (estimated by sub-sampling) and form regressions of biomass to measure shoot lengths and basal diameters following techniques in Singer et al. (1994) following Telfer (1969) and MacCracken and Viereck (1990).  We will also measure annual height gains and length of 1997 – 2000 leaders using terminal leaf node scars.  We will count the number of released stems on each willow plant and the number of released and non-released plants on each site.


These samples of current annual growth (e.g. new shoot production) will occur on 3 circular macro plots, 9.3m2 in size located in each of the sample stands.  The production sampling will occur in July-August of 2001.  Techniques will follow the willow sampling procedures that are outlined in greater detail in Singer et al. (1994).  These browse plots will be revisited in the pre- leaf out period of 2002 (April to early May) to sample winter herbivory levels.  The total number of shoots that are browsed, the point, and bite size will be recorded on those same marked willows again following Singer et al. (1994) using methods of Pitt and Schwab (1990) and McCracken and Viereck (1990).  In order to evaluate any effects of different water availability we will visually estimate the apparent wetness of the site (perched, streamside, or peaty sites).  We suspect the height-release of willows may be more likely to occur on wet sites.  If this relationship appears to be promising, we propose to ask permission to place one inconspicuous (small white PVC pipe) water well at each site.

Sample Willow Patches at the Landscape Scale


We also intend to randomly identify (using GIS procedures), hike or ride to, and sample, an additional 25 willow patches in 2002, in order to estimate the percentage of all patches that may be released on the northern winter range, and to obtain a larger sample of the site factors that may be contributing to the release (slope, aspect, local water tables, species of willows, any pre-release willow threshold size, willow spatial patch characteristics, winter elk density and distributions, elk winter use levels of willow at the patch).  The sampling of these landscape scale plots will include all of the sampling described for the 14 permanent marked plots, with the exception that summer 2002 biomass production will not be sampled on these new 25 patches (since there is no pre-wolf data from these plots as there is from the fourteen plots sampled in 1987-93).

Verification of Height Release Years from Interpretation of Recent Leaf Node Scars and Growth Annuli


We propose to backdate recent annual stem growths using recent leaf node scars and to measure the annual height gain of each sampled willow plant using those leaf node scars and annual shoot height increments.  This apparently is straightforward for the previous most recent 3-4 years, but becomes increasingly more difficult each year thereafter.  The older leaf node scars become increasingly difficult to see and identify, and if browse levels are periodically high, the leaf node may even be removed by the browsing in some winters.  We will verify our interpretation of nodes by cross-sectioning a few stems per stand and regressing against our earlier visual interpretation of the estimated year each node was laid down.  We may need to use the regression relationship to correct for the estimated ages of the node scars.


It is essential to our interpretations that we determine that a substantial height release of willows is also positively correlated to wider growth annuli.  If this holds true in several small test cases where we know a large increase in aboveground height of the plant occurred, then we can infer that historical increases in growth annuli from willow sections also likely were associated with periods of similar height increases.  In order to accomplish this, we will take cross-sections of a root from 3 different willows at each of the following locations: (1) the “mini” willow exclosures located next to the main ungulate exclosures at Mammoth and Junction Butte, where we know these willow plants were 1st protected from browsing in 1987; (2) from each of 4 of the height released willow patches that are known to have been released in 1997 or 1998 (n=6 locations total x 3 sections = 18 sections).  These sections will not constitute a new request, but will be part of our earlier historical sample of root sections outlined in the original proposal (Singer et al. 2000).

We will then compare these components of willow growth and herbivory levels gathered in 2001 and 2002, to the same measures gathered prior to 1995 (post wolf) using regression and ANOVA techniques.  Covariates will include elk distributions, average elk densities at the site, possibly wolf distribution (if desired by park staff), snow pack, topographic features, and water relations (depth to the water table).  We will use logistic regression analysis and Akaike’s Information Criteria to select the best multivariate explanatory models.

Willow Physiological Changes Associated with Height Releases


Not all wild willow plants are equal.  They vary in depth to the water table, depth of their rooting zone, nutrients available at the site, and the extent of competition with other willows or other plant species.  Thus it is not surprising that we see such a large variability in willow growth responses to herbivory on large landscapes such as the northern range.  It would be naïve to assume that the level of ungulate herbivory alone is driving willow status at all locations (but see Kay [1997] for an argument that the water status of all willows on the northern range are equivalent).


Height-suppressed, browsed willows on the northern winter range appear as if they are nutrient stressed.  Nitrogen concentrations are 10% lower than in tall vigorous browsed willows on the northern range and are also lower than in protected willows located inside exclosures, while concentrations of tannins and phenols were also reduced (aboveground annual production of all these chemical constituents is obviously greatly reduced).  Tannin and phenolic concentration of shrubs may influence palatability and browse levels by ungulates.  Changes in nitrogen:carbon ratios and in related secondary metabolites may influence decomposition rates.  These ratios and mass changes may influence rates of nutrient processes and nutrient pools, such as nitrogen mineralization rates or nitrogen pools (Biondini et al. 1998; Ritchie et al. 1998).  These willow responses may be related to reduced depth of the rooting zone of heavily browsed willows on upland sites (see Alstad et al.1999), or to reduced nutrient inputs from ponding and stream sediments (beaver pondings may bring many times more nitrogen and  phosphorus to a site from the increased sediments deposited and dissolved in the greater water flow as ground water..


Any changes in the physiological status of height released willows will be evaluated in the following manner: (1) Nitrogen, macronutrient, phenols, and tannin concentrations will be resampled at 2 height released stands and compared to pre-release samplings collected from the same patches in the late 1980s (Singer et al 1994; 1998).  (2) The 4 ponding experiment locations include 3 height releasing willow patches and 1 non-releasing patch.  A portion of the few shoots collected (from non-tagged plants) at these sites (see approved experiment proposal, Singer et al. 2001) will be retained after drying and subjected to the chemical analyses (except the secondary metabolite analyses requires a few grams of fresh frozen samples).  No additional samplings of any shoots are required for this analysis, other than the shoot samplings already approved by the park committees and by the elk working group in 2001.


Increases in root activity, root growth rates, the ratio of fine to coarse roots, and depth of the rooting zone may all enhance the growth rate and persistence of willows.  We expect responses in the root portions of willows to not only the ponding and exclosure treatments (Singer et al. 2001), but also to the natural experiments with height releases of willows (this proposal).  Documentation of these root responses, perhaps using non-destructive or inferential methodologies, would also be informative.


Part B

What Factors May Be Contributing to the Variable Height Responses of Willows Since 1997?


In a very limited sampling in May of 2000, herbivory levels were considerably lower on some willow patches compared to pre-wolf (1986 – 1992) readings.  But other patches were not being released.  The purpose of this study is to expand that sampling in order to analyze what factors might explain the variable height releases.  The methodologies that are proposed are as follows:

1) Have elk populations changed since 1997?

We have already conducted a model analysis that suggests multipredator limitation of elk population size is about 12 – 15% lower than without wolves, and we also document limitation of recruitment since 1997 (Singer et al. 2002).  The limitation includes not only wolves, but also the effects of human, bear and coyote predation on elk.  Limitation of ungulates by predators, where it has been reported, is nearly always due to multi-predator, not single predator, effects (Orians et al. 1997).  We propose to update these analyses with the newest 2000 and 2001 aerial elk counts, and, where possible, to correct all of the counts (1986 – 2001) with a minimal and simpler sightability correction factor.   

2) Have elk distributions changed since 1997?


We propose to compare the elk distributions and habitat by count unit and sector (upper, mid, lower, outside) of the winter range pre – 1995 (pre-wolf) and post – 1997 (post-wolf effects).  There were probably few potential wolf effects in 1995 or 1996, immediately post-release.  This will constitute an interrupted time series analysis.  This analysis will also require access to the annual aerial elk count data for 1992 – 2001.  We will look at snowpack and elk densities as potential covariates that might also influence elk habitat use.  Thus, we will first develop a snow model for the winter range to investigate the effects of snow pack (i.e. snow water equivalents or SWE) on distribution.  Did snow packs vary during the same periods?  Ripple et al. (2001) in a parallel study of aspen sucker heights felt that their analysis would have benefited greatly from information on elk density at their study sites in a relation to winter severity and snowpack (SWE).  (Note: Snow model was sent to the park in mid-February 2002).  This effort is not competitive with the use of radio-collared animals to look at the habitat selection (Julie Mao and Mark Boyce) and we are already collaborating with them on this topic.  (F. Singer has provided those workers with four years of pre-wolf elk radiolocations gathered 1987-1990 for use in their radio telemetry study.)  The annual surveys are an independent data set that will not be as strong as using the radio collared animals for habitat selection, but the survey data will potentially be a useful data set for large-scale elk distribution changes.  Both data sets are complementary and needed for the whole picture.  Our analysis will be made available to J. Mao for comparisons to their findings from the radioed animal analysis.  Habitat variables for each digitized location of elk groups will be generated from GIS including: estimated snow water equivalents, (using the GIS based snow model, vegetation cover, slope, aspect, and elevation).  This GIS data work has already been completed for the eleven pre-wolf (1986 – 1990) elk surveys by F. Singer and co-workers (except for SWE).  We will then compare any differences in elk density and distributions between the two time periods to the spatial patterns of herbivory levels on willows.  Following this one-time use of the data set we will return all copies of the survey data to the park (by about December 2002).  We request only this one time use of the data set.  We will make the snow model available to the Park GIS Program and all other interested researchers and biologists (D. Smith, D. Mech, M. Boyce, J. Mao, P. Gogan).  This should be a tremendous asset to the park.   

3)
Are any elk distributional changes that might be observed due to wolf distributions?


We will additionally conduct comparisons of the elk distributions to GIS-digitized wolf locations, if the YNP staff feels this analysis is useful to them.  We would collaborate with Doug Smith and include him as a co-author on any manuscript developed from this comparison.  We understand access to the wolf locations is reserved.  This element will also be useful to the park, but it is optional to our primary focus on willows and elk herbivory.  Obviously, the analysis will be more complete if this work element is included. 
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